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INTERROGATORY R313-24-1(3)-02/03: SUMMARY OF REGULATORY REQUIREMENTS 

INTERROGATORY STATEMENT: 
1. Please provide a revised Tailings Management Plan that includes revisions as presented on 

Uranium One’s response to Round 2 of this Interrogatory.  

 

Response 1 
Uranium One has included the revisions presented in the response to Round 2 of 
this Interrogatory in the attached design report.   

A revised Tailings Management Plan will be submitted in three parts that include the 
revisions as presented in Round 1 Interrogatory responses.  These parts include a 
Tailings Design Report, included with this submittal, as well as an Operations Plan 
with SOPs and a Compliance Monitoring Plan, which will be submitted in the near 
future. 

BASIS FOR INTERROGATORY: 
Section 2 of the Tailings Management Plan appears to be a summary of the regulatory requirements and 
how the proposed tailings management will meet these regulations.  This is a useful summary.  Uranium 
One provided clarifications requested for this section in their response to Round 1 Interrogatory, as well 
as proposed text in response to Round 2 Interrogatory. The proposed revisions to section 2.1.1 appear to 
address the concerns expressed in this Interrogatory; however, the proposed revisions have some 
editorial inconsistencies with other portions of Section 2.1.  It is assumed that once the revised TMP is 
prepared that these inconsistencies will be resolved and appropriate references will be included. 

REFERENCES: 
Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 

Facility” Amended December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005, Revised April 2007. 

Plateau Resources, Ltd., Responses to Round 1 TMP Interrogatories, April 2007. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-05/03: DAILY INSPECTIONS OF WASTE TAILINGS  

INTERROGATORY STATEMENT: 
Please provide a revised draft tailings inspection  procedure that outlines what inspections, evaluations, 
and documentation will to be performed, and includes a commitment to finalize and provide to the DRC 
for review the respective detailed procedure prior to commencement of operations. 

Ensure that the inspections address inspections to be performed to include, but not be limited to the 
integrity and proper function of: 

 Leak detection system 

 Upper tailings (slime) drain system  

 Cell solution elevation 

 Tailings elevation 

 Slurry transport system inspection 

 Retention dam inspection 

 Diversion and storm water channel inspection 

 Embankment Settlement 

 Embankment Slope Conditions 

 Seepage 

 Slope Protection 

 Emergency Discharge Facility 

 Safety and Performance Instrumentation 

 Operation and Maintenance Features 

 Postconstruction Changes 

 Inspections following significant earthquakes, tornadoes, floods, intense rainfalls, or other 
unusual events. 

 Groundwater Monitoring systems 

 Tailings piles 

The procedure needs to also address: 

 Procedure revisions 

 Conditions under which the Executive Secretary will be notified and if corrective measures are 
needed, how they will be identified, implemented, and documented 

 That the inspections and evaluations will be performed by a qualified professional such as a 
qualified engineer or geologist familiar with the construction, operation and inspection of 
tailings impoundments 
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Response 1 
 A revised SOP AP-3, incorporating the Interrogatory comments, has been 
developed and is submitted with these responses as Attachment A.  SOP AP-3 has 
been revised to draft format as recommended by the DRC.  The final procedure will 
be submitted to the DRC after tailings disposal design is finalized and prior to the 
start of operations.    

BASIS FOR INTERROGATORY: 
The revised SOP AP-3 (version 2.3) as submitted in the 11/28/07 response to Round 2 of this 
Interrogatory provides an initial basis for the tailings impoundment inspection procedures.  However, 
lacks specific details on the implementation of the inspections and any follow up corrective measures that 
may be required. For example, the procedure calls for examination of the decant systems, effluent from 
underdrain pipes, and sumps for proper function. However, what the examination includes and how the 
results of the examination are evaluated is not specified.  The proper function of these components is 
critical to the integrity of the cell.  The specific cell component to be inspected, how it is to be 
implemented, and how it is evaluated for proper performance needs to be defined.    This will include the 
evaluation of visual observations as well as data generated by the respective system component (ie, flow 
rates, solution and tailings characteristics and levels, etc.). 

The inspections as well as the evaluations need to be performed by a qualified professional such as an 
engineer or geologist familiar with the construction, operation and inspection of tailings impoundments. 

NRC Regulatory Guides 3.11 and 3.11.1(complete references provided below) provide guidance on the 
inspection of tailings (embankment) systems and can be provided, upon request, to facilitate resolution of 
this interrogatory. 

Based on recent discussions with Uranium One, it is the DRC’s  understanding that the tailing cell design 
has been revised from what has been submitted to date, and the inspection procedure will need to be 
revised to address the items included in this interrogatory as reflected in the final design. It is also 
recognized that the development of these procedures is most effective after the design and operation of 
the tailings cell has been developed and finalized.  In addition, the procedures will need to be updated 
during operations to ensure optimal efficiency and effectiveness.  Therefore, to complete the license 
application a draft procedure needs to be included that outlines what will be done and includes a 
commitment to finalize the respective procedure and provide the final procedure to the DRC for review 
prior to commencing operations. 

REFERENCES: 
NRC. Regulatory Guide 3.11, “Design, Construction, and Inspection of Embankment Retention Systems 

for Uranium Mills.” Washington DC. NRC December 1977. 

NRC. Regulatory Guide 3.11.1, “Operational Inspection and Surveillance of Embankment Retention 
Systems for Uranium Mills.” Washington DC. NRC October 1980. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended April 2007. 

Plateau Resources, Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 
Uranium Project”, Dated December, 2005. 

Plateau Resources, Ltd., “Shootaring Canyon Uranium Processing Facility Environmental Report, 
Source Material License No. UT0900480”, Dated January 2006. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-06/03: MAINTAINING RECORDS  

INTERROGATORY STATEMENT: 
Standard Operating Procedure HP-25 (Revision 0.4) identifies a means for recording the amount of by 
product material generated.  However, lacks details on the actual implementation of the procedure and 
evaluation of the data. As with the inspection procedure discussed in Interrogatory R313-24-4-05/03, a 
draft of this procedure can be submitted as part of the application with the final being developed and 
provided to the DRC prior to the start of operations. 

Be sure the final procedure developed addresses the following questions identified during the review of 
HP-25: 

1. Please clarify the sample collection procedure for each process, or reference the applicable 
procedure.  Please clarify how and when composite sampling will be used and performed.  Please 
define the term, “composted,” as used in Section 7.4. 

 
Response 1 
The requested clarifications have been included in the revised SOP HP-25 provided 
as Attachment B.  SOP HP-25 has been revised to draft format as recommended by 
the DRC.  The final procedure will be submitted to the DRC after tailings disposal 
design is finalized and prior to the start of operations.    

 

2. Section 7.2, “Document and Verify the Amount of Yellowcake Produced and Transferred 
Offsite.”  Ensure the process for determining yellowcake amount does not include the weight of 
the container.  Ensure the field inventory verification is performed by qualified personnel and 
documented.  Ensure the applicable form reflects changes to the text. 

 
Response 2 
The requested modifications have been included in the revised SOP HP-25 provided 
as Attachment B.   

 

3. Section 7.3, “Document and Verify the Amount of Tailings Placed in Tailings Facility.”  Ensure 
that the tasks identified in this section describe how a technician will determine the quantity of 
tailings that any sample represents and the quantity of tailings actually added to the Tailings 
Facility.  Per form U1 25-4, the determination of the flow rate is “From Mill Operator”.  How is 
the mill operator going to determine this? This is a critical component in calculating the quantity 
of tailings the sample represents.   

 
Response 3 
The requested modifications and information have been included in the revised SOP 
HP-25 provided as Attachment B.   

 
4. Please clarify what is done with the forms generated by the procedure following entry into the 

MBTD, or reference the applicable procedure. 
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Response 4 
The requested clarification has been included in the revised SOP HP-25 provided as 
Attachment B.   

 
5. Please clarify what is entailed in review, modification, and validation of MBTD data entry, report 

generation, and programming, or reference the applicable procedure. 

 
Response 5 
The requested clarification has been included in the revised SOP HP-25 provided as 
Attachment B.   

 

BASIS FOR INTERROGATORY: 

The regulations require the licensee/registrant to maintain records of all sources of radiation.  This 
implies accuracy and precision of the inventory.  The questions identified above reflect the need for 
accuracy and precision within the inventory system.  If applicable, provide additional text in the 
respective reference document and forms to provide additional explanation of this system.  A draft 
procedure can be submitted with the license application that includes a commitment to develop and 
provide to the DRC for review, a final procedure prior to the start of operations. 

REFERENCES: 
Plateau Resources, Ltd., “Shootaring Canyon Uranium Processing Facility Environmental Report, 

Source Material License No. UT0900480”, Dated January 2006. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December 2005. 

Plateau Resources, Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 
Uranium Project”, Dated December 2005. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-12/03: SOIL FINAL STATUS SURVEY FOR SITE 
DECOMMISSIONING  

INTERROGATORY STATEMENT: 
Please provide a revised Figure 8-1 that includes the MARSSIM classification of the entire site and 
reflects the most current proposed design. 
 

Response 1 
Figure 8-1 has been revised to include the entire site and to reflect the most current 
proposed design.  
 
Uranium One will include the text revisions presented in the response to Round 2 of 
this Interrogatory and the attached revised Figure 8-1 in the revised Reclamation 
Plan 

BASIS FOR INTERROGATORY: 
The Round 2 Interrogatory response from Uranium One provides clarification on the MARSSIM 
classification of the different areas of the site.  Figure 8-1 that was included shows these different areas.  
However, the figure does not show the entire cell area and needs to reflect any impacts from the revised 
design. 

The TRDP will need to be revised to include the revised text (clarifications) as well as Figure 8-1. 

REFERENCES: 
Abelquist, E. W.  2002.  “Decommissioning Health Physics: A Handbook for MARSSIM Users,” ISBN 

0750307617. 

Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM), NUREG-1575, Rev. 1, 
Appendix D. 

Pacific Northwest National Laboratory 2006b.  Visual Sample Plan Version 4.4.  Available at 
http://dqo.pnl.gov/ 

Plateau Resources, Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 
Uranium Project”, Dated December, 2005. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-1-14/03: MILLING OPERATIONS  

INTERROGATORY STATEMENT: 
In order to understand the handling and processing of the waste tailings and slurry, please provide the 
following information: 

1. A complete material/production flow diagram that including estimated production and 
material feed rates and the properties of the solids and liquids generated, starting at the ore 
pile and ending up in the tailings pile, and evaporation pond.  The diagram should include 
the proposed locations and layout of the liquid extraction equipment, tailing placement 
equipment, secondary containment components, and transfer piping. Include descriptions of 
the equipment and process. 

 
Response 1 
This information is provided in Section 2 of Lyntek’s 2008 Feasibility Study (Lyntek, 
2008).  This section is attached as Attachment C. 

Lyntek, Inc., 2008. Definitive Cost Estimate for the Restart of the Shootaring Canyon 
Mill, Ticaboo, Utah.  March 28.   

2. Procedures covering the placement of the tailings into the cell so as to minimize the impact 
on the drainage and liner system and not exceed the maximum head on the upper liner as 
defined by the respective groundwater permit. 

 
Response 2 
A preliminary discussion of the need for special procedures that will be required for 
placement of the initial tailings is provided in Section 6.1 of the Design Report.  Full 
details and plans for tailings deposition are presently being developed, and will be 
presented in the Operations Plan to be provided in a separate submittal. 

3. A demonstration that the head on the upper liner will not exceed the maximum allowable 
head on this liner as defined by the respective groundwater permit.  

 
Response 3 
A discussion of the maximum head on the primary liner is provided in Section 7.6.4 
of the Design Report.   

BASIS FOR INTERROGATORY: 
A material flow diagram should be provided that includes the production rates and the properties of the 
product generated, liquids generated, tailings generated, reagents used, losses, etc., starting at the ore 
pile and ending up in the tailings pile, and evaporation pond.  This information is required to 
demonstrate that the objectives set forth in 10 CFR 40.31(h), Appendix A, have been addressed. 

Uranium One’s response to Round 2 of this Interrogatory states that the tailings will be placed into the 
cell as slurry and that dewatering of the tailings will be done through the use of a conventional 
underdrain system.  Also, as a result, there will be free liquid ponded in the cell during operations.  
Therefore, procedures for alternate tailings solution extraction will not be employed.  However, the 
means by which the tailings will be placed so as to minimize the impact on the underlying drain and liner 
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system and not exceed the maximum head on the upper liner, as defined by the respective groundwater 
permit, needs to be provided and demonstrated.   

REFERENCES: 
Plateau Resources, Ltd., “Shootaring Canyon Uranium Processing Facility Environmental Report, 

Source Material License No. UT0900480”, Dated January 2006. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended April 2007. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-16/03: SEISMIC HAZARD CHARACTERIZATION  

INTERROGATORY STATEMENT: 
Please address the following comments on the seismic hazard analysis that was included with Uranium 
One’s response to Round 2 of this Interrogatory: 

General Response 
The comments listed below have been addressed in the attached Seismic Hazard Analysis for 
Shootaring Canyon Uranium Processing Facility, revised April 8, 2008, which is attached to 
these responses as Attachment D.  Where necessary, additional response information has been 
provided below.   
 
Significant Comments: 

1. Section 1.2:  Which “USGS Peak Acceleration Map?”  Please provide a reference.  Is it a 
deterministic or probabilistic map? 

 
Response 1 
The reference for the map, provided by others, was not given.  It can be reasonably 
inferred that the map corresponds to peak accelerations associated with a 1 percent 
probability of exceedance in 50 years.  The last sentence in Section 1.2 has been 
revised to incorporate this information. 
 

2. Section 1.2.1:  Provide a reference for the LLNL report. 

 
Response 2 
The first sentence in Section 1.2.1 has been revised to include the reference for the 
LLNL report.   
 

3. Section 1.2.1, third paragraph:  What “fault splays?” 

 
Response 3 
The sentence was in reference to the three faults of the Bright Angel fault system.  
The faults were included in the deterministic analysis by Bernreuter et al. (1995), but 
were not included in their probabilistic analysis.  The last sentence in Section 1.2.1 
has been revised to incorporate this information. 
 

4. Section 1.2.2:  If the PGA map is not well documented, an attempt needs to be made to determine 
its origin and documentation?   

 
Response 4 
The assumed origin of the map is discussed in Response 1.  Section 1.2.2 has been 
revised to provide more information regarding the map.     
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5. Section 1.2.2:  The hazard is not due to “random seismicity of the central and eastern U.S. 
(CEUS).”  The hazard is due to background seismicity within the Colorado Plateau around the 
site. Please clarify. 

 
Response 5 
The last paragraph in Section 1.2.2 reflects this clarification. 
 

6. Section 1.2.2:  The site is not located within the CEUS.  The USGS has assigned the Colorado 
Plateau to the CEUS for the purposes of assigning attenuation models. Please clarify. 

 
Response 6 
The last paragraph is Section 1.2.2 reflects this clarification. 
 

7. Section 2.0:  This section either needs to refer to other documents or needs to be expanded.  As it 
stands, it is an inadequate discussion of the topic.  For example, there is no discussion of the 
tectonic stress field, which is mentioned later when selecting ground motion attenuation 
relationships to be used in the seismic hazard analysis.  References need to be cited. 

 
Response 7 
Section 2.0 has been revised as requested.   

8. Section 3.1:  Replace “repeat occurrences from different reporting stations” which is incorrect, 
with “duplicate events.” 

 
Response 8 
The text is Section 3.1 has been revised as requested.   
 

9. Section 3.2:  No need for this subsection here since it is under the heading of “Seismicity.”  Move 
the discussion to Section 4.1. 

 
Response 9 
The Section 3.2 header has been removed, and text from Section 3.2 has been 
included in Section 4.1. 

10. Section 4.0, first paragraph:  Faults are “not attenuated to the site.”  Ground motions are 
attenuated.  Same with the MCE.  It is not “attenuated to the site.” Please clarify. 

 
Response 10 
The first paragraph in section 4.0 has been revised to provide additional clarification 
as requested above.   
 

11. Section 4.0, first paragraph:  Median plus one sigma ground motions are used in deterministic 
analysis.  The log mean of medians from several attenuation relationships is also used and 
preferred. Please clarify. 
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Response 11 
The first paragraph is Section 4.0 has been revised to clarify that the median plus 
one sigma ground motions are reported.  Section 4.2 has been revised to clarify the 
method of averaging results from several relationships. 

12. Section 4.0, second paragraph:  The random earthquake is not placed underneath the site in 
traditional deterministic hazard analysis.  The earthquake is generally placed at a horizontal 
distance of 15 km from the site. Please clarify. 

 
Response 12 
Section 4.0 has been revised to provide additional clarification as requested.   
 

13. Section 4.0, third paragraph:  “Building codes typically utilize 10% chance of exceedance.”  This 
is no longer the case.  The International Building Code, which is the prevalent code in the U.S., 
uses a 2% probability of exceedance in 50 years. Please clarify. 

 
Response 13 
Section 4.0 has been revised as requested.   
 

14. Section 4.0, third paragraph:  Starting with “For the purpose of the seismic hazard 
evaluation…” Please clarify; are the authors suggesting a 10% exceedance in 1,000 years results 
in a return period of 10,000 years? 

 
Response 14 
Section 4.0, third paragraph has been revised in order to clarify that a 10 percent 
probability of exceedance in 1,000 years results in a return period of approximately 
10,000 years. 
 

15. Section 4.1.1:  Expanded justification of why these 7 faults were selected is needed.  Just because 
it may be “conservative” is not an acceptable criterion.  For example, it is well known that the 
Needles fault zone is due to shallow salt tectonics and is not seismogenic.  Numerous studies have 
been done on this fault zone.  Similarly, the Shay Graben faults are due to salt tectonics.  I refer 
the authors to the PSHA that was performed for the Atlas Uranium Mill tailings site in Moab by 
Woodward-Clyde Consultants (1996) (also Wong et al., 1996).  Work by Brumbaugh (2005) 
evaluating the Bright Angel fault system suggesting they are not seismogenic should be cited. 

 
Response 15 
As stated in Section 4.1.1, faults that are included in the USGS Quaternary fault and 
fold database and have the potential to produce peak ground accelerations of 0.05 g 
or greater based on a deterministic evaluation were selected for further evaluation in 
the probabilistic model.  The Needles fault zone has been removed from the 
probabilistic analysis because it is a structure resulting from salt movement that does 
not extend deeper than the evaporites of the Paradox Formation and is not 
considered seismogenic (Wong et al. 1996, Huntoon, 1982).  The Shay Graben 
faults have been assigned a lower probability of seismogenic activity (0.10) due to 
evidence for late-Quaternary deformation being associated with salt-dissolution 
collapse (Wong et al. 1996, Oviatt, 1988).  The work by Brumbaugh (2005) 
references the Bright Angel fault zone in eastern Grand Canyon in Arizona.  His 
study area is approximately 70 miles southwest from the Bright Angel fault system in 
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Utah.  Although both fault zones/systems are within the Colorado Plateau, they are 
mapped separately by USGS and don’t appear to be structurally related.  Therefore, 
it appears that the work by Brumbaugh (2005) is not specific to the Bright Angel fault 
system.  However, focal mechanism studies by both Brumbaugh (2005) and Wong 
and Humphrey (1989) indicate that within the Colorado Plateau, northwest striking 
normal faults are compatible with the modern state of stress of northeast-trending 
extension of the plateau, and northeast trending faults tend to not be active.  Based 
on this data, the northeast trending faults of the Bright Angel fault system (labeled 
Fault 1 and 3 on Figure 2) have been assigned a low probability of seismogenic 
activity (0.10).  Although Quaternary deformation has not been proven (Black and 
Hecker, 1999) and USGS did not consider this fault system to be active in the 
NSHMP, the northwest-trending Fault 2 has been assigned a higher probability of 
seismogenic activity of 0.50 because it is oriented favorably to the stress field.  
Section 4.1.1 has been revised to incorporate this information.   

 
16. Section 4.1.1:  There needs to be expanded discussion on the selection of seismic source 

parameters and the associated weights. 

 
Response 16 
This expanded discussion has been added to Section 4.1.1.  Table C.2 has also 
been revised. 
 

17. Section 4.1.2:  Explain why Gaussian smoothing (Frankel, 1995) was not considered in the 
PSHA?  Background seismicity does not need to be treated as “random.” 

 
Response 17 
The evaluation of background seismicity has been modified to include two models: 1) 
areal source zone assuming uniformly distributed seismicity and 2) gridded 
seismicity which retains a degree of stationarity using 0.1 degree latitude and 
longitude grid spacing.  The text in Section 4.1.2 has been revised to incorporate this 
information. 

18. Section 4.1.2:  How was the recurrence calculated as shown on Figure 4?  It appears to be a 
simple least-squares fit.  The maximum likelihood technique using the truncated exponential 
model is generally used in hazard analysis.  A truncated exponential model should have been 
used since there is a maximum magnitude of M 6.3 for the random earthquake.  Note the 
recurrence curve goes out to M 6.5. 

 
Response 18 
The recurrence shown on Figure 4 of report dated November 12, 2007 was 
calculated using a least-squares fit.  Although Figure 4 did show the least-squares fit 
line extending out to 6.5, the probabilistic model did incorporate a maximum 
magnitude of 6.3.  The recurrence has been reevaluated using the maximum 
likelihood technique by Weichert (1980).  Revised text in Section 4.1.2 and a revised 
Figure 4 reflects these changes. 

19. The inclusion of the Intermountain Seismic Belt (ISB) events may not lead to more conservative 
(shorter) recurrence.  This needs to be demonstrated. 
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Response 19 
Both the recurrence developed for this study which incorporates some events from 
the ISB, and the recurrence developed by Wong et al. (1996) for the Colorado 
Plateau interior have been used in the analysis.  Source contributions to total hazard 
indicate that the calculated hazard is higher for the area source zone using the 200-
mile radius about the site as compared to the Colorado Plateau interior.   The text in 
Section 4.1.2 has been modified to incorporate this information.    

20. Section 4.2:  There is no mention of the Pacific Earthquake Engineering Research (PEER) Center 
Next Generation Attenuation (NGA) relationships, which have been released in 2007.  For 
example, the Campbell and Bozorgnia (2003) model used in the study has been replaced by 
Campbell and Bozorgnia (2007), which was released in May 2007.  The latter explicitly includes 
normal faulting.  Abrahamson and Silva (1997) has been replaced by Abrahamson and Silva 
(2007), but this model was probably not available to the authors at the time they performed the 
seismic hazard analyses. 

 
Response 20 
The Campbell and Bozorgnia (2003) relationship has been revised to incorporate 
Campbell and Bozorgnia (2007).  The 2003 relationship is still retained in the 
deterministic analysis shown in Appendix C.1 for faults with an associated PGA of 
less than 0.05 g.  However, the 2007 relationship has been incorporated into the 
probabilistic analysis and the deterministic analysis of the more critical faults.   The 
Abrahamson and Silva relationship was still in draft form at the time of this study, so 
it was not incorporated into the analysis. 
 

21. Section 4.2:  How many ground motion sigmas (aleatory) was the hazard truncated in the PSHA? 

 
Response 21 
The hazard was truncated at three ground motion sigmas for all three relationships.  
Section 4.2 has been revised to incorporate this information.   

22. Section 4.3, first paragraph:  State the PGA of 0.25 g is an 84th percentile value.  Are the PGA 
values shown in Table 2 lognormal means from the three attenuation relationships? 

 
Response 22 
The PGA values shown in Table 2 have been revised to be the lognormal mean of 
the three attenuation relationships.  The text for Section 4.2, 4.3, and Table 2 have 
been revised to incorporate this information.   

23. Section 4.3, Table 2:  It is meaningless to cite MCE magnitudes to a hundredth of a unit.  The 
epistemic uncertainties in rupture length and magnitude and the aleatory uncertainty in the Wells 
and Coppersmith (1994) relationship results in an uncertainty on the order of 0.3 unit. Please 
clarify. 

 
Response 23 
The MCE values in Table 2 have been revised to report to a tenth of a magnitude. 
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24. Section 4.3, Table 3:  Explain this table as being the hazard contribution to the total mean hazard 
at a return period of 10,000 years.  The table is being portrayed in a deterministic manner as in 
Table 2, which it is not. Please clarify. 

 
Response 24 
Table 3 and the third paragraph of Section 4.3 have been revised to provide 
clarification as requested.   
 

25. Section 4.4:  It would be useful to see the magnitude and distance deaggregation plots for a 
10,000-year return period.  What are the modal magnitude and distance value for a return period 
of 10,000 years?  

 
Response 25 
Pseudostatic slope stability analyses have been performed to evaluate stability of the 
tailings impoundment.  Such analyses use only the PGA coefficient as the seismic 
input.  Therefore deaggregation, response spectra, and vertical ground motions are 
not required.  
 

26. Section 5.0:  Are vertical ground motions required? 

 
Response 26 
No.  See Response 25. 
 

27. Figure 1:  Showing all the known seismicity in the site region particularly near the site would 
have been valuable.  These data are available from the University of Utah and other 
organizations.  This leads to the question of whether the historical seismicity (M < 4) was 
adequately evaluated in this study. 

 
Response 27 
All seismicity available on the USGS NEIC website (Mw>2.4) is shown on Figure 2. 

28. Appendix C.1:  Calculating the ground motions for faults beyond 100 km is really of no value 
because they have no engineering relevance.  See Comment 23 on magnitudes.  The “average” 
PGA values appear to be an arithmetic average.  Ground motions are lognormally distributed so 
the lognormal mean should be calculated.   

 
Response 28 
Appendix C.1 has been modified to show magnitude values to the nearest tenth.  
Lognormal mean values of PGA have been calculated, replacing the arithmetic 
average column.   
 
NRC documentation (10 CFR Appendix A to Part 40 and 10 CFR Appendix A to part 
100) gives specific criteria for faults that should be considered as follows: 
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Distance from site (miles)    Minimum length of fault to be considered (miles) 
0 to 20                                1 
20 to 50 5 
50 to 100 10 
100 to 150 20 
150 to 200 40 

 
Therefore, faults meeting these criteria have been preserved in Appendix C.1 to 
demonstrate that they have been considered, even though most are insignificant. 

 
29. Appendix C.2:  See Comment 15.  What are the bases of the weights?  Why were these weights 

chosen?  MCE magnitudes needed to be rounded (Comment 23). 

 
Response 29 
Bases of weights have been addressed in revised Appendix C.1.  Appendix C.2 has 
been modified to reflect additional weight factors, and to show magnitude values to 
the nearest tenth. 
 

Minor Comments: 

1. Section 1:  Interestingly only PGA is required for the seismic stability analysis rather than a 
spectrum.  What type of analysis was performed? 

 
Response 1 
See Response 25. 

2. Section 1.1:  No figure cited.  A small-scale location map with the towns mentioned would be 
useful. 

 
Response 2 
The towns of Hanksville and Ticaboo have been added to Figure 1.  Section 1.1 has 
been revised to include additional information.   

3. Section 1.2.1, first paragraph:  “1-sigma” should be replaced with “median plus one sigma.” 

 
Response 3 
“1-sigma” has been replaced with “median plus one sigma” in Section 1.2.1. 
 

4. Section 3.1:  “Aftershocks and foreshocks” are removed to obtain a catalog of independent 
events since a Poissonian assumption is used in the PSHA.  

 
Response 4 
We are in agreement with this statement.  Section 3.1 has been modified to clarify 
that the catalog is of independent events. 
 

5. Section 3.1:  Replace “low intensity” with “small magnitudes.”  Very few of the events in the 
catalog were felt and so intensities were not reported. 
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Response 5 
This replacement has been made in Section 3.1. 
 

6. Section 3.1:  Expand the discussion on the largest event in the site region, a M 6.5 near Richfield, 
and the 1986 earthquake near the site, which is discussed in Wong and Humphrey (1989). 

 
Response 6 
This discussion has been expanded in Section 3.1. 
 

7. Section 4.0, third paragraph, first line:  What is meant by “characteristic ground motions” in this 
context? 

 
Response 7 
The word “characteristic” has been removed from Section 4.0. 
 

8. Section 4.1.1, fourth paragraph, 14th line:  What is this sentence meant to say with the “± 0.3” at 
the end?  Sentence needs to be rewritten. 

 
Response 8 
Section 4.1.1 has been rewritten as requested.   
 

9. Section 4.1.2:  The Woodward-Clyde Consultants (1996) study used a maximum magnitude of M 
6.0 ± 0.5 for the background seismicity not M 6.3. 

 
Response 9 
Section 4.1.2 has been rewritten to remove reference to Woodward-Clyde 
Consultants (1996) in the last sentence of the first paragraph.  
 

10. Section 4.2:  Please cite justification for the use of extensional ground motion attenuation models. 

 
Response 10 
Between revised text in Sections 2.0 and 4.2, adequate justification has been 
provided. 
 

11. Figure 3:  It would be helpful to label the linear fits(?) by the magnitude bins. 

 
Response 11 
Best-fit linear parameters have been labeled on Figure 3. 
 

BASIS FOR INTERROGATORY: 
As stated in the June 2006 interrogatory R313-24-4-16/02 request: 

“Please provide additional information to support the determination of an appropriate and 
consistent maximum predicted horizontal ground acceleration (MHGA) for the site.  Please 
include sufficient information regarding historical seismicity and deterministic or probabilistic 
methodologies used to derive the estimated MHGA value, and to demonstrate that the proposed 
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MHGA value reflects the most current information available regarding predicted seismic hazard 
levels in eastern/southeastern Utah and the area including the site.  Seismic stability analyses 
should be based on this MHGA value.” 

The updated deterministic and probabilistic seismic hazard analyses described in Attachment D 
represents a state-of-the-practice approach to assessing ground shaking hazard at a site.  However, the 
approach taken to the analyses is simplistic and mechanical.  Overall the documentation of the analyses 
is lacking with very little discussion on the justification of the input parameters.  The analysts have relied 
upon the readily available USGS Quaternary fault and fold database and have not attempted to update 
these data with more current information.  Important references have not been evaluated and/or they are 
not cited.  In particular, a study of the seismicity and active faulting in the site area by Wong and 
Humphrey (1989) and studies across the border into Arizona by Brumbaugh (2005) have not been cited.  
The analysis by Woodward-Clyde Consultants (1996) for a site near Moab in the same tectonic setting as 
the Shootaring Canyon site should have been discussed since the inputs and results are quite relevant. 

Probabilistic seismic hazard analyses (PSHA) are performed to estimate the mean hazard at a site.  If 
properly done, the mean hazard should not be conservative or unconservative.  Conservatism is 
addressed by selecting a higher hazard fractile or a longer return period.  In several instances, the choice 
of input parameters has been justified because the authors thought it was conservative (higher hazard).  
This is not a proper use of PSHA.  The SSHAC (1997) guidelines should have been referenced and 
followed in the performance of this PSHA. 
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Engineering Research Center Report 2007/__ (in review). 
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INTERROGATORY R313-24-4-19/03: DOUBLE LINER SYSTEM CQAP PLAN AND 
SPECIFICATIONS  

INTERROGATORY STATEMENT: 
Please revise the CQAP: 

 To include testing to demonstrate that the clay used for the bottom liner meets the 1x10-7 cm/s 
field hydraulic conductivity requirement.  This can be done by using the following test method (or 
an approved variation): 

o ASTM D5093-02 Standard Test Method for Field Measurement of Infiltration Rate Using 
a Double-Ring Infiltrometer with a Sealed-Inner Ring 

If a variation of this method or an alternate method is proposed (such as a single-ring 
infiltrometer), it needs to be submitted to the DRC for review and concurrence. 

 
Response 1 
This response is has been prepared to present Uranium One’s proposed testing 
methodology for the clay layer to be constructed as part of the liner system for the 
proposed Shootaring Canyon Tailings Disposal Facility (TSF).  Once an agreement 
has been reached with the Division of Radiation Control regarding the proposed 
methods, the CQAP will be revised to reflect the agreed upon testing methods.   

General 

Uranium One proposes to use clay from on-site or nearby sources to construct the 
clay layer forming the lowermost liner of the multi-liner system at the proposed 
Shootaring Canyon TSF. A laboratory program will be performed to identify the 
appropriate degree of compaction and moisture content range needed to achieve a 
maximum saturated hydraulic conductivity of 1x10-8 cm/s. A test pad will then be 
constructed at the site using the parameters derived from the laboratory testing 
program to verify that a maximum saturated hydraulic conductivity of 1x10-7 cm/s can 
be achieved in the field. 

In the Division of Radiation Control’s (DRC) interrogatory R313-24-4-19/03, DRC 
recommends that Uranium One use ASTM D5093-02, Standard Test Method for 
Field Measurement of Infiltration Rate Using a Double-Ring Infiltrometer with a 
Sealed-Inner Ring to verify the saturated hydraulic conductivity in the field.  While the 
sealed double ring infiltrometer (SDRI) is considered a standard test for evaluating 
field permeabilities, recent studies as well as ASTM have acknowledged that the 
SDRI test method is: a) prone to operator error in measurement; and b) somewhat 
limited since it does not allow for consideration of the effective stress that the liner 
will be subjected to during operation.  As stated by Daniel, (1993), “One problem with 
in situ tests on test pads is that the test pad is subjected to essentially zero 
overburden stress.  Hydraulic conductivity decreases with increasing compressive 
stress.” 

Accordingly, Uranium One proposes to verify field saturated hydraulic conductivity by 
obtaining 5 large block samples from the test pad and testing them in large triaxial 
permeability cells in accordance with ASTM D5084-Method C.  Laboratory testing of 
block samples have been performed in lieu of field testing in confirmation studies 
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(Benson et al., 1997, Trast and Benson, 1995, and Benson et al., 1994, provided in 
Attachment E for reference).  Benson et al. (1997) conducted a comparison of the 
hydraulic conductivity of four test pads.  The test pads were constructed to the same 
specifications with soil from the same source by four different contractors.  SDRIs 
were installed on each pad immediately following construction to evaluate the field 
hydraulic conductivity.  The SDRIs were left on the test pads for 8 months after 
construction, at which time the hydraulic conductivity was computed using data from 
the SDRIs.  Following completion of the SDRI testing large block specimens, 
sampling tubes, and two-stage borehole tests were also performed at the same 
locations to compare against the hydraulic conductivities obtained from the SDRIs.  
The results of the study performed by Benson et al. (1997) showed that the block 
sampling method yields hydraulic conductivities approximately two times faster than 
the long-term hydraulic conductivity measured with the SDRIs.  The paper identified 
two main reasons for this difference.  First, the block sample was tested with a higher 
hydraulic head than the SDRI which allows for a higher degree of saturation and 
consequently a higher conductivity.  Second, the block specimens typically consist of 
one lift of soil, whereas the SDRI permeates multiple lifts, allowing for the lower lifts 
to contribute to the hydraulic conductivity value.  Given that large scale block tests 
will be on the conservative side of the field hydraulic conductivity determination, they 
should be considered to be an alternative method of demonstrating that the clay 
used for the bottom layer of the liner system meets the 1x10-7 cm/s field hydraulic 
conductivity requirement 

The issue of effective stress as it contributes to the hydraulic conductivity of the soil 
should also be considered.  Trast and Benson (1995) conducted a study where both 
SDRI and large scale block tests were conducted to determine the effect of 
increased effective stress on the hydraulic conductivity of soils collected from 11 
compacted-clay test pads.  Trast and Benson (1995) concluded that “…the 0.3-m 
block specimens had essentially the same hydraulic conductivity as was measured 
with the SDRIs”.  This finding suggests that the large block specimens were of 
sufficient size to capture pore networks similar to those controlling flow in the field.  
Increasing the effective stress applied to a sample resulted in a decrease in the 
hydraulic conductivity of that sample by, on average, a factor of 4.  As the liner 
system will be buried under tens of feet of tailings, testing the large scale block 
specimens at a higher effective stress will be more representative of field conditions, 
and should be considered when evaluating the field hydraulic conductivity of the clay 
materials.  

Recently, Clean Harbors Environmental Services has successfully used block 
samples for confirmation at some of their hazardous waste landfills.  “For example, 
blocks were used in lieu of an SDRI on a test pad at the Highway 36 Landfill near 
Denver” (Geo-Smith, 2008 and Golder, 2006). Block samples were also used to 
verify hydraulic conductivity for the Hazardous Waste Landfill and the Enhanced 
Hazardous Waste Landfill at the U.S. Army’s Rocky Mountain superfund site (HLA, 
1997 and Foster Wheeler 2002).  Copies of the referenced reports have been 
included in electronic format as attachments to this response. 

Uranium One proposes to use large block samples to verify the hydraulic 
conductivity of the clay layer.  Uranium One proposes to report the arithmetic mean 
of the tests rounded to one significant digit to verify the value of the field saturated 
hydraulic conductivity.  
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Laboratory Testing for Test Pad Construction 

Laboratory testing will be performed on the proposed clay materials.  Clay will be 
obtained from the borrow areas and delivered to the laboratory for testing.  The soil 
will be classified in accordance with ASTM D2487 [Standard Classification of Soils 
for Engineering Purposes (Unified Soil Classified System)] for QA/QC requirements. 
Particle-size distribution and Atterberg limits testing will be performed as part of the 
classification process.  The maximum dry density (MDD) and optimum moisture 
content (OMC) for each sample will be calculated in accordance with ASTM D 698 
[Test Method for Laboratory Compaction Characteristics of Soil Using Standard 
Effort]. 

Laboratory testing to calculate the saturated hydraulic conductivity of the soil will be 
performed in a flex-wall permeameter triaxial cell following ASTM D5084 [Standard 
Test Method for Measurement of Hydraulic Conductivity of Saturated Porous 
Materials Using a Flexible Wall Permeameter] procedures. Remolded samples of 
each mixture will be prepared at 95 and 100 percent of MDD at OMC, and at 2 and 4 
percentage points over the OMC.  The results of the laboratory tests will be used to 
identify the percent compaction and moisture content that results in a laboratory 
hydraulic conductivity of 1x10-8 cm/sec.  A laboratory permeability of 1x10-8 cm/sec 
has been selected as a target permeability because data has shown that laboratory 
permeabilities are typically lower than can be achieved in the field using large scale 
construction techniques.  The selection of a hydraulic conductivity one order of 
magnitude less than the required field conductivity is purely arbitrary and is not 
based on any existing study.  However, this is a value that is quite often used in 
practice when comparing field and laboratory permeabilities.  Using this target lab 
permeability provides a reasonable basis for identifying MMD and OMC values for 
field placement of clays to meet the acquired field permeability volume of 1x10-7 
cm/s. 

Test Pad Construction 

Following completion of the laboratory testing program a test pad will be constructed 
on-site using the procedures and similar equipment to what will be used to construct 
the clay layer for the proposed TSF.  Samples of the test pad will be collected and 
tested to confirm that material types are generally similar to those used in the 
laboratory testing program and to evaluate the field hydraulic conductivity of the clay 
layer. 

The test pad dimensions will be dictated somewhat by the construction equipment to 
be used for pad construction.  In order to provide sufficient area to represent actual 
construction conditions, the minimum test pad dimensions will be 75 feet wide, 100 
feet long, and 1 foot thick. The test pad will be constructed in an area of the 
impoundment footprint that will have similar geotechnical conditions (e.g. moisture 
content, soil type, gradation, etc.) to the area where the impoundment will ultimately 
be constructed.  However, since grading for the impoundment will not have begun at 
the time the test pad is constructed, it is anticipated that the test pad will be 
constructed at an elevation different than the final elevation of the liner system.  
Therefore, it is not expected that the test pad will ultimately be incorporated into the 
final impoundment construction.  
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The test pad area will be graded to provide a flat surface sloped at least 1 percent to 
facilitate positive drainage off of the test pad.  The test pad subgrade will be scarified 
to a minimum depth of 8 inches and recompacted to 95 percent of MDD at a 
moisture content between OMC and 2 percentage points above OMC.  The 
subgrade will again be graded flat, with at least a 1 percent slope, and the clay layer 
placed over the subgrade in lifts not exceeding 6 inches in compacted thickness.   

Clay for the clay layer will be moisture conditioned by adding water and discing the 
clay.  The clay will be allowed to hydrate for a minimum of 24 hours prior to 
compaction to help more evenly distribute the moisture throughout the clay.  The clay 
layer then will be compacted to the minimum dry density and moisture content that 
displayed a hydraulic conductivity of 1x10-8 cm/s during the laboratory testing 
program.  Within 24 hours of completion of the test pad, large block samples will be 
collected from the pad and sent to the laboratory for hydraulic conductivity testing. 

Excavations resulting from the sample collection will be filled and compacted using 
additional clay material.  Patches placed in the excavations will be compacted using 
a hand compactor in 6 inch lifts to the same dry density and moisture content used 
for the rest of the clay layer.  The clay layer will then be covered with 30 mil thick 
plastic sheeting which will in turn be covered with a minimum 6 inch thick lift of loose 
site soil.  The purpose of covering the test pad with plastic and soil is to prevent 
desiccation of the test pad in the event that laboratory testing indicates that the 
required field hydraulic conductivity has not been achieved or additional sample 
collection is desired.  If necessary, the cover soil and plastic sheeting can be 
removed and additional compactive effort applied to the clay layer with minimal 
moisture conditioning. 

Field Saturated Hydraulic Conductivity Testing 

Sampling Procedures 

Five locations on the test pad will be sampled, one in the center and the remaining 4 
located near the corners of the test pad. The samples collected at the corners of the 
pad will be not be located closer than 10 feet from the edge of the test pad to avoid 
edge effects and damage from turning and reorienting the compaction equipment.  
In-situ nuclear density tests will be taken immediately adjacent to each sample 
location prior to collecting the sample.  Field moisture and dry density testing will be 
tested in accordance with ASTM-D6938-07a. 

Block samples of the clay layer will be collected by placing a soil trimming ring on the 
surface of the clay layer and excavating a trench around the ring the full depth of the 
clay layer.  The soil trimming ring will consist of a 12-inch (30 cm) long section of 18-
inch (45 cm) diameter PVC pipe with a beveled cutting shoe machined into the base. 
Soil will then be carefully hand trimmed until the ring can be pushed down over the 
soil column. When the trimming is at full depth, the specimen will be removed from 
the hole by pushing a flat-bladed spade into the underlying foundation soil at several 
locations. After the sample is removed from the hole, the ends of the sample will be 
trimmed flush with the soil trimming ring and sealed with heavy plastic sheeting 
taped to the PVC trimming ring.  The samples will then be packaged and shipped to 
the laboratory for analysis. 
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Laboratory Testing 

During sample preparation the field sample will be trimmed to obtain a 12-inch (30 
cm) diameter and 6-inch (15 cm) thick laboratory sample.  Cuttings from the trimming 
process will be analyzed for moisture content, particle size distribution, and Atterberg 
limits.  Each sample will be placed in a large-scale flexible-wall permeameter 
manufactured by Trautwein Soil Testing.  The 30 cm diameter by 15 cm thickness 
dimension has been shown by Benson et al. (1994) to be sufficient to capture the 
macropore characteristics of the clay layer. 

If laboratory testing indicates that the required field hydraulic conductivity has not 
been achieved, additional compactive effort may be applied to the test pad in an 
attempt to reduce the hydraulic conductivity.  The moisture content of the existing 
test pad would be tested to confirm that it is still within the required range of moisture 
contents.  If testing indicates that additional moisture conditioning is required, this 
would be performed prior to application of the additional compactive effort.  Samples 
would be obtained from different areas of the test pad to avoid the possibility of 
sample disturbance. 

Testing During Clay Liner Construction 

During construction of the TSF it is imperative that the clay layer be covered with the 
HDPE geomembrane as soon as possible to prevent desiccation of the clay soil.  
Therefore, the clay layer should be covered with the rest of the liner system 
immediately following compaction.  The clay layer would be covered prior to 
completion of the testing program for field hydraulic conductivity.  Uranium One is 
therefore, proposing that the test pad be used as the basis for demonstrating that the 
proposed construction methodologies and site soils can meet the required field 
hydraulic conductivities.  Soil samples will be collected during the placement of the 
clay layer to confirm that the soil properties are within the range specified based on a 
successful test pad evolution.  Testing proposed will include particle size distribution, 
Atterberg limits, and in-place soil density and moisture content.  Provided these 
parameters are within the range established during the test pad program the 
resulting hydraulic conductivity should remain the same.  Therefore, the test pad 
results will be used to establish material property and placement specifications to 
meet the required field hydraulic conductivity of 1x10-7 cm/s.  Actual QA testing for 
the clay liner will consist of confirming the specified material properties and in-place 
moisture contents and densities are within the acceptable ranges that were shown to 
meet the 1x10-7 field hydraulic conductivity requirements for the test pads.  This QA 
program will allow for quick covering of the clay liner and will avoid destructive 
testing of the in-place liner system after installation, which could compromise the 
overall performance of the liner.  The specifications and QA program proposed will 
be outlined in the Technical Specifications and QA/QC plan as a future submittal. 

There are several advantages of using large scale block samples to confirm the field 
saturated hydraulic conductivity.  During facility operation the overburden stress on 
the liner system will increase due to the deposition of tailings over the liner system.  
Therefore, the loads expected during the life of the facility can be modeled by 
controlling the confining stresses applied to the sample and monitoring the effect of 
the confining stress on the hydraulic permeability of the clay layer.  Previous studies 
have shown that increasing the confining stress on a soil sample will decrease the 
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field hydraulic conductivity of the soil being tested (Daniel, 1993).  The range of 
expected stress can be modeled in the triaxial cell and the hydraulic conductivity 
under representative conditions can be observed.  
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BASIS FOR INTERROGATORY: 

As stated in Round 1 and 2 Interrogatories, the applicant proposes to use a double liner with leak 
detection in order to prevent migration of wastes out of the impoundment (sections 4 & 5, TMP).    The 
applicant indicates that the double liner with the leak detection system design is the Best Available 
Technology (BAT) and comparable to similar facilities in the industry.  However, there is insufficient 
information provided in the Construction Control Quality Assurance Plan (CCQAP) and only limited 
detailed plans and specifications are provided for the construction of Cell 1 and 2.  The deficiencies in 
the CCQAP are addressed in this interrogatory, while the deficiencies in the plans and specifications are 
addressed in a separate interrogatory. 

As presented in Round 2 of this Interrogatory, the requirement for the hydraulic conductivity of the clay 
liner is an in-place field hydraulic conductivity of 1x10-7 cm/s or less.  This is considered BAT for liner 
systems. Uranium One needs to provide a demonstration that the clay used for the bottom liner meets this 
requirement.  In the response to this interrogatory in round 1, Uranium One stated that field permeability 
testing would prove too difficult, and preliminary laboratory testing indicated permeability’s in the 10-8 
cm/sec range.  Further justification is needed as to why field permeability testing has not been 
successfully completed, and as to the difficulty is performance of the testing.   

According to “Assessment and Recommendations for Improving the Performance of Waste Containment 
Systems” (see reference for Bonaparte, Daniel, and Koerner, 2002 below), the most effective means of 
testing permeability of a soil layer such as a clay liner is in-place with a sealed double-ring infiltrometer.  
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Another method used is a single-ring infiltrometer (see reference for Amoozegar and Warrick, 1989 
below).  However, since the single-ring infiltrometer is not as widely used or accepted as the double-ring 
method, the specific methods and procedure for the single-ring infiltrometer will need to be provided for 
DRC review and concurrence prior to its use. Of particular concern is the ability to test a large enough 
surface area of the clay liner that will provide reasonable results that represent the actual permeability of 
the clay layer. Field testing is used because is has been found that laboratory test methods are applied to 
a small and limited sample size(or area) that is not typically representative of the soil layer being 
evaluated. Extensive reviews of laboratory tests results (typically involving 75-mm-diameter samples of 
compacted clay materials) have shown a strong tendency to report smaller saturated conductivities for 
clay liners than are actually achieved in the field (Benson, Hardianto, and Motan 1994; Bonaparte, 
Daniel, and Koerner, 2002).  For this reason the Division prefers the use of the field methods stated in 
the interrogatory. 

The DRC believes that successful field permeability testing of the clay liner can be performed using  
“ASTM D5093-02 Standard Test Method for Field Measurement of Infiltration Rate Using a Double-Ring 
Infiltrometer with a Sealed-Inner Ring.  Another method can be used (such as a single-walled 
infiltrometer) provided the specific methods and procedures are provided for DRC review and 
concurrence. 

REFERENCES: 
Amoozegar, A, and A.W. Warrick. 1986. Hydraulic conductivity of saturated soils: field methods. 

American Society of Agronomy. 

Bonaparte, Rudolph, David E. Daniel, and Robert M. Koerner, December 2002. Assessment and 
Recommendations for Improving the Performance of Waste Containment Systems. EPA/600/R-
02/099.  

Benson CH; Hardianto FS; and Motan ES, “Representative Specimen Size for Hydraulic Conductivity 
Assessment of Compacted Soil Liners,” ASTM Specialty Technical Publication 23883S, January 
1994. 

Plateau Resources, Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 
Uranium Project”, Dated December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005, Revised April 2007. 

Plateau Resources, Ltd., Responses to Round 1 TMP Interrogatories, April 2007. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-20/03: LINER STRENGTH & COMPATIBILITY  

INTERROGATORY STATEMENT:   
The proposed design needs to include a concise and well-defined design basis that is then demonstrated 
to meet the respective criteria through technical evaluation, data, and calculations. Based on the 
information provided to date in support of the proposed tailings cell design the following need to be 
included: 

1. An evaluation of the impact of stress imposed by equipment, tailings, and liquid during all 
scenarios and phases of construction, operations and tailings placement on the liner system that 
could result in movement and degradation of the liner system.  Please include an evaluation of 
the steepest slope where the liner will be subject to the highest stresses during all scenarios and 
phases of construction, operations and tailings placement.   Explain what is meant (specifically) 
when stating that the slopes will be” relatively mild”.  In addition, please note that since the 
tailings will be placed in the cell via slurry, the statement that there will be no significant 
ponding of liquids against the exposed liner is not correct.  Consider slurry and free liquids in the 
cell in the design and evaluating the stability of the liner system. 

 
Response 1 
This response will be provided in a later submittal. 

2. An evaluation of the impacts of wind uplift forces and ballasting for wind uplift on the liner 
system while exposed to these forces. 

 
Response 2 
Design calculations for wind uplift forces and ballasting are provided in Appendix F.4 
of the attached Design Report. 

3. The following Clarifications are needed on the anchor trench design calculations provided in the 
11/28/07 response to item #3 in Round 2 of this interrogatory 

3.1. How will the use of sand fill material that has an internal friction angle of 32o or greater be 
assured in the construction of the liner anchor system? 

 
Response 3.1 
Updated liner anchorage design calculations are provided in Appendix F.3 of the 
attached Design Report.  Although a friction angle of 32° or greater will be assured 
during construction of the liner system, a conservative friction angle of 28° was used 
for design calculations for the anchor trench.  The construction QA/QC program, to 
be presented in the Technical Specifications of the Construction Documents, will 
include frequent index and shear strength testing to assure a friction angle of 32° or 
greater during construction of the liner system. 

3.2. Proposed cell liner drawings showing the geometry of the cell slopes and layout of the 
drainage layer need to be provided.  They need to include where the drainage layer will be 
placed (i.e., only on the cell floor, or on the floor and up the side slopes).  This will be helpful 
in understanding the critical stress areas and the proposed anchor trench design. 
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Response 3.2 
Cell liner drawings are included in the attached Design Report. 

3.3. It appears that the anchor trench calculations have used an angle of shearing resistance for 
soil to HDPE for the liner upper and lower surface.  This is appropriate for the liner upper 
surface, but the lower (under) surface of the upper liner is in contact with the geonet.  
Typically, the angle of shearing resistance between HDPE and geonet is less than the one 
between soil and HDPE. It appears that it would be appropriate to use the angle of shearing 
resistance between soil and HDPE for the upper surface, and between the HDPE and the 
geonet for the lower surface.  This will increase the run out lengths and anchor trench 
depths. 

 
Response 3.3 
This correction has been made.  The revised calculations are provided in Appendix 
F.3 of the attached design report. 

3.4. Please include the basis (references) for the following: 

• Allowable stress of 2100 psi 

• Thickness of 0.06 inches 

• Unit weight of soil of 100 lb/ft3 

 
Response 3.4 
The references for these parameters are included in Appendix F.3 of the attached 
design report. 

4. “Response 5”to Round 2 of this Interrogatory provided by Uranium One mentioned the use of 
rub sheets and splash guards in areas where the tailings will be discharged to the cell.  Here 
again, design drawings need to show where these features are needed.  Also, please note that if 
the tailings are to be discharged to the cell so that they flow down the side slope on the liner, the 
resultant load on the liner needs to be evaluated to ensure that the liner system will not be 
compromised. 

 
Response 4 
The need for splash guards or rub sheets to protect the primary liner where tailings 
are discharged over the liner down the side slopes will be evaluated and presented 
in the Operations Plan.  This subject is addressed conceptually in the attached 
Design Report. 

5. Figure K-2 shows the anchor systems where side slopes do or do not have a drainage layer.  
Drawings clarifying where the drainage layer is being placed needed to be included. 

 
Response 5 
Drawing L2 in the attached Design Report delineates the limits of the LCS drainage 
gravel layer. 
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BASIS FOR INTERROGATORY: 
As stated in Round 1 Interrogatories, the Applicant’s submission does not include sufficient information 
to allow a complete review of adequacy of the lining system design for meeting the requirements of 10 
CFR 40, Appendix A, Criterion 5 A(2) which addresses cell liner requirements, or for meeting the criteria 
identified in R317-6-1, 1.3 for BAT, for double liner systems. Lacking is a complete evaluation of the 
stresses on the liner system under maximum loading conditions.  These maximum loading conditions need 
to be defined as the design basis, then calculations need to be developed and provided that demonstrate 
the liner system is capable of maintaining the design integrity, configuration, and performance.  
Reference is made to the RMTP as being an important basis of the design.  However, the revised plan, 
responses to Round 1 Interrogatories, and subsequent discussions with Uranium One indicate the tailings 
will be placed as slurry, and it is inferred that the RMTP will be used when and if developed.  A concise 
and well-defined design basis needs to be included that is then demonstrated to meet the respective 
criteria through technical evaluation, data, and calculations. 

REFERENCES: 
Giroud, J.P., Gleason, M.H., and Zornberg, J.G., 1999.  Design of Geomembrane Anchorage Against 

Wind Action”, in Geosynthetics International, Vol. 6, No. 6, 1999, pp. 481-507. 

Hsuan, Y.G., Lord, A.E., and Koerner, R.M., 1991.  “Effects of Outdoor Exposure on a High Density 
Polyethylene Geomembrane”, in Geosynthetics ‘ 91, Atlanta, GA, pp. 287-302. 

Koerner, R.M. , Hsuan, Y.G., and Koerner, G.R., 2005.  “Geomembrane Lifetime Prediction:  Unexposed 
and Exposed Conditions”, Geosynthetic Institute White Paper #6, June 7, 2005. 

Plateau Resources, Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 
Uranium Project”, Dated December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005, Revised April 2007. 

Plateau Resources, Ltd., Responses to Round 1 TMP Interrogatories, April 2007. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 

Valero, S.N., and Austin, D.N., 1999.  “Simplified Design Charts for Geomembrane Cushions”, in 
Geosynthetics ’99, Boston, Mass.  Available at: 
http://www.sedimentremediation.com/TechRef/Dredge/GPD-SM-116.pdf 
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INTERROGATORY R313-24-4-21/03: LINER SETTLEMENT  

INTERROGATORY STATEMENT: 
Please indicate the extent of settlement, differential settlement, and distortion in the cover that are 
allowed at the time of final closure. Demonstrate that allowable settlement, differential settlement, and 
distortion resulting tailings consolidation with time will not damage the final liner system.  Justify the 
respective design criteria and tailings material properties used. 

 
Response 1 
This response will be provided in a later submittal.   

BASIS FOR INTERROGATORY: 
Uranium One’s response to Round 2 of this Interrogatory stated that a response will be provided in the 
next submittal. 

In response to Round 1 Interrogatory Uranium One explained that the liner subgrade will be the Entrata 
Sandstone, and therefore settlement of the soil (rock) under the cells is not of concern.  In addition, the 
clay and sand layers placed at part of the liner system will be compacted and also will not pose a concern 
with settlement.  However, not provided is an evaluation and demonstration of the potential settlement of 
the tailings themselves after cover placement.  This is now of particular concern considering that the 
tailings will be placed in a slurry with high liquid content. Will any anticipated settlement from 
dewatering of the tailings via the leachate collection system (including differential settlement) impact the 
integrity of the cover system? How long before dewatering is complete and consolidation of the tailings is 
no longer of concern? What are the settlement tolerances of the cover system? The moisture content, and 
other physical properties of the tailings after cover placement, and their potential for consolidation, 
thereby impacting the cover needs to be considered in this evaluation.     

REFERENCES: 
Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 

Facility” Amended December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005, Revised April 2007. 

Plateau Resources, Ltd., Responses to Round 1 TMP Interrogatories, April 2007. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-22/03: LEACHATE COLLECTION AND DETECTION 
SYSTEM DESIGN   

INTERROGATORY STATEMENT: 
Please provide confirmation as to the adequacy of the geofabric for permeability (permittivity) as well as 
for filtration.  There needs to be confirmation that the geofabric will not restrict water flow or allow for 
the infiltration of the surrounding sand into the stone bedding.   

Please clarify the use of a perforated pipe with a sock where the pipe extends up slopes.  Typically a solid 
pipe is used for the collection sump piping. 

 
Response 1 

 
Geofabric is no longer a component of the leachate collection and detection system.  
The pipes in the collection system will be bedded at the base of 18 inches of clean 
gravel that is covered by six inches of well-graded sand filter.  The drainage gravel 
serves the following functions: (1) providing a continuous drainage layer at the base 
of the tailings to prevent build-up of head on the primary liner, (2) adding drainage 
capacity to Leachate Collection System, (3) preventing intrusion of tailings into the 
0.25-inch slots in the perforated drainage pipe, (4) guarding the HDPE liner against 
penetration of stones or other objects, and (5) protecting the HDPE liner against 
damage from construction equipment.  The gradation envelope that represents 
acceptable particle sizes for the drainage gravel is shown in Figure 7-1 of the Design 
Report.   The drainage gravel will have a maximum particle size (D100) of 1 inch, in 
order to protect the integrity of the primary HDPE liner.  The minimum particle size is 
designed to meet filter criteria with the pipe perforations of 0.25 inches, according to 
guidance given in the National Engineering Handbook, Part 633, Chapter 26 
“Gradation Design of Sand and Gravel Filters” (USDA, 1994).  The sand filter is 
designed to prevent migration of tailings material into the pore spaces of the 
drainage gravel.   

The Tailings Reclamation and Decommissioning Plan (Plateau Resources and 
Hydro-Engineering, 2002) presented the gradation results from three tailings 
samples.  These gradations are shown in Figure 7-1 of the Design Report.  As the 
milling process that produced these tailings is similar to the process that will produce 
future tailings at the site, it is reasonable to assume that these gradations represent 
likely gradations of whole tailing samples of future tailings.  As the tailings are 
discharged, tailings will segregate with the coarser fraction settling out close to the 
discharge point, and the finer fraction settling out at further locations.  Therefore, it is 
likely that a finer gradation than that presented in the Tailings Reclamation and 
Decommissioning Plan will exist at discrete locations.  In order to estimate this finer 
fraction, the gradation from sample T4 was adjusted to represent the finest 50% of 
the whole gradation (i.e. the smallest 50% of the tailings settle out at a location far 
from discharge point).  This adjusted gradation is shown on Figure 7-1 of the Design 
Report.  From this adjusted gradation, a gradation envelope for filter sand meeting 
filter criteria with the fine tailings was developed using criteria presented in National 
Engineering Handbook, Gradation Design of Sand and Gravel Filters.  In addition, a 
gradation envelope for the drainage gravel that meets filter criteria with both the filter 
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sand and 0.125-in slots in the perforated drain pipe is presented.  These gradations 
are all shown in Figure 7-1 of the Design Report.    

Perforated pipe for leachate collection and leak detection will extend across the 
tailings basin floor, but will not extend up the side slopes.  The drainage gravel and 
sand filter are designed to prevent plugging of the perforated pipe.  Therefore, a sock 
is not needed around the perforated pipe.  The only piping that will extend up the 
internal slopes of the tailings basin are the solid riser pipes used to evacuate the 
sump areas. 

REFERENCES 

United States Department of Agriculture (1994) National Engineering Handbook, Part 
633, Chapter 26, Gradation Design of Sand and Gravel Filters. 

BASIS FOR INTERROGATORY: 
BAT requires that leachate collection and detection systems be designed to resist clogging during the 
active life and post-closure period.  The proper design of the Sand/Tailings interface is a critical point 
where, under the current design, clogging potential is viewed as the highest. 

Uranium Ones 11/28/07 response to Round 2 of this interrogatory included revised text for Section 
5.1.4.2 “Piping Structural Design” of the TMP.  Review of this section identified the following concerns: 

• There is no confirmation as to the adequacy of the geofabric for permeability (permittivity) and 
for filtration.  There needs to be confirmation that the geofabric will not restrict water flow or 
allow for the infiltration of the surrounding sand into the stone bedding. 

• The text states that where the pipe extends up slopes that are greater than 4H:1V and beyond the 
drainage layers, a filter sock will be placed around the pipe.  Isn’t the function of piping above 
the drainage layer to allow for sump access and liquid transfer via a pump?  Why use a 
perforated pipe with a sock?  Why not a solid pipe? 

REFERENCES: 
Joen, H.-Y. and Mlynarek, J. 2004.  “Assessments of Long-Term Drainage Performance of Geotextiles”. 

GeoQuebec:  57th Canadian Geotechnical Conference. 

Keshian, B. and Rager, R.E. 1988. “Geotechnical Properties of Hydraulically Placed Uranium Mill 
Tailings”.  Hydraulic Fill Structures: specialty conference sponsored by the Geotechnical 
Engineering Division of the American Society of Civil Engineers.  Colorado State University, 
Fort Collins, Colorado.  August 15-18. 

Koerner, G.R, Koerner, R.M., and Martin, J.P. 1993.  “Field Performance of Leachate Collection 
Systems and Design Implications”.  Solid Waste Association of North America: 31st Annual 
International Solid Waste Exposition, pp. 365-380. 

Koerner, R. M. 2005.  Designing with Geosynthetics, Fifth Edition. 

Luettich, S.M., Giroud, J.P., and Bachus, R.C. 1992.  “Geotextile Filter Design Guide”.  Journal of 
Geotextiles and Geomembranes, Vol. 11, No. 4-6. pp.19-34. 

Plateau Resources, Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 
Uranium Project”, Dated December, 2005. 
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Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005, Revised April 2007. 

Plateau Resources, Ltd., Responses to Round 1 TMP Interrogatories, April 2007. 

Reinhart, D.R. et al. 1998.  Assessment of Leachate Collection System Clogging at Florida Municipal 
Landfills. Report # 98-5.  Florida Center for Solid and Hazardous Waste Management, 
Gainesville, FL.  October 30, 1998. 

Rowe, R.K.  2005.  Long Term Performance of Containment Barrier Systems, Geotechnique, 55, No. 9, 
pp. 631-678. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-23/03: DIKE INTEGRITY  

INTERROGATORY STATEMENT: 
Please confirm that all slopes and friction failure surfaces--including the proposed liner interfaces--have 
been evaluated or are represented by the evaluation of the most critical slopes and surfaces.  All 
scenarios and phases of construction, operations, and tailings placement must be considered.  Provide 
such analyses for the Division’s review.  These analyses must include and/or consider the dikes between 
Cell 1 and Cell 2 and between Cell 1 and the Evaporation and Process Pond Cell (EPPC) and the 
conditions where the liner is assumed to have failed (e.g., worst case scenario). 

Please provide a slope and seismic stability evaluation for Shootaring Canyon Dam, the Cross Valley 
Berm, the area between the Cell 1 and the EPPC, and any other dams/berms using a failed liner 
condition under a worst case scenario or similar. 

Provide conclusive calculations, models, and statements demonstrating the applicability and adequacy of 
the existing or new slope stability analysis. Ensure that such calculations, models, and statements address 
all special conditions that would affect dike and liner system integrity that may exist between Cell 1 and 
Cell 2 and between Cell 1 and the EPPC.   

 
Response 1 
The evaluation of all friction surfaces, including the proposed liner interfaces, will be 
presented in Interrogatory R313-24-4-20/03 Liner Strength and Compatibility, 
Response 1.  Final design parameters of the EPPC have not yet been developed; 
this condition will be evaluated when the EPPC design has been completed. 

Seepage and slope stability analyses for the Shootaring Canyon Dam (South Dam) 
the side slopes, and the divider berm are presented in the attached Design Report.  
The Cross Valley Berm, the North Dike, and the East Dike will be entirely removed 
during construction of the revised Tailings Storage Facility. 

BASIS FOR INTERROGATORY: 
The operating elevations of the tailings on each side of the dikes are important, since the effect of such 
operations have some failure potential.  Therefore, proposed configurations of the dikes must be 
evaluated as part of the design criteria.  The criteria must include the critical loading and elevation 
scenarios on both sides of the dikes.  Later, these critical scenarios may also be used to propose the 
limited operating conditions by which the ponds on each side of the dikes may be operated. 

In general, the response and revised text in Section 3 address part of the interrogatory statement from 
Round 1.  Another analysis of seismic stability was conducted by Inberg-Miller Engineers [IME] (dated 
January 2007) with a Safety Factor of 1.18.  However, this did not constitute a worst case scenario with a 
failed liner and leakage as required by Utah Administrative Code and URCR.  The new analysis from 
IME ‘assumed no phreatic surface will develop through the earthen dam.’  The UDRC rule reads, ‘In 
ensuring structural integrity, it must not be presumed that the liner system will function without leakage 
during the active life of the impoundment’ R313-24-4.  

Seismic and slope stability analyses were conducted by the applicant for the Shootaring Canyon Dam and 
the Cross Valley Berm (section 3 & Appendix A, TMP).  The reference documents within the application 
do not address piping, however this may not be wholly applicable since the cells have double layers 
(liners) technology. The documents do contain a slope stability analysis for the Cross Valley Berm.   
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The information requested is needed to demonstrate the long-term stability of the final cover, especially 
in consideration of the cited passage of URCR on the presumption of leakage of the liner system during 
the active life of the impoundment.    

REFERENCES: 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility,” Dated December 2005, Revised April 2007. 

Plateau Resources, Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 
Uranium Project”, Dated December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-24/03: BEST AVAILABLE TECHNOLOGY  

INTERROGATORY STATEMENT: 
Please provide the following: 

1. Estimation of anticipated leachate flow rates and maximum capacity in the leachate collection 
systems.   

 
Response 1 
An estimation of anticipated leachate flow rates and the maximum capacity of the 
leachate collection system is discussed in Section 7.6.3 of the Design Report, with 
additional calculations in Appendix F.1 of the report.   

2. A demonstration that the leak detection system design in the final cell(s) will result in no more 
than 1-foot of head on the bottom liner at any time, and that the system is designed to handle the 
resultant flow. 

 
Response 2 
The expected head on the bottom liner, anticipated flows, and the capacity of the 
Leak Detection System are discussed in Sections 7.4.1 and 7.4.2 of the Design 
Report, with additional calculations in Appendix F.1 of that report.  

3. Complete Liner system design and construction drawings (plans), as well as material and 
performance specifications.   They are to be certified by a Professional Engineer licensed in the 
State of Utah, and shall include, but not be limited to, cell liner, leachate collection, leak 
detection, dewatering operations, tailings transfer and management, and storm water control 
layouts, cross sections, details, and profiles.  They must include proposed elevations and 
horizontal coordinates at all key locations. The specifications must cover (but not limited to) all 
proposed components and materials, their respective material and equipment and installation 
requirements. 

 
Response 3 
This response will be provided in a later submittal.   

4. An estimate of volumes and capacities of the cells as well as cut and fill quantities. 

 
Response 4 
Estimates of cut and fill quantities and storage capacities are provided on Drawing 
P1.3 in the attached Design Report. 

5. Review of Uranium One’s 11/28/07 response to Round 2 Interrogatories identified the following 
concerns” 

• Material properties specific to the pipe material and soil bedding are included in the 
demonstration.  However, the source of these values is not included.  It is typical with 
these types of demonstrations (calculations) to include a copy of the specific data basis 
such as material spec sheets, test results, references from literature, etc.  This is 
important in order to fully understand what is being presented, in what context, and to 
document the basis. 
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Response 5a 
Analyses related to the load bearing capacity of buried pipe has been modified to 
reflect revised methodology as presented by Plastic Pipe Institute, updated pipe 
diameters, and selected Standard Dimension Ratio (SDR).  A summary of the piping 
structural design is presented in Section 7.6.5 of the Design Report, with calculations 
and material properties included in Appendix F.2 of that report.  

• The pipe and soil material properties need to be carried through to the project QAP and 
technical specifications to ensure that what is installed and constructed meets or exceeds 
the performance as presented in the respective demonstration.  

 
Response 5b 
The project QAP and technical specifications will be submitted at a later date. 

BASIS FOR INTERROGATORY: 
Review of the responses to Round 1 and 2 of this Interrogatory found that the following concerns remain: 

1. Estimation of anticipated leachate flow rates and maximum capacity in the leachate collection 
systems has not been identified in the submittal and must be provided.  Estimation of the 
anticipated flows will enable the leachate management system to be properly designed to 
accommodate the full flow conditions and will ensure that the tailings are dewatered in a 
reasonable timeframe.  This estimation should then also be included as part of the Leachate 
Monitoring, Operations, Maintenance, and Reporting Plan. 

2. The leak detection system for the final cell configuration and design will function so that the head 
on the lower liner never exceeds 1-foot. 

3. The liner system design and construction drawings and material and performance specifications 
need to be developed.  These items are currently only addressed for the cover system, but are not 
included for the liner system. Provide drawings (plans) and specifications in sufficient detail so 
they could essentially be used for bidding and construction. They are to be certified by a 
Professional Engineer licensed in the State of Utah. The drawings shall include, but not be 
limited to, cell liner, leachate collection, leak detection, dewatering operations, tailings transfer 
and management, and storm water control layouts, cross sections, details, and profiles.  They 
shall include proposed elevations and horizontal coordinates at all key locations. The 
specifications shall cover (but not limited to) all proposed components and materials, their 
respective material and equipment and installation requirements 

In addition, design exercises such as estimating volumes and capacities and creating filling and 
grading plans in advance of waste generation are critical to a successful project since these 
exercises help to ensure that estimated volumes are considered and that adequate storage space 
is planned (even if the storage is temporary).  It is common practice to prepare for the estimated 
contaminated soil volume with a contingency volume included (contingency amount would be 
based on the confidence in the primary volume estimate).  If the contingency volume is not used, 
then clean or lower level contaminated material can be placed as general fill.  These concepts 
would all be blended into the detailed design drawings and specifications. 

4. Uranium One included in Appendix J of the 11/28/07 response to Round 2 Interrogatories an 
evaluation demonstrating the adequacy of the buried HDPE pipe to withstand the load imposed 
due to its burial depth.  A review of this demonstration resulted in the identification of some 
concerns that need clarification.  They are: 
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a. Material properties specific to the pipe material and soil bedding are included in the 
demonstration.  However, the source of these values is not included.  It is typical with 
these types of demonstrations (calculations) to include a copy of the specific data basis 
such as material spec sheets, test results, references from literature, etc.  This is 
important in order to fully understand what is being presented, in what context, and to 
document the basis. 

b. The pipe and soil material properties need to be carried through to the project QAP and 
technical specifications to ensure that what is installed and constructed meets or exceeds 
the performance as presented in the respective demonstration.  

REFERENCES: 

Plateau Resources, Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 
Uranium Project”, Dated December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
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Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
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INTERROGATORY R313-24-4-26/03: INFILTRATION AND CONTAMINANT TRANSPORT 
MODELING   

INTERROGATORY STATEMENT: 
Please provide sufficient information to demonstrate that the cover system will not experience some 
potential long-term degradation through one or more processes (as discussed below in the Basis For 
Interrogatory), when active institutional control is no longer in effect to maintain the cover system. 

Provide additional information to identify and evaluate the potential effects of long-term degradation 
processes on the components of the final cover system. 

Conduct and report additional (infiltration sensitivity) analyses to assess the potential affects of such 
cover system component degradation on long –term infiltration rates through the cover during the 
cover’s design life.   

 
Response 1 
This response will be provided in a later submittal.   

BASIS FOR INTERROGATORY: 

The response provided to date (Response to Round 1) does not provide sufficient information to support 
the contention that the compacted clay layer in the cover system (and/or other layers in the cover system 
as well) would not experience some potential long-term degradation through one or more processes, 
under the scenario where there the active institutional controls period is no longer in effect to maintain 
the cover system.  Additional information should be provided to identify and evaluate the potential effects 
of long-term degradation processes on the compacted clay layer and on other components of the final 
cover system.  Additional (infiltration sensitivity) analyses should be conducted and modeling results 
from such analyses provided to assess the potential affects of such cover system component degradation 
on long –term infiltration rates through the cover during the cover’s design life.  Specific information that 
should be considered includes the following:  

• Additional information demonstrating that analyses of the closed facility's future performance 
have considered reasonably foreseeable degraded conditions that could occur within the final 
cover system after closure (e.g., up to several hundred years following closure) if the closed site 
were not actively maintained.  For example, in the HELP Modeling simulations described in the 
December 2006 Tailings Reclamation Plan, it is not clear that the HELP Model simulations 
provided incorporate any reduction in the value of saturated hydraulic conductivity for either the 
fine sand layer or for the rock mulch capping layer to reflect potential (e.g., partial) clogging of 
these layers with windblown fines (rock mulch layer) or fines (sand drainage layer) that could 
invade these layers over time through ecological succession, or an increased value of saturated 
hydraulic conductivity of the radon barrier layer due to the effects of (e.g., moderately deep or 
possibly deeper-rooted) plant species.  Other cover system physical parameters that could be 
affected over the long term due to environmental processes, such as porosity, field capacity, and 
wilting point of various cover layers, should be considered and incorporated as appropriate, into 
the infiltration analysis. 

• A biointrusion assessment/analysis, including information regarding the potential for shallow 
and/or possibly deeper-rooted plant species to become established on the final cover system and 
an analysis to evaluate the effects of such vegetation on long-term infiltration rates.  For 
example, it has not been demonstrated whether or not it is possible that native vegetation, 
including one or more deep-rooted species (such as black greasewood in particular, or other 



Interrogatory R313-24-4-26/03: Infiltration and Contaminant Transport Modeling  Page 2 of 3 

deeper-rooted species that might be present in Shootaring Canyon area) might become 
established on areas of the cover after the 100-year period of institutional control. 

• If the information compiled above indicates that establishment of moderately deep to deeper-
rooted vegetation on the final cover system appears possible, please provide a sensitivity analysis 
in the HELP model to evaluate the effect of such deeper-rooted species becoming established on 
the final cover during the performance period on long-term infiltration rates through the cover.  
Phenomena to consider include a network of taproot/possible root decay –induced defects in the 
radon barrier layer and their effect on hydraulic conductivity of the radon barrier layer. 

• A revised infiltration analysis that considers the potential for partial degradation of the 40-mil 
HDPE geomembrane, as a result of puncturing damage or other construction-related or post-
construction static loading-related damage, if considered possible, as well as long-term 
deterioration of the HDPE geomembrane liner due to antioxidant depletion, oxidative induction 
(with resulting HDPE embrittlement and chain scission and environmental stress cracking), and 
other possible factors (e.g., biological agents). 

• The possibility of stress cracking with the HDPE geomembrane has not been addressed in the 
HELP model.  Information addressing the issue of potential stress cracking in the geomembrane 
and its effects on cover infiltration needs to be provided. 

• A frost depth analysis should be performed to determine the maximum projected frost penetration 
depth within the final cover. 

REFERENCES: 
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DOE 2001.  Disposal Cell Cover Moisture Content and Hydraulic Conductivity, Long-Term Surveillance 
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INTERROGATORY R317-6-2.1-27/03: GROUNDWATER MONITORING  

INTERROGATORY STATEMENT: 

Per discussions between Uranium One and the DRC and in accordance with the application requirements 
of the Utah Administrative Code R317-6, Uranium One needs to  provide adequate documentation, 
justification, evaluation procedures, and modeling results that include a sound basis for the groundwater 
monitoring for the site.  This includes a complete presentation and description of the existing 
hydrogeologic conditions, means of establishing background, and the evaluation of results as they 
compare to the respective limits.  Based on the review of the information submitted to date, the following 
items need to be addressed by Uranium One: 

1. BAT Monitoring Plan for Seepage Rate Monitoring and Verification:  Please provide a BAT 
monitoring plan which includes: (a) Justification or basis for the plan; (b) Best Available Technology 
and seepage control monitoring for the tailings impoundments; and (c) Information to verify that 
Engineering Controls are sufficient and will limit seepage to specified levels. It is recommended that 
Uranium One prepare a separate document (from the respective Groundwater Monitoring Plan) 
reflecting specific monitoring devices and types, monitoring frequency, and validation procedures to 
comply with laws, regulations and guidance.  

 
Response 1 
This response will be provided in a later submittal.      

2. Hydrogeologic Modeling and Groundwater Monitoring Well Designs and Network:   Please 
provide additional information, including groundwater modeling, information regarding estimated 
horizontal and vertical dispersion, groundwater-surface water interaction (relationship of 
groundwater flow systems to existing springs present in the area), and information adequately 
describing flow direction, gradient and spatial variability of groundwater flow, to ensure that 
potential contaminant flow paths and potential plume shape are described.  Please provide 
information indicating how this information supports design of the monitoring well network including 
well locations, screen length and depth(s) of monitoring.  Modeling needs to consider flow paths in 
the vadose zone, the perched aquifer and the main (lower) Entrada aquifer.  It has been noted, for 
example, based on past monitoring and modeling at the facility that a low-permeability zone exists at 
the top of the main (lower) Entrada aquifer in the area near the main Tailings Dam. The impact of 
this condition on flow paths for potential releases from the tailings containment cells needs to be 
carefully examined and clarified.   

 
Response 2a 
This response will be provided in a later submittal.   

Additionally, a review of the horizontal groundwater  contour information on Figure 1, Proposed 
Ground Water Monitoring Locations, of the Draft Groundwater Monitoring Plan suggests that 
potential releases from the containment cells might flow to an area southwest of the proposed 
monitoring locations and therefore be missed by the monitoring network. In preparing the additional 
information requested in this interrogatory, Uranium One needs to demonstrate that the modeling 
assumptions that are used are conservative and/or are representative of field conditions. 

 
Response 2b 
This response will be provided in a later submittal.   
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3. Background Monitoring Plan for New POC Wells:  Please confirm the location of the POC 
monitoring wells and provide additional information concerning the approach for developing interim 
and final intrawell Groundwater Compliance Limits (GWCLs) for the POC monitoring wells.  Please 
provide information to justify the duration of background sample collection and analysis, proposed 
sampling frequency, and procedures to be used for controlling or correcting for such seasonal and/or 
temporal correlation in the data, if necessary.  Please clarify the ultimate use of the current (ongoing) 
background evaluation. For example, indicate whether the evaluation is being conducted to provide 
interim limits for downgradient operational POC wells based on two standard deviations above 
background as listed in R317-6-6.16 until specific intrawell background can be established.  In order 
to conform to GWCL criteria previously established for this facility and GWCLs that have been 
established for other similar (licensed) facilities in Utah, final GWCLs should be determined as 
follows: (a) for constituents detected as a background concentration, the GWCL should not exceed 
the mean concentration in that well plus two standard deviations or 1.1 times the background (mean) 
concentration, whichever value is greater; and (b) for a contaminant not present in a detectable 
amount as a background concentration, the GWCL should not exceed 1.1 times the value of the 
groundwater quality standard Maximum Contaminant level (MCL)or the limit of detection, whichever 
value is greater.   

 
Response 3 
This response will be provided in a later submittal.   

4. Statistical Analysis of Groundwater Data:  Please provide the following with respect to the Draft 
Groundwater Monitoring Plan (Plan) dated 11/30/07 and the Shootaring Background Water Quality 
document (December 12, 2007):  

a. Additional information to further substantiate/verify the degree of homogeneity (lack of spatial 
variability) of groundwater quality within groups of groundwater monitoring wells.  The Piper 
diagrams in the current statistical approach use only a limited list of ions.  Additional 
information, including the distribution of trace elements detected in groundwater at the site, 
should also be considered, and a discussion of how those trace element concentrations relate to 
site subsurface (e.g., aquifer matrix geochemical) conditions should be provided, along with 
evidence to confirm that the background groundwater data are suitable for comparison to the site 
groundwater data. Parameters such as arsenic (previously detected at apparently elevated levels 
in wells RM-8 and RM-20), selenium (previously detected at apparently elevated levels in well 
RM20) and fluoride (previously detected at apparently elevated levels in wells RM8 and RM20) 
are examples of parameters (Plateau Resources, Ltd. 2006) that require further analysis.  
Uranium One may wish to consider other types of data analysis, for example, multivariate 
statistical techniques such as cluster analysis and/or Principal Component Analysis, wherein the 
distributions of additional parameters (possibly including, but not limited to, arsenic, uranium, 
molybdenum, barium, manganese, chromium, and nickel) in the site monitoring wells are 
analyzed.  Uranium One may also wish to consider developing stiff diagrams as an additional 
means of deciphering patterns in groundwater quality at the site. 

 
Response 4a 
This response will be provided in a later submittal.   

b. Please provide a revised Plan that employs consistent terminology with respect to the different 
groundwater-bearing units present beneath the site. 
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Response 4b 
This response will be provided in a later submittal.   

c. Please add carbonate + bicarbonate, calcium, and nitrate + nitrite to the monitoring parameters 
list (Table 1 of Plan), or, alternatively, provide justification for not including these parameters in 
the Plan.   

 
Response 4c 
This response will be provided in a later submittal.   

d. Please provide information indicating the relevance of the 2007 Final Rule (EPA 2007) that 
amends relevant previous EPA Final Rules that specify acceptable analytical methods for some 
monitoring parameters included in Table 1, including Ra-226, chloride, fluoride, nitrate, nitrite, 
and sulfate, to the Plan.  Please revise the text on page 4 of the Plan and in Appendix 1, as 
necessary, to conform to the EPA 2007 Final Rule. This information should be included as an 
element of the Facility Quality Assurance Plan (QAP) and Groundwater Monitoring QAP. 

 
Response 4d 
This response will be provided in a later submittal.   

e. Please include a description of the missing Appendices 1 through 3, and provide a copy of any 
missing Appendices. 

 
Response 4e 
This response will be provided in a later submittal.   

f. Please revise the text of the Plan to reflect the correct ordering of the tables in the document. On 
Page 5 – “Test of Normality”, 2nd paragraph:  in the first sentence the order of the two tables as 
identified in the text is reversed. 

 
Response 4f 
This response will be provided in a later submittal.   

g. Please provide an expanded discussion within the Plan (in reference to the discussion presented 
on p. 10 of the current Draft Groundwater Monitoring Plan entitled  “Trend Analysis”), to 
include the following elements: 

i) Identification of any seasonal variability as well as any temporal correlation in the data, and 
procedures for controlling or correcting for such seasonal and/or temporal correlation in the 
data, if necessary, 

ii) Completing background sampling on a schedule that will ensure sample independence,  

iii) Criteria for selecting statistical analysis methods for each parameter of interest in each well, 

iv) Specific criteria, including data characteristics such as normality or lack of normality, for 
selecting the statistical analysis method(s) for analyzing accrued data and criteria and 
timetables for updating background groundwater quality statistics/concentrations as new 
data are obtained, and 
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v) Identification of any spatial variability of data when an inter-well data analysis method is 
used. 

 
Response 4g 
This response will be provided in a later submittal.   

h. Please revise page 11 – “Frequency”: 1st paragraph, second sentence, to change the word 
“down” to “downgradient”.  Please revise the text to reflect the correct term. 

 
Response 4h 
This response will be provided in a later submittal.   

i. Please provide an expanded discussion within the Plan following the discussion presented on p. 
11 of the current Draft Plan entitled  “Frequency”, under a heading entitled “Actions Taken if 
Monitoring Data Are Out of Control” or some other similar heading, of the specific timetable 
within which a verification (confirmation) sampling/analysis episode would occur following 
determination of initial evidence of an exceedance or evidence of a statistically significant trend 
in one or more parameter concentrations within a well. 

 
Response 4i 
This response will be provided in a later submittal.   

j. Please revise the text in the first paragraph of the Plan to refer to ASTM D6312-98 instead of 
ASTM D6313-98. 

 
Response 4j 
This response will be provided in a later submittal.   

k. Please provide additional information to evaluate the impact, if any, that the indicated lack of a 
normal or lognormal distribution of at least four of five monitoring parameters identified as 
process-related parameters, ( i.e., K, Na, Unat, and SO4-2) – see Tables 1 and 2 of the Plan –  has 
on the selection and application of statistical analysis method(s) for these parameters, including 
the compilation of time-series plots/future intrawell statistic analysis.  Please also provide 
information to assess whether the highest concentrations of several parameters (e.g., Na, Unat, 
Cl-, Fl-, NO3 + NO2, SO4-2, TDS, Mg), as shown on the Probablility Plots in Figure 3 of the 
Shootaring Background Water Quality document, might represent different water quality 
populations.   

 
Response 4k 
This response will be provided in a later submittal.   

l. Please provide additional information regarding the values of “n” shown in Tables 1 and 2.  It 
appears that “n” represents the number of samples in each parameter data set; however, this 
information is not explicitly stated.  The values of “n” given for the various parameters, 
assuming that “n” represents the number of samples, also seem to be very large. 
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Response 4l 
This response will be provided in a later submittal.   

5. Proposed Groundwater Monitoring Approach: Please provide responses to the following concerns 
regarding the proposed groundwater monitoring approach presented to date.  These concerns were 
expressed in Round 2 of this Interrogatory, and Uranium One stated that responses will be provided 
in the next submittal. 

a. Please provide a proposed sampling and analysis plan for monitoring of the seep (or spring) 
located south of the mill site near Ant Knolls (as shown on Figure 1-1 of the revised Tailings 
Management Plan).  Please also provide information to indicate whether sampling and analysis 
of springs or seeps located northwest of the mill site and proposed Cells 1 and 2 and the spring 
or seep located northeast of proposed Cells 1 and 2 (e.g. Lost Spring) would be conducted, for 
example, for comparison purposes.  Alternatively, please provide justification for not monitoring 
these seep/spring locations. 

 
Response 5a 
This response will be provided in a later submittal.   

b. Please provide rationale for selecting parameters for groundwater sampling and analysis as 
listed in Section 7 and in Appendix D of the Revised Tailings Management Plan (Plateau 
Resources, Ltd. And Hydro-Engineering, LLC 2007), including parameters to be used as key 
indicators of performance.  Please provide additional information/rationale to support not 
specifying requirements for analysis of any parameters (e.g., Radium-228 and gross alpha) 
identified in R317-6-2.1, as applicable parameters for sampling and analysis.   

 
Response 5b 
This response will be provided in a later submittal.   

BASIS FOR INTERROGATORY: 

A teleconference was held on December 19, 2007, amongst Uranium One, the Utah Division of Radiation 
Control, and URS Corporation.  Three “Draft” Documents prepared by Uranium One were discussed 
during the teleconference; (1) A Conceptual Tailings Storage Facility Design; (2) A document entitled 
“Draft Shootaring Groundwater Monitoring Plan” (November 30, 2007); and (3) A document entitled 
“Shootaring Background Water Quality (December 12, 2007).” During the teleconference, it was 
discussed and agreed that the groundwater monitoring plan will be based on a two-part strategy.  The 
first line of groundwater compliance will be based on Best Available Technology and seepage control 
monitoring from the tailings impoundments.  As discussed during the teleconference, Uranium One will 
develop a monitoring strategy to verify that seepage onto the leak detection layer  is limited to 200 
gallons per day per acre (allowable design leakage rate) as referenced the March 17, 1999 Ground 
Water Quality Discharge Permit for the facility.  It will also include the limitation of 3-feet of head on the 
upper primary liner as specified in the December 28, 1998 DRC and DWQ Statement of Basis for the 
permit. The second line of groundwater compliance will encompass the use of a monitoring well network 
designed for early detection of contamination that could be potentially released from the tailings 
impoundments.  

Based on the discussed strategy and application requirements of Utah Administrative Code R317-6, this 
interrogatory is intended to ensure that Uranium One plans and prepares adequate documentation, 
evaluation procedures and modeling regarding BAT monitoring, hydrogeologic flow descriptios for the 
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site, and statistical background and downgradient analysis of groundwater data in compliance with 
applicable laws, regulations, and guidance. 

The proposed statistical analysis method provided in the Draft Groundwater Monitoring Plan includes 
the construction and use of control charts and intra-well data analysis for determining statistically 
significant trends in groundwater quality.  The use of control charts (Shewart-CUSUM approach), is not 
a preferred methodology of the DRC for final compliance determinations.  As set forth in the Utah 
Administrative Code R-317-6-6.16.b.2, control charts can be used as a means to determine statistical 
significance.  Trend evaluation is also an important element of an intrawell statistical method. DRC, 
however, requires the use of other means, such as a front-line determination of groundwater quality 
compliance, i.e. interwell average concentration + 2 standard deviations, for analysis of groundwater 
quality and comparison with Groundwater Compliance Limits (GWCLs).  This methodology has been 
established for other (similar) licensed facilities in Utah.   

In general, the current Draft Groundwater Monitoring Plan is difficult to follow in that it does not 
provide a clear decision tree or sufficient details regarding methods that would be followed for: 

• Conducting Exploratory Data Analysis (EDA) of the various data sets depending on the 
characteristics of the data, 

• Correcting for seasonal variability as well as temporal correlation in the data, including 
procedures for controlling or correcting for such seasonal variability and/or temporal 
correlation in the data, if necessary, 

• Completing background sampling on a schedule that will ensure sample independence  
• Selecting statistical analysis methods for each parameter of interest in each well, and 
• Updating background groundwater quality concentrations/statistics as new data are obtained. 

One or more flow charts depicting the EDA and statistical analysis method selection and application 
processes would be very beneficial in helping to understand the overall structure of the statistical 
analysis Plan. Decision criteria that would be used for selecting the method(s) to conduct an exploratory 
data analyses (EDA) of the data prior to selecting the statistical analysis method(s) should be better 
described. 

Additionally, the proposal under this section indicates that groundwater samples will be collected during 
at least 8 sampling periods over a period of one year before constructing control charts.  These samples 
need to be independent (not temporally correlated) samples (USEPA 1989, (Section 7); however, there is 
no information provided to allow an assessment to be made as to whether the samples collected would be 
independent samples.  Uranium One needs to evaluate the potential for temporal variability of, and 
autocorellation among, the groundwater constituents (EPA 1989, Section2.4.2).   

Specific Basis for Specific Listed Interrogatory Items: 

1. Figure 1, text of the Plan (all), and in the Uranium One U.S.A., Inc. Shootaring Background Water 
Quality document (December 12, 2007)  – The legend refers to the water table contour for the Main 
Entrada Aquifer.  The text of the document variously refers to the “lower (main) Entrada aquifer” 
(e.g., p. 3 and p. 5) or the “principal Entrada aquifer” (e.g., p. 5), while the Plan (e.g., p. 3 and Table 
1) refers to the “Entrada Aquifer” (as a unit distinct from the “Perched Entrada Aquifer”). To avoid 
potential confusion, it is suggested that consistent terminology be used throughout the document. 

2. On Page 3 and in Table 1, “Parameters to be Monitored”, of the Plan, the list of parameters to be 
monitored does not include carbonate + bicarbonate, calcium, or nitrate + nitrite).  Calcium and 
nitrate + nitrite are listed in Tables 4 and 5 as part of the compliance parameters for the perched 
aquifer and lower (main) Entrada aquifer.  Additionally, calcium and carbonate + bicarbonate are 
parameters that are required for constructing Piper/trilinear diagrams, stiff diagrams, etc… that help 
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characterize water quality and help distinguish between different water chemistries that might occur 
within different water-bearing units (Hem 1985, pp. 173-180).  (Note:  The distributions of other 
monitoring constituents such as certain trace elements should also be analyzed using one or more 
other multivariate statistical techniques, as a means of characterizing groundwater quality 
populations and patterns – see comments above). 

3. Page 4 – “Sampling and Analysis”, and Appendix 1, of the Plan do not reference EPA’s Final Rule 
(EPA 2007) that amends relevant previous EPA Final Rules that specify acceptable analytical 
methods for some monitoring parameters included in Table 1, including Ra-226, chloride, fluoride, 
nitrate, nitrite, and sulfate.   

4. In the Table of Contents and page 4 of the Plan, Appendix 1, Appendix 2, and Appendix 3 are not 
described and Appendix 1 and Appendix 3 are not attached.  Appendix 2 appears to be a Uranium 
One U.S.A., Inc. Shootaring Background Water Quality document (December 12, 2007), but without 
a description of Appendix 2 provided, this assumption cannot be confirmed. 

5. On page 5 of the Plan, under the section entitled “Test of Normality”, 2nd paragraph:  in the first 
sentence the order of the two tables as identified in the text is reversed. 

6. The section of the Plan entitled “Trend Analysis” is, in general, difficult to follow in that it does not 
provide a clear decision tree or sufficient details regarding methods that would be followed for 
performing/conducting the identified elements. This section does not include a discussion of seasonal 
variability and/or temporal correlation in the data, including procedures for controlling or 
correcting for such seasonal and/or spatial variability and temporal correlation in the data, if 
necessary.  With respect to the acquisition of baseline groundwater quality data, for example, this 
section indicates that groundwater samples will be collected during at least 8 sampling periods to 
establish a groundwater quality data baseline, before construction of control charts is initiated.  
However, there is no timetable given as to the frequency at which these background samples would be 
collected.  The samples collected during this time period must be independent (not temporally 
correlated) samples (USEPA 1989, (Section 7).  From the information provided in this section, it is 
not clear how it will be ensured that the samples collected during this time period would be 
independent samples.  Additional information needs to be provided indicating how Uranium One will 
ensure that these background samples are independent samples.  Additionally, ASTM D6312-98 
(ASTM 2005) indicates that, for ensuring sample independence, if the combined Shewart-CUMSUM 
control chart procedure is used, wells should typically be sampled no more frequently than quarterly 
during routine groundwater monitoring. 

The need for preparing time series plots and evaluating seasonal effects, if sufficient data are 
available, should be discussed.  The need for identifying that baseline data do not show any evidence 
of an increasing trend should also be discussed.  The use of control charts for a given well is 
appropriate only if it is assumed that there is no evidence of contamination or an increasing trend in 
a parameter concentration with time in that well.  Procedures potentially applicable to addressing 
sample independence and seasonality include the (Seasonal) Kendall test/Mann-Kendall test, Time 
and/or Lag Plots, Sens Slope Estimator, Wilcoxon Rank Sum test, Wald- Wolfowitz test, etc… (see, 
e.g., USEPA 1989, Section 7;  USEPA 1992, Sections 2 and 3; USEPA 2006, Sections 4.3 and 4.8).   

Use of the combined Shewart-CUMUSUM control chart procedure is also recommended only if the 
constituents are detected in at least 25 % of the samples (ASTM 2005), whereas a non-parametric 
Prediction Limits /Poisson Prediction Limit approach is recommended if the detection frequency is 
less than 25% and greater than 0% and there are at least 13 background samples.  Additional 
information should be provided to indicate the criteria that would be used for selecting the most 
appropriate statistical analysis method for various monitored constituents and monitored wells.  One 



Interrogatory R317-6-2.1-27/03: Groundwater Monitoring   Page 8 of 10 

or more flow charts depicting the statistical analysis method selection and application processes 
would be very beneficial in helping to understand the overall structure of the statistical analysis plan. 
These flow charts should include decision criteria that would be used for selecting the method(s) to 
conduct initial analyses of the data as well as decision criteria that would be used for selecting the 
appropriate statistical analysis method(s) which are in compliance with EPA guidance.  Included 
should be the recognition that compliance is established by the appropriate comparison of results to 
criteria in R317-6.16. 

7. On page 11 of the Plan in the section entitled “Frequency”, 1st paragraph, second sentence, the 
word “down” should instead be “downgradient”.   

8. On page 11 of the Plan in the section entitled “Frequency”, the discussions presented in the 2nd and 
3rd paragraphs address actions that would be taken in the event of an exceedance or evidence of a 
statistically significant trend in one or more parameter concentrations within a well.  These 
discussions should be presented under a heading entitled “Actions Taken if Monitoring Data Are Out 
of Control” or under some similar context.  In the 2nd paragraph, it is indicated that if an exceedance 
of any COC in one or more downgradient wells is confirmed through a re-sampling at that well, the 
well in question would be re-sampled and re-analyzed for the COC’s that exceeded compliance 
criteria.  No timetable (i.e. maximum number of days lapsed) is provided for conducting such a 
verification sampling event.  In the 2nd paragraph, it is also indicated that if re-sampling and analysis 
confirms an exceedance for a COC, UDEQ would be promptly notified and monthly sampling and 
analysis for the wells yielding the exceedance would begin (for all compliance COCs) until values 
below the criteria are obtained from two consecutive months (after which a quarterly sampling and 
analysis schedule would be resumed).  Such a complete COC analysis regime could occur in response 
to evidence indicating that a release had occurred from the tailings containment cell(s). However, no 
specific timetable (i.e. maximum number of days lapsed) is provided for initiating monthly sampling 
following the confirmation of such evidence of an exceedance.   

9. In the 3rd paragraph, it is indicated that if control charts indicate a statistically significant 
increasing trend over three sampling events for any process-related COC  (i.e., K. Mg, Na, Unat, and 
sulfate), quarterly sampling and analysis would be accelerated to monthly, the UDEQ would be 
advised in writing of such a trend, and a similar increasing trend for any other COC would not 
trigger an accelerated sample and analysis schedule unless it is accompanied by a concomitant 
increase in the conservative process-related COCs.   This information seems to be in conflict with 
information presented in the 2nd paragraph as described above.  It is therefore recommended that this 
paragraph be revised.  

10. The ASTM Standard (ASTM 2005, p. 12) suggests that when large intra-well background databases 
are available (e.g., more than 3 years worth of semi-annual monitoring data) obvious cyclic or trend 
patterns can be removed from both the baseline data and from future data that would plotted on a 
control chart.  Additionally, the discussion presented in the last section of the Plan does not include 
sufficient information regarding how and when the baseline data would be updated by including 
newer data that are shown to be not out of control and how and when control charts would be 
updated.  The ASTM Standard (ASTM D6312-98) suggests that updating of baseline data may be 
done at a time interval of 1 or 2 years, after which a new trend analysis should be performed to 
ensure that no gradual upward or downward trends are observed.  These updated parameters could 
then be used to construct updated control charts.  Additionally, there is no discussion of whether, or 
under which criteria, truncated baseline data sets might be used for constructing such updated 
control charts. 

11. The correct ASTM Standard Method is ASTM D6312-98.  
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12. Use of the combined Shewart-CUMSUM control chart approach assumes that the data are 
independent and normally distributed, or that natural log or square-root transformation of the data 
prior to analysis would be adequate (ASTM 2005, p. 11).  Uranium One needs to provide additional 
information to address how the results presented in the columns entitled “Distribution” in Tables 1 
and 2 of the Background Water Quality document would or would not be consistent with use of the 
combined Shewart-CUMSUM control chart approach for those parameters which are listed as 
having neither a normal nor lognormal distribution. 

13. The meaning of “n”, and the reasonableness of the stated n values, cannot be confirmed based on the 
information provided. 

REFERENCES: 
ASTM D 6312.  “Standard Guide for Developing Appropriate Statistical Approaches for Ground-Water 

Detection Monitoring Programs”.  ASTM, West Conshohocken, PA. 

Davis, J.C., 2002, Statistics and Data Analysis in Geology: New York, John Wiley & Sons, Inc., 638 p. 

Everitt, B.S., 1993, Cluster Analysis (Third Edition): NewYork, Arnold, London, and Halsted Press, 170 
p. 

Everitt, B.S., and Dunn, G., 2001, Applied Multivariate Data Analysis (Second Edition): New York, 
Oxford University Press, 352 p. 

Johnson, R.A., and Wichern, D.W., 2002, Applied Multivariate Statistical Analysis (Fifth edition): Upper 
Saddle River, New Jersey, Prentice Hall, 767 p. 

Hem, J.D. (1985) Study and Interpretation of the Chemical Characteristics of Natural Water. United 
States Geological Survey Professional Paper 2254. 
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February 2006.   
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USEPA, Washington, DC 20460. 
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INTERROGATORY  R317-6-6.3F-28/03: INFORMATION ON EFFLUENT DISCHARGE 
RATES  

INTERROGATORY STATEMENT: 

Estimate the leakage through the secondary liner in similar fashion to the method used to calculate 
leakage through the primary liner (Section 5.1.4.7 of the TMP).  Prepare the estimate using assumptions 
of head based on the intended operating conditions within the secondary containment sumps (i.e., head 
caused by one day of leakage and reasonable assumptions as to the leakage through the liner into the 
underlying subgrade.  State and justify the estimated discharge quality and quantity.  State the estimated 
leakage rate for each of the areas, recognizing that the impoundments each will be lined with secondary 
containment, and that the ore pad will allow greater leakage through the clay liner 

Please provide the maximum daily leachate (gpd) and discharge rate (gpm) in each discharge or 
combination of discharges.  Include in this information any discharge that may result from leakage 
through the tailings cells liner systems, the ore pad liner, and the Evaporation and Process Pond Cell.  
Please provide the appropriate calculations for each discharge.  Also, please state the expected 
concentrations of pollutants in each discharge and the basis for the determination. 
 

Response 1 
This response will be provided in a later submittal.   

BASIS FOR INTERROGATORY: 
Uranium One must provide the above requested information on all discharges of pollutants that impact or 
have the potential to impact ground water.  This information must include all discharges or potential 
discharges associated with effluent discharge, storage, and liner systems. 

REFERENCES: 
Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 

Facility” Amended December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005, Revised April 2007. 

Plateau Resources, Ltd., Responses to Round 1 TMP Interrogatories, April 2007 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY PR R317-6-6.3G-29/03: SURFACE WATER CONTROLS   

INTERROGATORY STATEMENT: 
Please provide information on how surface water run-on and run-off controls will be applied to control 
the migration of contaminants from the site and associated operations.  This is to include a hydraulic 
analysis for surface water flow and control that could impact the site during milling operations.  The 
analysis needs to be the same level of detail as provided for the Tailings Reclamation and 
Decommissioning Plan (Section 6.3), and include: 

• How (specifically) surface water flow from contaminated areas will be handled separately from 
surface water from non-contaminated areas. 

• How impounded water will not alter or compromise the groundwater flow directions in the Upper 
Entrada Aquifer.  

• Layout of flow patterns for surface water controls 

• Design and details of surface water control structures and respective flow rates 

• Design basis 

• Operation and maintenance involved 

Please justify statements that infer that no storm water will impact “waters of the State” in consideration 
that surface water will be impounded and has the potential to impact groundwater.  This justification 
could be combined with a response to Interrogatory R317-6-6.3F-28/03. 

Response 
Summary responses are given for individual bullet items, and a more detailed 
discussion of hydraulic analysis procedures is included as Attachment F, along with 
calculations.  We believe that the following responses will demonstrate to the DRC’s 
satisfaction that no contaminants will be discharged from the site via surface water.   

Statement: How (specifically) surface water flow from contaminated areas will be handled separately 
from surface water from non-contaminated areas. 

Response 
In general, potentially contaminated surface runoff will be routed to lined tailings 
disposal facilities, where it will be impounded and ultimately evaporated.  Clean 
water will also discharge to these facilities, but via separate conveyance systems.  
Some clean water (from outside the restricted area) will discharge offsite.  Potentially 
contaminated surface water will be impounded only within the tailings disposal 
facility, and will not leave the site. 

During Phase I, potentially contaminated water from the mill/ore storage site will be 
routed either to the South Cell, or to the existing tailings impounded behind the small 
dam located north of the existing cross-valley berm.  A portion of the unrestricted mill 
site area will flow onto restricted area, and be commingled with potentially 
contaminated water, after which it will be treated as contaminated and routed to the 
tailings.  Clean surface water from the bluffs adjacent to the South Cell will be routed 
to the South Cell to make up for evaporation within the cell.  Any clean surface water 
arriving from areas north of the South Cell will simply continue present flow patterns, 
leading to retention, infiltration, or evaporation from portions of the valley floor north 
of the proposed divider berm.  Clean surface water from the southern and eastern 
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portions of the mill site lying outside the restricted area will be routed via roadside 
ditches and culverts to the canyon lying east of the bluff on which the mill sits. 

At the beginning of Phase II, any residues from the runoff directed into existing 
tailings area will be removed, along with the existing tailings, and placed into the 
South Cell.  During Phase II operations, potentially contaminated mill site runoff will 
be routed to the tailings impoundments, generally following the same flow paths as 
Phase I.  Clean surface water from the bluffs adjacent to the cells will be routed into 
the appropriate tailings impoundment cell.  Clean surface water from north of the 
North Cell will be conveyed to the North Cell via a rock-lined ditch, and retained 
within the North Cell.  Clean surface water east of the mill will continue to drain into 
the east canyon, as in Phase I. 

Statement: How impounded water will not alter or compromise the groundwater flow directions in the 
Upper Entrada Aquifer.  

 

Response 
Surface runoff will no longer be impounded in any designed facilities separately from 
the tailings, and all potentially contaminated surface water will be directed to lined 
tailings disposal facilities.  During Phase I, the status quo will be maintained, wherein 
offsite drainage from areas north of the site will be retained on the valley floor, with 
the same potential for infiltration or evaporation as has existed in the past.  During 
Phase II, offsite drainage arriving from the north will be retained in the tailings.  The 
response to Interrogatory R317-6-6.3F-28/03 will address the potential for migration 
of leachate from the tailings impoundments. 

Statement: Layout of flow patterns for surface water controls 

 

Response 
Surface water flow patterns are described in general terms in the first response, 
above.  See Section 8.0 and Drawings P1.9 and P2.8 of the Design Report for more 
detail. 

Statement: Design and details of surface water control structures and respective flow rates 

 

Response 
Design calculations and flow rates are provided in Attachment F to these 
Interrogatories and in Appendix G of the Design Report.  Design drawings are 
provided as part of the Design Report.  There are three principal surface water 
control structures used on the site: trapezoidal ditches (plain earth or riprap-lined), 
concrete fords, and culverts. 

Statement: Design basis 

 

Response  
Flow rates for minor drainage controls (ditches, culverts, and concrete fords) were 
computed using the 100-year rainfall intensity, and conservative assumptions of 



Interrogatory PR R317-6-6.3G-29/03: Surface Water Controls  Page 3 of 4 

runoff coefficients (C=0.90, uniformly).  Given the relative rarity of large rainfall 
events in the region, and the ongoing presence of personnel over the 18-year 
operational life of the project, the 100-year event was judged to be adequate for 
surface water controls.  Because all potentially contaminated surfaces naturally drain 
towards the tailings, failure of any of the controls would only result in discharge of 
eroded sediment or debris into the tailings facility, but would not risk environmental 
contamination. 

Freeboard for the tailings impoundment was based on the simultaneous occurrence 
of the Probable Maximum Flood series (per Regulatory Guide 3.11), along with 100-
year wind and wave effects. 

More discussion on the design basis is provided in Section 8.0 of the Design Report.  
Calculations are provided in Attachment F to these Interrogatories and in Appendix G 
of the Design Report.   

Statement: Operation and maintenance involved 

 

Response 
Ongoing maintenance of minor flow controls will generally involve spot-fixes of 
observed minor erosion, and removal of rockfall and sediment from ditches.  Daily, 
monthly and quarterly inspections as per SOP A-3.  Further information regarding 
ongoing maintenance during operations will be provided in the Operations Plan as a 
future submittal. 

Because all collected water will be impounded within the tailings cells, the 
implications of surface water impoundment on “Waters of the State” are addressed in 
the response to Interrogatory R317-6-6.3F-28/03. 

Attachments:  

Surface Water Drainage and Erosion Protection Methods and Details 

Calculations and Supporting Information 

BASIS FOR INTERROGATORY: 
The response to Round 2 was that the response to this submittal will be provided in the next submittal.   

Uranium One’s response to Round 1 Interrogatory referred to Section 5.1.6 of the TMP that includes a 
limited summary of the surface water controls to be implemented during operation.  No detailed 
information on the design and sizing of these controls was included, nor were there details on how water 
from contaminated areas will be kept and handled separately from water from non-contaminated areas. 
The same type of hydraulic analysis that was done for the Tailings Reclamation and Decommissioning 
Plan for storm water control after cell closure (Section 6.3) needs to be performed for the storm water 
control during mill operation.   

In addition, the statement is made that no storm water will leave the site as surface discharge.  However, 
water will be impounded and could be discharged to groundwater (see Interrogatory R317-6-6.3F-
28/03).  According to R313-6-6.3G, the operator is required to determine that discharges will not affect 
“waters of the State” which includes groundwater.  
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Discussions held with Uranium One in December 2007 on the revised cell design (regarding Tetra Tech 
memo 12/13/07 p. 3)  indicated that storm water retained within the bermed areas will be pumped into a 
division channel and then flow offsite.  Please include how it will be demonstrated and confirmed that 
water pumped from contaminated areas will meet the State’s requirements for surface discharge. 

REFERENCES: 
Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 

Facility” Amended December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005, Revised April 2007. 

Plateau Resources, Ltd., Responses to Round 1 TMP Interrogatories, April 2007 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-33/03: POST-CLOSURE DRAINAGE AND EROSION 
CONTROLS AND POSTCLOSURE MAINTENANCE 

INTERROGATORY STATEMENT: 
In accordance with UAC R317-6-6.3.S, please provide a plan for closure and post-closure maintenance 
that discusses post-closure maintenance requirements and identifies measures that will be taken to 
prevent groundwater contamination during the facility’s closure and postclosure phases and to minimize 
the need for active maintenance following closure.  Maintenance of the cover and erosion control systems 
should also be addressed.   

Please provide analyses and discussion of the long-term performance of the cover system considering 
wind erosion, slope stability, settlement, seismic events, etc.  Please describe and provide a basis for the 
demonstration period during the interim period of site transfer to the custodial party.  Please demonstrate 
that the cover system will remain effective for 1000 years, to the extent achievable, and for a minimum of 
200 years and require minimal maintenance following closure. 

 
Response 1 
This response will be provided in a later submittal.   

BASIS FOR INTERROGATORY: 
The response to Round 2 was that the response to this submittal will be provided in the next submittal. 

The licensee should demonstrate that the cover system and other closure design control features will 
remain effective for 1000 years, to the extent achievable, and for a minimum of 200 years and require 
minimal maintenance following closure without posing risks due to the release of radiological and 
potentially hazardous constituents. 

The following portion of the 1st Round Interrogatory on Rock Cover (Interrogatory R313-24-4-17/01) is 
combined and moved to this section -  Post-Closure Drainage and Erosion Controls and Post-Closure 
Maintenance; please provide analyses (or modeling) and discussion of the long-term performance of the 
cover system and associated erosion controls following closure.  Section 6.0 of the Tailings Reclamation 
and Decommissioning Plan (Hydro-Engineering, L.L.C. 2006) discusses the design of the drainage and 
erosion control systems for reclamation, however, the section does not appear to thoroughly address 
post-closure performance required to demonstrate with reasonable assurance that the integrity of the 
cover system will be maintained and will control radiological and non-radiological hazards for a 
minimum of 200 years, and to extent achievable, for 1,000 years.  Section 6.0 and prior responses 
indicate that the primary concern for disruption of the cover is erosion by water with the cover designed 
to accommodate a Probable Maximum Flood (PMF).   

In review of information provided in December 2007 from Uranium One on the revised cell design, it was 
noted that the final cover surface water drainage is to the east into a drainage channel that flows to the 
south and offsite.  However, it appears that the elevations and grading for this channel needs refinement. 
It is uncertain how the final cell cover surface flow will be transferred into the ditch and then around the 
dam to the south (in the south east corner of the cell area).  Please ensure that the grading design for the 
final storm water control demonstrates adequate drainage ability and capacity. 

REFERENCES: 
Plateau Resources, Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 

Uranium Project”, Dated December 2005, Revised December 2006. 
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Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility,” Dated December 2005, Revised April 2007. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-34/03: RADON RELEASE MODELING  

INTERROGATORY STATEMENT: 
Please provide additional justification for the moisture content and dry density values proposed or, 
alternatively, more conservative values should be substituted in the modeling (refer to the discussion 
included in the Basis for Interrogatory). 

Please provide adequate justification to support taking any credit for the presence of the HDPE 
geomembrane for reducing radon release in the long-term after the geomembrane’s radon release barrier 
efficiency is essentially no longer effective. 

Provide adequate justification for not completing a radon release simulation where the radon attenuation 
effects of the cover system layers overlying the radon barrier layer component of the cover are neglected, 
or include this simulation. 

 
Response 1 
This response will be provided in a later submittal.   

BASIS FOR INTERROGATORY: 
The response to Round 2 was that the response to this submittal will be provided in the next submittal. 

In their response to Round 1 of this Interrogatory, Uranium One has not demonstrated that the (long-
term) moisture content (24 percent) and dry density values (90 percent for Shootaring Canyon Dam-
derived clay materials and 86 percent for alternate clay source-derived clay materials) specifically 
selected for use in the radon release modeling are sufficiently conservative to bound the range of 
uncertainty associated with the long-term values of moisture content and dry density that could occur in 
the radon barrier layer.  Variations in the moisture content and dry density of the compacted clay cover 
layer could likely occur over its design life and such variations need to be considered in evaluations 
performed to estimate long-term radon emission rates through the cover system (DOE 1989, Section 7.1; 
EPA 2004, Section 2.3.2.2.8).   Additional justification should be presented for the values proposed or, 
alternatively, more conservative values should be substituted.    
 
Applicable/relevant guidance for estimating long-term moisture content and dry density values for radon 
barrier layers, including the need for considering possible variations in climate, consideration of physical 
processes that would be involved, and the possibility of using the –15-bar moisture content of the radon 
barrier material as a reasonable lower bound estimate of the long-term radon barrier layer moisture 
content for conducting a worst-case radon release model simulation, are given in NRC Regulatory Guide 
3.64 (NRC 1989, pp. 3.64-2 through 3.64-9) and  DOE (1989, pp.163-176).    

The HDPE geomembrane will have a finite effective service life (see Interrogatory R313-24-4-26/01: 
INFILTRATION AND CONTAMINANT TRANSPORT MODELING above).  Therefore the HDPE 
geomembrane would provide a measure of conservatism for the radon release modeling only during the 
active service life of that geomembrane.  Adequate justification needs to be provided to support taking 
any credit for the presence of the HDPE geomembrane for reducing radon release in the long-term after 
the geomembrane’s radon release barrier efficiency is essentially no longer effective. 

In addition, Uranium One has not provided adequate justification for not completing a radon release 
simulation where the radon attenuation effects of the cover system layers overlying the radon barrier 
layer component of the cover are neglected.  Performance of such an analysis case is consistent with 
precedence that has been used for many years on the UMTRA Project where materials above the radon 
barrier layer were not modeled (DOE 1989, p. 170).  Radon release simulations completed for other 
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similar facilities designed and/or constructed in the State of Utah (Monticello tailings repository final 
cover system – Waugh and Richardson 1997, p. D-41; Moab tailings repository final cover system (Office 
of Environmental Management 2006) each included one or more simulation cases where the cover layers 
overlying the radon barrier layer were not included in the radon release modeling.   

REFERENCES: 
DOE, 1989,  "Technical Approach Document," Uranium Mill Tailings Remedial Action Project, Rev. II, 

Section 7.1, “Design of the Radon Barrier”.  U.S. Department of Energy, UMTRA-DOE/AL 
050425.0002. Albuquerque, New Mexico. December 1989. 

EPA 2004.  “Draft Technical Guidance for RCRA/CERCLA Final Covers”, USEPA - USACE Superfund 
Partnership Program Policy, Guidance, and Activities, Chapter 2.  
http://hq.environmental.usace.army.mil/epasuperfund/geotech/ 

Plateau Resources, Ltd.,”Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 
Uranium Project”, Dated December, 2005. 

Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 
Facility” Amended December, 2005, Revised April 2007. 

Plateau Resources, Ltd., Responses to Round 1 TMP Interrogatories, April 2007 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-36/03: OPERATIONAL DUST CONTROL 

INTERROGATORY STATEMENT: 
Please provide written procedures, material specifications, and supporting detail on dust suppression and 
air monitoring methods to be used on the tailings piles and drying and packaging operations. Please state 
the reasonable requirements for dust suppression and monitoring for these operations. 

Please provide specifications on the alternative reagents that might be used for dust suppression 
associated with both the tailings piles and the drying and packaging operations.   

Include details on methods for dust suppression for interim covering a portion of a cell when not working 
in the area, and discuss the impact it will have the engineering properties of the tailings (long and short 
term), and state the justification for the impacts. Also, provide air monitoring requirements and ALARA 
evaluations performed for dust suppression to ensure that airborne effluent releases are reduced to levels 
as low as reasonably achievable. 

 
Response 1 
SOP AP-5 has been developed and is submitted with these responses as 
Attachment G.  SOP AP-5 is in draft format.  The final procedure will be submitted to 
the DRC after tailings disposal design is finalized and prior to the start of operations.    

BASIS FOR INTERROGATORY: 
The response to Round 2 was that the response to this submittal will be provided in the next submittal. 

Sections 4.1.1 and 6.2 of the TMP briefly reference applying agents for dust suppression but do not 
provide sufficient information.  The applicants’ initial response stated “The RMTP methodology requires 
further evaluation and refinement, and the production of dust from the paste or moist tailings is not yet 
quantified. It will be necessary to conduct testing of the fluid extraction process, reduced moisture 
tailings properties, and available dust suppression agents prior to operation of the mill.”   

The Division requires a consideration of airborne effluent releases to ensure they are ALARA and that 
population exposures are reduced to the maximum extent reasonably achievable. 

REFERENCES: 
Plateau Resources, Ltd., “Tailings Management Plan for Shootaring Canyon Uranium Processing 

Facility,” Dated December 2005, Revised April 2007. 

Regulatory Guide 3.56, “General Guidance for Designing, Testing, Operating, and Maintaining 
Emission Control Devices at Uranium Mills,” Task CE 309-4, USNRC, May, 1986.  

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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INTERROGATORY R313-24-4-37/03: COST ESTIMATES FOR DECOMMISSIONING AND 
RECLAMATION 

INTERROGATORY STATEMENT: 
After all design changes are made for the facility and its component equipment, structures, and systems 
pursuant to this and subsequent rounds of interrogatories, please respond to the following general and 
specific directives and requests: 

1. Provide the basis for EACH quantity, duration, allowance, and lump sum identified in the cost 
estimates presented in Section 11 of the “Tailings Reclamation and Decommissioning Plan for 
Shootaring Canyon Uranium Project – Revised 2006.”  This basis should be related in some way 
to the quantity of materials to be handled (based on relevant drawings) and a documented 
productivity for similar activities. 

 
Response 1 
This response will be provided in a later submittal.   

2. Estimate and include the cost of providing an appropriate level of security at the facility during 
reclamation and decommissioning. 

 
Response 2 
This response will be provided in a later submittal.   

3. Either (A) make a connection between the structures, components, and systems listed in the 
second paragraph of Section 8.0 and the cost estimate presented in Section 11.1 OR (B) estimate 
and include the costs of decommissioning each of the structures, components, and systems listed 
in the second paragraph of Section 8.0 

 
Response 3 
This response will be provided in a later submittal.   

4. Justify and provide references for unit costs used with quantity (hour, volume, area, etc) 
estimates shown throughout Section 11. 

 
Response 4 
This response will be provided in a later submittal.   

5. Include an adder of 31.7 percent in salaries for individuals listed in Sections 11.1.18, 11.2.10, 
and 11.3.10 to account for total benefits provided to workers by the contractor, consistent with 
the information provided for construction workers in Table 5 of the report located at page 11 of 
http://www.bls.gov/news.release/pdf/ecec.pdf 

 
Response 5 
This response will be provided in a later submittal.   

6. Justify OR revise and justify the allowance for Living Costs of $40, $67, and $66 per person per 
day in Sections 11.1.18, 11.2.10, and 11.3.10, respectively.  Justify discrepancies between the 
crew sizes used in Sections 11.2.10 and 11.3.10 for calculating the allowance for Living Costs 
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and the crew sizes stated in Item 1 of Sections 11.2 and 11.3, respectively, OR revise them to 
make them consistent. 

 
Response 6 
This response will be provided in a later submittal.   

7. Include in the cost of verifying that soils have been properly cleaned up the cost of remedial 
action support surveys (Section 11.1.16).  Justify, on the basis of MARSSIM guidance, the 
estimate that final status surveys will require only 48 person-hours.  Include in the estimate the 
costs of analyzing remedial action support and final status survey samples. 

 
Response 7 
This response will be provided in a later submittal.   

8. Include the cost of excavating, hauling, spreading, and compacting sandy Interim/Grading 
material, clay cover material, and Rocky Soil Cover material from local borrow sites, lack of 
royalty notwithstanding, (Section 11.2.4). 

 
Response 8 
This response will be provided in a later submittal.   

9. Justify that 44 bags of grout per well is adequate for the purposes of abandoning monitoring 
wells (Sections 11.2.8 and 11.3.8). 

 
Response 9 
This response will be provided in a later submittal.   

10. Ensure that the costs of environmental monitoring are included in closure and decommissioning 
costs estimates as appropriate. 

 
Response 10 
This response will be provided in a later submittal.   

11. Apply 25 percent of subtotal costs for contingency allowance in Tables 12-1-Cell-1 and 12-1-
Cell-2, consistent with relevant NRC guidance on cost estimates supporting determination of 
financial assurances. 

 
Response 11 
This response will be provided in a later submittal.   

12. Revise the Uranium One Management Overhead percentage allowed in Tables 12-1-Cell-1 and 
12-1-Cell-2 to reflect the possibility that the Tailings Reclamation and Decommissioning Plan 
will be performed by an independent third-party contractor.  This percentage should allow for: 

• Labor Overhead and Profit 

• Materials and Subcontract Overhead and Profit 

• General Conditions 
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• Subcontract Administration and Engineering 

• Construction Oversight 

 
Response 12 
This response will be provided in a later submittal.   

13. Ensure that all revisions made in Section 11 and 12 are incorporated into other sections of the 
Tailings Reclamation and Decommissioning Plan and elsewhere in the License Amendment 
Request. 

 
Response 13 
This response will be provided in a later submittal.   

BASIS FOR INTERROGATORY: 
The response to Round 2 was that the response to this submittal will be provided in the next submittal. 

As examples of providing the bases for quantities, durations, allowances, and lump sums, consider the 
following. 

• Uranium One should explain the basis for estimating that the duration of the ore hopper 
demolition (Section 11.1.4) is two weeks.  This duration should be related in some way to the 
quantities of materials to be handled and a documented productivity for similar activities.  

• Two examples (from numerous instances) of needed explanations: Uranium One should explain 
why allowances of $500 per month for Miscellaneous Office Supplies and of $40,000 for the 
“Environmental Radiological & Other Required Surveying, Quality control & Testing 
Equipment” (Section 11.1.18) are adequate and appropriate.  Where quantity of an individual 
cost item is readily identifiable (e.g., collecting and analyzing environmental monitoring samples 
and neutralization), the cost estimate should be identified and supported through reference to 
those quantities. 

Unit costs presented throughout Section 11 should be justified and referenced to published sources, such 
as R.S. Means Building Construction Cost Data. 

The allowances for contingency, management, and overhead costs are too small and should be increased. 

REFERENCES: 
Plateau Resources Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 

Uranium Project –2005; Garfield County, Utah”, December 2005, Revised: December 2006. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 

US Bureau of Labor Statistics, “Employer Costs for Employee Compensation – March 2007”, 
http://www.bls.gov/news.release/pdf/ecec.pdf as of July 10, 2007. 

US Nuclear Regulatory Commission. “NMSS Decommissioning Standard Review Plan,” NUREG-1727, 
September 2000. 

US Nuclear Regulatory Commission. “Revised Analyses of Decommissioning Reference Non-Fuel-Cycle 
Facilities,” NUREG/CR-6477, December 2002. 
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INTERROGATORY R313-24-4-38/02: LONG TERM SURVEILLANCE COSTS  

INTERROGATORY STATEMENT: 
Justify OR revise and justify the allowance of $752,600 for DOE to provide Long Term Maintenance (as 
shown in Table 12-1-Cell-1 and 12-1-Cell-2).  Base the allowance on EITHER:  

1. A detailed listing of activities and cost components (expressed as quantities with unit costs), 
together with an orderly estimate of associated costs, including an explanation of basis.  This cost 
estimate should address planned and expected costs for a period of at least 100 years following 
reclamation and decommissioning and should consider a rate of return on secure financial 
instruments of 2 percent real. 

 
Response 1 
This response will be provided in a later submittal.   

2. Justifying, including explanation of basis 

• A value that was acceptable to DOE in 1978, 

• That DOE still honors the 1978 basis for determining costs that should be covered for it 
providing Long Term Maintenance, and 

• Cost escalation from 1978 to 2007 using an appropriate construction cost index. 

 
Response 2 
This response will be provided in a later submittal.   

BASIS FOR INTERROGATORY: 
The response to Round 2 was that the response to this submittal will be provided in the next submittal. 

Although the response to Round 1 Interrogatory R313-24-4-38/01 might be reasonable, no basis is 
provided that allows intelligent evaluation of the allowance for the cost of Long Term Maintenance by 
DOE.  The basis for estimating the present value of costs for DOE to provide long-term surveillance and 
maintenance should be clearly elaborated.  

REFERENCES: 
Plateau Resources Ltd., “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon 

Uranium Project –2005; Garfield County, Utah”, December 2005, Revised: December 2006. 

Uranium One USA, Inc., “Shootaring Canyon Uranium Mill Amendment Request for Radioactive 
Material License No. UT 09004480, 2nd Round Interrogatory Responses”, November 28, 2007. 
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THIS PROCEDURE IS BEING SUBMITTED IN DRAFT AS PART OF THE 
APPLICATION. REVISIONS TO THE PROCEDURE WILL BE DONE AFTER THE 

TAILINGS DISPOSAL DESIGN IS FINALIZED AND SPECIFIC CELL COMPONENTS 
CAN BE IDENTIFIED.  THE PROCEDURE WILL USE THE ASSOCIATED DESIGN 
CRITERIA AS A GUIDE FOR EVALUATING PROPER PERFORMANCE OF EACH 
COMPONENT.  A FINAL PROCEDURE WILL BE PROVIDED TO THE DRC FOR 

REVIEW PRIOR TO THE START OF OPERATIONS 
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Standard Operating Procedure AP-3 
Inspections of Tailings or Waste Retention Systems 

1 PURPOSE 
R313-24-4 of the Utah Administrative Code requires the documentation of daily inspections of 
tailings or waste retention systems and the immediate notification of the Executive Secretary of any 
failure in a tailings or waste retention system that results in a release of tailings or waste into 
unrestricted areas, or of any unusual conditions (conditions not contemplated in the design of the 
retention system) that if not corrected could lead to failure of the system and result in a release of 
tailings or waste into unrestricted areas.  This procedure outlines the methods, equipment, and 
recordkeeping requirements needed to perform the inspections of tailings or waste retention systems 
at the Shootaring Canyon Mill Site. 

 

Other related inspection and reporting requirements exist in the Groundwater Discharge Permit No. 
UGW170003.  These requirements may change as the discharge permit is amended.  While some of 
the requirements may in part duplicate those in R313-24-4, this SOP is not intended to assure 
compliance with the inspection, reporting, or other requirements in the Groundwater Discharge 
Permit.  

2 DEFINITIONS 
For the purposes of this procedure, waste or tailings is defined as liquid or solid materials that are a 
byproduct of the uranium milling process that have been placed in a disposal area.  Waste retention 
systems include berms, liners, tanks, or other containers such that if breached, there is potential for 
uncontrolled release of waste material or tailings. 

Immediate reporting to the Executive Secretary is defined as “within four hours of knowledge of the 
incident”. 

3 APPLICABILITY 
This procedure is applicable to managing the waste retention systems at the Shootaring Canyon mill 
site, as currently configured and to the site after milling operations have resumed. 

4 DISCUSSION 
A small quantity of tailings had been placed on a synthetic liner above a leachate collection system 
that drains to a collection sump.  Currently, this sump is pumped after or during significant 
precipitation events with the liquids pumped to a lined evaporation pond placed within the disposal 
cell.  The evaporation pond has been sufficient to evaporate all of the water collected to date.  The 
containment of liquids within the disposal cell is assured by the South Dam which has been designed 
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to contain runoff from the drainage area resulting from a maximum precipitation event as long as 
there exists a freeboard of 13 feet.  This SOP covers the inspection of the South Dam, evaporation 
and process ponds, the management of the leak detection system (LDS), ore storage pads, areas of 
construction  as well as the general area within the tailings disposal area. 

A new tailings disposal facility has been designed and proposed for use once milling operations 
resume.  The current tailings and cell liner will be removed and reconfigured. This SOP has been 
written to apply to the new facility as proposed. 

This SOP will also apply during the construction of the new tailings facility, during which the 
integrity of the South Dam will be monitored.  This SOP, however, in no way is a substitute for a 
construction quality control plan. 

5 RESPONSIBILITY 
The General Site Foreman, or equivalent, or his designee is responsible for the inspections as 
outlined in this procedure.  The field inspector has the responsibility of immediately notifying the 
General Site Foreman of any significant abnormal findings.  The General Site Foreman has the 
responsibility for further investigation and assuring that the information is given to the CRSO in a 
timely manner so that reportable incidents are reported to the Executive Secretary of the UDEQ-
DRC according to the criteria and time schedules given in AP-4 and the Groundwater Discharge 
Permit.  The General Site Foreman has the responsibility to take timely and appropriate corrective 
actions to correct the deficiencies. 

Inspection reports will be submitted to the General Site Foreman with copies to the CRSO. 

6 EQUIPMENT AND MATERIALS 
• Note Pad 

• Clip Board 

• Calculator 

• Pen 

• Digital Camera 

• Field Log Book or equivalent 

• Forms AP-3A and\or AP-3B 

7 PROCEDURE 
All inspections will be conducted by competent individuals, normally an engineer or other technical 
person familiar with the construction, operation, and inspection of tailings impoundments.  All 
observations shall be recorded and any item(s) that are out of normal (defined as not noted during 
the last inspection or any occurrence that is not within the range of expected observations) shall be 
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recorded and reported to the General Site Foreman immediately.  Where appropriate, the observation 
should be documented by taking a photograph.  Problematic observations noted during inspections 
shall normally be followed up by the collection of additional data required to quantify the probability 
of an event or to assess the impact.  Such data as underdrain liquid collection rates, seepage rates, 
and settlements will normally not be available to the inspector but may be required by qualified 
individuals conducting the technical evaluations.    

7.1 Daily Inspections 
Daily Inspections shall include if appropriate: 

• Documentation of water levels and pumping volumes from each Leak Detection System 
(LDS) sub-sump on Form AP-3A.   Water Levels should be measured to nearest 0.1 feet 
and flow rates should be measured to nearest 0.5 gpm or minimum whole meter unit. 

• Pumping rates from the LDS sumps should be compared to approved Action Leakage 
Rates for each LDS sub-sump.  

• Effluent LCS and LDS pipes should be examined for evidence of clogging, cracking, and 
erosion. 

• LCS and LDS sumps and other components should be inspected for proper functioning.  
Report evidence of clogging, freezing, corrosion, cracking, or crushing of pipes; and 
erosion at the discharge point or any other conditions that would make sumps non 
functional.  

• Compare LCS and LDS intake and discharge flow rates for evidence of leaks. 
• Pond water elevations – record elevation of tailings solution to nearest 0.1 feet.  For the 

South Dam, measure and calculate the height from the tailings solution to the top of the 
Dam (freeboard) and record.  After cell construction, the minimum freeboard for the 
South Cell (as measured from the tailings solution to the top of the South Dam liner) is 
6.5 feet for Phase I and 5.0 feet for Phase II.  The minimum freeboard for the North Cell 
is 7.5 feet. 

• If the tailings are placed as a paste, tailings elevation should be recorded.  The tailings 
height relative to the lined impoundment perimeter and/or Dam crest should be recorded 
and assessed to ensure placement does not exceed design conditions.  

• Slurry transport system– visually inspect pipes and pump intakes for obstructions due to 
sand clogging or ice accumulation.  Inspect pipe couplings for leaks and report any leaks 
found.  

• Visually inspect top of dams and earthen embankments for cracks (especially cracks 
running parallel with the crest of the dam), slumping and movement of embankment 
material.  Report and document all cracks, slumps or movement; 

• Visually inspect all lined evaporation ponds for evidence of exposed liner deterioration or 
leaks. Exposed liners should have no tears, holes, and should be well anchored.  Inspect 
associated earthen berms for waste water seeps, cracks, slumps or movement.   

• Visually inspect area for evidence of burrowing animals, livestock, and other large 
animals. 
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• Check safety and performance instrumentation for operability. 
• Check Emergency Discharge Facility for Operability 
• Visually check all operational areas for adequate performance of dust control measures.  

Areas are to include but are not limited to the tailings storage cells, ore storage areas, site 
roads, site areas of construction and new disturbance.  Inspections should include 
performance of interim soil covers, spray systems, wind brakes, application of water or 
other agents as appropriate to ensure control of fugitive dust. 

• Other related systems as appropriate 
 

Results of daily inspections shall be documented on Form AP-3A or equivalent. 

7.2 Monthly Inspections 
Monthly Inspections shall include: 

Visually inspect diversion channels for channel bank erosion, bed aggradation or degradation 
and siltation, obstruction to flow, undesirable vegetation, or any unusual or inadequate 
operational conditions.  This inspection shall be documented in a field log book or equivalent. 
 

7.3 Quarterly Inspections of the Main Tailing Dam and Other 
Instrumented Berms 

Quarterly inspections shall include: 

• Measure water elevation, if any, in piezometers located on South Dam or retention 
berms; 

• Survey embankment settlement monuments (MM) installed on top and slope of South 
Dam, if any, 

• Visually inspect for seepage along slope of dam 
• Visually inspect slope for erosion, burrowing animals, springs, seeps, brush, and trees 

 
Results of quarterly inspections shall be documented on Form AP-3B or equivalent.  Notify the 
General Site Foreman immediately of an unusual occurrence or an occurrence that was not noticed 
during the last inspection.   

7.4 Special Inspections and Response to Unusual Conditions 
The General Site Foreman will authorize special inspections: 

• After any unusual event such as significant earthquake, tornado,  major flood or intense 
local rainfall; 

• Upon discovery of an unusual condition.   
 

Special inspections will be reported on Form AP-3A. 
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The General Site Foreman will evaluate any unusual conditions by personally inspecting the 
condition and/or soliciting the assistance of a qualified person.  The RSO and CRSO will be advised 
of the results of the investigation and, if appropriate, the CRSO will notify the Executive Secretary 
in accordance with the requirements in R313-24-4 and R313-19-50 (See SOP AP-4).   The CRSO 
may appoint a competent person to prepare a Technical Evaluation if warranted.  

 
Measures required to immediately correct a problem will be discussed with the Executive Secretary, 
implemented, and documented.  The General Site Foreman will implement appropriate corrective 
action and document the conditions and corrective actions on Form AP-3A or using another suitable 
format. 

7.5  Reporting  
R313-24-4 of the Utah Administrative Code requires the immediate (within four hours) notification 
of the Executive Secretary of any failure in a tailings or waste retention system that results in a 
release of tailings or waste into unrestricted areas, or of any unusual conditions (conditions not 
contemplated in the design of the retention system) that if not corrected could lead to failure of the 
system and result in a release of tailings or waste into unrestricted areas.  Examples of such events 
include: 

• Liquid levels exceeding the freeboard requirements for the South Dam or tailings cells. 

• Questionable integrity of  South Dam arising from damage from an earthquake or 
precipitation event 

• Erosion or sedimentation filling of diversion channels making them potentially non-
functional 

• Loss of liquids from the evaporation and\or process ponds due to dike failure 

• Evidence of  leaks from tailings or evaporation and\or process ponds in excess of design 
parameters  

In addition, all hazardous conditions or potentially abnormal hazardous conditions should be 
evaluated by the CRSO to determine whether notification of the Executive Secretary in accordance 
with R313-24-4 and R313-19-50 is required.    See SOP AP-4. 

 
Additional reporting requirements exist in the Groundwater Discharge Permit No. UGW170003.   
Reports of noncompliance must be made within twenty-four hours.  Spill Reporting per UCA 19-5-
114 of the Utah Water Quality Act requires the immediate reporting of any spill that comes into 
contact with the ground surface or ground water that causes pollution or has the potential to cause 
pollution to waters of the state.  A follow-up written report is required within five days of the 
occurrence. 
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Measures required to immediately correct a problem will be discussed with the Executive Secretary, 
implemented, and documented.      

7.6 Technical Evaluation and Annual Best Available Technology (BAT) 
Report  

A competent individual will prepare an evaluation of the existing conditions.  A competent 
individual will normally be an engineer or other technical person familiar with the construction, 
operation, and inspection of tailings impoundments.  Evaluation of existing conditions should 
include storage capacities, water quality, and structural integrity.  In addition, surface water and 
groundwater water quality data should be examined to look for trends that might indicate a changing 
condition.   

This technical evaluation should be made annually unless changing conditions dictate more 
frequently. Technical evaluation reports shall be prepared for each technical evaluation and should 
include the inspection data collected since the last report.  They shall be maintained at the project 
office until license termination.   These technical evaluations may be included within, in whole or in 
part, the Annual Environmental Monitoring Report and\or the Annual Effluent Monitoring Report, 
required by the Radioactive Materials License No. UT 0900480 and the Ground Water Discharge 
Permit No. UGW170003. 

 
Best Available Technology (BAT) Reports may include the inspection technical evaluations 
described above along with 

• Completed inspection reports 

• Engineering data compilations 

• General project data 

• As-build drawings and photographs 

• Hydrologic and hydraulic data 

• Test results 

• Applicable correspondence 

• Names of the inspector and responsible supervisor 
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8 QUALITY ASSURANCE 
The General Site Foreman will assure quality by:  

• Implementing a training program for field inspectors by an experienced professional 

• Assigning experienced and competent professionals to perform technical evaluations 

• Conducting an Annual Field Inspector Retraining Program  

• Adherence to this SOP 

9 RECORDS 
The following forms will be completed and maintained in the project office with copies sent to the 
CRSO. These forms shall be retained for three years from the date of inspection. 

• Form AP-3A Daily Inspection Form, Tailings and Waste Retention Systems 
• Form AP-3B Quarterly Inspection Form, Tailings and Waste Retention Systems 
 

10 REFERENCES 
R313-24-4, 10CFR40.26(c)(2) 

R313-24-4, 10CFR40 Appendix A(8)(a) 

R317-6-6.3 (O) 

Shootaring Canyon Mill Groundwater Discharge Permit No. UGW170003. 

NRC Regulatory Guide 3.11.1, Operational Inspection and Surveillance of Embankment Retention 
Systems for Uranium Mill Tailings. Revision 1, October 1980.  Office of Standards Development, 
U. S. Nuclear Regulatory Commission, Washington, DC. 

NRC Regulatory Guide 3.11. Design, Construction, and Inspection of Embankment Retention 
Systems for Uranium Mills, Revision 2, December 1977.  Office of Standards Development, U. S. 
Nuclear Regulatory Commission, Washington, DC..  
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APPENDIX A 

 
DAILY INSPECTION FORM 

Form AP-3A 
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Form AP-3A 

Inspection Form 
Tailings, Ore Stockpiles, Waste Retention Systems, Other Areas Inspection  

Daily Inspection ____ (yes or no)   Special Inspection____: Reason for 
Inspection______________________________________________________________________ 

Field Inspector__________________________ Date of Inspection_________________________ 

 

South Dam 
Inspections: 

• Pond water feet from top of dam liner _________ft.     Meas. Method:_________________ 

•    Visual dam top; cracks yes/no  comments _______________________________________ 
 slumps yes/no  comments _______________________________________ 

movement yes/no comments_____________________________________ 

•    Livestock; evidence around dam yes/no comments_________________________________ 
•    Visual inspection; toe seepage yes/no comments __________________________________ 

slope seepage yes/no comments _________________________________ 

•    Visual inspection;  erosion yes/no comments _____________________________________ 
burrowing animals yes/no comments_____________________________ 

springs yes/no comments _____________________________________ 

seeps yes/no comments _______________________________________ 

brush and trees yes/no comments_______________________________ 

 

Tailings and Ore Stockpiles 

Tailings Impoundment Visual Inspections: 

• Interim Cover; surface deterioration/cracks yes/no comments_______________________ 

   Fugitive dust yes/no comments____________________________________ 

   Performance of dust control system adequate (yes\no): _________________ 

• Surrounding areas; surface deterioration/cracks yes/no comments___________________ 

   Fugitive dust yes/no comments____________________________________ 

   Performance of dust control system adequate (yes\no): _________________ 
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• Slurry transport system– visually inspect pipes and pump intakes for obstructions due to 
sand clogging or ice accumulation.  Inspect pipe couplings for leaks and report any leaks 
found.  Obstructions yes/no comments__________________________________________ 

      Leaks yes/no comments_______________________________________________ 

• Leak Detection System;  

o Sump 1 totalized pumping volume:____________Water Level (from TOC)________ 

o Sump 2 totalized pumping volume:____________Water Level (from TOC)________ 

o Sump 3 totalized pumping volume:____________Water Level (from TOC)________ 

o Sump 4 totalized pumping volume:____________Water Level (from TOC)________ 

 

Ore stockpile Visual Inspections: 

• Pile surfaces; surface deterioration/cracks yes/no comments___________________ 

   Fugitive dust yes/no comments_______________________________ 

   Performance of dust control system adequate (yes\no): _________________ 

• Surrounding areas; surface deterioration/cracks yes/no comments___________________ 

   Fugitive dust yes/no comments____________________________________ 

   Performance of dust control system adequate (yes\no): _________________ 

Roads Inspections: 

• Fugitive dust yes/no comments________________________________________________ 

   Performance of dust control system adequate (yes\no): _________________ 

Construction Areas Inspections: 

• Fugitive dust yes/no comments________________________________________________ 

   Performance of dust control system adequate (yes\no): _________________
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Other Retention Systems 

Retention system name__________________________________(may use one for each system) 
Inspections: 

• Pond water feet from top of berm liner _________ft 

• Pond liners; exposed surface deterioration/cracks yes/no comments___________________ 

   Liner well-anchored yes/no comments_______________________________ 

•    Visual berm top; cracks yes/no  comments _______________________________________ 
 slumps yes/no  comments _______________________________________ 

movement yes/no comments ____________________________________ 

•    Visual inspection; toe seepage yes/no comments__________________________________ 
slope seepage yes/no comments _________________________________ 

•    Visual inspection;  erosion yes/no comments _____________________________________ 
burrowing animals yes/no comments ____________________________ 

springs yes/no comments _____________________________________ 

seeps yes/no comments _______________________________________ 

brush and trees yes/no comments _______________________________ 

evidence of live stock/large animals yes/no comments_______________ 

•    Visual inspection;  Fugitive dust yes/no Comments________________________________ 
            Performance of dust control system adequate (yes\no): ______________ 

 

Under-drain pipes, if any - visually inspect for clogging, cracks, and erosion yes/no 
Comments________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________ 
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Corrective Actions 
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________ 

 

By:________________________________Date:________________________________ 
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APPENDIX B 

 
QUARTERLY INSPECTION FORM 

Form AP-3B 
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AP-3B 

Quarterly Inspection Form 
Tailings and Waste Retention Systems Inspection Form  

Field Inspector_________________________________ Date of Inspection__________________ 

Retention System (use one for each retention system) 

South Dam ____ 

or 

____________________ 
Inspections: 

• Pond water feet from top of dam _________ft 

•    Visual dam top: cracks yes/no  comments _______________________________________ 
slumps yes/no  comments _______________________________________ 

movement yes/no comments _____________________________________ 

•    Visual slope and toe: toe seepage yes/no comments _______________________________ 
slope seepage yes/no comments _________________________________ 

erosion yes/no comments ______________________________________ 

burrowing animals yes/no comments _____________________________ 

springs yes/no comments ______________________________________ 

seeps yes/no comments _______________________________________ 

brush and trees yes/no comments _______________________________ 

•    Livestock: evidence around dam yes/no comments ________________________________ 
: 

• Piezometers:    PZ1 water yes/no casing top to water level ___________ft 
PZ2 water yes/no casing top to water level ___________ft 

PZ3 water yes/no casing top to water level ___________ft 

PZ4 water yes/no casing top to water level ___________ft 

PZ5 water yes/no casing top to water level ___________ft 

PZ6 water yes/no casing top to water level ___________ft 
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• Embankment survey:    MM1 X_____________, Y _____________, Z ____________ 
MM2 X_____________, Y _____________, Z ____________ 

MM3 X_____________, Y _____________, Z ____________ 

MM4 X_____________, Y _____________, Z ____________ 

MM5 X_____________, Y _____________, Z ____________ 

MM6 X_____________, Y _____________, Z ____________ 

MM7 X_____________, Y _____________, Z ____________ 

MM8 X_____________, Y _____________, Z ____________ 

MM9 X_____________, Y _____________, Z ____________ 

MM10 X____________, Y _____________, Z ____________ 

MM11 X ____________, Y _____________, Z ____________ 

MM12 X ____________, Y _____________, Z ____________ 

 

Other Observations: 
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________ 

 

Corrective Actions 

_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________ 

 

By:_______________________________Date:________________________________ 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT B 
SUPPORTING DOCUMENTATION FOR INTERROGATORY R313-24-4-

06/03:  MAINTAINING RECORDS 
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REVIEW PRIOR TO THE START OF OPERATIONS 
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ACRONYMS, ABBREVIATIONS, AND INITIALISMS 
AEL  Analytical Environmental Laboratory 

COC  Certificate of Conformance 

CRSO  Corporate Radiation Safety Officer 

EVW  Empty Vehicle Weight 

GVW  Gross Vehicle Weight 

KPA  Kinetic Phosphorescence Analyzer 

MBTD  Mass Balance Tracking Database 

NTEP  National Type Evaluation Program 
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Standard Operating Procedure HP-25 
Radioactive Materials Tracking and Balance 

1 PURPOSE 
The purpose of this procedure is to identify processes to document the receipt, transfer and disposal 
of radioactive materials from the Shootaring Canyon Mill Site, and to identify a means to determine 
the total amount of radioactive materials present in key areas of the site. 

2 DEFINITIONS 
MBTD – Mass Balance Tracking Database - a database developed using standard versions of 
Microsoft OfficeTM software such as AccessTM or ExcelTM; capable of systematically storing raw 
data related to radioactive material inventory, transfer and disposal; and containing queries to 
generate a variety of reports to support inventory management. 

3 APPLICABILITY 
This procedure is applicable to stored or stockpiled radioactive materials already present, newly 
received ore and other materials, produced yellowcake, offsite transfer of yellowcake and other 
products (for sale or otherwise), and tailings products disposed of at the Shootaring Canyon Mill 
Site. 

4 DISCUSSION 
This procedure describes the processes to: 

 
1. Document and verify the receipt of radioactive materials contained in uranium ore or other 

source material, 
2. Document and verify the amount of yellowcake produced and transferred offsite for 

commercial or other purposes, 
3. Document and verify the amount of tailings placed in tailings impoundments, 
4. Document and verify the amount of liquid discharged to the evaporation pond,  
5. Maintain running totals of the inventory of radioactive materials on site; identify significant 

discrepancies in overall site uranium mass balance; and initiate corrective measures.  
 

Under typical operating mode, the Shootaring Canyon Mill Site will receive uranium ore via truck 
delivery in preparation for placement into the ore sizing and grinding components of the mill.  Under 
standard operating conditions, the majority of the uranium will be processed into yellowcake and 
transferred off site for sale and additional processing.  It is necessary to verify and document the 
amount of uranium received and shipped, and that may be present at the site at a given time.  
Calculation of this “material balance” requires understanding of the amount of radioactive materials 
associated with ore that has been accepted and/or is in the milling process prior to packaging of 
yellowcake, yellowcake packages stored on site, minor quantities of uranium discharged with 



URANIUM ONE U.S.A.  
RADIOLOGICAL MONITORING PROGRAM  
STANDARD OPERATING PROCEDURES 
SHOOTARING MILL SITE SOP HP-25 

 
 

Draft No. 1 6 5/28/2008 
   

tailings and waste liquids, any previously stored or stockpiled materials, and to a lesser extent, air 
emissions.  Data relating to radioactive material inventory will be entered into a mass balance 
tracking database (MBTD) that will be maintained by site Analytical Environmental Laboratory 
(AEL) personnel.  When populated, the MBTD will be capable of being queried for material balance 
related information. 

5 RESPONSIBILITY 
It is the responsibility of the Corporate Radiation Safety Officer (CRSO) and the environmental staff 
to implement and follow this procedure. 

6 EQUIPMENT AND MATERIALS 
• NTEP Certified Truck Scale 
• Calibrated Kinetic Phosphorescence Analyzer (KPA) Laboratory System or equivalent 
• Site Inventory Mass Balance Tracking Database (MBTD) 
• Uranium reference materials. 
• Uranium ore, tailings, liquid, and yellowcake sample containers as required by AEL 

7 PROCEDURE 

7.1 Document and Verify Receipt of Uranium Ore and Other Radioactive 
Materials 

1. Ensure that truck scale has a current NTEP Certificate of Conformance (COC), is under 
current calibration, and functioning properly. 

2. Direct incoming ore truck (or comparable vehicle) onto truck scale and obtain gross vehicle 
weight (GVW). 

3. For each incoming ore truck; identify delivering entity (company affiliation), date, time, 
vehicle ID number as available, and GVW.  Record in MBTD.  Note unique delivery ID 
number generated by MBTD. 

4. Driver to designated ore dump pocket/handling zone and offload materials. 

5. As necessary, direct truck to portal for surface contamination survey in accordance with SOP 
HP-9. 

6. Direct driver to return to truck scale and collect empty vehicle weight (EVW) measurement.  
Record in MBTD. 

7. Complete and provide driver with delivery ticket as shown in Form HP25-1.  Retain hard 
copy of delivery ticket for permanent site records. 

8. Collect sample of delivered ore for laboratory uranium, thorium, radium, and moisture 
analyses in accordance with AEL procedures and Analytical Laboratory Quality Assurance 
Program (QAP). 
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9. Label samples with unique delivery ID number generated by MBTD.  For multiple truck 
shipments, record all delivery ID numbers.  Deliver to site AEL. 

10. AEL shall analyze ore samples for total uranium content per procedures and QAP.  Upon 
quality review approval, record total uranium concentration in MBTD for delivery ID 
number(s). 

11. For radioactive source or byproduct material other than uranium ore, the CRSO will be 
notified in advance of receipt, authorize and verify acceptance of material under license 
limitations, and enter receipt of material into tracking database. 

7.2 Document and Verify the Amount of Yellowcake Produced and 
Transferred Offsite 

1. Yellowcake product shall be packaged in DOT 7A 55-gallon drums or comparable 
containers. 

2. Prior to yellowcake production ensure that adequate numbers of containers are obtained, 
inspected for integrity, removed from service as necessary, and coded with a unique 
identification number or bar code tracking number. 

3. Production personnel shall fill containers with yellowcake product and seal following 
yellowcake sample collection to determine sample purity.  AEL personnel will split or divide 
samples as necessary to support customer confirmation laboratory analyses. 

4. Each container shall be weighed and the tare weight and gross weight entered with container 
tracking number into Form HP25-2.  User shall verify that scale is calibrated and in proper 
working condition.  Automatic scale data recording and logging systems will be used as 
available. 

5. Each yellowcake sample collected for an individual container or lot of containers will be 
placed in a sample container and submitted to the AEL with Form HP25-2, which identifies 
all associated container tracking numbers.  As possible, sampling personnel will collect an 
aliquot of yellowcake from each container.  Sampling will be done according to SOP (to be 
developed prior to start of operations) 

6. Sample containers shall be cleaned of removable yellowcake, labeled, and transferred to 
AEL. 

7. AEL shall perform uranium analyses in accordance with laboratory procedures, and enter 
results and associated containers in MBTD.  Form HP25-2 shall be retained for permanent 
site records. 

8. Sealed, sampled containers will be transferred to designated yellowcake storage areas, 
labeled, and stored in a manner such that all containers associated with a lot are in proximity 
to one another. 

9. On a bi-weekly basis, an inventory list identifying all yellowcake containers that should be 
currently present on site shall be generated from the MBTD.  Confirmation of the inventory 
will be documented by a qualified field inspector within one day of list generation.  Any 
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discrepancies regarding yellowcake inventory shall be noted and the Mill Superintendent 
informed. 

10. Yellowcake purchase requests shall be forwarded to the Plant Sales Manager. The Plant Sales 
Manager shall complete Form HP25-3 – Yellowcake Purchase Ticket and provide copy to 
AEL.  Form HP25-3 shall identify desired yellowcake quantity, estimated date of pick-up, 
sample splits and requirements for customer, and special considerations and requests. 

11. AEL shall review sampling requests and assign on-site inventory for customer shipment; 
provide analytical data to customer; or transfer yellowcake samples to offsite customer 
laboratory. 

12. Following AEL assignment of containers to customer order in conjunction with sampling 
requirements, the AEL shall provide the Mill Superintendent with all container tracking 
numbers, the estimated date of pickup or shipment, and any special handling requests. 

13. The Mill Superintendent or designee shall tag all yellowcake containers associated with a 
customer purchase with unique identifying marks and basic information as noted in Section 
7.2, step 11 above, and prepare a draft transportation manifest/bill of lading. 

14. Upon arrival for pickup, customer representative is required to show credentials and 
demonstrate that vehicles are in safe, working condition prior to proceeding to yellowcake 
loading area.  Required credentials include hazardous material training, Department of 
Transportation (DOT) required training, commercial driver’s license (CDL), training on the 
site emergency response plan, and other credentials as determined by the CRSO.  The same 
requirement applies for delivery personnel under subcontract to Uranium One. 

15. Designees of the Mill Superintendent shall remove customer-assigned yellowcake containers 
to the loading area and perform U.S. Department of Transportation (DOT) surveys in 
accordance with SOP HP-4. 

16. Following DOT surveys, Mill Superintendent or designee shall complete the transportation 
manifest/bill of lading, sign and provide copies to driver and to AEL.  Obtain driver signature 
for receipt.  Original copies are to be filed in the permanent site record. 

17. Verify that proper transportation placards are on vehicle in accordance with site procedures. 

18. As necessary, allow driver and vehicle to use truck scale to determine EVW and GVW. 

19. As necessary, direct truck to portal for surface contamination survey in accordance with SOP 
HP-9. 

20. Following release of shipment, AEL personnel shall enter information from SOP HP-4 and 
the manifests into the MBTD. 
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7.3 Document and Verify the Amount of Tailings Placed in Tailings 
Impoundments 

1. Execute tailings sampling and analyses procedure on a daily basis, or other frequency as 
determined by mill plant operator considering events such as changes in operational 
production rates, shut down, etc.  Coordination with the mill operator is necessary to assure 
that a minimum of one sample is taken to represent non-changing conditions of the mill 
output.  A new sample should be taken soon after it has been determined that a change in 
tailings output has occurred.   The mill plant operator will determine the average tailings 
output of the mill over a period of time using operations data and SOP (to be prepared and 
submitted for DRC review prior to operations).  These data along with data from the previous 
sample will be used by the MBTD to calculate the mass and activity of the tailings disposed.  

2. Collect sample of tailings at dewatering press discharge and submit for moisture content, 
uranium, thorium, and radium analyses in accordance with AEL procedures (to be prepared 
and submitted for DRC review prior to operations). 

3. Should the dewatering press not be in use or otherwise inactive, take one sample of tailings 
plus liquids at discharge/sampling port or other representative location in the discharge 
system.   

4. For each sample collected, the sampling technician shall document on Form HP25-4 the 
sample identifier, date, and time that the sample was taken. The total tailings discharged shall 
be calculated by the MBTD from the duration between this sample and the previous sample 
and the flow rate from the previous sample.  The disposal activity will be calculated by 
taking the product of the mass disposed and the radionuclide concentrations from the 
previous sample.  Note: tailings quantities may require subtraction of liquid routed from 
dewatering process from total input tailings mass associated with gallons of discharge.  Also, 
the MBTD will allow for subtracting the duration of periods where no tailings are 
discharged, such as for a shutdown of the mill. 

5. Upon completion of laboratory analyses and quality assurance review, the AEL shall enter 
the sample results and data into the MBTD.  Quality assurance review and retention of data 
forms shall be done according to SOPs (to be developed for DRC review prior to operations). 

7.4 Document and Verify the Amount of Liquid Discharged to the 
Evaporation Pond 

1. Execute liquid discharge sampling and analyses procedure on a daily basis, or other 
frequency as determined by mill plant operator due to changes in operational production 
rates, shut down, etc. This sampling process may be performed in conjunction with tailings 
sampling specified in Section 7.3.  The data should be entered on the appropriate section of 
Form HP25-4.   

2. Collect liquid sample(s) at dewatering press discharge to evaporation pond or other bypass 
points in discharge lines from the mill that are directed to the evaporation pond. Submit 
samples for total dissolved solids (TDS), uranium, thorium, and radium analyses in 
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accordance with AEL procedures and Analytical Laboratory Quality Assurance Program 
(QAP). 

3. For each sample collected, the sampling technician shall document on Form HP25-4 the 
sample identifier, date, and time that the sample was taken. The total liquids discharged shall 
be calculated by the MBTD from the duration between this sample and the previous sample 
and the flow rate from the previous sample.  The disposal activity will be calculated by 
taking the product of the volume disposed and the radionuclide concentrations from the 
previous sample. The MBTD will allow for subtracting the duration of periods where no 
tailings are discharged, such as for a shutdown of the mill. 

4. Upon completion of laboratory analyses and quality assurance review, the AEL shall enter 
the sample results and information from Form HP25-4 data into the MBTD. 

7.5 Maintain Running Totals of the Inventory of Radioactive Materials on 
Site 

1. Information gathered in procedure steps 7.1 through 7.4 shall be entered into the MBTD and 
validated by trained individuals according to SOPs (to be developed and submitted to DRC 
for review prior to operations).   

2. Through the operation of the mill, quantities of radioactive materials may be inadvertently 
introduced to systems or site areas and may not readily be removed until shutdown; thus they 
become static component of site inventory until cleanup.  The location of and radiological 
inventory associated with these areas will be determined by the CRSO during 
implementation of the radiation protection program.  These quantities and location attributes 
shall be entered into the MBTD. 

3. Through operation of the mill, other sources of radioactive material may be received, stored 
and used at the site.  Receipt, storage, use and disposal of these sources shall be authorized 
and supervised by the CRSO in accordance with the terms of the radioactive materials 
license.  The quantities and source characteristics shall be entered into the MBTD.  Records 
of receipt and disposition of these materials will be stored with the radioactive materials 
license and with the permanent record. 

4. As desired, MBTD users shall be able to generate the following outputs: 

a. Total Uranium Inventory On Site 

b. Total Weight and Average Grade of All Ore Received 

c. Total Uranium Activity and Mass of Ore Received 

d. Total Weight and Activity of Yellowcake Sold and/or Transferred Offsite 

e. Total Weight and Activity of Yellowcake On Hand 

f. Total Uranium, Radium-226 and Thorium-230 Activity Contained in Tailings Cells 
and Evaporation Pond 

g. Total On-Site Radioactivity Associated with Non-Ore or Yellowcake Sources 
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5. The CRSO or their appointee may add or modify queries and outputs from the database to 
support the material tracking program.  Modifications shall be subject to quality control 
reviews of calculations, modifications to stored data, and report output validity.  An annual 
validation process for the MBTD shall be performed according to SOP(to be developed and 
submitted for DRC review prior to operations). 

8 QUALITY ASSURANCE 
Quality assurance will be maintained by following the above procedures. Prior to performing work, 
technicians will be trained and certified as competent in procedures by the CRSO and/or an 
independent auditor. Noncompliance will be documented and corrected. 

9 RECORDS 
The radionuclide inventory at the site will be determined from reports generated by the MBTD.  The 
data base will be supported by production data, laboratory data, and data from forms in this SOP 
provided in Appendix A.  These forms, or their equivalent, will be completed and maintained in the 
project files. The forms include the following. 

• Form HP25-1, Uranium Ore Delivery Ticket 
• Form HP25-2, Yellowcake Container Sampling and Tracking 
• Form HP25-3, Yellowcake Purchase Ticket 
• Form HP25-4,  Tailings and Tailings Liquids Disposal Samples 

 
These records, along with the MBTD, will be retained until the license is terminated according to 
Utah Administrative Code R13-12-51 and 10 CFR Part 40.61.   Should the license be transferred to a 
new licensee, ownership of these records will also be transferred.  

10 REFERENCES 
Utah Administrative Code R13-12-51, Records. 

10 CFR 40.61 Records. 
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APPENDIX A 
RADIOACTIVE MATERIALS TRACKING FORMS 
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Form HP25-1 

Uranium Ore Delivery Ticket 

 

 

GENERAL DELIVERY INFORMATION 

 

 

Date of Delivery:__________________  Time of Delivery:_______________ 

Delivering Company:_______________  Scale ID Number________________ 

Other Information:________________________________________________________ 

 

WEIGHT INFORMATION 

Current Scale Certification/Calibration ?    Yes  No 

Vehicle Number/Description:_________________________ 

Incoming Gross Vehicle Weight (GVW) in Pounds:____________________ 

Material Balance Tracking Database (MBTD) Number:__________________________ 

Outgoing Empty Vehicle Weight (EVW) in Pounds:______________________  
 

CERTIFICATION 
 

Uranium One Representative     Delivering Company Representative 

 

Name:_________________________   Name:________________________ 

 

Signature:______________________    Signature:______________________ 

 

Note: Copy to be provided to delivering company representative. 
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STANDARD OPERATING PROCEDURES 
SHOOTARING MILL SITE SOP HP-25 
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Form HP25-2 

Yellowcake Container Sampling and Tracking 

 
Container 
Number 

Pass 
Inspection? 

Tare  

Weight (lbs) 

Filled Container 
Weight (lbs) 

Scale ID 
Number 

Scale 
Calibrated? 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 

SAMPLE ID NUMBER: __ __ __ __ __ __- __ __ __ __ - __ __ 

DATE:__________________ 

SAMPLE COLLECTED BY:________________________ 

SIGNATURE:_______________________ 

DATE RECEIVED IN AEL:___________________ 

 

 

Note 1: Sample ID shall include date in numeric form (010106) with no spaces, 
military time (1300, etc), and sequential sample number collected during day (ie., 01, 
02, 03, etc.) 

  Note 2: Sample should include aliquot from each container as possible
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Form HP25-3 
Yellowcake Purchase Ticket 

 

GENERAL PURCHASE AND ORDER INFORMATION 

 
Purchasing Company:__________________ Desired Pickup or Ship Date:_____________ 

Company Contact:_____________________ Telephone Number:_____________________ 

Desired Quantity in Pounds:_____________ Desired Container Type:_________________ 

Requested Analytical Services and Reports:___________________________________________ 

Special Packaging and Other Requests:_______________________________________________ 

Order Taken by:______________________ Date:__________________________________ 

 

AEL INVENTORY ASSIGNMENT 

 

Allocated Container No(s):______________ Allocated Container No(s):______________ 

Total Weight in Pounds:________________ Total Weight in Pounds:________________ 

Yellowcake Sample ID No:______________ Yellowcake Sample ID No:______________ 

Allocated Container No(s):______________ Allocated Container No(s):______________ 

 

Total Weight in Pounds:________________ Total Weight in Pounds:________________ 

Yellowcake Sample ID No:______________ Yellowcake Sample ID No:______________ 

Total Weight All Allocated Containers in Pounds:____________________ 

Yellowcake ID No(s) Split for Outside Laboratory Analyses:____________ 

Analytical Laboratory Destination:_________________________________ 

Date and Time Sample Shipped:____________________________________ 

AEL Representative Name:_______________________________________ 

Signature:____________________   Date of Assignment:____________ 
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Form HP25-4 

Tailings and Tailings Liquids Disposal Samples 

Dewatered Tailings Sample 
SAMPLE ID NUMBER: __ __ __ __ __ __- __ __ __ __ - __ __ 

DATE: _________________TIME:________________ 

SAMPLE NUMBER: __ __ __ __ __ __- __ __ __ __ - __ __ (PREVIOUS SAMPLE) 

AVERAGE FLOW RATE _________________(FROM MILL OPERATOR) 

SAMPLE LOCATION/DESCRIPTION_________________________________________ 

SAMPLE COLLECTED BY:________________________ 

Tailings Liquid Sample 
SAMPLE ID NUMBER: __ __ __ __ __ __- __ __ __ __ - __ __ 

DATE: __________________TIME:________________ 

SAMPLE NUMBER: __ __ __ __ __ __- __ __ __ __ - __ __ (PREVIOUS SAMPLE) 

AVERAGE FLOW RATE _________________(FROM MILL OPERATOR) 

SAMPLE LOCATION/DESCRIPTION_________________________________________ 

SAMPLE COLLECTED BY:________________________ 

Other Sample (Describe:_____________________________________________) 
SAMPLE ID NUMBER: __ __ __ __ __ __- __ __ __ __ - __ __ 

DATE: __________________TIME:________________ 

SAMPLE NUMBER: __ __ __ __ __ __- __ __ __ __ - __ __ (PREVIOUS SAMPLE) 

AVERAGE FLOW RATE _________________(FROM MILL OPERATOR) 

SAMPLE LOCATION/DESCRIPTION_________________________________________ 

SAMPLE COLLECTED BY:________________________ 

Comment_________________________________________________________
_________________________________________________________________ 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT C 
SUPPORTING DOCUMENTATION FOR INTERROGATORY R313-24-1-

14/03:  MILLING OPERATIONS 
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2.0 PROCESS DESCRIPTION 

2.1 Plant Description 

The Shootaring Canyon Plant was constructed and then operated briefly in the spring and 

summer of 1982 before operations were suspended.  It has never been restarted.  The mill was 

not properly shut down and the countercurrent decantation (CCD) portion of the plant was 

dismantled, removed, and sold in 2002.  Uranium One is evaluating the restart of the plant and 

therefore requires this feasibility study.  It is desired by Uranium One to get this plant started 

as soon as possible, so the primary assumption is to employ the original design for the plant as 

the basis for the restart. 

The plant was designed to process uranium ores.  In the region, there can be significant 

vanadium in the ore, but the original designs did not include the concept of recovering 

vanadium.  At this point in time, only the recovery of uranium is being considered until the 

plant gets into operation.  Then, modifications to the plant to recover vanadium can be 

considered. 

As refurbishment of the plant is considered, there are some areas wherein complete 

replacement of systems will be required.  Of note is that the counter current decantation 

system has been removed and sold, so this circuit will have to be replaced.  Other systems, for 

example, include the flocculation system, which requires replacement, updating of the control 

system, and attention to the feed water quality due to observed scaling in the feed piping 

systems. 

There are significant ore stockpiles yet remaining on the plant site.  An internal Plateau 

Resources memorandum1 indicates the mill has 94,191 tons averaging 0.132 percent uranium 

that can then be calculated to contain 248,664 pounds of U3O8. 

                                                 
JK Thamm internal correspondence to BO Fisher, November 24, 1986 and attachments 
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The plant is oriented along an axis striking northeast with a tailings facility located to the northwest.  

The topography and general site plot plan are shown in Figure 07028-C-01.  The work in this study 

references the plant and the delivery system of the tailings stream to the tailings ponds as well as any 

other effluents to pond systems.  The work relative to the tailings pond design is being performed by a 

separate Uranium One team.  The costs included herein include the pumps and piping necessary for the 

transfer of these streams to and from the pond facilities.  The batter limits for this work essentially 

include the primary access to the plant from the Tony M mine access road and the entire area shown in 

the plan view area of the plant area, excepting the pond facilities.  A plan view of the ore pad, mill and 

processing facility is shown in Figure 07028-C-02. 

Given the planned ore grades and mill production schedule, it is forecast that the mill will 

produce 1,053,000 lbs. of uranium per year.  This is equivalent to about 3,000 lbs. per 

operating day, or 10.5 tons per week. 
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2.2 Process Design Criteria 
 
The process design criteria are primarily based upon the original plant design.  For the most part, 

because of the desire to place the plant into production as soon as possible, the design criteria mirror 

the original design criteria established for the plant.  However, there are some significant differences to 

the original design.  For example, because the CCD system has been removed, so updated designs can 

be employed.  The most important change to the design criteria, however, results from the ore that is 

now conceived to be delivered to the plant. 

 

It is now considered that ore will be delivered from the Frank M mine that is near the Shootaring Plant 

and the Velvet mine in Lisbon Valley near Monticello, Utah.  The design criteria for the delivery of the 

ore assumes a 50 – 50 mix of ore with equal deliveries from each mine that will be mixed into an 

average and fed to the plant.  The average uranium content of the Frank M ore is expected to be 0.12 

percent with 0.33 percent U3O8 for the Velvet mine for an average of about 0.225 percent feed to the 

plant.  Laboratory testing is currently being conducted on ore samples for each mine, but the current 

assumptions is that the acid requirement is 140 pounds of H2SO4 for one ton of mixed ore from the 

Frank M and Velvet mines.   This is based upon the assumption 160 and 140lbs H2SO4 for the Frank 

and Velvet mines.  Respectively, which is the best available estimate, contingent upon expectant 

metallurgical studies.  Once the current testing has been completed and verified, this assumption must 

be revisited. 

Table 2-1 provides the process design criteria. 
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Table 2-1 Design Criteria 
 
JOB NO: 07028D    SPEC. NO.: DC-07028D  

 
FOR:   DESIGN CRITERIA FOR SHOOTARING CANYON UPGRADE PROJECT  

 
  URANIUM ONE  

 
  TICABOO, UTAH  

 
    

 
DESCRIPTION NAME DISCIPLINE SIGNATURE DATE: 

PREPARED BY:  PROCESS ENGINEER.   
PRIME REVIEW  PROJECT MANAGER   
TECH. REVIEW  PROCESS ENGINEER   
TECH. REVIEW  PROCESS ENGINEER   

APPROVED. BY:  PROJECT MANAGER   
CLIENT     

APPROVALS 
REVISION DESCRIPTION 

SECT. OR 
PAGES 

REV NO. 
REV. 
BY Lyntek Client Check 

DATE 

        

        

        

        

        

        

        

        

        
COMMENTS: 
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SOURCE CODE: 

 A = CRITERIA PROVIDED BY OWNER 
 B = PUBLISHED INFORMATION 
 C = ENGINEER RECOMMENDATION 
 D = VENDOR ORIGINATED CRITERIA 
 E = CRITERIA FROM PROCESS CALCULATIONS 
 F = ENGINEERING HANDBOOK DATA 
 G = ASSUMED DATA 
 H = MET LABORATORY TEST RESULT 
 J = ORIGINAL PROJECT DESIGN INFORMATION 
 
ABBREVIATIONS AND NOMENCLATURE USED IN THIS DOCUMENT: 

ft = Feet 
ft3/h = Cubic feet per hour 
in = inches   
g = Gram 
g/l = Grams per liter 
mg/l = Milligram per liter 
lb = pounds 
mph = miles per hour 
t = Dry short tons 
t/h = Dry short tons per hour 
t/d = Dry short tons per day 
t/y=Short tons per year 
lb/d = Pounds per day 
lb/ft3 = Pounds per cubic foot 
l = Liters 
min = Minute 
h = Hour 
s=Second 
y = Year 
°F = Degree Fahrenheit 
° = Angular degree 

kW = Kilowatt 
kWh = Kilowatt hour 
kWh/t = Kilowatt hour per short ton 
HP = Brake Horsepower 
ppm = Parts per million 
TBD = To Be Determined 
P80 = 80% Passing 
P100 = 100% Passing 
S.G. = Specific Gravity 
wt% = weight percent 
Hg = mercury 
Ss = mapped maximum 
considered earthquake, 5 percent 
damped, spectral response 
acceleration parameter at short 
periods 
S1 = mapped maximum 
considered earthquake, 5 percent 
damped, spectral response 
acceleration parameter at a 
period of 1 second
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1.0 GENERAL CRITERIA SOURCE 

1.1 SITE LOCATION 

The Shootaring Canyon Mill is located in Garfield County approximately 95 
miles south-southwest of Green River Utah.  

 
 1.2 SITE CONDITIONS 

Site Elevation 
Mean, ft 4550 B 
 
Barometric Pressure 
Site Average, in Hg 25.3 B 
 
Temperature 
Average Daily Maximum Temperature, °F 97 B 
Average Daily Minimum Temperature, °F -33 B 
Design Frost Depth, in 30 B 
 
Precipitation 
Average Yearly Precipitation, in 6 B 
Maximum, 24 hr, in 1.8 B 

 

 1.3 STRUCTURAL DESIGN CRITERIA 

International Building Code (IBC)  C 
General Occupancy Category F-2 (Factory/Industrial Low Fire Hazard) 
Structural Occupancy Category II (Low Hazard) 
Type IIA Construction (Non-combustible) 
 
Mine Safety & Health Administration (MSHA) CFR 30  C 
 
Seismic Information 
Seismic Design Category C B 
Maximum Considered Earthquake (Ss) 35 % Gravity B 
Maximum Considered Earthquake (S1) 10% Gravity B 
 
Structural Design 
International Building Code (IBC) C 
Mine Safety & Health Administration (MSHA) C 
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 CRITERIA SOURCE 
Wind Velocity 
Design Gust (3-second), mph 90 B 

Mechanical Design 
International Mechanical Code (IMC) 2006 Edition  C 

International Plumbing Code (IPC)   C 

API 650 Welded Steel Tanks for Oil Storage  C 

ASME B31.1-2006 Process Piping  C 

ASME BPVC-VII-2007 Rules for Construction of Pressure Vessels C 

Electrical Design 
National Electric Code (NEC)  C 
Low Voltage, V 460 C 
Frequency, Hz 60 C 

1.4 ORE CHARACTERISTICS     

Type: Salt Wash Sandstone, Morrison formation  J 
U3O8, wt% per dry ton 0.225 A 
Average Percent Moisture, % 2.5 J
  
Specific Gravity (Dry Solids) 2.4 J 

2.0 PLANT PRODUCTION    

Average Daily Throughput, t/d 750 A 
U3O8, Recovery (Nominal), % 90 A/J 
U3O8 Production, lb/y 1,053,253 E 
Plant Availability, % 95 J 
Average Days Per Year Operation 350 A
  

3.0 PROCESS DESIGN 

3.1 GRINDING  

Type:  Semiautogenous (S.A.G.) closed circuit J 
Size:  12’ diameter X 6’-6” long J 
Days Operating per Week 7 A 
Hours per Day 24 J 
Availability, % 95 J 
Grinding Mill Product, P100, in -5/8 J 
Grinding Solid Fraction, wt.% 70 C 
Grinding Slurry S.G. 1.79 E 
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3.2 CLOSED CIRCUIT CLASSIFICATION CRITERIA SOURCE 

Type: DSM Screens J 
Recirculating Load, % 200 J 
Product Undersize 28 mesh maximum J 
 

 3.3 LEACH CIRCUIT  

Number of Stages 2 J 
 

 3.3.1 First Stage 

No. Agitated Leach Tanks 3 J 
Tank Diameter, ft 14 J 
Tank Height, ft 18 J 
Effective Volume, gal 16,120 J 
Residence Time, h 2 J 
Slurry Solids, wt% 29 J 
Agitation mechanical –rubber covered agitators J 
H2SO4 Addition (Total) lbs/t of ore 70 J 
Thickener Quantity  1 J 
Thickener Diameter, ft 19.5 J 
Thickener Height, ft 8.75 J 
Solids Residence Time, min 55 J 
Thickener Underflow Slurry Solids, wt% 50 J 
Thickener Overflow Solids, ppm 200 maximum J 
Flocculant Addition, lbs/t of ore 0.06 J 
Flocculant Strength, wt% 0.25 J 
 

 3.3.2 Second Stage 

No. Agitated Leach Tanks 4 J 
Tank Diameter, ft 20 J 
Tank Height, ft 24 J 
Effective Volume, gal 46,400 J 
Residence Time, h 16 J 
Slurry Solids, wt% 48.8 J 
Agitation mechanical –rubber covered agitators J 
H2SO4 Addition (Total) lbs/t of ore 70 J 
Chlorate Addition, lbs/t of ore 1.707 J 
Chlorate Strength, wt% 25 J 
U3O8 Solubility, % 93 J 
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3.4 COUNTER CURRENT DECANTATION (CCD) CRITERIA SOURCE 

Number of High Rate Thickener stages 5 D 
Diameter, ft 26.25 D 
Side Wall Height, ft 8 D 
Number of High Density Thickener stages, 1 D 
Diameter, ft 26.25 D 
Side Wall Height, ft 28.2 D 
Wash Ratio 2 J 
Net Volume, ft3 (1st to 5th) 4,650 D 
Net Volume, ft3 (6th) 15,550 D 
Thickener Underflow Solid Fraction, wt.% (1st to 5th) 50 J,A 
Thickener Underflow Solid Fraction, wt.% (6th) up to 60 A 
Thickener Underflow Slurry S.G. (1st to 5th) 1.41 E 
Thickener Underflow Slurry S.G. (6th) 1.54 E 
Inter-stage Mix Tank Residence Time, min 1.7 D 
Flocculant Addition TBD D 
Materials of Construction 2205 alloy A 
 

 3.5 CLARIFICATION 

 3.5.1 Clarifier 

Clarifier Diameter, ft 27 J 
Clarifier Height, ft 18 J 
Clarifier Capacity, gal 72,800 J 
Retention Time, h 7 J 
Clarifier Overflow Solids, ppm <50 J 
Underflow Rate, gpm 0.84 E 
Overflow Rate, gpm 199 E 

 
 3.5.2 Sand Filters 

Number  3 J 
Type Sand with automatic backwash J 
Hydraulic Capacity, gpm/ft2 5 J 
Filtrate Solids, ppm <10 J 
Filtrate, U3O8 1.36 E 
Filtrate Rate, gpm 199 E 
Filter Area Required, ft2 38 E 
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3.6 SOLVENT EXTRACTION & STRIPPING CIRCUIT CRITERIA  SOURCE 

 3.6.1 Extraction 

Aqueous Feed Rate, gpm 190 E 
Organic Feed Rate, gpm 29 J 
Mixer Organic to Aqueous Ratio (Organic recycle) 1.2/1 J 
Number of Extraction Mixer/Settlers 4 J 
Tanks (mixer volume), 4 each, fiberglass 980 J 
Mixer Retention Time, min 2 E 
Settler Area Required, gpm/ft2  1.25 J 
Organic Composition 
Tertiary Amine, vol % 1 vol% per gpl U3O8 in Aq. Feed B 
Isodecanol, vol % 5 J 
Diluent, vol % Remainder J 

 
 3.6.2 Strip 

Mixer Organic to Aqueous Ratio (Aqueous recycle) 4/1 J 
Number of Extraction Mixer/Settlers 4 J 
Tanks (mixer volume), 1 each, fiberglass 100 J 
Mixer Retention Time, min 0.7 E 
Settler Area Factor, gpm/ft2  1.25 J 
Ammonia Consumption, lb/lb of U3O8 0.24 J 

 
 3.6.3 Scrub 

Organic to Aqueous Ratio (Aqueous recycle) 4 J 
Settler Area Required, gpm/ft2  1.25 J 
Number of Extraction Mixer/Settlers 1 J 
Tanks (mixer volume), 1 each, fiberglass 100 J 

 
 3.6.4  Liquid Storage 

Pregnant Liquor Storage Capacity, two tanks, total gal 46,000 J 
Recycle Raffinate Tank Capacity, gal 23,000 J 
Barren Organic Tank Capacity, gal 4,100 J 
Solvent Makeup Tanks Capacity, gal 380 J 
Diluent Tank Capacity, gal 10,000 J 
Pregnant Strip Solution Tank Capacity, gal 1,000 J 
Barren Strip Solution Tank Capacity, gal 9,000 J 
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3.7 URANIUM PERCIPITATION  CRITERIA SOURCE 

Precipitation Tank  
 Number Required 3 J 
 Size (Based on 9 hour Retention Time), gal 470 J 

 Ammonia Consumption, lb/lb of U3O8 0.18 J 
 Precipitate Thickener 

 Number Required 1 J 
 Size diameter/height, ft 12/4 J 
 

3.8 URANIUM DEWATERING AND DRYING 

 Vacuum Drum Filters 
 Number Required 2 J 
 Size diameter/length, ft 3/3 J 
 Other each has a repulper J 

 Moyno Pump Capacity, gpm 0.5 to 2.0 J 
 Multi-hearth Calciner 

 Size diameter, ft 5 J 
 Number of stages 6 J 
 Maximum Operating Temperature, °F 1600 J 

 Wet Scrubber, each 1 J 
 

3.9 URANIUM PACKAGING 

Capacity, lbs of U3O8/h 232 J 
Pulverizer Capacity, lbs of U3O8/h 270 J 
Barrel Vibrator, each 1 J 
Roller Conveyor, each  1 J 
Weight Batch Scale, each 1 J 
Packaged Uranium in 55 gal. Drums, no./day 3 to 4 E 
U3O8 per drum, lb 800 C 
 

2.3 Process Assumptions 

The plant is designed with a set of primary process assumptions that guide the overall process 

design criteria and concept for the plant.  The primary process assumptions are summarized 

below. 

Principal Process Assumptions: 

• Plant design conforms to the original plant design to allow immediate production 



   
 
Lyntek, Inc.   Page 2.14  
Project #07028D Uranium One GS Feasibility Study March 28, 2008 

• The consideration for the addition of a vanadium circuit will be later 

• The ore delivered to the mill will be sourced from the Frank M and the Velvet 

mines 

• The ore delivery to the mill will be assumed to be identical to the original mill 

assumptions with the exception that the design ore grade will be 0.225 percent 

U3O8 

• The CCD circuit will be generally designed per the original specifications 

The design of the plant has been evaluated based upon a mass balance, which includes the 

assumptions defined above.  The mass balance is shown in Table 2-2. 
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2.5 Alternative Processes Considered 

Within the scope of this work, the primary effort is to get the existing uranium mill up and 

operating as soon as possible.  Uranium markets are now generating potential for profit that 

over ride most primary considerations such that it is paramount to get the mill producing as 

soon as possible.  The CCD circuit has been designed with the following changes: No other 

alternative processes have been considered and the employment of a vanadium circuit will 

also be pushed into the future for consideration once the mill is up and operating, so there is 

opportunity for upside revenue potential.  A feasibility study will be necessary, as current 

indications suggest the revenue earned may not be worth the capital expense. 

2.6 Process Description 

Process Overview 

This section presents a description of the Shootaring Canyon uranium recovery process. 

The Shootaring Canyon processing facility is expected to have an overall uranium recovery 

rate of 91.0 percent from an ore containing 0.12 percent uranium oxide (U3O8). Based on this 

anticipated recovery and an average processing rate of 750 tons per day (t/d) of ore, the 

facility will produce about 1,639 pounds per day (1b/d) of U3O8.  

The ore processing consists of a single stage grinding circuit followed by sulfuric acid leach 

and counter current decantation (CCD) systems.  The washed solids from the CCD are 

pumped to a tailings pond while the leachate is sent to a solvent extraction (SX) circuit where 

the uranium is recovered from the leachate.  The uranium is precipitated from the SX strip 

solution with ammonia and recovered as dry Yellowcake.  A detailed process description is 

provided below. 

Stockpile Operations 

It is assumed that the ore will be, delivered by 25-ton trucks from the Tony M mine and with 

25-ton trucks with 12-ton pups from the Velvet mine.  The mix ratio between the two mines is 

expected to be equal at 50 percent each.  The ore will be weighed at the weigh station and 
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proper delivery tickets and references obtained and recorded.  The ore will then be dumped 

according to the ore storage plan.  This plan will recognize the blending scheme for the two 

mines that is necessary due to the differences between the two ore characteristics.  It is not 

conceived that there will be any direct dumping into the crushing circuit.  All ore will be 

stockpiled prior to size reduction. 

Ore Sampling 

Plant samples to be collected for analysis will include 3 samples per day for the leach slurry 

(one/shift), 3 per day for the tailings slurry (one/shift), 3 samples from the feed belt 

(one/shift), at least one scheduled weekly CCD profile sample of each of the 6 CCD 

thickeners, special mill grab samples, and random environmental soil samples. 

Grinding 

The ore to be processed is a sandstone type that has the uranium compounds present as a 

coating on the sand grains and as filler in the intergranular spaces. Prior to leaching, the ore is 

ground to release the sand-sized particles so that the acid may intimately contact the uranium 

granular surfaces. 

Referring to drawing 07028-F-01, the grinding process begins with loading of the ore through 

a stationary grizzly with 14-inch openings and into a 75-ton capacity hopper; occasional 

oversize pieces are broken in place. The hopper discharges the ore via a variable speed apron 

feeder onto a second stationary grizzly with 3-inch openings. The ore material passing 

through the grizzly discharges directly onto a 42-inch (in) wide, 316 feet (ft) long conveyor 

belt.  The grizzly has a steep-sloping surface, and the oversize material rolls down onto the 

bedding surface formed by the undersize material already on the belt conveyor.   The belt 

conveyor is equipped with a belt scale and associated electronics to measure the ore feed rate 

to the Semiautogenous Grinding (SAG) mill.  Other equipment shown on the drawing 

includes a dust control system consisting of water spray nozzles to minimize dust generation 

and a dust capture hood/wet scrubber system.  
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Drawing 07028-F-02 shows the SAG mill. The mill slowly rotates while water is added to 

produce a slurry containing approximately 70 weight percent (wt %) solids. As the mill 

rotates, the impact of steel balls and larger ore pieces grind the smaller ore portions into sand-

sized particles. The SAG mill is 12 ft diameter by 6 ft – 6 in long.  It has a 250 horsepower 

(hp) drive with a speed reducer and drive mechanism.  The design ore throughput is 750 t/d.  

The slurry from the SAG mill is pumped to one of four DSM screens to remove oversize 

particles.  The over sized particles from the screen gravity flows back to the SAG mill.  The 

material passing through the screen gravity flows into a sump and is pumped to agitated wood 

stave leach feed surge tanks.   Each tank has a 60,000-gallon capacity with an integral stave 

water system.  Each tank agitator has two propellers with 50 hp gear reduced drives. The ball 

charge is expected to be 6 percent in the SAG Mill.  Ball consumption is estimated at ¼ lb per 

ton of ore.  



   
 
Lyntek, Inc.   Page 2.19   
Project #07028D Uranium One GS Feasibility Study March 28, 2008 

 



   
 
Lyntek, Inc.   Page 2.20   
Project #07028D Uranium One GS Feasibility Study March 28, 2008 



   
 
Lyntek, Inc.   Page 2.21  
Project #07028D Uranium One GS Feasibility Study March 28, 2008 

Leaching 

Referring to drawings 07028-F-03 and 07028-F-04, the leaching circuit includes a two-stage 

leaching circuit with a primary decant thickener and clarifier located in between the leaching 

stages. The first stage, called primary leach, includes three agitated leach tanks connected in 

series followed by a thickener.  The ore slurry from the leach feed surge tanks is pumped to 

the first stage leach tanks where it is mixed with the overflow from counter current 

decantation (CCD) thickener #1 and sulfuric acid/sodium chlorate to maintain required pH 

and EMF.  The slurry flows out of the third leach tank into the primary leach thickener.  The 

solids from the thickener are pumped to the second stage leach consisting of four additional 

agitated tanks where more sulfuric acid and sodium chlorate are added to complete the leach 

process.  The overflow from the thickener is sent to a clarifier designed to remove suspended 

solids.  The clarifier overflow containing the dissolved uranium is pumped through sand 

filters to remove any remaining solids and onto the SX circuit feed tank.  The slurry solids, 

exiting the last leach tank, are diluted with overflow liquid from the 2nd thickener in the CCD 

circuit and pump fed to the first CCD thickener. 

Countercurrent Decantation (CCD)  

The CCD system is designed to wash the residual solids that exit the leach system. The wash 

is necessary to remove dissolved uranium that is entrained in the solids before the solids are 

discarded to the tailing pond.  Referring to drawings 07028-F-05, 07028-F-0 6, and 07028-F-

07 countercurrent washing of the leached pulp is carried out in six thickeners.  The first five 

thickeners are high rate thickeners and the sixth thickener is a high density thickener.  

Each thickener is equipped with a thickener rake, an overflow pump and an underflow pump 

since the thickeners are arranged at the same elevation so that both the underflows and the 

overflows require pumping.  The leachate and solids are pumped from the 2nd stage leach 

system to the first CCD thickener.  The solids settle to the bottom of the thickener and are 

pumped to the second CCD thickener while the relatively solid-free liquid overflows from the 

first CCD thickener and is pumped to the first stage leach circuit.   
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The leached slurry solids enter the first thickener progresses in series from the first through 

the sixth thickener and finally to the tailings impoundment.  Meanwhile, the wash solution, 

consisting of raffinate from the SX circuit, enters the sixth thickener and progresses in series 

flowing counter currently to the solids. The solution is pumped from the sixth thickener 

overflow to the fifth thickener and this is repeated until the liquid is pumped from the first 

thickener overflow to the first stage leach circuit.  Flocculant solution is pumped to each 

thickener to assist with solid/liquid separation. 

The purpose of the number six high rate thickener with its characteristic deep side wall and 

steep cone bottom provides for a higher underflow slurry density, therefore, less solution 

liquid is in the underflow slurry in order to maximize recovery and minimize soluble uranium 

losses to the tailings pond.  Another reason for the high rate thickener is to give the added 

flexibility in operation reducing the impact of upsets during operation that can occur within 

the CCD washing circuit. 

 

Slurry underflow from the sixth CCD Thickener is pumped to a tailings mix tanks for mixing 

with other solution streams or dilution water to reduce the percent solids and thereby making 

pumping of the slurry more manageable before going to the tailings pond.  Overflow from the 

tailings mix tanks pass through a sampler before flowing into the final tailings sump and 

pump.  Sampling at this point will monitor the performance of the plant. 

Solvent Extraction (SX)  

The primary purpose of the SX circuit is to concentrate the uranium bearing pregnant 

solution. Referring to drawings 07028-F-08, 07028-F-09, and 07028-F-11, the SX system 

consists of two unit operations. In the first operation, the uranium is transferred from the 

aqueous leach solution to an immiscible organic liquid by ion exchange.  In the second 

operation, a reverse ion exchange process then strips the uranium from the organic solvent 

using aqueous ammonium sulfate. 

The uranium SX system consists of four extraction mixer/settlers, four strip mixer/settlers and 

one organic scrub mixer/settler. 
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Extraction Stages 

The pregnant solution is pumped from the storage tanks into the first extraction mixer where it 

is contacted with a tertiary amine flowing from the second stage extraction settler.  Recycling 

organic from the settler portion of the extraction stage and combining it with the organic 

stream from the next succeeding extraction stage maintains the desired organic to aqueous 

ratio in each extraction mixer.  Pump type mixer impellers are used to transport the liquids 

between the mixer/settlers.  After mixing, the combined solution of organic and aqueous 

overflows from the mixer into the settler where the aqueous and organic phases separate.  The 

uranium loaded organic flows to the loaded organic surge tank, while the aqueous phase flows 

to the 2nd extraction mixer, where it is contacted with the organic coming from the 3rd settler.  

The combined solution of organic and aqueous overflows from the 2nd mixer into the settler 

where the phases separate.  The organic phase flows to the 1st mixer while the aqueous phase 

flows to the 3rd mixer.  The aqueous stream to the 3rd mixer is mixed with the organic stream 

from the 4th settler.  The mixture overflows into the 3rd settler where they separate.  The 

organic phase flows to the 2nd mixer while the aqueous phase flows to the 4th mixer.   The 

aqueous stream to the 4th mixer is combined with barren organic fed from the barren organic 

tank.  This mixture overflows into the 4th settler where they separate and the organic stream 

flows to the 3rd mixer while the aqueous stream flows to a raffinate surge tank.  The raffinate 

is recycled back to the CCD circuit for washing the solids from leach.
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Strip Stages 

The uranium loaded organic is pumped from the loaded organic storage tank into the 1st strip 

mixer where it is contacted with an ammonium sulfate aqueous solution flowing from the 2nd 

stage extraction settler.  Recycling aqueous from the settler portion of the 1st strip stage and 

combining it with the aqueous stream from the next succeeding strip stage maintains the 

desired organic to aqueous ratio in each extraction mixer.  After mixing, the combined 

solution of organic and aqueous overflows from the mixer into the settler where the aqueous 

and organic phases separate.  The uranium loaded aqueous stream flows into pregnant strip 

solution tank, while the organic phase flows to the 2nd strip mixer, where it is contacted with 

the organic coming from the 3rd settler.  

The combined solution of organic and aqueous overflows from the 2nd mixer into the settler 

where the phases separate.  The aqueous phase flows to the 1st mixer while the organic phase 

flows to the 3rd mixer.  The organic stream to the 3rd mixer is mixed with the aqueous stream 

from the 4th settler.  The mixture overflows into the 3rd settler where they separate.  The 

aqueous phase flows to the 2nd mixer while the organic phase flows to the 4th mixer.   The 

organic stream to the 4th mixer is combined with barren strip solution fed from the barren strip 

solution surge tank.  This mixture overflows into the 4th settler where they separate and the 

aqueous stream flows to the 3rd mixer while the organic stream flows to the strip organic 

surge tank.   

Pump type mixer impellers are used to transport the liquids between the mixer/settlers and 

ammonia is added each strip stage to control the pH.   

Scrub Stage 

In order to prevent the build-up of co-extracted minerals such as molybdenum and vanadium 

in the recycled organic, some of the stripped organic is scrubbed with sodium carbonate in a 

single scrub mixer settler.  The stripped organic is pump fed to a stand pie where it is 

combined with sodium carbonate.  The pump type mixer impeller draws the mixture from the 

standpipe into the scrub mixer.   The mixture overflows into the settler and the phases 

disengage.  The scrubbed organic is pumped to the barren organic storage tank.  Most of the 
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aqueous phase is recycled back to the mixer to maintain a low organic to aqueous ratio in the 

mixer.  The depleted sodium carbonate is sent from the scrub settler to the tailings 

impoundment. 

Precipitation 

Drawings 07028-F-10 and 07028-F-12 illustrate the process for producing the Yellowcake 

product. The pregnant aqueous ammonium sulfate strip solution from the first strip stage of 

the uranium SX is fed to carbon columns to remove entrained organic before it is sent to the 

precipitation process surge tank.  The pregnant ammonium sulfate solution is then pumped 

through a heat exchanger to increase its temperature.  The solution flows from the heat 

exchanger into the first of three agitated precipitation tanks that are also temperature 

controlled with hot water flowing through coils located around the outside of the tanks. 

Ammonia gas is injected into the reaction tanks to neutralize the solution and achieve the 

uranium precipitation reaction to produce uranium diuranate. The precipitated uranium and 

barren liquor gravity flow into the precipitate thickener.  The thickener is large enough to 

accumulate the precipitate so that the downstream equipment including the washing, calcining 

and product packaging circuits can operate intermittently.   

The barren ammonium sulfate solution overflow from the thickener is filtered and flows into 

the barren strip solution surge tank.  Most of the barren solution is recycled back to the SX 

circuit for strip feed.   In order to prevent contaminate buildup in the strip and precipitation 

circuits, part of the barren solution is sent to the tailings impoundment. 
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Drying and Packaging  

The precipitated uranium is pumped from the thickener underflow through two drum filter 

repulpers designed to remove entrained contaminants.   The uranium diuranate solids are then 

pumped to a fuel oil fired calciner, a multi-hearth furnace, where the ammonia is driven off to 

produce Yellowcake.  The Yellowcake then passes through a delumper and discharges into 

steel drums.  

The washing, calcining and packaging circuits operates intermittently and product output 

from the plant will be approximately 15 to 16 barrels of yellow cake per week, each barrel 

holding approximately 750 lbs of product. Filled drums will be stored until a sufficient 

number have been assembled for shipment.  It is expected that on average, about three weeks 

of uranium would be the optimum maximum inventory, which is about 48 barrels.   A 

maximum of 64 barrels is assumed to be stored at the plant area.  Shipment is expected every 

two weeks on a truck with 25-ton haulage capacity.  The yellowcake will be hauled to 

Metropolis, Illinois, which is about a 1,500-mile haul.  

Water Supply 

The water supply for the plant is sourced from three water wells located east of the plant.  See 

Drawing 07028-C-02 for the location of the water supply wells.  Field investigations show 

significant scale buildup in the supply lines from the two supply wells.  This scale buildup is 

significant considering the period of time for which the plant was operated.  In order to 

address this issue, it is conceived that a reverse osmosis (RO) system be employed to remove 

calcium and other problem minerals from the water source.  

The process water for the plant requires heating.  The water is heated through the use of heat 

exchangers mounted on the enginators.  The hot water supply systems are shown in Figures 

07028-F-13, 07028-F-14, and 07028-F-15
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Potable water is provided from the three water wells, is stored in the well water storage tank, 

and then pumped to the raw water storage tank prior to being subjected to chlorine injection.  

It is then stored in the potable water storage tank where it is distributed by pumps for use.  

The fire water system is also supplied from the wells through the fuel oil driven main fire 

pumps that feed the main firewater loops within the plant and facility systems.  The potable 

and fire water systems are shown in Figure 07028-F-16. 

Plant Wastes and Effluents 

Processed ore labeled “tailings” is the major waste generated by the Shootaring Canyon 

Uranium Ore Processing Facility.  Tailings disposal includes permanent placement into an 

impoundment that utilizes a natural depression located adjacent to the plant site.   

The plant and its support facilities also produce other liquid and solid wastes and effluents 

that are either recycled in the various process operations or discharged to the tailings 

impoundment or to a sanitary waste leach field.  

Gaseous emissions and dust are discharged from eight stacks to promote dispersion.  

Controls for Plant Wastes and Effluents 

Control systems have been incorporated into the plant design to minimize emissions from the 

plant. Volatile fuels and reagents are stored in closed tanks to minimize the escape of vapors 

to the atmosphere. Most unit operations are conducted inside buildings or closed vessels. 

Process vents from vessels are passed through wet dust collectors or demisters to remove dust, 

mists, and gaseous pollutants.  

Buildings housing various plant operations have concrete floors sloped to sumps to collect 

spillage. Spilled materials are pumped back into the appropriate processing circuit. The 

building floors are curbed or recessed so that they can contain the volume of any single 

process tank in the event of a tank rupture. Fuel oil, kerosene, and acid storage tanks are 

located in open areas, and are surrounded by impoundments capable of holding the volume of 

the enclosed tanks. 
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The surface water handling system, including storm water handling, evaporation ponds, and 

tailings pond is being concurrently designed by another Uranium One team.  The 

requirements, including these costs are included in that body of work. 

In the dump area, a wet scrubber will be used to control fugitive dust emissions.  See Drawing 

07028-F-01.
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Tailings Handling System 

Tailings from the ore processing operation are discharged to a dammed impoundment located 

about 500 feet southwest the plant.  The impoundment has been designed with a net capacity 

of about 2,600 acre-feet that is sufficient for 15 years operation with a plant throughput of 

1,000 tons of dry ore per day, 365 days per year operation. At the end of 15 years the tailings 

in the impoundment will cover an area of approximately 70 surface acres. The impoundment 

is fenced to exclude livestock.  

The tailings management system design for the Shootaring Canyon project incorporates best 

available technology.  The tailings are stabilized within a few days to a few weeks of their 

placement in the impoundment. In order to accomplish this, a drainage system was installed in 

the bottom of the impoundment.  A prescribed tailings placement procedure will be followed 

to facilitate the drainage. As a result of this procedure, no deep concentrations of the tailings 

slimes are expected to form within the impoundment.  Therefore it will be possible to reclaim 

the tailings disposal area shortly after it is filled to its ultimate level. 

2.7 Site Layout Considerations 

The site layout needs to be modified to restrict the area where radiation controls need to be 

implemented.  During January and February of 2008 this area was modified to establish a 

tighter perimeter so that those working out of the area of potential contact and contamination 

would not be required to go through radiation safety exercises.  This has been done in order to 

focus the concentration of radiation safety programs on the areas that truly need the focus. 

Lyntek recommends that the modification of the ore truck travel route through the property to 

reduce the area of potential contamination.  In addition, an equipment wash down bay has 

been added, which is absolutely necessary to enable equipment to be transported from the site 

for repair and other purposes. 

2.8 Ore Handling 
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The ore is delivered to the plant by over-the-road haulage trucks.  It is expected that twenty to 

twenty five ton end-dump trucks will be employed from the Frank M mine and with the same 

style of truck with 12 ton pups from the Velvet mine.  The ore will then be stockpiled 

according to grade, ore ownership if tolling arrangements are in effect, or other ore 

characteristics that dictate segregation or blending considerations.  The feed ore stockpile will 

then be loaded by a 3 cubic yard front-end loader into the ore feed pocket located before the 

crushing and grinding circuit.  Ore is then fed to the SAG mill. 

2.9 Uranium Recovery 

The Shootaring Canyon processing facility is expected to have an overall uranium recovery 

rate of 91.5 percent from an average ore containing 0.224 percent uranium oxide (U3O8).  

Based on this anticipated recovery and an average processing rate of 750 tons per day (t/d) of 

ore, the facility will produce about 3,088 pounds per day (1b/d) of U3O8 according to mass 

balance calculations. 
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1.0 INTRODUCTION  

The Shootaring Canyon Uranium Processing Facility is currently in Standby status.  Uranium 
One, Inc. is proposing to convert the present license to Operational status.  This seismic hazard 
analysis has been prepared to characterize the peak horizontal ground acceleration (PGA) for 
use in seismic stability analyses of the facility.  
 
1.1 Project Location  
The site is located in a sparsely populated area of Garfield County, southeastern Utah, 
approximately 50 miles south of Hanksville, Utah (see Figure 1).  A small town, Ticaboo, is 
located 2.6 miles south of the site.  For the purposes of these analyses, the central location of 
the facility has coordinates of 37.72°N latitude and 110.70°W longitude. 
 
1.2 Previous Work  
Seismicity of the Shootaring site has been discussed in several previous consultants’ reports.  
The Tailings Management Plan (Plateau Resources, Ltd et al., 2007) included results of several 
tailings stability and deformation analysis in Appendix A of the referenced report.  Appendix A.1 
includes results from a January 9, 1997 pseudostatic analysis of the Shootaring Canyon Dam.    
The analysis was performed using a horizontal seismic coefficient of 0.19 g based on a 
published report by Lawrence Livermore National Laboratories (Bernreuter et al., 1995).  
Appendix A.5 includes a June 14, 1999 deformation analysis on the Shootaring Canyon Dam.  
The analyses were performed using a peak acceleration of 0.33 g based on a U.S. Geological 
Survey (USGS) Peak Acceleration Map.  Specific references for the map were not provided in 
the Tailings Management Plan (Plateau Resources Ltd, et al., 2007), but as will be discussed in 
Section 1.2.2, it is assumed that the peak acceleration corresponds to a 1 percent probability of 
exceedance in 50 years. 
  
1.2.1 Lawrence Livermore National Laboratories  
Lawrence Livermore National Laboratories (Bernreuter et al., 1995) performed a seismic hazard 
analysis for the Shootaring Canyon site as part of a study of all Title II sites performed for the 
U.S. Nuclear Regulatory Commission (NRC).  The purpose of the study was to evaluate the 
seismic design assumptions for mining sites where uranium tailings are being stored by 
performing simplified deterministic and probabilistic analyses.  Results of this study concluded 
that the PGA using deterministic methods is 0.3 g (median plus one sigma) and using 
probabilistic methods is 0.19 g for an annual probability of exceedance (PE) of 1x10-4.   
 
The deterministic analysis concentrated on three faults of the Bright Angel fault system.    The 
three faults evaluated include the fault closest to the site, and then two larger, but more distant, 
faults of the system.  This analysis concluded that the closest fault (4 km long, located 9 km 
from the site) has the greatest potential impact on the site.  Attenuation equations used in the 
analysis were not specified.  
 
The probabilistic analysis considered the pattern of random earthquakes occurring in an 
undefined source zone around the site.  Earthquake catalogs from the past 30 years 
(presumably from 1965 to 1995) were used to estimate a recurrence model for the area.  The 
three faults of the Bright Angel fault system were not incorporated into their probabilistic 
analysis.   
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1.2.2 USGS 
The source of the Peak Acceleration Map presented in the Tailings Management Plan, 
Appendix A.4 (Plateau Resources, Ltd. et al., 2007) was not referenced in Appendix A.4.  A 
reproduction of this map is presented for convenience in Appendix A of this report.  The map 
appears to be similar to interactive maps available from the USGS National Seismic Hazard 
Mapping Project (NSHMP) website using 1996 NSHMP data (USGS, 2007a), also shown in 
Appendix A.  However, the peak acceleration contours shown in Appendix A.4 are higher than 
the peak accelerations shown on the website for either a 2 percent or 10 percent probability of 
exceedance in 50 years.  Although a peak acceleration contour map showing 1 percent 
probability of exceedance is not currently available on the USGS website, it is assumed that at 
some point, this interactive map was available and it is this map that was presented in Appendix 
A.4.  This assumption is supported by data obtained from the USGS National Seismic Hazard 
Mapping Project (NSHMP) website for 1996 Interactive Deaggregations (USGS, 2007a).  Using 
the site location coordinates and a return period of 4975 years (which corresponds to a 1 
percent probability of exceedance in 50 years), the mapping project reports an acceleration of 
0.34 g.  Therefore, it is assumed that the value of 0.33 g is an interpolated value from a map 
provided by NSHMP corresponding to a 1 percent chance of exceedance in 50 years, using 
1996 data. 
 
In 2002, the NSHMP was updated.  Using 2002 data (USGS, 2007b), the peak acceleration at 
the site for a return period of 4975 years is reported as 0.32 g.  The hazard is almost entirely 
(99.2 percent) attributed to background seismicity within the Colorado Plateau around the site.  
It should be noted that for purposes of assigning attenuation models for the NSHMP, the USGS 
drew a boundary between the central and eastern United States (CEUS) and western United 
States (WUS).   The Shootaring Canyon site is located just within this CEUS boundary area.  
For areas within this CEUS boundary, attenuation relations of Toro et al. (1997), Frankel et al. 
(1996), Atkinson and Boore (1995), and Campbell (2002) were used.  The output for this data is 
included in Appendix A. 
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2.0 REGIONAL PHYSIOGRAPHIC AND TECTONIC SETTING  

The Shootaring Canyon site is located within the Colorado Plateau physiographic province in 
southeastern Utah.  The Colorado Plateau is a broad, roughly circular region of relative 
structural stability within a more structurally active region of disturbed mountain systems.  Broad 
basins and uplifts, monoclines, and belts of anticlines and synclines are characteristic of the 
plateau (Kelley, 1979).    Igneous intrusions have formed several mountains, such as the Henry 
Mountains near the facility.  However, most of the topographic relief in the Colorado Plateau is 
the result of erosion of deep canyons rather than upstanding mountain ranges (Thornbury, 
1965). 
 
The site is located near the southern end of the Henry Mountains’ structural basin.  The basin 
contains sedimentary rocks ranging from Mesozoic to Cenozoic in age, which are cut by the 
Tertiary intrusives forming the Henry Mountains, including Mt. Ellsworth.  Fault development in 
the area is associated with the intrusive igneous centers of the Henry Mountains.  These faults 
commonly have a northeasterly or northwesterly strike and do not generally extend far from the 
intrusive bodies.  Faults are not known to exist within the project. 
 
The interior of the Colorado Plateau is characterized by low heat-flow (Bodell and Chapman, 
1982) and a thick (45 km) crust (Keller, Braile, and Morgan, 1979), as compared to the 
surrounding Basin and Range Province and Rio Grande rift.  The transition zone between the 
interior and the surrounding provinces may be as wide as 100 to 150 km (Zoback and Zoback, 
1989).  This data suggest a weakening of the sides of the plateau lithosphere.  Such weakening 
is consistent with the normal faulting along the margins of the plateau.  The source of the 
relative stability of the Colorado Plateau thus is probably related to the cooler interior that has 
been stronger than the surrounding regions (Morgan and Swanberg, 1985). 
 
The contemporary seismicity of the Colorado Plateau was investigated by Wong and Humphrey 
(1989) based on seismic monitoring.  Their study characterized the seismicity of the plateau as 
being of small to moderate magnitude, of a low to moderate rate of occurrence with earthquakes 
widely distributed.   Seismicity in the plateau appears to be the result of the reactivation of pre-
existing faults not expressed at the surface but favorably oriented to the tectonic stress field.  
Very few earthquakes can be associated with known geologic structures or tectonic features in 
the plateau.  The generally small size of the earthquakes and their widespread distribution is 
consistent with a highly faulted Precambrian basement and upper crust, and a moderate level of 
differential tectonic stresses.  Earthquakes in the plateau generally occur within the upper 15 to 
20 km of the upper crust (Smith, 1978, Wong and Chapman, 1986) although events have 
occurred as deep as 58 km (Wong and Humphrey, 1989).  The predominant mode of tectonic 
deformation within the plateau appears to be normal faulting on northwest- to north-northwest-
striking faults, with some localized occurrences of strike-slip displacement on northwest- or 
northeast-striking planes at shallow depths.  The contemporary state of stress within the plateau 
is characterized by approximately northeast-trending extension (Wong and Humphrey, 1989). 
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3.0 SEISMICITY 

3.1 Earthquake Catalogs  
This seismic hazard analysis for the site included a review of historic earthquakes which have 
occurred within 200 miles of the site.  Catalogs from the USGS NSHMP for the Western United 
States (WUS) and Central and Eastern United States (CEUS) (Mueller et al., 1997) were used. 
These catalogs, compiled by the USGS for their study, included removal of duplicate events as 
well as aftershocks and foreshocks related to the primary earthquake events in order to obtain a 
catalog of independent events.  The database includes historical seismic events over the period 
from 1787 through December 2001.  The WUS and CEUS catalogs were supplemented with 
events occurring between January 2002 and September 2007 by searching the National 
Earthquake Information Center (NEIC) database, also maintained by the USGS.  This 
supplemental search resulted in three additional earthquakes. The catalog searches were 
limited to events with moment magnitude (Mw) greater than or equal to 4.0.  A total of 114 
events are included in the record.  Earthquake activity is relatively diffuse and generally of small 
magnitudes, as shown in Figure 1.  The earthquakes are tabulated in Appendix B.1.   
 
The largest event is estimated in the WUS catalog to have an Mw of 6.5.  This event occurred 
near Richfield, Utah on November 14, 1901.  The epicenter is approximately 105 miles 
northwest of the site, within the Intermountain seismic belt (ISB), a seismically active zone 
between the western border of the Colorado Plateau, and the Basin and Range physiographic 
province.   

 
The event closest to the site had an epicenter about 20 miles southeast of the site.  This 
earthquake, which occurred on August 22, 1986, had an Mw of 4.0.  As discussed in Wong and 
Humphrey (1989), this event is the largest earthquake known to have occurred in southeastern 
Utah.  The focal mechanism for the earthquake exhibited normal faulting on northwest-striking 
fault planes. 
 
In addition to the evaluation of significant earthquakes (Mw>4) as described above, a search of 
low magnitude events (Mw>2.4) within 80 miles of the site was also conducted using the NEIC 
database.  These events are shown in Figure 2 and are tabulated in Appendix B.2. 
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4.0 SEISMIC HAZARD ANALYSIS  

Seismic hazard analyses are typically conducted using one of two methods: (1) deterministic 
analysis or (2) probabilistic analysis. In the deterministic analyses, the ground motions from the 
maximum credible earthquake (MCE) associated with capable faults are attenuated to the site.  
A capable fault is defined by the United States Nuclear Regulatory Commission (NRC), in 
Appendix A to Part 100—Seismic and geologic siting criteria for Nuclear Power Plants, as a 
fault that has exhibited one or more of the following characteristics: 1) movement at or near the 
ground surface at least once within the past 35,000 years, or movement of a recurring nature 
within the past 500,000 years; 2) macroseismicity (magnitude 3.5 or greater) determined with 
instruments of sufficient precision to demonstrate a direct relationship with the fault; or 3) a 
structural relationship to a capable fault such that movement on one fault could be reasonably 
expected to cause movement on the other.  The ground motions from the MCE associated with 
the fault are attenuated to the site using established attenuation equations.  In deterministic 
analyses, typically median plus one sigma ground motions are reported. 
 
Background, or floating, earthquakes are typically evaluated deterministically by placing the 
largest earthquake that can be assumed to occur unassociated with a known fault at a distance 
of 15 km from the site.  In areas of low seismic activity, deterministic analyses tend to 
significantly overestimate ground accelerations.   
 
In probabilistic analyses, ground motions and the associated probability of exceedance are 
estimated in order for the amount of risk associated with the design ground motion to be 
evaluated.  As specified by the U.S. Environmental Protection Agency (EPA) Promulgated 
Standards for Remedial Actions at Inactive Uranium Processing Sites (40 CFR 192), the 
controls of residual radioactive material are to be effective for up to 1,000 years, to the extent 
reasonably achievable and, in any case, for at least 200 years. For the purpose of the seismic 
hazard evaluation, a 10,000-year return period is adopted for evaluating long-term stability of 
the facility.  The probability that the 10,000-year event will be exceeded within a 200- to 1,000-
year design life is between 2 and 10 percent.  This is consistent with the International Building 
Code (IBC, 2006) which specifies designing for ground motions associated with a 2 percent 
probability of exceedance in a 50-year design life, or a return period of approximately 2,500 
years.  Similarly, a 2,500-year return period is appropriate during operational conditions, 
considering a design life of 50 years.    
 
Seismic hazard analysis was performed using software EZ-FRISK, version 7.25 (Risk 
Engineering, Inc, 2008). 
 
4.1 Seismic Sources 
 
4.1.1 Active Faults 
 
Quaternary faults were identified using the USGS Quaternary Fault and Fold database (USGS 
et al. 2006). Faults within 200 miles of the site are shown in Figure 1.  A tabulated list of the 
faults is included in Appendix C.1.  NRC documentation in 10 CFR Appendix A to Part 40 and 
10 CFR Appendix A to Part 100 gives specific criteria for faults that should be considered as 
follows: 
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Table 1   Minimum Criteria for Considering Faults (NRC 10 CFR Part 100, Appendix A) 

Distance from site 
(miles)     

Minimum length of fault to be 
considered (miles) 

0 to 20                                1 
20 to 50 5 
50 to 100 10 
100 to 150 20 
150 to 200 40 

 
All faults from the Quaternary Fault and Fold database that met these minimum requirements 
were considered as seismic sources for the deterministic seismic hazard analysis.  This is a 
conservative approach, as the definition of a Quaternary fault is movement within the past 1.8 
million years, and the definition of an active fault, as described in Section 4.0, is between 35,000 
and 500,000 years.  The MCE associated with each fault was calculated based on correlations 
between fault length and magnitude, as developed by Wells and Coppersmith (1994).  
 
For the probabilistic analysis, faults that are included in the USGS Quaternary fault and fold 
database and have the potential to produce peak ground accelerations of 0.05 g or greater 
(based on deterministic methods) were selected for further evaluation in the probabilistic model.  
These criteria resulted in the inclusion of the following seven faults:  
 

1) Bright Angel fault system, Fault 1, (2514),  
2) Bright Angel fault system, Fault 2, (2514); 
3) Bright Angel fault system, Fault 3, (2514); 
4) Needles fault zone, (2507); 
5) Shay graben, (2513); 
6) Aquarius and Awapa plateau faults, (2505); and 
7) Thousand Lakes fault (2506). 

 
These faults are shown in Figure 2.  These faults were not considered in the USGS NSHMP 
because their activity in the Quaternary is suspect, or because their movement in the mid to late 
Quaternary did not meet the USGS definition of an active fault.   

 
The three faults of the Bright Angel fault system are included in the hazard analysis due to their 
proximity to the site and potential impacts.  This fault system is classified as Class B in the 
Quaternary fault and fold database (USGS et al, 2006).  The definition of Class B faults is 
geologic evidence that demonstrates the existence of Quaternary deformation, but either (1) the 
fault might not extend deeply enough to be a potential source of significant earthquakes, or (2) 
the currently available geologic evidence is too strong to confidently assign the feature to Class 
C but not strong enough to assign it to Class A.  The fault system is described as an expansive 
area of poorly understood suspected Quaternary faults in the Colorado Plateau.  The faults are 
entirely within bedrock, thus Quaternary deformation can not be proven.  Focal mechanism 
studies by both Brumbaugh (2005) and Wong and Humphrey (1989) indicate that within the 
Colorado Plateau, northwest striking normal faults are compatible with the modern state of 
stress of northeast-trending extension of the plateau, and northeast trending faults tend to not 
be active.  Based on this data, the northeast trending faults of the Bright Angel fault system 
(labeled Fault 1 and 3 on Figure 2) will be assigned a low probability of seismogenic activity 
(0.10).  Although Quaternary deformation has not been proven (USGS et al., 2006) and USGS 
did not consider this fault system to be active in the NSHMP, the northwest-trending Fault 2 will 
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be assigned a higher probability of seismogenic activity of 0.50 because it is oriented favorably 
to the stress field. 

 
The Needles fault zone has been removed from the probabilistic analysis because it is a 
structure resulting from salt movement that does not extend deeper than the evaporites of the 
Paradox Formation and is not considered seismogenic (Wong et al. 1996, Huntoon, 1982).   

 
The Shay Graben faults have been assigned a lower probability of seismogenic activity (0.10) 
due to evidence for late-Quaternary deformation being associated with salt-dissolution collapse 
(Wong et al. 1996, Oviatt, 1988).   

 
Descriptions of the faults (USGS et al. 2006) are included in Appendix D.  Additional 
uncertainties in the fault characteristics are incorporated into the probabilistic analysis by 
representing the possible scenarios with a weight value.  In general, the mean value is given a 
weight of 0.6, with the mean plus or minus one standard deviation values each given a weight of 
0.2.  The parameters used in the probabilistic analysis are described below, and are 
summarized in Appendix C.2. 
 
Fault dips were assumed to vary between 40 and 80 degrees, with a mean value of 60 degrees.  
This is consistent with the NSHMP, which assumes a dip of 60 degrees for most normal faults 
within the western U.S., and with previous seismic hazard analyses in the Colorado Plateau 
(Wong et al., 1996).  Fault depths were assumed to vary between 12 and 20 km, with a mean 
value of 15 km, as is typical in western U.S. (Wong and Chapman, 1990).  Maximum 
magnitudes for the faults were estimated based upon the empirical relationship developed by 
Wells and Coppersmith (1994) for surface rupture length, with an uncertainty of 0.3 
corresponding to the standard error in the Wells and Coppersmith (1994) relationship.  The 
recurrence relationships for the faults were modeled using both Gutenberg-Richter exponential 
and normal magnitude recurrence models.  The exponential model was given a weight of 0.2 
and the normal magnitude model was given a weight of 0.8 in the analysis.  Slip rates are used 
to characterize rates of fault activity.  However, very limited data was available regarding slip 
rates, and the USGS fault and fold database categorizes all the 7 considered faults as simply 
having a slip-rate less than 0.2 mm per year.  Slip rates were therefore modeled as being 
between 0.005 and 0.2 mm per year, similar to rates of activity assigned to many faults of 
questionable quaternary activity in the Rio Grande Rift area east of the Colorado Plateau (Wong 
et al., 2004). 
 
4.1.2 Background Event 
Many earthquakes occur that are not associated with a known structure.  These events are 
termed background events, or floating earthquakes.  Evaluation of the background event allows 
for potential low to moderate earthquakes not associated with tectonic structures to contribute to 
the seismic hazard of the site.  The maximum magnitude for these background events within the 
Intermountain U.S. ranges between local magnitude (ML) 6.0 and 6.5 (Woodward-Clyde 1996). 
Larger earthquakes would be expected to leave a detectable surface expression, especially in 
arid to semiarid climates, with slow erosion rates and limited vegetation. In seismically less 
active areas such as the Colorado Plateau, the maximum magnitude associated with a 
background event is assumed to be 6.3, consistent with that used in seismic evaluations 
performed for uranium tailing sites in Green River (DOE 1991a, pg. 26), and Grand Junction 
(DOE 1991b, pg. 71). 
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The hazard from background earthquakes is assessed using two approaches, each given equal 
weight in the probabilistic analysis.  The first approach uses areal source zones and assumes a 
uniformly distributed seismicity within the zone.  The second approach uses gridded seismicity 
which retains a degree of stationarity using 0.1 degree latitude and longitude grid spacing, as 
used by USGS for the NSHMP (Frankel et al. 1996).   

 
The earthquake magnitude and recurrence interval of an areal source zone were assessed by 
looking at the earthquake record within 200 miles of the site, filtered to include only events with 
Mw values equal or greater than 4.0, as described in Section 3.1. The entire 200-mile radius 
circle about the site was evaluated as a source zone with uniformly distributed seismicity.  As 
shown in Figure 1, the NW quadrant of the 200-mile radius circle has a high concentration of 
Quaternary faults and historical earthquake events.  This zone corresponds to the Intermountain 
Seismic Belt (ISB), an area of significant earthquake activity.  Including these events is 
conservative, as the recurrence interval of events in the remaining portion of the circle, including 
around the site, is overestimated.   
 
In computation of background seismicity recurrence, all events know to be associated with faults 
considered in the hazard analysis should be removed from the analysis.  On November 14, 
1901, an earthquake with an estimated Mw of 6.5 occurred in Sevier County at an approximate 
location of 38.7° latitude and -112.1° longitude.  As shown in Figure 2, this location is close to 
several Quaternary faults (Joseph Flats area faults and syncline - 2468, Elsinore fault - 2470, 
Dry Wash fault and syncline - 2496, Annabella graben - 2472, and Sevier fault northern portion - 
2355).  The earthquake record shows a total of 9 earthquakes with Mw equal or greater than 4.0 
in this immediate area.  The Mw 6.5 event has been removed from the background analysis 
since it is likely related to one of these structures, and an event of this magnitude will likely have 
a surface expression.  For conservatism, the other eight events of lesser magnitude have been 
retained in the analysis.   
 
The earthquake recurrence of the source zone was described by the truncated-exponential form 
of the Gutenberg-Richter relationship of log N = a – bM using the maximum likelihood procedure 
by Weichert (1980).  The completeness periods for various magnitudes were estimated by 
Mueller et al. (1997).  Table 2 gives the completeness period dates and the number of 
earthquakes during each period.  Figure 3 shows the temporal distribution of earthquakes within 
the study area, and Figure 4 shows the recurrence curve. 
 

Table 2   Completeness Periods and Event Counts Used in Recurrence Calculations 

Magnitude 
Range (Mw) 

Completeness 
Period  

Number of 
Earthquakes 

4.0-4.9 1/1963 - 8/2007 56 
5.0-5.9 1/1930 - 8/2007 22 
6.0-7.0 1/1850 - 8/2007 1 

 
 
A study by Wong et al. (1996) also evaluated the recurrence of background events within the 
Colorado Plateau.  The areal source zone is the interior portion of the plateau, as shown in 
Figure 1.  The recurrence relationship developed for that study is shown on Figure 4.  The 
relationship developed by Wong et al. (1996) is a robust analysis which limits the source zone to 
that most seismically similar to the project site.  However, the seismicity record goes only 
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through 1994.  Therefore, the recurrence relationship for the 200-mile radius about the site is 
retained in the analysis because it incorporates events through 2007.  The two recurrence 
relationships are evaluated in the hazard analysis with equal weight. 
 
4.2 Attenuation Relations 
Attenuation of ground motions from the location of a seismic event to the site was calculated 
using attenuation relations.  Due to the absence of abundant strong ground motion records, no 
specific attenuation relation exists solely for Utah; thus, several attenuation relations from other 
areas were considered for use at the site.  For the purposes of this study, the following three 
attenuation relationships were used:  Spudich et al. (1999), Abrahamson and Silva (1997), and 
Campbell and Bozorgnia (2007).  The empirical attenuation relations are appropriate for soft 
rock sites in the western U.S.  An important consideration in the selection of appropriate 
attenuation relationships is that the area is located in an extensional tectonic regime where fault 
type is predominately normal.  Spudich et al. (1999) was developed from an extensional 
earthquake database.  Abrahamson and Silva (1997) and Campbell and Bozorgnia (2007) 
include normal faulting factors in the relations.   The hazard was truncated at three standard 
deviations about the median value of each of the three attenuation relationships.  Results from 
each relationship, along with the lognormal mean of the three relations are reported in Table 3.  
 
4.3 Peak Ground Acceleration 
Based on deterministic methods, the median plus one sigma ground motion from the 
background event results in a PGA of 0.24 g.  Seven faults are identified as potentially capable 
of producing site PGA of 0.05 g or greater, and are summarized in Table 3. 
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Table 3   PGA for Significant Faults, Deterministic Analysis 

PGA 
Median (Median plus 1 sigma) 

 
Source Name 

 
ID No. 

Distance 
from Site 

(km) 

 
MCE Spudich 

et al. 
(1999) 

Abrahamson 
and Silva 

(1997) 

Campbell 
and 

Bozorgnia 
(2007) 

Lognormal 
mean 

Background Event --- 15 6.3 0.12 (0.19) 0.20 (0.33) 0.13 (0.23)  0.15 (0.24) 
Bright Angel, Fault 1 2514 9 5.8 0.14 (0.22) 0.20 (0.35) 0.16 (0.28) 0.16 (0.28) 
Bright Angel, Fault 2 2514 13 6.2 0.13 (0.21) 0.21 (0.36) 0.14 (0.25) 0.16 (0.27) 
Bright Angel, Fault 3 2514 35 6.7 0.07 (0.11) 0.10 (0.16) 0.07 (0.12) 0.08 (0.13) 
Needles Fault 2507 60 6.8 0.04 (0.06) 0.06 (0.09) 0.04 (0.07) 0.05 (0.07) 
Thousand Lake Fault 2506 90 7.0 0.03 (0.05) 0.04 (0.07) 0.03 (0.06) 0.03 (0.06) 
Shay graben Fault 2513 88 6.9 0.03 (0.05) 0.04 (0.07) 0.03 (0.06) 0.03 (0.06) 
Aquarius and Awapa 
Fault 2505 89 6.9 0.03 (0.05)  0.04 (0.06) 0.03 (0.05) 0.03 (0.05) 
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As compared to the background event, only the faults of the Bright Angel Fault Zone result in 
PGA values of comparable magnitude.  However, the likelihood of any of these events occurring 
within the design life of the project can only be evaluated by looking at the probabilistic analysis. 
 
Table 4 shows the seismic source contribution to the total mean hazard at a return period of 
10,000 years (or 1x10-4 annual percent exceedance).  The mean PGA is estimated to be 0.18 g.  
The total hazard curve is shown in Figure 5 and the source contribution is shown in Figure 6. As 
shown in Figure 6, at this frequency, the hazard is almost entirely contributed to the background 
event.  Input to the EZ-FRISK analysis is included in Appendix E. 
 

 

Table 4   Hazard Contribution to Total Mean Hazard for 10,000-year Return Period, 
Probabilistic Analysis 

 
Source Name 

 
ID No. 

Distance 
from Site 

(km) 
PGA 

Background Event – 
Ext Gridded --- --- 0.07 

Background Event – 
CO Plateau Int (Wong 
et al. 1996) 

--- --- 0.11 

Background Event – 
200-mile radius about 
site 

--- --- 0.13 

Bright Angel, Fault 1 2514 9 <0.01 
Bright Angel, Fault 2 2514 13 <0.01 
Bright Angel, Fault 3 2514 35 <0.01 
Needles Fault 2507 60 <0.01 
Thousand Lake Fault 2506 90 <0.01 
Shay graben Fault 2513 88 <0.01 
Aquarius and Awapa 
Fault 2505 89 <0.01 

Total Hazard --- --- 0.18 
 

 
 
4.4 Amplification 
Geologic maps of the area (Hackman and Wyant, 1973) indicate that the site is underlain by 
Lower Cretaceous Morrison and Upper Jurassic Summerville formation of sandstones, 
mudstones, and siltstones.  As defined in Campbell and Bozorgnia (2003), the site is 
categorized as a firm rock site, based on underlying geologic unit consisting of pre-Tertiary 
sedimentary rock.  As such, further amplification of ground motions due to underlying soils was 
not considered.  If further investigations indicate that the materials within the upper 30 meters 
are not classified as firm rock, soil amplification should be considered. 
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5.0 RESULTS AND CONCLUSIONS 

Based on the probabilistic analysis, a PGA (at an annual PE of 1x10-4) of 0.18 g should be used 
for long-term seismic stability analyses.  The U.S. Department of Energy (DOE, 1989) 
recommends that a seismic coefficient of two-thirds of the peak acceleration be used to analyze 
long-term, pseudostatic stability analyses.  Therefore, for long-term pseudostatic analyses, a 
seismic coefficient of 0.12 g is recommended.   
 
The value of 0.18 g is lower than the 0.32 g from the USGS 2002 Interactive Deaggragations 
(USGS, 2007a).  It is likely that the majority of the difference is a result of using different 
attenuation relationships.  As discussed in Section 1.2.2, the site is very close to the border 
drawn by USGS between the WUS and CEUS zones.  Because the site lies within the CEUS 
area, the USGS applied attenuation relations developed for the CEUS.  However, it is the 
opinion of the author that using attenuation relations that are specific to normal extensional 
faulting is appropriate.  This is supported by other studies done in the area (e.g. Wong et al. 
1996, Halling 2002, Wong et al. 2004). 
 
During operational conditions, designing for an annual PE of 4x10-4, or a 2500-year return 
period would correlate roughly to a 2 percent chance of exceedance in 50 years.  Using this 
criterion, the PGA is 0.10 g and the seismic coefficient is 0.07 g. 
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FIGURE 1

HISTORICAL EARTHQUAKES AND QUATERNARY FAULTS WITHIN 200 MILES OF SHOOTARING CANYON SITE
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FIGURE 2

FAULTS DISCUSSED IN SEISMIC HAZARD ANALYSIS
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FIGURE 3 
TEMPORAL DISTRIBUTION OF EARTHQUAKES WITHIN 

200 MILES OF SHOOTARING CANYON SITE
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FIGURE 4 
RECURRENCE CURVES FOR EARTHQUAKES 
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FIGURE 5 
TOTAL SEISMIC HAZARD CURVE 

SHOOTARING CANYON SITE

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

0.0001 0.001 0.01 0.1 1 10

Peak Ground Acceleration (g)

A
nn

ua
l F

re
qu

en
cy

 o
f E

xc
ee

de
nc

e

Mean

Abra-Silva (1997)

Spudich (1999)

Camp-Boz (2007)



April 2008Project No: 181692 

FIGURE 6 
SOURCE CONTRIBUTION TO TOTAL SEISMIC HAZARD 
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Appendix B.1:  Earthquake events with Magnitude greater or equal to 4.0 occurring 
within 200 miles of Shootaring Canyon site

Source: 
Open-File Report 97-464 "Preparation of Earthquake Catalogs for the National Seismic-Hazard Maps: 
Contiguous 48 States" by Charles Mueller, Margaret Hopper, and Arthur Frankel.
Western US Moment Magnitude Catalog

WUS > 4 Mw
BOLD data is more recent than January 1996 

Magnitude 
(Mw)

Longitude 
(degree, 
west)

Latitude 
(degree, 
north)

Depth 
(km) Year Month Day Hour Minute Second Catalog

5.7 -112.522 37.047 0 1887 12 5 15 30 0 DNAG
5.7 -112.114 39.952 0 1900 8 1 7 45 0 DNAG
6.5 -112.083 38.769 0 1901 11 14 4 39 0 DNAG
4.3 -112.639 38.279 0 1902 7 31 7 0 0 DNAG
6.3 -113.52 37.393 0 1902 11 17 19 50 0 DNAG

5 -113.007 38.393 0 1908 4 15 0 0 0 DNAG
5 -112.149 38.682 0 1910 1 10 13 0 0 DNAG

5.7 -111.5 36.5 0 1912 8 18 21 12 0 DNAG
4.3 -113.713 37.572 0 1914 12 14 5 30 0 DNAG

5 -111.655 40.239 0 1915 7 15 22 0 0 DNAG
4.3 -111.781 39.972 0 1916 2 5 6 25 0 DNAG
4.3 -113.573 37.106 0 1920 11 26 0 0 0 DNAG
5.2 -112.1 38.7 0 1921 9 29 14 12 0 USHIS
4.3 -113.233 38.166 0 1923 5 14 12 10 0 DNAG

5 -112.827 37.842 0 1933 1 20 13 10 0 DNAG
5 -112.1 36 0 1935 1 10 8 10 0 DNAG

4.3 -113.5 36.3 0 1936 1 22 3 38 0 SRA
4.3 -112.958 37.25 0 1936 5 9 10 25 0 DNAG
4.7 -113.3 38 0 1936 9 21 6 20 0 USHIS
4.3 -112.433 37.822 0 1937 2 18 4 15 0 DNAG

4 -114 37 0 1938 12 28 4 37 36 DNAG
4 -114.3 37.3 0 1941 5 6 3 11 42 CDMG

4.3 -111.65 39.58 0 1942 6 4 22 4 0 DNAG
5 -113.065 37.682 0 1942 8 30 22 8 0 DNAG
4 -114.1 37.4 0 1943 3 6 20 14 30 SRA

4.3 -112.26 38.58 0 1943 11 3 9 30 0 DNAG
4 -114.25 37.35 0 1943 11 6 3 55 0 CDMG
5 -111.986 38.765 0 1945 11 18 1 15 0 DNAG

4.3 -111.637 39.263 0 1948 11 4 13 18 0 DNAG
4.7 -113.1 37.5 0 1949 11 2 2 29 29 CDMG
4.3 -111.729 40.038 0 1950 5 8 22 35 0 DNAG

5 -111.9 38.5 0 1950 11 18 1 15 0 DNAG
4.3 -111.655 40.239 0 1951 8 12 0 26 0 DNAG
4.3 -111.86 40.396 0 1952 9 28 20 0 0 DNAG
4.3 -111.5 40.5 0 1953 5 24 2 54 29 DNAG
4.3 -112.433 37.822 0 1953 10 22 3 0 0 DNAG

Shootaring Earthquakes.xls 1 of 5
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Appendix B.1:  Earthquake events with Magnitude greater or equal to 4.0 occurring 
within 200 miles of Shootaring Canyon site

5 -107.3 38 0 1955 8 3 6 39 42 DNAG
5 -111.44 40.341 0 1958 2 13 22 52 0 DNAG

4.3 -111.833 39.711 0 1958 11 28 13 30 39 DNAG
5 -112.5 38 0 1959 2 27 22 19 52 DNAG

5.6 -112.37 36.8 0 1959 7 21 17 39 29 USHIS
5 -111.5 35.5 0 1959 10 13 8 15 0 USHIS
5 -111.66 39.34 0 1961 4 16 5 2 39.3 DNAG

4.3 -114.333 37.667 0 1961 9 26 21 46 20 CDMG
4.7 -107.6 38.2 25 1962 2 5 14 45 51.1 USHIS
4.4 -112.9 37 21 1962 2 15 9 6 45.1 SRA
4.5 -112.4 36.9 26 1962 2 15 7 12 42.9 USHIS
4.5 -112.1 38 33 1962 6 5 22 29 45 USHIS
4.4 -114.2 37.5 0 1962 7 8 15 58 6 CDMG
4.3 -111 40 33 1962 9 7 8 47 19 DNAG

5 -111.91 39.53 7 1963 7 7 19 20 39.6 USHIS
4 -111.19 40.03 7 1963 7 9 20 25 25.8 SRA
4 -111.55 39.1 7 1966 4 23 20 20 53.3 SRA

4.2 -111.85 37.98 7 1966 5 20 13 40 47.9 SRA
5.4 -114.2 37.4 33 1966 9 22 18 57 36.5 USHIS
4.4 -111.6 35.8 34 1966 10 3 16 3 50.9 SRA
4.2 -113.16 38.2 7 1966 10 21 7 13 48.9 SRA
4.2 -112.3 38.8 33 1967 6 22 21 51 29.9 DNAG
4.2 -111.6 36.15 33 1967 9 4 23 27 46.2 SRA
5.6 -112.16 38.54 7 1967 10 4 10 20 12.8 USHIS

4 -112.04 39.27 7 1968 1 16 9 42 52.1 SRA
4 -113.082 38.407 0 1970 3 30 15 15 52.7 DNAG

4.1 -111.72 37.87 7 1970 4 18 10 42 11.5 SRA
4.2 -112.47 38.06 7 1970 5 23 22 55 23.2 SRA
4.1 -113.1 37.8 7 1971 11 10 14 10 23 SRA
4.5 -112.17 38.65 7 1972 1 3 10 20 38.9 USHIS
4.3 -112.07 38.67 7 1972 6 2 3 15 48.2 SRA
4.5 -111.35 40.51 7 1972 10 1 19 42 29.5 USHIS
4.6 -111.97 39.94 5 1980 5 24 10 3 36.3 SRA
4.3 -111.74 40.32 1 1981 2 20 9 13 1.2 USHIS
4.4 -113.3 37.59 1 1981 4 5 5 40 39.7 USHIS
4.3 -111.62 35.17 0 1981 12 6 9 9 20.3 DNAG
4.3 -112.04 38.71 5 1982 5 24 12 13 26.6 USHIS

4 -112.565 38.577 0 1983 12 9 8 58 40.7 SRA
4.6 -112.009 39.236 1 1986 3 24 22 40 23.4 USHIS
5.3 -111.614 38.824 10 1989 1 30 4 6 22.7 USHIS

4 -112.257 35.952 5 1989 3 5 0 40 30.8 PDE
4 -112.355 35.96 5 1992 3 14 5 13 31.6 PDE

4.4 -111.554 38.783 0 1992 6 24 7 31 20.2 PDE
4 -112.219 35.982 5 1992 7 5 18 17 29.9 PDE

5.7 -113.472 37.09 15 1992 9 2 10 26 20.9 PDE
5.3 -112.112 35.611 10 1993 4 29 8 21 0.8 PDE
4.1 -112.327 38.078 5 1994 9 6 3 48 37.6 PDE

Shootaring Earthquakes.xls 2 of 5



Appendix B.1:  Earthquake events with Magnitude greater or equal to 4.0 occurring 
within 200 miles of Shootaring Canyon site

4 -112.223 35.964 5 1995 4 17 8 23 46.2 PDE
4 -113.294 37.416 5 1995 6 8 8 29 16.5 PDE

4.5 -112.467 38.206 5 1998 1 2 7 28 29 PDE
4.1 -112.49 37.97 2 1998 6 18 11 0 40 PDE
4.2 -112.727 38.077 5 1999 10 22 17 51 15.6 PDE

4 -111.53 38.75 2 1999 12 22 8 3 31 PDE
4.1 -112.56 38.73 0 2001 2 23 21 43 50 PDE
4.4 -111.521 38.731 3 2001 7 19 20 15 34 PDE

Shootaring Earthquakes.xls 3 of 5



Appendix B.1:  Earthquake events with Magnitude greater or equal to 4.0 occurring 
within 200 miles of Shootaring Canyon site
Source:
Open-File Report 97-464 "Preparation of Earthquake Catalogs for the National Seismic-Hazard Maps: 
Contiguous 48 States" by Charles Mueller, Margaret Hopper, and Arthur Frankel.
Central/Eastern US Bodywave Magnitude Catalog 

CEUS > 4 mb
BOLD data is more recent than January 1996 

Magnitude 
(mb)

Longitude 
(degree, 
west)

Latitude 
(degree, 
north)

Depth 
(km) Year Month Day Hour Minute Second Catalog

5 -107.5 39 0 1944 9 9 4 12 20 DNAG
5 -109.5 35.7 0 1950 1 17 0 51 0 DNAG

5.3 -110.5 40.5 0 1950 1 18 1 55 51 USHIS
4.3 -110.163 38.997 0 1953 7 30 5 45 0 DNAG
5.5 -107.6 38.3 49 1960 10 11 8 5 30.5 USHIS
4.3 -111.22 38.1 7 1963 9 30 9 17 39.3 SRA
4.2 -107.6 38.3 33 1966 9 4 9 52 34.5 SRA
4.4 -107.51 38.98 33 1967 1 12 3 52 6.2 SRA
4.1 -107.86 37.67 33 1967 1 16 9 22 45.9 SRA

4 -108.31 37.92 33 1970 2 3 5 59 35.6 SRA
4 -108.68 38.91 5 1971 11 12 9 30 44.6 SRA

4.1 -108.65 39.27 5 1975 1 30 14 48 40.3 SRA
4.6 -108.212 35.817 0 1976 1 5 6 23 33.9 SNMX
4.2 -108.222 35.748 0 1977 3 5 3 0 55.8 SNMX
4.8 -110.47 40.47 6 1977 9 30 10 19 20.4 USHIS

4 -110.574 37.42 5 1986 8 22 13 26 33.3 SRA
5.4 -110.869 39.128 10 1988 8 14 20 3 3.9 USHIS
4.5 -107.976 38.151 10 1994 9 13 6 1 23 PDE
4.1 -108.925 40.179 5 1995 3 20 12 46 16.3 PDE
4.2 -110.878 39.12 0 1996 1 6 12 55 58.6 PDE
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Appendix B.1:  Earthquake events with Magnitude greater or equal to 4.0 occurring 
within 200 miles of Shootaring Canyon site
Source:  NEIC Earthquake search

 FILE CREATED:  Mon Sep 17 20:44:04 2007
 Circle Search   Earthquakes=       649
 Circle Center Point Latitude:   37.720N  Longitude:   110.700W
 Radius:     320.000 km
 Catalog Used: PDE
 Data Selection: Historical & Preliminary Data
BOLD data is more recent than January 1996 

Magnitude 
(Mw)

Longitude 
(degree, 
west)

Latitude 
(degree, 
north)

Depth 
(km) Year Month Day Hour Minute Second Catalog

4.6 -111.857 39.516 0 2003 4 17 1 4 19 PDE
4.1 -108.915 38.236 0 2004 11 7 6 54 59 PDE
4.1 -113.305 38.071 7 2007 8 18 13 16 31 PDE-Q

Shootaring Earthquakes.xls 5 of 5
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Appendix B.2  Earthquake events within 80 miles of Shootaring Canyon Site

Source:  NEIC Earthquake Search Results
U N I T E D  S T A T E S  G E O L O G I C A L  S U R V E Y
E A R T H Q U A K E    D A T A    B A S E

 FILE CREATED:  Wed Mar  5 16:19:19 2008
 Circle Search   Earthquakes=        19
 Circle Center Point Latitude:   37.720N  Longitude:   110.700W
 Radius:     129.000 km
 Catalog Used: PDE
 Data Selection: Historical & Preliminary Data
 Catalog Used: USHIS
 Data Selection: Significant U.S. Earthquakes (USHIS)
 Catalog Used: SRA
 Data Selection: Eastern, Central and Mountain States of U.S. (SRA)

CATALOG 
SOURCE

Date COORDINATES DEPTH
Magnitude 

(Mw)
YEAR MO DA LAT LONG km

SRA 1885 12 17 38.3 -111.5 3.0
SRA 1896 10 14 38.4 -110.7 3.0
SRA 1935 10 6 37.9 -111.4 3.7
SRA 1943 8 14 38.2 -111.4 3.7
SRA 1955 3 27 38.3 -111.3 3.7
SRA 1962 3 16 36.88 -109.72 2.4
USHIS 1962 6 5 38 -112.1 33 4.5
SRA 1962 8 19 38.05 -112.09 7 3.2
SRA 1963 9 30 38.1 -111.22 7 4.3
SRA 1966 5 20 37.98 -111.85 7 4.1
SRA 1967 2 1 37.83 -110.17 7 2.5
SRA 1967 5 8 37.79 -110.17 7 2.7
SRA 1968 2 23 37.6 -110.24 7 2.8
SRA 1968 9 24 38.04 -112.08 7 3.6
SRA 1969 8 19 37.64 -110.65 7 2.6
SRA 1970 4 18 37.87 -111.72 7 3.7
SRA 1972 7 13 37.56 -111.94 7 2.9
SRA 1976 11 19 38.66 -111.35 7 2.5
SRA 1976 12 28 38.35 -111.17 7 2.5
SRA 1977 8 12 36.79 -110.92 7 2.6
SRA 1977 9 21 37.11 -111.54 7 2.7
SRA 1977 11 29 36.82 -110.99 7 3.0
SRA 1979 4 30 37.88 -111.02 7 3.8



SRA 1979 10 23 37.89 -110.93 7 3.5
SRA 1981 4 9 37.72 -110.54 2 2.7
SRA 1981 5 29 36.83 -110.37 1 3.0
SRA 1981 9 10 37.5 -110.56 2 3.1
SRA 1982 4 17 38.22 -111.3 9 3.0
SRA 1982 8 25 38.01 -111.64 7 2.7
SRA 1983 1 27 37.778 -110.674 7 3.3
PDE 1983 5 3 38.288 -110.592 7 3.0
PDE 1983 8 4 37.556 -110.409 7 2.7
SRA 1983 12 15 37.575 -110.51 3 2.8
PDE 1986 5 14 37.429 -110.561 5 3.2
PDE 1986 8 22 37.42 -110.574 5 4.0
SRA 1986 11 7 37.43 -110.297 1 3.0
PDE 1988 8 8 37.894 -111.23 15 2.8
PDE 1991 1 26 37.681 -111.429 9 3.3
PDE 1991 6 25 37.209 -110.358 1 3.0
PDE 1997 10 20 37.834 -111.879 10 3.1
PDE 1998 3 29 38.25 -111.35 3 3.2
PDE 2002 9 22 36.78 -111.31 1 2.9
PDE 2002 9 26 37.41 -110.53 3 3.0
PDE 2003 4 17 39.516 -111.857 0 4.4
PDE 2003 7 8 36.95 -111.79 6 3.3
PDE 2003 11 7 36.96 -111.77 9 3.1
PDE 2003 12 29 38.324 -110.56 4 2.9
PDE 2005 4 8 37.593 -111.066 6 2.8
PDE 2005 8 20 37.89 -111.77 0 3.2



 

 
 

APPENDIX C 
QUATERNARY FAULTS AND FOLDS WITHIN 200 

MILES OF SHOOTARING CANYON SITE 

 



 

  
APPENDIX C.1 

DETERMINISTIC CHARACTERISTICS 

 



Appendix C.1:  Quaternary faults and folds within 200 miles of Shootaring Canyon site - Deterministic Characteristics

Mean
Mean 
+1SD Mean

Mean 
+1SD Mean

Mean 
+1SD Mean

Mean 
+1SD Mean

Mean 
+1SD

Random Earthquake 15 6.3 0.12 0.19 0.20 0.33 0.14 0.23 0.13 0.23 0.15 0.24
Fault 1, Bright Angel Fault Zone (Class B) 2514 Class B <0.2 4.0 N 9 5.8 0.13 0.22 0.20 0.35 0.17 0.28 0.16 0.28 0.16 0.28
Fault 2, Bright Angel Fault Zone (Class B) 2514 Class B <0.2 10.0 N 13 6.2 0.13 0.21 0.21 0.36 0.16 0.25 0.14 0.25 0.16 0.27
Fault 3, Bright Angel Fault Zone (Class B) 2514 Class B <0.2 23.0 N 35 6.7 0.07 0.10 0.10 0.16 0.08 0.12 0.07 0.12 0.08 0.13
Needles fault zone (Class B) 2507 Class B <0.2 28.5 60 6.8 0.04 0.06 0.06 0.09 0.05 0.07 0.04 0.07 0.05 0.07
Thousand Lake fault 2506 <750,000 <0.2 48.3 90 7.0 0.03 0.05 0.04 0.07 0.04 0.06 0.03 0.06 0.03 0.06
Shay graben faults (Class B) 2513 Class B <0.2 39.5 88 6.9 0.03 0.05 0.04 0.07 0.03 0.05 0.03 0.06 0.03 0.06
Aquarius and Awapa Plateaus faults 2505 <1,600,000 <0.2 35.7 89 6.9 0.03 0.05 0.04 0.06 0.03 0.05 0.03 0.05 0.03 0.05
Paunsaugunt fault 2504 <1,600,000 <0.2 44.1 114 7.0 0.02 0.04 0.03 0.05 0.03 0.04 0.03 0.04
Sevier/Toroweap fault zone, Sevier section 997a <130,000 0.2-1 88.7 142 7.3 0.02 0.04 0.03 0.05 0.03 0.04 0.03 0.04
Moab fault and Spanish Valley faults (Class B) 2476 Class B <0.2 72.4 N 137 7.2 0.02 0.03 0.03 0.05 0.03 0.04 0.03 0.04
West Kaibab fault system 994 <1,600,000 <0.2 82.9 N 152 7.3 0.02 0.03 0.03 0.05 0.03 0.04 0.03 0.04
Wasatch monocline (Class B) 2450 <1,600,000 <0.2 103.5 164 7.4 0.02 0.03 0.03 0.05 0.03 0.04 0.02 0.04
Joes Valley fault zone, west fault 2453 <15,000 0.2-1 57.2 137 7.1 0.02 0.03 0.03 0.05 0.02 0.04 0.02 0.04
Southern Joes Valley fault zone 2456 <750,000 <0.2 47.2 137 7.0 0.02 0.03 0.03 0.04 0.02 0.04 0.02 0.04
Central Kaibab fault system 993 <1,600,000 <0.2 71.5 N 157 7.2 0.02 0.03 0.03 0.04 0.02 0.04 0.02 0.04
Salt and Cache Valleys faults (Class B) 2474 Class B <0.2 57.9 N 147 7.1 0.02 0.03 0.03 0.04 0.02 0.04 0.02 0.04
Lisbon Valley fault zone (Class B) 2511 <1,600,000 <0.2 37.5 134 6.9 0.02 0.03 0.03 0.04 0.02 0.03 0.02 0.03
Sevier fault 2355 <1,600,000 <0.2 41.3 N 139 7.0 0.02 0.03 0.03 0.04 0.02 0.03 0.02 0.03
Sevier Valley-Marysvale-Circleville area faults 2500 <750,000 <0.2 34.9 137 6.9 0.02 0.03 0.03 0.04 0.02 0.03 0.02 0.03
Ten Mile graben faults (Class B) 2473 Class B <0.2 34.6 N 137 6.9 0.02 0.03 0.03 0.04 0.02 0.03 0.02 0.03
Joes Valley fault zone, east fault 2455 <15,000 0.2-1 56.6 159 7.1 0.02 0.03 0.03 0.04 0.02 0.03 0.02 0.03
Markagunt Plateau faults (Class B) 2535 <750,000 <0.2 56.4 162 7.1 0.02 0.03 0.03 0.04 0.02 0.03 0.02 0.03
Paradox Valley graben (Class B) 2286 <1,600,000 <0.2 56.4 N 162 7.1 0.02 0.03 0.03 0.04 0.02 0.03 0.02 0.03
Sevier/Toroweap fault zone, northern Toroweap 
section 997b <130,000 <0.2 80.9 182 7.3 0.02 0.03 0.03 0.04 0.02 0.03 0.02 0.03
Eminence fault zone 992 <1,600,000 <0.2 36.0 155 6.9 0.02 0.03 0.02 0.04 0.02 0.03 0.02 0.03
Price River area faults (Class B) 2457 <1,600,000 <0.2 50.9 N 174 7.1 0.02 0.02 0.02 0.04 0.02 0.03 0.02 0.03
Bright Angel fault zone 991 <1,600,000 <0.2 66.0 N 193 7.2 0.01 0.02 0.02 0.03 0.02 0.03 0.02 0.03
Sevier Valley faults and folds (Class B) 2537 <130,000 <0.2 23.6 145 6.7 0.02 0.02 0.02 0.03 0.02 0.03 0.02 0.03
Big Gypsum Valley graben (Class B) 2288 Class B <0.2 33.1 160 6.8 0.01 0.02 0.02 0.03 0.02 0.03 0.02 0.03
Valley Mountains monocline (Class B) 2449 <1,600,000 <0.2 38.6 174 6.9 0.01 0.02 0.02 0.03 0.02 0.03 0.02 0.03
Ryan Creek fault zone 2263 <1,600,000 <0.2 39.5 N 181 6.9 0.01 0.02 0.02 0.03 0.02 0.03 0.02 0.03

PGA 
Spudich et al. 
(1999) for rock 

sites

Abrahamson 
and Silva 
(1997) for 

normal faults

Campbell and 
Bozorgnia 

(2003) 
corrected

Lognormal 
Mean

Campbell and 
Bozorgnia 

(2007)

Fault 
Type

MCE2 Distance 
from site to 

surface 
trace of 

fault, (km)

Name of Fault ID 
Number

Age of Most 
Recent 

Prehistoric 
Deformation 

(ya)1

Slip-rate 
(mm/yr)

Fault 
Length 
(km)
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Appendix C.1:  Quaternary faults and folds within 200 miles of Shootaring Canyon site - Deterministic Characteristics

Mean
Mean 
+1SD Mean

Mean 
+1SD Mean

Mean 
+1SD Mean

Mean 
+1SD Mean

Mean 
+1SD

PGA 
Spudich et al. 
(1999) for rock 

sites

Abrahamson 
and Silva 
(1997) for 

normal faults

Campbell and 
Bozorgnia 

(2003) 
corrected

Lognormal 
Mean

Campbell and 
Bozorgnia 

(2007)

Fault 
Type

MCE2 Distance 
from site to 

surface 
trace of 

fault, (km)

Name of Fault ID 
Number

Age of Most 
Recent 

Prehistoric 
Deformation 

(ya)1

Slip-rate 
(mm/yr)

Fault 
Length 
(km)

Tushar Mountains (east side) fault 2501 <1,600,000 <0.2 18.5 148 6.5 0.01 0.02 0.02 0.03 0.02 0.02 0.02 0.03
Beaver Basin faults, eastern margin faults 2492a <15,000 <0.2 34.2 175 6.9 0.01 0.02 0.02 0.03 0.02 0.02 0.02 0.03
Beaver Basin faults, intrabasin faults 2492b <15,000 <0.2 38.9 184 6.9 0.01 0.02 0.02 0.03 0.02 0.02 0.02 0.03
Joes Valley fault zone, intragraben faults 2454 <15,000 <0.2 34.0 181 6.9 0.01 0.02 0.02 0.03 0.02 0.02 0.02 0.02
Unnamed faults east of Atkinson Masa 2269 <1,600,000 <0.2 41.1 N 194 7.0 0.01 0.02 0.02 0.03 0.02 0.02 0.02 0.02
Gunnison fault 2445 <15,000 <0.2 42.0 N 197 7.0 0.01 0.02 0.02 0.03 0.02 0.02 0.02 0.02
White Mountain area faults 2451 <1,600,000 <0.2 16.4 157 6.5 0.01 0.02 0.02 0.03 0.01 0.02 0.01 0.02
Main Street fault zone 1002 <130,000 <0.2 87.3 N 266 7.3 0.01 0.02 0.02 0.03 0.01 0.02 0.01 0.02
Mineral Mountains (west side) faults 2489 <15,000 <0.2 36.6 203 6.9 0.01 0.02 0.02 0.03 0.01 0.02 0.01 0.02
Clear Lake fault zone (Class B) 2436 <15,000 <0.2 35.5 215 6.9 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.02

Hurricane fault zone, Anderson Junction section 998c <15,000 0.2-1 42.2 233 7.0 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.02
Wasatch fault zone, Nephi section 2351h <15,000 1-5 43.1 240 7.0 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.02
San Francisco Mountains (west side) fault 2486 <750,000 <0.2 41.4 238 7.0 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.02
Cricket Mountains (west side) fault 2460 <15,000 <0.2 41.0 238 7.0 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.02
Wah Wah Mountains (south end near Lund) 
fault 2485 <130,000 <0.2 40.2 239 6.9 0.01 0.02 0.01 0.02 0.01 0.02 0.01 0.02
Hurricane fault zone, southern section 998f <1,600,000 <0.2 66.6 N 282 7.2 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.02
1 ya = years ago
2 Wells and Coppersmith, 1994
Class B=Geologic evidence demonstrates the existence of Quaternary deformation, but either (1) the fault might not extend deeply enough to be a potential source
of significant earthquakes, or (2) the currently available geologic evidence is too strong to confidently assign the feature to Class C but not strong enough to assign it to Class A.
Fault Type: N=normal, R=reverse
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Appendix C.2:  Quaternary faults and folds capable of generating 0.05 g or greater at Shootaring Canyon site  - Probabilistic Characteristics

Fault 1, Bright Angel Fault Zone (Class B) 2514 Class B 0.1

60 (0.6)     
40 (0.2)     
80 (0.2)

15 (0.6)      
12 (0.2)      
20 (0.2)

0.02 (0.6) 
0.2 (0.2) 

0.005 (0.2)

5.8 (0.6)  
5.5 (0.2)  
6.1 (0.2)

Fault 2, Bright Angel Fault Zone (Class B) 2514 Class B 0.5

60 (0.6)     
40 (0.2)     
80 (0.2)

15 (0.6)      
12 (0.2)      
20 (0.2)

0.02 (0.6) 
0.2 (0.2) 

0.005 (0.2)

6.2 (0.6)   
6.5 (0.2)   
5.9 (0.2)

Fault 3, Bright Angel Fault Zone (Class B) 2514 Class B 0.1

60 (0.6)     
40 (0.2)     
80 (0.2)

15 (0.6)      
12 (0.2)      
20 (0.2)

0.02 (0.6) 
0.2 (0.2) 

0.005 (0.2)

6.7 (0.6)   
7.0 (0.2)   
6.4 (0.2)

Needles fault zone (Class B) 2507 Class B 0

60 (0.6)     
40 (0.2)     
80 (0.2)

15 (0.6)      
12 (0.2)      
20 (0.2)

0.02 (0.6) 
0.2 (0.2) 

0.005 (0.2)

6.8 (0.6)   
7.1 (0.2)   
6.5 (0.2)

Thousand Lake fault 2506 <750,000 1

60 (0.6)     
40 (0.2)     
80 (0.2)

15 (0.6)      
12 (0.2)      
20 (0.2)

0.02 (0.6) 
0.2 (0.2) 

0.005 (0.2)

7.0 (0.6)   
7.3 (0.2)   
6.7 (0.2)

Shay graben faults (Class B) 2513 Class B 0.1

60 (0.6)     
40 (0.2)     
80 (0.2)

15 (0.6)      
12 (0.2)      
20 (0.2)

0.02 (0.6) 
0.2 (0.2) 

0.005 (0.2)

6.9 (0.6)   
7.2 (0.2)   
6.6 (0.2)

Aquarius and Awapa Plateaus faults 2505 <1,600,000 1

60 (0.6)     
40 (0.2)     
80 (0.2)

15 (0.6)      
12 (0.2)      
20 (0.2)

0.02 (0.6) 
0.2 (0.2) 

0.005 (0.2)

6.9 (0.6)   
7.2 (0.2)   
6.6 (0.2)

Dip  2 

(degrees)
Maximum 

Seismogenic 
Depth 2 (km)

MCE2,3 Rate of 
Activity 

(mm/yr) 2

Probability 
of Activity

Name of Fault ID 
Number

Age of Most 
Recent 

Prehistoric 
Deformation 

(ya)1

1 ya = years ago
2 Number in parentheses represents weights for each parameter
3 Wells and Coppersmith, 1994
Class B=Geologic evidence demonstrates the existence of Quaternary deformation, but either (1) the fault might not extend deeply 
enough to be a potential source of significant earthquakes, or (2) the currently available geologic evidence is too strong to confidently 
assign the feature to Class C but not strong enough to assign it to Class A.  
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APPENDIX E 
EZ-FRISK SOFTWARE INPUT 

 
 
 



                 *********************************************** 
                 *****               EZ-FRISK              ***** 
                 ***** SEISMIC HAZARD ANALYSIS DEFINITION  ***** 
                 *****       RISK ENGINEERING, INC.        ***** 
                 *****          BOULDER, CO  USA           ***** 
                 *********************************************** 
 
PROGRAM VERSION 
  EZ-FRISK 7.25  
 
ANALYSIS TITLE: 
  Seismic Hazard Analysis Round Three Interrogatory 
 
ANALYSIS TYPE:   
  Single Site Analysis 
 
SITE COORDINATES  
  Latitude 37.72 
  Longitude -110.7 
 
HAZARD DEAGGREGATION 
  Status: ON 
  Period: PGA 
  Amplitude: 0.21 
  Bin Configuration  
    Magnitude  
      Scale:         Moment Magnitude 
      Lowest Value:  5 Mw 
      Highest Value: 9 Mw 
      Bin Size:      0.1 
    Distance 
      Lowest Value:  0 km 
      Highest Value: 102.5 km 
      Bin Size:      2.5 km 
    Epsilon 
      Lowest Value:  -2.2 
      Highest Value: 4.2 
      Bin Size:      0.2 
 
SOIL AMPLIFICATION 
  Method: Do not use soil amplification 
 
ATTENUATION EQUATION SITE PARAMETERS 
  Vs30 (m/s): 760 
  Z25 (km): 0 
 
AMPLITUDES - Acceleration (g) 
  0.0001 
  0.001 
  0.01 
  0.02 
  0.05 
  0.07 
  0.1 
  0.2 
  0.21 
  0.3 
  0.4 
  0.5 
  0.7 
  1 
  2 
  3 
 
PERIODS (s)  
  PGA 
  5.e-002 
  0.1 
  0.2 
  0.3 
  0.4 



  0.5 
  0.75 
  1. 
  2. 
  3. 
  4. 
 
DETERMINISTIC FRACTILES 
 
PLOTTING PARAMETERS 
  Period at which to plot PGA: 0.0001 
 
CALCULATIONAL PARAMETERS 
  Fault Seismic Sources - 
    Down dip integration increment       :   1 km 
    Horizontal integration increment     :   1 km 
    Number rupture length per EarthQuake :   4 
    Include near-source directivity      :   NO 
  Area Seismic Sources - 
    Maximum inclusion distance           :   1000 km  
    Vertical integration increment       :   3 km  
    Number of rupture azimuths           :   3 
    Minimum epicentral distance step     :   0.5 km  
    Maximum epicentral distance step     :   10 km  
  Background Seismic Sources - 
    Maximum inclusion distance            :   400 km  
    Default number of rupture azimuths    :   10 
    Maximum distance for default azimuths :   20 km  
    Minimum distance for one azimuth      :   70 
  All Seismic Sources - 
    Magnitude integration step           :   0.1 M  
    Apply magnitude scaling              :   NO 
 
ATTENUATION EQUATIONS 
 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Database: C:\Program Files\EZ-FRISK 7.25\Files\standard.bin-attendb 
  Base: Abrahamson-Silva 1997 
  Truncation Type: Trunc Sigma*Value 
  Truncation Value: 3 
  Magnitude Scale: Moment Magnitude 
  Distance Type: Distance To Rupture 
 
  Name: Abra.-Silva (1997) Rock USGS 2002 Gridded 
  Database: C:\Program Files\EZ-FRISK 7.25\Files\standard.bin-attendb 
  Base: Abrahamson-Silva 1997 
  Truncation Type: Trunc Sigma*Value 
  Truncation Value: 3 
  Magnitude Scale: Moment Magnitude 
  Distance Type: Distance To Rupture 
 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
  Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-attendb 
  Base: Campbell-Bozorgnia 2008 NGA 
  Truncation Type: Trunc Sigma*Value 
  Truncation Value: 3 
  Magnitude Scale: Moment Magnitude 
  Distance Type: Distance To Rupture 
 
  Name: Spudich 1999 Rock USGS 2002 
  Database: C:\Program Files\EZ-FRISK 7.25\Files\standard.bin-attendb 
  Base: Spudich 1997/99 
  Truncation Type: Trunc Sigma*Value 
  Truncation Value: 3 
  Magnitude Scale: Moment Magnitude 
  Distance Type: Horizontal Distance To Rupture 
 
SEISMIC SOURCES 
 
Name: Bright Angel Fault Zone - Fault 1 



Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.10000000 
Deterministic Magnitude: 5.8 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          60        60         0       0.1        15 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  5.500000  6.100000  1.842100  
5.800000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  5.500000  6.100000  1.842100  
5.800000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  5.500000  6.100000  1.842100  
5.800000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  5.500000  6.100000  0.000000  
5.800000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  5.500000  6.100000  0.000000  
5.800000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  5.500000  6.100000  0.000000  
5.800000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    37.7529  -110.6010 
    37.7824  -110.5760 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Bright Angel Fault Zone - Fault 2 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.50000000 
Deterministic Magnitude: 6.2 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          60        60         0       0.1        15 
 



Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  5.900000  6.500000  1.842100  
6.200000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  5.900000  6.500000  1.842100  
6.200000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  5.900000  6.500000  1.842100  
6.200000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  5.900000  6.500000  0.000000  
6.200000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  5.900000  6.500000  0.000000  
6.200000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  5.900000  6.500000  0.000000  
6.200000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    37.7711  -110.4590 
    37.6928  -110.5040 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Bright Angel Fault Zone - Fault 3 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.10000000 
Deterministic Magnitude: 6.7 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
         120       120         0       0.1        15 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.360000  6.960000  1.842100  
6.660000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.360000  6.960000  1.842100  
6.660000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  1.000e-001  6.360000  6.960000  1.842100  
6.660000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.360000  6.960000  0.000000  
6.660000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.360000  6.960000  0.000000  
6.660000  0.120000  0.000000  0.000000 



           Normal  0.200000        Slip  1.000e-001  6.360000  6.960000  0.000000  
6.660000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    37.3762  -110.4140 
    37.6652  -110.2590 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Needles 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.00000000 
Deterministic Magnitude: 6.8 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          60        60         0       0.1        15 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.500000  7.100000  1.842100  
6.800000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.500000  7.100000  1.842100  
6.800000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.500000  7.100000  1.842100  
6.800000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.500000  7.100000  0.000000  
6.800000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.500000  7.100000  0.000000  
6.800000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.500000  7.100000  0.000000  
6.800000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 



    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.1900  -109.8600 
    38.0400  -110.1600 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Shay graben 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.10000000 
Deterministic Magnitude: 6.9 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
         120       120         0       0.1        15 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  1.000e-001  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  1.000e-001  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.0400  -109.2800 
    37.9100  -109.7200 
 
Attenuation Equations for Source: 



  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Ext Gridded 
Region: WUS - USGS2002 Bkgd 
Category: Gridded Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Regions\USGS 2002 v210\Files\Background Data\usgs2002.xml-gridSsDb 
Magnitude Scale: Moment Magnitude 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 Gridded 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Aquarius and Awapa plateau 40_12 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.04000000 
Deterministic Magnitude: 6.9 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          40        40         0       0.1        12 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.0300  -111.7800 
    38.1700  -111.5200 
 



Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Aquarius and Awapa plateau 40_15 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.12000000 
Deterministic Magnitude: 6.9 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          40        40         0       0.1        15 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.0300  -111.7800 
    38.1700  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Aquarius and Awapa plateau 40_20 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 



Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.03990000 
Deterministic Magnitude: 6.9 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          40        40         0       0.1        20 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.0300  -111.7800 
    38.1700  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Aquarius and Awapa plateau 60_12 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.12000000 
Deterministic Magnitude: 6.9 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          60        60         0       0.1        12 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 



      Exponential  0.050000        Slip  5.000e-003  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.0300  -111.7800 
    38.1700  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Aquarius and Awapa plateau 60_15 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.36000000 
Deterministic Magnitude: 6.9 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          60        60         0       0.1        15 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 



          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.0300  -111.7800 
    38.1700  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Aquarius and Awapa plateau 60_20 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.12000000 
Deterministic Magnitude: 6.9 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          60        60         0       0.1        20 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 



    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.0300  -111.7800 
    38.1700  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Aquarius and Awapa plateau 80_12 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.04000000 
Deterministic Magnitude: 6.9 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          80        80         0       0.1        12 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.0300  -111.7800 
    38.1700  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 



******************************************* 
 
Name: Aquarius and Awapa plateau 80_15 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.12000000 
Deterministic Magnitude: 6.9 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          80        80         0       0.1        15 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.0300  -111.7800 
    38.1700  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Aquarius and Awapa plateau 80_20 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.04000000 
Deterministic Magnitude: 6.9 
 
Fault Profile Parameters: 



        Dip1      Dip2    Depth1    Depth2    Depth3 
          80        80         0       0.1        20 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.600000  7.200000  1.842100  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.600000  7.200000  0.000000  
6.900000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.0300  -111.7800 
    38.1700  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Thousand Lakes 40_12 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.04000000 
Deterministic Magnitude: 7 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          40        40         0       0.1        12 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 



           Normal  0.400000        Slip  2.000e-002  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.1200  -111.5900 
    38.5500  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Thousand Lakes 40_15 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.12000000 
Deterministic Magnitude: 7 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          40        40         0       0.1        15 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 



    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.1200  -111.5900 
    38.5500  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Thousand Lakes 40_20 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.04000000 
Deterministic Magnitude: 7 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          40        40         0       0.1        20 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 



    38.1200  -111.5900 
    38.5500  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Thousand Lakes 60_12 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.12000000 
Deterministic Magnitude: 7 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          60        60         0       0.1        12 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.1200  -111.5900 
    38.5500  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Thousand Lakes 60_15 
Region: Utah 
Category: Fault Seismic Source 



Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.36000000 
Deterministic Magnitude: 7 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          60        60         0       0.1        15 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.1200  -111.5900 
    38.5500  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Thousand Lakes 60_20 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.12000000 
Deterministic Magnitude: 7 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          60        60         0       0.1        20 
 
Magnitude Recurrence Distributions: 



        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.1200  -111.5900 
    38.5500  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Thousand Lakes 80_12 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.04000000 
Deterministic Magnitude: 7 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          80        80         0       0.1        12 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 



           Normal  0.200000        Slip  2.000e-001  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.1200  -111.5900 
    38.5500  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Thousand Lakes 80_15 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.12000000 
Deterministic Magnitude: 7 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          80        80         0       0.1        15 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 



    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.1200  -111.5900 
    38.5500  -111.5200 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Thousand Lakes 80_20 
Region: Utah 
Category: Fault Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-faultdb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.04000000 
Deterministic Magnitude: 7 
 
Fault Profile Parameters: 
        Dip1      Dip2    Depth1    Depth2    Depth3 
          80        80         0       0.1        20 
 
Magnitude Recurrence Distributions: 
        ModelType    Weight    RateType        Rate    MinMag    MaxMag      Beta      
Mean     Sigma    Delta1    Delta2 
      Exponential       0.1        Slip  2.000e-002  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  5.000e-003  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
      Exponential  0.050000        Slip  2.000e-001  6.700000  7.300000  1.842100  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.400000        Slip  2.000e-002  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  5.000e-003  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
           Normal  0.200000        Slip  2.000e-001  6.700000  7.300000  0.000000  
7.000000  0.120000  0.000000  0.000000 
 
Rupture Length Parameters 
          Al        Bl      Sigl        Aw        Bw      Sigw        Aa        Ba      
Sigw 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
    4.000000  0.000000  0.010000  4.000000  0.000000  0.010000  0.000000  0.000000  
0.000000 
 
Trace Coordinates: 
  Latitude   Longitude 
    38.1200  -111.5900 
    38.5500  -111.5200 
 
Attenuation Equations for Source: 



  Name: Abra.-Silva (1997) Rock USGS 2002 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: 200-mile radius circle around Shootaring 
Region: Utah 
Category: Area Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-areadb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.25 
Minimum Depth: 3 km 
Maximum Depth: 20 km 
 
Boundary Coordinates: 
  Latitude   Longitude 
  -109.6290    40.4976 
  -109.5150    40.4693 
  -108.4690    40.0373 
  -107.6650    39.3720 
  -107.1800    38.5446 
  -107.0530    37.6406 
  -107.2820    36.7494 
  -107.8350    35.9565 
  -108.2390    35.6021 
  -108.6510    35.3360 
  -109.4470    35.0011 
  -110.7480    34.8185 
  -111.8400    34.9685 
  -112.8290    35.3814 
  -113.6260    36.0196 
  -114.1520    36.8545 
  -114.3510    37.7207 
  -114.1920    38.6220 
  -113.6760    39.4386 
  -112.8470    40.0860 
  -111.7850    40.4946 
  -109.6290    40.4976 
 
Magnitude Recurrence Distribution: 
  Minimum Magnitude: 4 Mw 
  Maximum Magnitude: 6.3 Mw 
  Activity Rate: 1.55 
  Beta: 1.96 
  Al: -4 
  Bl: 0 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 Gridded 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Name: Wong et al. 1996 
Region: Utah 
Category: Area Seismic Source 
Database: C:\Documents and Settings\roslyn.stern\Local Settings\Application Data\Risk 
Engineering\EZ-FRISK\Files\user.xml-areadb 
Fault Mechanism: Normal 
Magnitude Scale: Moment Magnitude 
Probability of Activity: 0.25 
Minimum Depth: 3 km 
Maximum Depth: 20 km 
 
Boundary Coordinates: 
  Latitude   Longitude 
  -112.0000    39.4000 



  -108.6000    39.4000 
  -108.6000    35.2000 
  -112.0000    35.2000 
  -112.0000    39.4000 
 
Magnitude Recurrence Distribution: 
  Minimum Magnitude: 3 Mw 
  Maximum Magnitude: 6 Mw 
  Activity Rate: 1.83 
  Beta: 2.12 
  Al: -4 
  Bl: 0 
 
Attenuation Equations for Source: 
  Name: Abra.-Silva (1997) Rock USGS 2002 Gridded 
  Name: Spudich 1999 Rock USGS 2002 
  Name: Campbell-Bozorgnia (2008) NGA 3 sigma 
 
******************************************* 
 
Echo File Creation Time: 09:55:42 Monday, March 10, 2008 
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ACRONYMS

ASTM American Society for Testing and Materials

CAT Caterpillar

CCL Compacted Clay Liner

CCR Code of Colorado Regulations

CDPHE Colorado Department of Public Health and Environment

CHDT Clean Harbors Deer Trail

CQA Construction Quality Assurance

CQAE CQA Engineer

EPA United States Environmental Protection Agency

Golder Golder Associates Inc.

H:V Horizontal:Vertjcal

MWH Montgomery Watson Harza

OMC Optimum Moisture Content

pcf pounds per cubic foot

TSDF Treatment, Storage and Disposal Facility

USCS Unified Soil Classification System
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1.0 INTRODUCTION

1.1 Overview and Site Location

This report, prepared by Golder Associates Inc. (Golder), of Lakewood, Colorado, documents

construction activities and Construction Quality Assurance (CQA) monitoring and testing, performed

during construction of the Compacted Clay Liner (CCL) Test Fill at the Clean Harbors Deer Trail

(CHDT) Secure Cell No. 3 facility. Clean Harbors (Deer Trail), LLC operates a hazardous waste

treatment, storage, and disposal facility (TSDF) in Adams County, Colorado under the United States

Environmental Protection Agency (EPA) Identification No. C0D991 300484 and the Colorado

Department of Public Health and Environment (CDPHE) Permit No. 086-001-002 (Permit).

The project site is located along Colorado State Highway 36 between Byers and Last Chance,

Colorado approximately 70 miles east of Denver as presented on Figure 1.1-1, Vicinity and Site

Location Map. The location of the Test Fill is presented on Figure 1.1-2, Test Fill Location Map.

A Plan view or schematic of the Test Fill is presented on Figure 1.1-3.

1.2 Test Fill Objectives

As stated in the Test Fill Work Plan (MWH 2006), the primary objective was to confirm the adequacy

and suitability of the weathered Pierre Shale materials, equipment, and construction techniques for the

installation of a CCL that meets the regulatory performance criterion requiring a vertical hydraulic

conductivity less than or equal to 1 x 10-7 cm/sec for the Secondary CCL to be placed on the

sideslopes of the landfill. Further discussion and relevance of Test Fill construction and methods is

presented in the EPA guidance document (EPA 1993). The compaction window included in the

specifications for all CCL materials, exclusive of the Clay Plug, was further evaluated by the Test Fill

field and laboratory testing in order to provide a workable moisture-density range and develop a Final

Compaction Window suitable for use during construction of the Secondary and Primary CCL

materials regardless of location (e.g., floor or slope) in the landfill.

An additional objective of the Test Fill Work Plan was to confirm the adequacy for use of the same

weathered Pierre Shale materials for areas where a Clay Plug is required as replacement of the sand

lense present in the subgrade on the East and South slopes of the landfill. The Clay Plug

requirements are such that 100 feet of 1 x l0~ cm/sec clay are required or equivalent which was

I:~O& 2 45’04000632145 CH-TESTFILL RPT-PNL 06JUN06 DOC Golder Associates
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defined as 10 feet of I x iü~ cm/sec material. The field and laboratory testing was also performed for

the Clay Plug Test Fill to develop a similar Final Compaction Window for use during placement of

the Clay Plug.

The proposed methods provided in the Work Plan were discussed in general terms during the pre

construction meeting as well as subsequent weekly progress meetings at the site between

representatives of Clean Harbors, Golder, Fretco, Tn-County Health Department (TCHD) and

CDPHE. Modifications to the Work Plan were determined necessary as the Test Fill construction

progressed and are discussed in greater detail later in this report. This Report presents the following:

1. The results of the preconstruction testing performed;

2. The development of a preliminary compaction window used to begin
construction of the Test Fill;

3. The methods used to construct the Test Fill as well as modifications made to the
compaction window in the field;

4. The results of field and laboratory testing performed; and

5. The conclusions and revised specifications, or Final Compaction Window,
developed as a result of the overall Test Fill effort.

I:’06 214504000632145 C’H-TESTFILL RPT-l’NL 06JUN06.DOC Golder Associates
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2.0 PRECONSTRUCTION TESTING

Prior to Test Fill construction, in early April, samples TF-l and TF-2 were collected as pre

construction samples in accordance with the CQA Plan requirements. The samples were collected

from the Clay Stockpile after the material had been processed by the Caterpillar (CAT) RM350 Soil

Processor and were transported to the Golder Soils Laboratory in Lakewood, Colorado, for Standard

and Modified Proctor, Atterberg limits, grain-size analysis, and remolded hydraulic conductivity

testing.

The test results indicated that the materials classified as a CH, or fat clay, according to American

Society of Testing Materials (ASTM) D2487 and consisted of material with 98-99 percent passing the

#200 sieve. Samples were remolded to moisture-density values at the margins of each of the

preliminary compaction window lower limits to evaluate the ability of the materials to meet the

required minimum hydraulic conductivity values. The testing indicated compliance with the

specifications which requires the following:

• Classified as CL or CH according to the Unified Soil Classification System
(USCS);

• A minimum liquid limit of 30, and a minimum plastic index of 11;

• No more than 15 percent (dry weight) retained on the No. 4 sieve; and

• Clod size particles no larger than 2-inches after processing and compaction for
weathered Pierre Shale.

The pre-construction testing was performed in general compliance with the Work Plan. The

following provides a listing of and rationale for several deviations from the Work Plan which

occurred:

• Water content using the microwave oven (ASTM D4643) was not performed.
Our experience has been that the microwave oven yields results which have a
greater standard deviation than tests using conventional forced-air convection
ovens.

• The Reduced Proctor method was not performed. Standard and Modified
Proctors were performed on 2 samples and Specific Gravity testing performed in
order to evaluate the compaction window using the “degree of saturation”
method. Additional discussion is provided on this approach in Section 3.

06 2145 04000632145 C[I-TESTI]LL RPT-FNL 06JUN06 I)Oc Golder Associates
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• Moisture content testing was not recorded on Pre-Construction tests in the
stockpiles other than for determination of the “as-received” moisture content for
the two samples tested for Index Properties and Moisture-Density Relationships.
Moisture content testing was performed to assist the contractor during mixing
and processing, but was not recorded since moisture content of loosely
compacted soils tends to give lower moisture values and was provided to the
contractor for information only. The moisture content tests reported below were
performed on the compacted clay materials in order to evaluate any differences
between the nuclear gauge and oven methods.

Table 2.0-1 presents an overview of the testing performed versus required testing. Table 2.0-2

presents the test results in summary form. Individual test results are provided in Appendix A.

TABLE 2.0-1
Laboratory Soils Index Testing Frequencies for

Test Fill Pre-Construction Testing
Material Placed (Approx. 1,300 cy)

CQAE Testing Frequency
Property Method

No. of Tests Specified Actual
Soil Classification ASTM D 2487 2 1 per 1,000 cy 1 per 650 cy

. ASTMDGrain Size 422/DI 140 2 1 per 1,000 cy 1 per 650 cy

Atterberg Limits ASTM D 4318 2 1 per 1,000 cy I per 650 cy
Moisture Content ASTM D2216 14 1 per 200 cy I per 93 c.y
Specific Gravity ASTM D854 2 Not Specified I per 650 cy
Standard Proctor ASTM D 698 2 1 per 1,000 cy 1 per 650 cy
Reduced Proctor ASTM D698-R None 1 per 1,000 cy None
Modified Proctor ASTM D 1557 2 1 per 1,000 cy I per 650 cy

Recompacted Hydraulic ASTM D 5083 9 Tests NA (6 to 8) 9 Tests
Conductivity

TABLE 2.0-2
Laboratory Soils Index Test Results Summary for

Test Fill Pre-Construction Testing

Property Requirement Range Average
Value

(Arithmetic)
Liquid Limit, % 30 55-56 55.5
Plastic Limit, % NA 16 16
Plasticity Index, % 11 39-40 39.5
Percent Retained on the #4 Sieve < 15 0 0
Maximum Particle Size (After 2-inch 100 100
Processing)
Soil Classification CL, CH CH NA

1:0621450.1000632145 CH-TESTFILL RPT-FNL O6JUNO6.DOC Golder Associates
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3.0 DEVELOPMENT OF THE PRELIMINARY COMPACTION WINDOW

3.1 Existing Specifications

The existing specifications provided details for placement and compaction of the Secondary and

Primary CCL on the slopes, but required further evaluation through the Test Fill program for

placement of the Secondary CCL on the 3H: IV sideslopes with compaction equipment traveling

parallel to the slope. Preliminary Compaction Windows were developed based on a review of the

historic data (Geosyntec, 1991) and a review of the preconstruction test results and in general

compliance with the procedures outlined in the Work Plan with the following exception. The Work

Plan provided recommended procedures for development of an acceptable compaction window and

included reference of the procedures developed by Daniels and Benson which is commonly referred

to as the “line of optimums” method. The preliminary testing included tests for Modified and

Standard Proctors for evaluation of moisture-density relationships, but did not include the Reduced

Proctor tests. Based on the author’s experience and other research (Othman and Luettich) defining

the dry limits of placement using a degree of saturation approach can be more reliable as it does not

rely on the Proctor moisture-density testing which have been proven to have some variability.

Our methodology in developing the preliminary compaction window involved plotting all of the

previous hydraulic conductivity test data from the prior Test Fill performed on the weathered Pierre

Shale at the site and evaluation of additional data from a series of remolded hydraulic conductivity

tests compacted to moisture-density values intended to represent the dry limits of placement along a

given degree of saturation line. The optimum moisture content from each of the two samples for the

Standard Proctor and Modified Proctor were evaluated to determine an appropriate range of moisture

content with the lower boundary typically one percent above the Modified Proctor Optimum Moisture

Content (OMC) and an upper range typically no greater than 4 or 5 percent above the Standard

Proctor OMC.

The following sections provide an overview of the development of the Preliminary Compaction

Windows for three cases: 1) Secondary CCL material placed on the 3H:IV slopes; 2) Secondary CCL

and Primary CCL material placed on the landfill base; and 3) Clay Plug material placed along the

east and south slope to replace the sand lense.

I 2 I45~G4OO 063245 CH-TES]Tflj P~PT-ENL O6JUNO6.DOC Golder Associates
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3.2 Secondary CCL

The existing basis and specifications for the secondary CCL placed and compacted within the Cell 3

footprint are listed below:

• On the cell floor, CCL is compacted with a minimum of 6 passes of the CAT 825
or approved equivalent.

• On the sideslopes, CCL is compacted with a CAT 825 or approved equivalent
making a number of passesthat will be determined from the Test Fill program.

• The compacted secondary CCL is 3.0 foot thick across the cell floor, and 4.5 feet
up the side slopes.

• CCL will have a hydraulic conductivity not more than 1 x l0~ cm/s after
compaction to at least 95 percent of the maximum dry density at a moisture
content between the optimum moisture content (OMC) and 3.0 percent wet of
OMC on the cell floor and 1.5 to 4.0 percent above OMC on the sideslopes.

The Preliminary Compaction Window for the Secondary CCL material to be placed on the slopes,

established by Golder, is shown on Figure 3.2-1. All of the historic data and pre-construction testing

indicated hydraulic conductivity values lower than I x I ~ cmJsec when compacted above 70 percent

degree of saturation. Our experience, however, has been that weathered Pierre Shale materials in the

Denver area compacted above 80 percent degree of saturation will consistently yield results much

lower results than the required values and will result in a superior CCL for the site. Additionally, at

the upper end of the compaction window, samples compacted above the Modified OMC may also

provide suitable results. Based on this rationale the following limits or boundaries were established:

1) a lower limit bounded by the 80% degree of saturation line, 2) moisture content limits of 18.0 to

26.0 % moisture content, and 3) a lower density limit of 94.0 pounds per cubic foot (pcf) or the

average value for 95% of the Standard Proctor Maximum Dry Density.

It was also determined that this compaction window could also be applied to the Secondary CCL and

Primary CCL to be placed on the floor, in effect allowing for an expansion of the existing compaction

window.

1:0621450400063245 CWTESTFTLL RPTFNL 061UN06.DOC Golder Associates



FIGURE 3.2-1
Preliminary Compaction Window for Compacted Clay Liner (K ≤ 1.0 x 1 o~ cmls)

Summary of Previous Laboratory Data
Weathered Pierre Shale (Geosvntec 1991)

HydraulicDry Density MoistureTest ID Conductivity(pcf) Content (%) (cm/a)
WPS-2 104.1 20.9 4.OE-09
WPS-3 99.9 22.5 5.OE-09
ST-231 102.8 21.3 6.9E-09
WPS-5 102.1 15.7 7.OE-09
WPS-4 115.5 13.3 8.OE-09
WPS-6 97.2 19.2 9.OE-09
ST-232 103.0 21.5 9.OE-09

ST-263-3 107.6 19.4 9.1E-09
ST-214 103.6 19.8 1.8E-08
WPS-1 104.3 18.4 2.OE-08
ST-212 104.7 18.9 2.1E-08
ST-252 103.6 20.7 2.2E-08
ST-222 104.4 16.9 6.5E-08
ST-242 102.2 17.0 6.6E-08
ST-241 99.8 17.0 1.3E-07
ST-221 96.6 17.0 4.1E-07

Pre-Constr.,ction Testira (2006)
HydraulicDry Density MoistureTest ID Conductivity(pci) Content (%) (cm/a)

TF-1-1 96.4 21.9 4.7E-08
TF-l-2 1059 17.7 8.6E-08

118

117 .1
Zero Air Voids (G~ = 2.69)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

MOISTURE CONTENT (%)
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3.3 Clay Plug

The specifications and basis for the Clay Plug placed and compacted within the zone of influence of

the existing sand layer on the east and south inboard slope of the Cell 3 footprint are listed below:

• Compacted in horizontal lifts, with a minimum of 6 passes of the CAT 825 or
approved equivalent;

• The minimum number of passes may have to be increased to satisfS’ the lower
overall hydraulic conductivity criteria as stated below;

• The clay plug material is placed a minimum of one foot above and one foot
below the maximum and minimum elevation of the sand seam;

• The intent of the Clay Plug is to provide a barrier of a given thickness and
hydraulic conductivity that will result in travel time equal to clay 100 feet thick
with a hydraulic conductivity of 1 x I 0~ cmJs, or 10 feet thick with a hydraulic
conductivity of I x 10.8 cmls, or an equivalent combination thereof; and

• The Clay Plug will have a hydraulic conductivity not more than I x 10.8 cm/s
after compaction of at least 95 percent of the maximum dry density and between
OMC and 3.0 percent wet of OMC.

The Preliminary Compaction Window for the Clay Plug is shown on Figure 3.3-1. The following

limits or boundaries were established: 1) a lower limit bounded by the 89% degree of saturation line,

2) moisture content limits of 19.0 to 25.0 % moisture content, and 3) a lower density limit

of 100.0 pcf.

The basis for establishment of the Preliminary Compaction Window for the Clay Plug was based on a

review of the historic data. The pre-construction remolded testing, however, indicated that there may

be some difficulty in achieving consistent values at or below 1 x 10-8 cm/sec. This may be in part

due to the difficulty in duplicating field efforts using remolded test samples. It was recognized that

some modification to this Compaction Window might be needed during initial evaluation of the Clay

Plug Test Fill. This was in fact the case and is discussed in Section 4 of this report in more detail.

I:~O6~2145 0400 0632145 CH-TESTFILL RPT-FNL 06JUN06 DOC Golder Associates



FIGURE 3.3-1
Preliminary Compaction Window for Clay Plug (K ~ 1.0 x 108 cmls)
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Summary of Previous Laboratory Data
Weathered Plerr~i Shale (Geosvntec 1991) Zero Air Voids (G~ = 2.69)

HydraulicDry Density MoistureTest ID Conductivity(pci) Content ~ (cmIs)

WPS-2 104.1 20.9 4.OE-09
WPS-3 99.9 22.5 5.OE-09
ST-231 102.8 21.3 6.9E-09
WPS-5 102.1 15.7 7.OE-09
WPS-4 115.5 13.3 8.OE-09
WPS-6 97.2 19.2 9.OE-09
ST-232 103.0 21.5 9.OE-09

ST-263-3 1076 19.4 9.1E-09
ST-214 103.6 19.8 1.8E-08
WPS-1 104.3 18.4 2.OE-08
ST-212 104.7 18.9 2.1E-08
ST-252 103.6 20.7 2.2E-08
ST-222 104.4 16.9 6.5E-08
ST-242 102.2 17.0 6.6E-08
ST-241 99.8 17.0 1.3E-07
ST-221 96.6 17.0 4.1E-07

Pro-Construction Testing 2006)
HydraulicDry Density MoistureTest ID Conductivity(pci) Content (%) (cmls @ 5psi)

TF-l-3 98.9 23.2 2.1E-08
TF-1-4 105.9 19.2 4.4E-08
TF-1-5 105.9 19.8 6.6E-08
TF-1-6 100.5 22.6 3.4E-08
TF-2-1 106.0 19.9 5.5E-08
TF-2-2 100.1 23.4 4.8E-08
TF-2-3 103.5 21.8 3.5E-08

Pro-Construction Testing (2006)
HydraulicDry Density MoistureTest ID Conductivity

(pci) Content ~ (cm!s 0 1 2psi)

TF-2-1 106.0 19.9 1.7E-O8
TF-2-2 100.1 23.4 9.OE-09

• K Less Than 1.0 x 10-8 cm/s ~ J
A K Less Than 1.0 x 10-7 cm/s

• KGreaterThan lOx 10-7cm/s
— - —- 70% Degree of Saturation Line

— - - — 89% Degree of Saturation Line

• 2006 Preconstruction Test Conditions
I --~

MOISTURE CONTENT (%)
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4.0 SUMMARY OF CONSTRUCTION AND FIELD TESTING

Test Fill construction began on May 3, 2006 and was completed by May 9, 2006. Golder provided

full time observation of the Test Fill construction over this entire period and provided testing in

accordance with the Work Plan. An approximate 100-foot by 200-foot area was staked with half of

the area prepared along a 3H: 1V (horizontal :vertical) sideslope of an existing stockpile with the

remainder graded to meet a 2 percent slope immediately adjacent to the stockpile (See Figure 1.1-3).

The surface within this area was stripped using a CAT D7R dozer to allow preparation of a competent

base. The Test Fill was sub-divided into half, where the north half (slope section) would consist of

the Secondary CCL Test Fill (k < 1 x I 0~ cmJs) and the south half (floor section) would consist of the

Clay Plug Test Fill (k < I x 1 0~ cm!s). Each of the Test Fill sections was further subdivided into two

50-foot lanes, one each for the CAT 815 and CAT 825 sheepsfoot compactor. The subgrade was first

compacted, and then tested with a Troxier model 3440 moisture-density gauge to verify satisfactory

conditions prior to placement of the clay materials. The subgrade was scarified by using a CAT 815

sheepsfoot compactor, then moisture conditioned with a tandem-axel water truck. Clay materials

were brought in by use of several CAT 627 scrapers and compacted with CAT 815 and 825

sheepsfoot compactors in their respective lanes, prior to placement of subsequent clay materials.

It became apparent with the compaction of the first lift on the slopes, that the CAT compactors were

unable to efficiently and effectively work on the 3H:1V slopes in the crest to toe direction. The first

5 passes of the first lift of clay on the slopes was compacted in the downslope direction only with the

compactors returning to the top of the slope by traversing along a shallower ramp adjacent to the

Test Fill sections. After 5 passes, the 815 CAT was able to manage the 3H:1V slopes in both

directions going in the reverse direction when traveling upslope. However, due to the difficulties in

compacting loose materials during the first 5 passes, it was decided to try other methods in order to

increase efficiency. A field modification to the Test Fill plan was implemented in order to address

placement and compaction activities on the inboard slopes, whereby the fill would be hauled and

placed horizontally in lifts from the floor of the Secure Cell No. 3 and constructed upwardly. Due to

the increased thickness of the Secondary CCL to 4.5 feet, the respective horizontal distance from

subgrade to the Secondary CCL slope intersection was calculated to be approximately 14.5 feet.

This width will be sufficient to allow for placement of the clay materials in horizontal lifts and allow

for adequate overlap of the sheepsfoot compactors while minimizing the amount of overbuilt clay

liner at nominally 6 inches or less.

06.21450400 0632145 CH-TESTFILL RPT-FNL 063UN06DOC Golder Associates
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Continued construction of the Test Fill included placement of clay materials in the Test Fill area on

the floor only using the CAT D7 dozer and a CAT 143H motor grader. The CAT 825 sheepsfoot had

mechanical problems during the first day of Test Fill construction, so the work progressed using the

CAT 815 which was perceived as a relative equivalent (albeit a lighter compactor), in terms of

padfoot type and kneading action provided, and in the interest of time. The floor section of the Test

Fill was then subdivided into two sections and the Test Fill process was restarted. The Test Fill was

modified such that one lane would be constructed to evaluate for the Secondary and Primary CCL

materials, and the second lane would be constructed to evaluate the Clay Plug materials.

A total of seven 6-inch (nominal compacted thickness) CCL lifts were placed and compacted within

the Test Fill floor footprint for each lane. The material was obtained from the clay processing area of

the proposed CCL stockpiles located east and south of Secure Cell No. 3. Clay was processed in the

stockpiles using the RM350 soil processor, the water truck, and a John Deere Tractor with disk. For

each consecutive lift, the soil was placed on the Test Fill using scrapers and compacted by the

CAT 815. Scarification between lifts was performed by the CAT D7 dozer. Vertical control of the

lifts was maintained using marked stakes placed around the perimeter of the Test Fill. The contractor

made efforts at varying the placement moisture contents as specified by the Work Plan in order to

place and evaluate material performance in the Upper, Middle, and Lower Zones of the respective

Compaction Windows. Material was hauled from different locations in the clay processing area

based on visual estimates of moisture content and in-place moisture content tests taken with the

Troxler 3440 gauge. Golder personnel were on site to observe placement and compaction of all CCL

lifts on the Test Fill area and to perform the field moisture-density testing required by the CQA Plan.

During placement and compaction of the first four lifts, the compactive effort versus in-place

moisture-density was evaluated after varying number of passes as required by the Work Plan. The

moisture-density test results recorded in the field were plotted on the respective Preliminary

Compaction Windows, Figures 3.2-1 and 3.3-1, in order to determine the optimum number of passes

required to successfully fall within each compaction window. Plots of this data are presented on

Figures 4.0-1 for the CCL Test Fill lane and Figure 4.0-3 for the Clay Plug Test Fill lane. The data is

also summarized on Table B-i in Appendix B.

For the CCL Test Fill it was determined that 8 passes would be sufficient to reliably achieve results

within the Preliminary Compaction Window therefore no changes were made recognizing that from

time to time additional passes may still be required in order to fall within the Compaction Window.
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For the Clay Plug Test Fill it was observed that the contractor could not consistently achieve

moisture-density results within the established Preliminary Compaction Window even after 16 and

20 passes with the compaction equipment. The Preliminary Compaction Window for the Clay Plug

was adjusted to revert back to the original specification of a minimum of 95 percent of Standard

Proctor Maximum Dry Density at optimum to 3 percent over optimum moisture content with

allowance for acceptance of tests that fell above the 89 percent degree of saturation line with moisture

contents from 19 to 25 percent. The minimum compactive effort for the Clay Plug was established at

16 passes followed by at least one pass of a loaded CAT 627 scraper after each lift. At this level of

effort a relative compaction of greater than 98 percent of the Standard Proctor Maximum Dry Density

was achieved in all cases.

Lifts 5-7 were then placed and compacted for each of the Test Fill lanes following the procedures and

number of passes established during the evaluation performed during lifts 1-4. The field moisture

density tests from lifts 5-7 were plotted for review and analysis. Plots of this data are presented on

Figure 4.0-2 for the CCL Test Fill lane and Figure 4.0-4 for the Clay Plug Test Fill lane. The data is

also summarized on Table B-I in Appendix B.

Golder performed additional field testing as required by the Work Plan including moisture content

tests and comparison tests using the drive cylinder method. The results of these tests are also

included in Appendix B on Table B-I. The results indicate that the nuclear gauge used is within

0.5 percent moisture content of the oven dry methods with a standard deviation of 1.4 percent. Based

on this small variance, no moisture offsets are warranted on the project. The evaluation of the drive

cylinder results also confirmed that the density values were consistent and reliable.

Photos taken during construction and sampling of the Test Fill are provided in Appendix C.
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5.0 LABORATORY TESTING SUMMARY

Hydraulic conductivity testing was performed on Shelby tube and block samples collected in

accordance with ASTM D5084. Golder collected Shelby tube samples as required by the Work Plan

in each of the three upper lifts. Fretco staff assisted Golder in the collection of these samples and

with collection of the large block samples. The block samples were collected in general compliance

with the Work Plan with the following exception. Rather than field trim the entire block sample, then

place the 13-inch diameter PVC-cylinder over the trimmed sample, the sample was collected by

cutting to within 6-inches of the desired sample diameter, then the PVC-cylinder was hydraulically

pushed using constant force from the blade of the motor grader in a vertical position (See photographs

in Appendix C). A flat steel plate was placed over the top of the ring to provide a uniform surface.

As the sample was pressed onto the soil cylinder, Golder personnel watched for any disturbance or

excessive movement. This procedure resulted in providing a sample that fit snug within the

PVC-cylinder. The samples were wrapped, taped and package for shipment to the University of

Wisconsion at Madison’s Geotechnical Engineering Laboratory. Golder personnel worked with

Fretco staff in collecting these samples. In addition, five Shelby tube samples were collected adjacent

to each of the block samples and one additional sample was collected for evaluation of a field repair

technique as required by the Work Plan. The Shelby tubes were transported to Golder’s Soils

Laboratory in Lakewood, Colorado for laboratory hydraulic conductivity testing. The locations of the

samples are shown on Figure 1.1-3.

Results of Golder’s hydraulic conductivity testing from the Shelby tube samples are presented and

summarized in Appendix D. Table 5.0-I presents an overview of the test results showing the number

of passes, field-moisture-density, percent saturation and hydraulic conductivity results for each of the

Shelby Tube saniples. Samples 07-P-0 IA through 07-P-03A represent samples taken from the

CCL Test Fill and exhibited hydraulic conductivities ranging in value from 1.9 x 10.8 to

5.1 x 10.8 cm/s when tested at confining pressures of 5 psi. Sample 07 P-TI-OlA represents a sample

taken from the CCL Test Fill in an area that was evaluated for adequate bonding of lifts in a repair

scenario. The sample exhibited a hydraulic conductivity of 4.8 x 1 0~ cm/s when tested at a confining

pressure of 5 psi. Samples 08-P-O1A and 08-P-02A represent samples taken from the Clay Plug Test

Fill and exhibited hydraulic conductivities ranging in value from 2.0 x l08 to 5.1 x l0~ cm/s when

tested at confining pressures of 5 psi and values ranging from 6.7 x I 0~ to 7.2 x 1 0~ cm/s when tested

at confining pressures of 12 psi.

I: 06 2)45 040006~2 145 CH-TOSTFILL RPT-FNL O6JUNO6.DC)C Golder Associates



June 2006 -21- 063-2 145

TABLE 5.0-1
Summary of Shelby Tube Testing

________ Hydraulic Conductivity Test Results

Sample Lift Number Dry Moisture Degree of Hydraulic
Number Number of Passes Density Content (%) Saturation (%) Conductivity

(pci) (cmI~ec ~j 5psi)
07-P-01A Lift 7 8 105.6 19.2 87.6 1.9 X 10~
07-P-02A Lift 6 8 100.4 23.3 93.3 5.1 X 10~
07-P-03A Lift5 8 100.1 22.8 90.6 4.6X 10~

07-P-TI-O1A Tie-in 8 107.1 19.7 93.4 4.8 X 10~
08-P-OIA Lift 7 16 101.0 23.3 94.7 5.1 X 108
08-P-O1A Lift 7 16 101.0 23.3 94.7 7.2 X 10~@ 12 psi
08-P-02A Lift 6 16 100.3 23.6 94.3 3.9 X lO~
08-P-02A Lift 6 16 100.3 23.6 94.3 6.7 X 10~@ 12 psi

The samples from the Clay Plug Test Fill were tested at the higher confining stresses due to the

location of the Clay Plug at approximate elevation 4,875 or more than 15 feet below the subgrade

crest elevation. The effective stress at the base of the Clay Plug was selected at 12 psi based on

loading conditions at this location. Figure 5.0-1 presents a schematic of the effective stress conditions

for the Clay Plug. A total of five block samples were obtained in general accordance with the

provisions suggested in the Work Plan. Three block samples were obtained from the CCL Test Fill

from lifts 5, 6 and 7 and two samples were obtained from the Clay Plug Test Fill from lifts 6 and 7.

The results of the hydraulic conductivity testing perfonned by the University of Wisconsin-Madison’s

geotechnical laboratory are presented and summarized in Appendix E. Table 5.0-2 presents an

overview of the test results showing the number of passes, field-moisture-density, percent saturation

and hydraulic conductivity results for each of the block samples. Reported ranges of hydraulic

conductivity from the CCL Test Fill samples were 4.5 x 1 0~ to 8.2 x 1 0~ cm/sec, which exceed the

requirements set forth in the specifications. Reported results of hydraulic conductivity from the Clay

Plug Test Fill samples were 1.2 x 1 0~ and 1.0 x IO~ cmls for tests at 5 psi confining pressures and

1.3 x i~-~ and 1.5 x i0~ cm/s for tests at 12 psi.

TABLE 5.0-2
Summary of Block Sample Testing

Hydraulic Conductivity Test Results
Sample Lift Number Dry Moisture Degree of Hydraulic
Number Number of Passes Density Content (%) Saturation (%) Conductivity

(pci) (cm/sec @ 5psi)
07-P-O1A Lift 7 8 102.3 19.2 80.7 3.2 X 10~
07-P-02A Lift6 8 103.6 21.0 91.0 4.5X lO~
07-P-03A Lift 5 8 99.2 24.5 95.3 8.2 X 10~
08-P-OIA Lift7 16 99.8 26.0 100 l.2X 10~
08-P-O1A Lift7 16 99.8 26.0 100 1.3X l0~@ 12 psi
08-P-02A Lift 6 16 101.1 24.0 97.7 lOX 10~
08-P-02A Lift6 16 101.1 24.0 97.7 1.5 X 10~@ 12 psi
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6.0 CONCLUSIONS

Based on the field hydraulic conductivity data presented in this report, Golder concludes that the

materials, equipment, and construction techniques used to construct the Test Fill for the CCL and

Clay Plug are appropriate for installation of the clay liner and clay plug materials, respectively, and

will meet the regulatory performance criterion requiring a vertical hydraulic conductivity of

1 ~ 1 ~ cm/sec or less for the CCL and 1.0 x I 0~ cm/sec or less for the Clay Plug for a 10-foot wide

section. Methods for the CCL placement will remain consistent with the original specifications and

as modified by this report as follows:

Secondary and Primary CCL: Materials shall be placed and compacted in horizontal lifts as noted in

the specifications with a minimum of 8 passes of a CAT 815 compactor. The Final Compaction

Window for the CCL materials is presented on Figure 6.0-1 and is defmed by: 1) a lower limit

bounded by the 80% degree of saturation line, 2) moisture content limits of 19.0 to 26.0 % moisture

content, and 3) a lower density limit of 94.0 pcf (average value for 95% of the Standard Proctor

Maximum Dry Density).

Clay Plug materials: Materials shall be placed and compacted in horizontal lifts as noted in the

specifications with a minimum of 16 passes of a CAT 815 compactor and 1 pass of a loaded scraper.

The Final Compaction Window for the Clay Plug materials is presented on Figure 6.0-2 and is

defined by: 1) a lower density limit of 97.0 pcf or 98% of Standard Proctor; 2) moisture content limits

of optimum to nominally 4.5 percent above OMC (26% maximum) with allowances to accept

moisture content from 19.0 to OMC when the degree of saturation is equal to or greater than

89 percent. This modification is based on our review of the in-situ moisture density values from lifts

5-7 and from the actual rcported valucs noted on the block samples and Shelby tube samples.

Respectfully submitted,

GOLDER ASSOCIATES INC.

Rick Kiel, P.E. Rick Kinshella, P.E.
Senior Consultant Senior Consultant

REKJRLKJkag
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FIGURE 6.0-1

118

117

116

115

114

113

112

111

110

109

108

107

106
Cl)
z
w
~ 104
>-

U

102

101

100

99

98

97

96

95

94

93

92

Final Compaction Window for Compacted Clay Liner (K ~ 1.0 x 10~’ cmls)

Zero Air Voids (G~ = 2.69)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

MOISTURE CONTENT (°~)

063-2145 Golder Associates May 2006



114

113

112

111

110

109

108

107

106

105

104

103

~ 102

101

~ 100

99

98

97

96

95

94

93

92

91

90

FIGURE 6.0-2
Final Compaction Window for Clay Plug (K ~ 1.0 x 1O~ cm/s)

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

MOISTURE CONTENT (%)
7 8 9 •

063-2145 Golder Associates May 2006



June 200~ -26- 063-2145

7.0 REFERENCES

EPA, 1993. “Quality Assurance and Quality Control Waste Containment Facilities,” Technical
Guidance Document EPAJ600/R-93/l 82, prepared by the United States Environmental
Protection Agency, dated September 1993.

Geosyntec, 1991. “Laboratory test results from a 1991 Test Fill at Clean Harbors Deer Trail —

excerpts provided from Clean Harbor’s project files, 1991.

MWH, 2006. “Revised Test Fill Work Plan for Secure Cells 3 Through 7,” dated February, 2006.

Othman, Majdi A. and Scott M. Luettich. 1994. “Compaction Control Criteria for Clay Hydraulic
Barriers,” in Compaction of Difficult Soils and Resilient Modulus Testing, edited by Joseph
M. Sussman (Transportation Research Record 1462), pp. 28-35.

I: 06 ~I45’04O0 0632145 CH-TESTFSLL RPT-FNL O6JUNO6DOC Golder Associates



APPENDIX A

PRECONSTRUCTION TESTING SUMMARY AND LABORATORY RESULTS
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TABLE A-i
CLEAN HARBORS DEER TRAIL FACILITY/SECURE CELL NO.3 CQA

SUMMARY OF TEST FILL PRE-CONSTRUCTION SOIL DATA

Sample Samplel Sample U.S.C.S. Soil Delivered Atterberg Grain Size Distribution Specific MoistlDen Relationship Additional Tests
Type Boring Depth Clnssi- Moisture % Finer % Finer % Finer Gravity StdlMod Proctors Comments

Number (ft) fication (%) LU PU P1 3/4” #4 #200 PCF (Dry) Moist (%) (See Notes)
Pail TF-l Stockpile CH 18.2 55 16 39 100 100 98 2.66 98.9 21.6 ASTM D698
Pail TF-l Stockpile -- -- -- -- -- -- -- -- -- 113.8 14.8 ASTMDI557
Pail TF-2 Stockpile CH -- 56 16 40 100 100 99 2.71 98.7 21.9 ASTM D698
Pail TF-2 Siockpile -- -- -- -- -- -- -- -- -- 111.5 16.5 ASTMDI557

NOTES: LL = LIQUID LIMIT
PL = PLASTIC LIMIT
PT = PLASTIC INDEX
SL = SHRINKAGE LIMIT

T = TRIAXIAL TEST
U = UNCONFINED COMPRESSION TEST
C = CONSOLIDATION TEST

DS = DIRECT SHEAR TEST
PERM = PERMEABILITY

ASTM D698 - Standard Proctor
ASTM D1557 - Modified Proctor

Golder AssociatesJune 2006
Soil Summary 2006olsvrahlc 063-2145.0003



April, 2006 063-2145

MOISTURE I DRY DENSITY CURVE
ASTM D 698 Method A

I Mechanical Standard I Wet Method I

PROJECT NAME: Clean Harbor/Cell No. 3 CQA Deer Tn/CO
PROJECT NUMBER: 063-2145

SAMPLE II): TF-l DEPTH: -- SAMPLE TYPE: Pail

145

140

135

130

125

120
C

115

I

z

100

95

90

85

80

75

MOISTURE CONTENT (%)

35%

110

105

COMPACTION POINTS

Dry Moisture

Specimen Density Content

Number (pci) (%)
I 96.2 17.5%

2 97.7 19.3%

3 98.4 21.0%

4 98.8 22.3%

5 97.4 23.4%

6 94.9 25.9%

Maximum Dry Density (pcf) 98.9

Optimum Moisture (%) 21.6

Corrected Maximum Dry Density (pci) _________

Corrected Optimum Moisture (%) __________

As-Received Moisture Content I 18.2% I

% Passing #4 sieve 100.0
% Passing 3/8’ sieve 100.0
% Passing 3/4’ sieve 100.0

MB

4/17/06

RT

5% 10% 20% 25% 30%

DESCRIPTION

USCS CH I

Very dark grayish brown fat clay

TECH

DATE
REVIEW

Golder Associates Inc.



April, 2006 063-2145

MOISTURE / DRY DENSITY CURVE
ASTM D 1557 Method A

Mechanical I Modified I Wet Method I

PROJECT NAME: Clean Harbor/Cell No.3 CQA Deer TrLICO

PROJECT NUMBER: 063.2145

SAMPLE ID: TF-1 DEPTH: -- SAMPLE TYPE: Pail

Maximum Dry Density (pcf) 113.8
Optimum Moiswre (%) 14.8

Corrected Maximum Dry Density (pci) _________

Corrected Optimum Moisture (%) _________

As-Received Moisture Content L2% I
% Passing #4 sieve 100.0

% Passing 3/8 sieve 100.0

% Passing 3/4 sieve 100.0

C

115

z

0% 5% 10% 15% 20% 25% 30% 35%

MOISTURE CONTENT (%)

COMPACTION POINTS
Dry Moisture

Specimen Density Content

Number (pcf) (%)
1 110.1 13.0%

2 113.5 14.2%

3 112.9 16.1%

4 110.3 17.8%

5 106.1 19.9%

DESCRIPTION Very dark grayish brown fat clay

USCS CR I
TECH
DATE

REVIEW

RT
4/17/06

MB

Golder Associates Inc.



PARTICLE SIZE DISTRIBUTION & ATfERBERG LIMITS
ASTM D421, D422, D4318

PROJECT NAME: Clean Harbor/Cell No.3 CQA Deer TrUCO
SAMPLE ID: TF-1 Depth (ft):
TYPE: Pail

Particle size in millimeters

AUERBERG LIMITS

PL

I Coarse I I Coarse I Mndosm I Fan

18.2 16 J 2.66

3~ 2~ r 3/C 310” #4 #10 #21) #30 #00 *100 #200

GRAVI/L I

Particle Size

PLASTICITY CHART

Coarse Sand

ci
E
0

z

DESCRIPTION:

0 10 20 30 40 60 70 00 90 100 1)0
LIQUID LIMIT ILL)

Very dark grayish brown fat clay

CR

Golder Associates Inc.



April, 2006 063-2145

MOISTURE / DRY DENSITY CURVE
ASTM D 698 Method A

Mechanical Standard I Wet Method I

PROJECT NAME: Clean Harbor/Cell No.3 CQA Deer Tn/CO
PROJECT NUMBER: 063-2145
SAMPLE ID: TF-2 DEPTH: •- SAMPLE TYPE: Pail

45

140

135

130

125

120
C

115

I
90z 110

05

35%

TOO

95

90

85

80

75

COMPACTION POINTS
Dry Moisture

Specimen Density Content
Number (pci) (%)

I 94.2 17.1%
2 95.1 18.3%
3 97.0 19.6%
4 98.5 22.2%
5 97.2 24.0%
6 95.9 25.0%

Maximum Dry Density (pcI) 98.7
Optimum Moisture (%) 21.9

Corrected Maximum Dry Density (pci) _________

Corrected Optimum Moisture (%) __________

As-Received Moisture Content I --

% Passing #4 sieve 100.0
% Passing 3/8’ sieve 100.0
% Passing 3/4” sieve 100.0

Very dark grayish brown fa clay

MS
4/27/06

MB

0% 5% 10% 15% 20%

MOISTURE CONTENT (%)

25 30%

DESCRIPTION

USCSI CH I
TECH
DATE

REVIEW

Golder Associates Inc.



April, 2006 063-2145

MOISTURE / DRY DENSITY CURVE
ASTM D 1557 Method A

I Mechanical I Modified I Wet Method I

PROJECT NAME: Clean Harbor/Cell No.3 CQA Deer Tn/CO

PROJECT NUMBER: 063-2145

SAMPLE ID: TF-2 DEPTH: -- SAMPLE TYPE: Pail

DESCRIPTION

USCS CH I

100.0
100.0
100.0

C

z

COMPACTION POINTS

Dry Moisture

Specimen Density Content
Number (pcf) (%)

1 108.8 13,7%
2 110.4 15.2%

3 111.4 16.8%
4 109.1 18.4%
5 106.3 20.2%

Maximum Dry Density (pcI) 111.5
Optimum Moisture (%) 16.5

Corrected Maximum Dry Density (pcf) _________

Corrected Optimum Moisture (%) _________

As-Received Moisture Content I -- I

Very dark grayish brown fat clay

% Passing #4 sieve
% Passing 3/8” sieve
% Passing 3/4” sieve

TECH
DATE

REVIEW

MS
4/27/06

MB

Golder Associates Inc.



April-06 063-2145

PARTICLE SIZE DISTRIBUTION & ATI’ERBERG LIMITS
- ASTM 0421, 0422, 04318

PROJECT NAME: Clean Harbor/Cell No.3 CQA Deer Tn/CO
SAMPLE ED: TF-2 Depth (fi):
TYPE: Pail

3/4’ 3~’ #4 #10 #20 #40 #60 #1002’ 2’ 2’ I”

-—

%

P
a
S

S

n
g

#200
100

90

80

70

60 -

50

40

30

20

lO

0
1000

-tH

-

1

—J

-I
-.II

10

- 1.

100

F
‘if

Particle size in millimeters

Particle Size

(mm)

Coarse Fnm Coarse Medrwn Sili vu Clay

C0l0111.L1S GRAVOL SAND FINSS

0.1 0.01 0.001

12.0” 304.8 100.0

Particle Size

‘# Passine Classification l’earentagc

12.0” 304.8 100.0 CohNes 0.00

C

z
‘U

C,,

‘2

0

PLASTICITY CHART

6.0” 154.2 100.0

6.0” 154.2 100.0

3.0” 75.0 100.0
1.5” 37.5 100.0

I.0” 25.0 100.0 Coarse Gravel 0.00

0.75” 19.0 100.0

0.375” 9.5 100.0
#4 4.8 100.0 I-inc Gravel 0.00

#10 2.00 99.8 Coarse Sand 0.22

#20 0.85 99.6

#40 0.43 99.4 Medium Sand 0.38

#60 0.25 99.2
#I00 0.15 99.1

#200 0.075 99.0 Fine Sand 0.45

01)

a.
l~ 40

z
~30
C.?

2))
a.

l0

(ann) %Fmer

0~

x

DESCRIPTION:

USCS:

0.029 93.4

0.019 82.9

0.011 70.7 Fines

0.008 64.1 SillorClav 98.95

0.006 57.4

0.003 47.5

0.001 38.1

Very dark grayish brown fat clay

30 40 00 70 80 00 (Xi 110

LIQUID LIMIT (LL)

AT1ERBERG LIMITS

P1,

CH

M, LI, P1 Sp42

~ 56 16 40 2.71

TECH DS/MS

DATE 412512006

REVIEW MI)

Golder Associates Inc.



TABLE A-2
CLEAN HARBORS DEER TRAIL FACILITY/SECURE CELL NO. 3 CQA

SUMMARY OF FLEXIBLE-WALL PERMEABILITY TEST RESULTS
REMOLDED SAMPLES

Golder Associates

Sample Sample Sample Sample Initial Degree of Effective Back Gradient Average
Number Length Diameter Dry Density Moisture Saturation Stress Pressure Permeability

(cm) (cm) (pci) (%) (%) (psi) (psi) (cm/sec)
TF-1-1 9.47 7.30 96.4 21.9 80.7 5 95 14 4.7 X 108

TF-1-2 9.55 7.27 105.8 17.8 83.2 5 95 8 8.6X l0~

TF-l-3 9.47 7.30 98.9 23.2 91.0 5 95 16 2.1 X 10~

~ TF-l-4 9.45 7.30 106.2 19.2 90.7 5 95 15 4.4 X 10~

TF-1-5 9.52 7.27 105.9 19.8 92.8 5 95 16 6.6 X 108

TF-1-6 9.45 7.30 100.5 22.6 92.3 5 95 19 3.4 X ~

TF-2-1 9.50 7.27 106.1 19.9 90.8 5 95 12 5.5 X 108

TF-2-I 9.50 7.27 106.1 19.9 90.8 12 88 19 1.7 X 1(i~

TF-2-2 9.54 7.27 100.1 23.4 92.0 5 95 14 4.8 X 10~

TF-2-2 9.54 7.27 100.1 23.4 92.0 12 88 15 9.OX 10~

TF-2-3 9.53 7.27 103.3 21.8 92.7 5 95 20 3.5 X 10~

JUNE 2006
‘erm Summaiy- Rernold.fls’,Pcnn Sumn,ary I 063-2 145



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE Clean Harbor/Cell 3 CQA Deer Trail/Co BOARD #1 5 COMMENTS I. ‘I’he requested remold perameters were 97.flpcf and

PROJECT NUMBER 063-2145 CELL 3 21.8 %MC

SAMPLE II) TI’ I - 1 I - I Flow Pump Speed 10 2. Water used as peruleant

SAMPLE TYPE Reinoki Technician 0DM 3. Specific gravity is assli med

Sample Data, Initial Sample Data, Final

Height, cm 9.47 B-Value, f 95.00 Height, cm 9.59 Trimmings Sample

Diameter, cm 7.30 Cell Pres. 1(04.0 Diameter, cm 7.35 WATER CONTENTS Initial Final

Area, cm’ 41.85 Rot. Prcs. 95.0 Area, cm’ 42.43 Wt Soil & Tare, i g 23! .71 857.4

Volume, cm’ 396.36 Top Pres. 95.0 Volume, cm’ 406.90 Wt Soil & Tare, I g 196.03 690.37

Mass, g 746.34) Tot. B.P. 95.0 Mass, g 778.30 Wt Tare g 32.87 79.50

Moisture Content. % 21.9 Head, max. 151.00 Moisture Content,% 27.3 Wt Moisture Lost g 35.68 167.03
Dry Density, pcI 96.4 Head, mm. 135.00 Dry Density, pd 93.7 Wt Dry Soil g 163.16 610.87
Spec. Gravity 2.66 Max. Grad. 15.95 Volume Solids, cm3 229.77 Water Content % 21.9% 27.3%

Volume Solids, cm’ 230.22 Mm. Grad. 14.26 Volume Voids, cm3 177.13

Volume Voids, cm3 166.14 Void Ratio 0.77

Void Ratio 0.72 Saturation, % 94.3%
Saturation, % 80.6%

Flow Pump Rate 2.80E-05 Icm’~sec

DATE/TIME dt TEMP Speed Speed All L A i q v Permeability

(mm) ~°C) (1-12) Coeff. (cm) (cm) (cm~ (Gradient) (cm’Iscc) (cm’sec) (ens/see)
4/23/06 10:45

4/23/06 11:00 15 20.7 10 1 151 9.47 41.85 15.95 2.SE-05 6.7E-07 4.2E-08

4/23/06 11:15 30 20.7 10 I 135 9.47 41.85 14.26 2.8E-05 6.7E-07 4.7E~08

4/23/06 11:34) 45 20.7 10 I 135 9.47 41.85 14.26 2.8E.05 6.7E-07 4.7E-08

4/23/06 11:45 60 20.7 10 1 135 9.47 41.85 14.26 2.8E-05 6.7E-07 4.7E-08

4/23/06 12:00 75 20.7 10 136 9.47 41.85 14.36 2.8E-05 6.7E-07 4.7E-08

4/23/4)6 12:15 90 244.7 10 135 9.47 41.85 14.26 2.8E-05 6.7E.07 4.7E-0X

PERMEABILITY REPORTED AS **L47E.o8 fern/sec **

DATE 4/23/2006

REVIEW MB

Golder Associates Inc.



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE Clean Harbor/Cell 3 CQA Deer Trail/Co BOARD # 4 COMMENTS 1. The requested remold peranleters were 107.1 pcf and 17%mc

PROJECT NUMBER 063-2145 CELL # 4

SAMPLE ID TF 1 - 2 I - I - Flow Pump Speed 10 2. Water used as pernicant

SAMPLE TYPE keniold Technician lll)I’d 3. Specific gravity is assumed

Sample Data. Initial Sample Data, Final

Height, cm 9.55 B-Value, f 97.50 Height, cm 9.92 Trimmings Sample

Diameter, cm 7.27 Cell Pres. 100.0 Diameter, cm 7.44 WATER CONTENTS Initial Final

Area, cm2 41.51 Bot. Prcs. 95.0 Area, cm2 43.47 Wt Soil & Tare, i g [~i!~.33 940.9

Volume, cm3 396.43 Top Pres. 95.0 Volume, cm3 431.27 Wt Soil & Tare, f g 164.80 768.60

Mass, g 791.80 Tot. B.P. 95.0 Mass, g 856.8 Wt Tare g 32.25 85.20

Moisture Content, % 17.8 Head, max. 81.00 Moisture Conient,% 25.2 ~Vt Moisture Lost g 23.53 172.30

Dry Density, pcf 105.8 Head, mm. 75.00 Dry Density, pcf 99.0 Wt Dry Soil g 132.55 683.40
Spec. Gravity 2.66 Max. Grad. 8.48 Volume Solids, Cm~ 257.25 Water Content % 17.8% 25.2%

Volume Solids, cm3 252.79 Mm. Grad. 7.85 Volume Voids, cm3 174.02

Volume Voids, cm3 143.63 Void Ratio 0.68

Void Ratio 0.57 Saturation, % 99.1%
Saturation, % 83.1%

Flow Pump Rate j 2.SOE.05 Icm~1~c

DATE/TIME dt TEMP Speed Speed AU L A I q v Permeability

(mm) (°C) (1-12) Coeff. (cm) (cm) (cm2) ‘Gradient) (cm3/sec) (cm/see) (cmfsec)
4/23/06 12:30

4/23/06 12:45 15 20.7 10 I 81 9.55 41.51 8.48 2.8E-05 6.7E-07 8.OE-08

4/23/06 13:00 30 20.7 10 I 75 9.55 41.51 7.85 2.8E-05 6.7E-07 8.612-08

4/23/06 14:00 90 20.7 10 1 75 9.55 41.51 7.85 2.8E.05 6.7E-07 8.6E-08

4/23/06 14:15 105 20.7 10 I 75 9.55 41.51 7.85 2.8E.05 6.7E.07 8.6E-08

4/23/06 13:30 120 20.7 10 I 75 9.55 41.51 7.85 2.8E.05 6.7E.07 8.6E.08

~ 4/23/06 14:45 135 20.7 10 1 75 9.55 41.51 7.85 2.8E-05 6.7E-07 8.6E.08

PERMEABILITY REPORTED AS 8.6E-08 1cm/scc **

DATE 4/23/2006

REVIEW MB

Golder Associates Inc.



FLOW PUMP #2
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE Clean Harbor/Cell 3 CQA Deer Trail/Co BOARD # 3 COMMENTS I The requested rernold perameters were l00.Opcf and

PRO.JECTNUMBER 063-2145 CELL# 5 22.5%MC

SAMPLE ID TI’ I - 3 I - - Flow Pump Speed I I 2. Water used as permeant
SAMPLE TYPE Remold Technician BIThI 3. Specific gravity is assumed

Sample Data, Initial Sample Data, Final

Height, cm 9.47 B-Value, f 96.00 Height. cm 9.54 Trimmings Sample

Diameter, cm 7.30 Cell Pres. 100.0 Diameter, cm 7.35 WATER CONTENTS Initial Final

Area, cm2 41.85 Bot. Pres. 95.0 Area, cm2 42.43 Wt Soil & Tare, i g 233.91 879.5

Volunie, cm3 396.36 Top Pres. 95.4) Volume, cm3 404.77 Wt Soil & Tare, f g 195.91 719.90

Mass, g 773.90 Tot. B.P. 95.0 Mass, g 795.40 WI Tare g 32.16 84.04

Moisture Content. % 23.2 Head, max. 170.00 Moisture Content,% 25.1 WI Moisture Lost g 38.00 159.62
DryDensity,pcf 98.9 Head,nun. 149.00 DryDensity,pcf 98.0 WtDrySoil g 163.75 635.86
Spec. Gravity 2.66 Max. Grad. 17.95 Volume Solids. cm’ 239.02 Water Content % 23.2% 25.1%

Volume Solids, cm3 236.14 Mi Grad. 15.73 Volume Voids, cm3 165.75

Volume Voids, cm3 160.22 Void Ratio 0.69

Void Ratio 0.68 Saturation, % 96.3%
Saturation, % 91.0%

Flow Pump Rate 1.40E-05 Icm3/sec

DATE/TIME dl TEMP Speed Speed tsII L A i q v Permeability

(mm) (‘C) (1-12) Coeff~ (cm) (cm) (cm2) (Gradient) (cm3/sec) (cm/see) (cm/sec)
4/23/06 12:00

4/23/06 12:34) 30 20.7 14) I 170 9.47 41.85 17.95 2.XE-05 6.7E-07 3.7E-08

4/23/4)6 12:45 45 20.7 II 1 152 9.47 41.85 16.05 1.4E-05 3.3E-07 2.1E-08

4/23/06 13:00 60 20.7 II I 150 9.47 41.85 15.84 1.4E-05 3.3E.07 2.1E.08

4/23/06 13:15 75 20.7 Ii I 149 9.47 41.85 15.73 1.4E-05 3.3E-07 2.1E.08

4/23/06 13:30 90 20.7 11 I 150 9.47 41.85 15.84 1.4E-05 3.3E.07 2.1E-08

PERMEABILITY REPORTED AS 2.1E-08 1cmfsec **

DATE 4/23/2006

REVIEW ME

Golder Associates Inc.



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE Clean Harbor/Cell 3 CQA l)ccr Trail/Co BOARD # I COMMENTS 1. The requested remold perarneters were lO7Mpcf and

PROJE~TNUMBER 063.2145 CELL# AA 18.9%MC

SAMPLE ID TF 1 - 4 I - I - Flow Pump Speed 10 2. Water used as permeant

SAMPLE TYPE Reniold Technician BI)M 3. Specific gravity is assumed

Sample Data, Initial Sample Data, Final

Height, cm 9.45 B-Value, f 99.00 Height, cm 9.67 Trimmings Sample

Diameter, cm 7.30 Cell Pres. 100.1) Diameter, cm 7.35 WATER CONTENTS Initial Final

Area, cm2 41.85 Bot. Pres. 95.)) Area, cm2 42.43 Wt Soil & Tare, i g 220.87 923.9

Volume, cm3 395.52 Top Pres. 95.0 Volume, cm3 410.29 WtSoil& Tare,f g 190.68 771~5

Mass, g 802.9 Tot. B.P. 95.0 Mass, g 840.0 Wt Tare g 33.76

Moisture Content, % 19.2 Head, max. 156.00 Moisture Contcnt,% 22.1 Wt Moisture Lost g 30~~J 152.05
Dry Density, pcf 106.2 Head, mm. 143.00 Dry Density, pcf 104.6 Wt Dry Soil g 156.92 687.98
Spcc.Gravity 2.66 Max.Grad. 16.51 VolumeSolids,cm’ 258.64 WaterContent % 19.2% 22.1%

Volume Solids, cm3 253.14 Mi Grad. 15.13 Volume Voids, cm3 151.65

Volume Voids, cm3 142.38 Void Ratio 0.59

Void Ratio 0.56 Saturation, % 100.3%
Saturation, % 91.0%

Flow Pump Rate 2.SOE-05 Icm~1sec

DATE/TIME dt TEMP Speed Speed ~H L A i q V Permeability

(mm) (“C) (1-12) Coeff. (cm~ (cm) (cm2) (Gradient) (cm3/sec) (cm/see) (cmlsec)
4/23/06 8:30

4/23/06 8:50 20 20.7 9 1 156 9.45 41.85 16.51 5.5E-05 1.3E-06 8.OE-08

4/23/1)6 9:15 45 20.7 10 1 143 9.45 41.85 15.13 2.8E-05 6.7E-07 4.4E.08

4/23/06 9:30 60 20.7 1)) 1 143 9.45 41.85 15.13 2.8E-05 6.7E-07 4.4E-08

.4/23/06 9:45 75 20.7 10 1 143 9.45 41.85 15.13 2.8E.05 6.7E-07 4.4E-08

4/23/06 10:00 90 20.7 10 1 143 9.45 41.85 15.13 2.8E-05 6.7E-07 4.4E-08

PERMEABILITY REPORTED AS 4.4E-08 1cmlsec ‘~

DATE[ 4/23/2006

REVIEWI MB

Golder Associates Inc.



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM I) 5084

METhOD D, CONSTANT RATE OF FLOW

PROJECT TITLE Clean Ilarl)or/Cell 3 (‘QA l)eer Trail/Co BOARI) # 8 COMMENTS 1. The requested reinold perameter% were IO6pcf and

PROJECJ’NUMBER 063.2145 CELL# 5 20%MC

SAMPLE ID TF 1 .~ I - I - Flow Pump Speed 10 2. Water used as perineant

SAMPLE TYPE Reniold Technician Bl)M 3. Specific gravity is ass,inicd

Sample Data, Initial Sample Data, Final

Height, cm 9.52 B-Value, f 95.00 Height, cm 9.69 Trimmings Sample

Diameter, cm 7.27 Cell Prcs. (00.0 Diameter, cm 7.42 WATER CONTENTS Initial Final

Area,cm2 41.51 Bot.Pres. 95.0 Area,cm2 43.24 WtSoil&Tare,i g 196.21 938.0

Volume, cm3 395.18 Top Pres. 95.0 Volume, cm3 419.01 WtSoil & Tare, f g 169.31 795.87

Mass, g 893.3 Tot. B.P. 95.0 Mass, g 833.7 Wt Tare g 33.44 104.57

Moisture Content, % 19.8 Head, max. 97.00 Moisture Content,% 20.6 Wt Moisture Lost g 26.90 142.13
Dry Density, pcI 105.9 Head, mm. 92.00 Dry Density, pcI 103.0 Wt Dry Soil g 135.87 691.30
Spec. Gravity 2.66 Max. Grad. 10.19 Volume Solids, cm’ 259.97 Water Content % 19.8% 20.6%

Volume Solids, cm3 252.08 Mm. Grad. 9.66 Volume Voids, cm3 159.04

Volume Voids, cm3 143.10 Void Ratio 0.61

Void Ratio 0.57 Saturation, % 89.4%
Saturation, % 92.8%

Flow Pump Rate 2.80E-05 Icm3!sec

DATE/TIME dt TEMP Speed Speed ~JJ L A i q v Permeability

(mm) (°C) (1-12) Coeff. (cm) (cm) (cm2) (Gradient) (cm3/sec) (cm/see) (cm(sec)
4/30/06 10:00

3/30/06 10:15 15 20.7 10 1 97 9.52 41.51 10.19 2.8E-05 6.7E-07 6.6E-08

4/30/06 10:30 30 20.7 10 I 92 9.52 41.51 9.66 2.SE-05 6.7E-07 7.OE-08

4/30/06 10:45 45 20.7 10 I 94 9.52 41.51 10.08 2.8E-05 6.7E-07 6.7E08

4/30/06 11:00 60 20.7 10 1 97 9.52 41.51 10.19 2.8E-05 6.7E-07 6.6E.08

4/30/06 11:15 75 2(1.7 ID I 97 9.52 41.51 10.19 2.8E-05 6.7E-07 6.6E-08

PERMEABILITY REPORTED AS 6.6E-08 1cm/sec **

DATE 4/30/2006

REVIEW MB

Golder Associates Inc.



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D. CONSTANT RATE OF FLOW

PROJECT TI’fLE Clean Harbor/Cell 3 CQA fleer Trail/Cn BOARD I COMMENTS I. The requested remolcl perunieters were l00.Spef ‘md

PROJECT NUMBER 963-2 145 CELL #1 AA 23.0% MC

SAMPLE ID TF I - 6 - I - Flow Pump Spced~ 19 2. Water used as permeant

SAMPLE TYPE Remolil Technician[j~l)M 3. Specific gravity is assumed

Sample Data, Initial Sample Data, Final

Height, cm 9.45 B-Value, f 100.09 Height, cm 9.50 Trimmings Sample

Diameter, cm 7.30 Cell Pres. 100.0 Diameter, cm 7.36 WATER CONTENTS Initial Final

Area, cm2 41.85 Bot. Pres. 95.9 Area, cm2 42.54 Wt Soil & Tare, i g 234.34 901.7

Volume,cm3 395.52 TopPres. 95.9 Volume,cm3 404.17 WtSoil&Tare,f g 197.32 753.13

Mass, g 781.30 Tot. B.P. 95.9 Mass, g 799.36 WI Tare g 33.53 101.98

Moisture Content, % 22.6 Head, maX. 188.00 Moisture Content,% 22.8 Wt Moisture Lost g 37.02 148.57
Dry Density, pcf 100.5 Head, mm. 184.00 Dry Density, pcf 100.5 Wt Dry Soil g 163.79 651.15
Spec. Gravity 2.66 Max. Grad. 19.89 Volume Solids, Ciii’ 244.68 Water Content % 22.6% 22.8%

Volume Solids, cm3 239.57 Mm. Grad. 19.47 Volume Voids, cm3 159.49

Volume Voids, cm3 155.95 Void Ratio 0.65

Void Ratio 0.65 Saturation. % 93.1%
Saturation, % 92.4%

Flow Pump Rate 2.80E-05 Icm3fsec

DATE/TIME dt TEMP Speed Speed All L A i q v Permeability

(min~ (‘C) (1-12) Coeff. (cm) (cm) (cm2) (Gradient) (cm3/sec) (cm2sec) (cm/sec)
5/2/06 9:30

5/2/06 9:45 15 29.7 19 I 184 9.45 41.85 19.47 2.8E-05 6.7E.07 3.4E-08

5/2/06 10:00 30 29.7 10 1 188 9.45 41.85 19.89 2.8E-05 6.7E-07 3.4E-05

5/2/06 10:15 45 20.7 10 1 184 9.45 41.85 19.47 2.8E-05 6.7E-07 3.4E-08

5/2/06 10:30 60 20.7 10 1 184 9.45 41.85 19.47 2.SE-05 6.7E-07 3.4E-08

5/2/01, 10:45 75 20.7 10 1 184 9.45 41.85 19.47 2.8E-05 6.7E-07 3.4E-08

PERMEABILITY REPORTED AS *~I 34E-08 Icm!sec~’~

DATE 5/2/2006

REVIEW MB

Golder Associates Inc.



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE Clean harbor/Cell 3 CQA l)eer Trail/Co BOARD # 2 COMMENTS I. The requested reinold l)craIlIeters were IO6cf and

PROJECT NUMBER 063-2145 CELL# 7 20%MC

SAMPLE ID iT 2-I I - I - Flow Pump Speed lOll 2. Water used as permeant

SAMPLE TYPE Remold Technician B1)M

Sample Data, Initial Sample Data, Final

Height, cm 9.50 B-Value, f 97.50 Height. cm 9.65 Trimmings Sample

Diameter, cm 7.27 Cell Pres. 100.0 Diameter, cm 7.35 WATER CONTENTS Initial Final

Area, cm2 41.51 Bot. Pres. 95&88 Area, cm2 42.43 WI Soil & Tare, i g 153.45 911.1

Volume, cm3 394.35 Top Pres. 95&88 Volume, cm3 409.44 Wt Soil & Tare, f g 132.80 759.38

Mass,g 803.50 ToLB.P. 95&88 Mass,g 826.70 WtTare g 28.90 84.80

Moisture Content, % 19.9 Head, max. 185.00 Moisture Content,% 22.5 Wt Moisture Lost g 20.65 151.72

Dry Density, pcf 106.1 Head, mm. 116.00 Dry Density, pcf 102.9 Wt Dry Soil g 103.90 674.58

Spec. Gravity 2.71 Mns. Grad. 19.47 Volume Solids, cm’ 249.04 Water Content % 19.9% 22.5%

Volume Solids, cm3 247.34 Mm. Grad. 12.21 Volume Voids, cm3 160.40

Volume Voids, cm3 147.01 Void Ratio 0.64

Void Ratio 0.59 Saturation, % 94.6%

Saturation, % 90.6% Tesied at 5 & 2psi cliective stre.sa.

Flow Pump Rate #N/A Icm3/~c

DATE/TIME effective TEMP Speed Speed All L A i q v Permeability

stress (°C) (1.12) Coeff. (cm) (cm) (cm2) (Gradient) (cm3/sec) (cmfsec) (cm!sec)

5/10/06 15:00 Spsi 2t).7 10 1 116 9.50 41.51 12.21 2.8E-05 6.7E-07 5.5E-08

5/11106 12:45 l2psi 20.7 II I 185 9.50 41.51 19.47 1.4E.05 3.4E-07 1.7E.08

PERMEABILITY REPORTED AS ~I l.7E-08 1cm/sec ~*

DATE 5/11/2006

REVIEW MB

Golder Associates Inc.



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE Clean Harbor/Cell 3 CQA Deer Trail/Co BOARD # 7 COMMENTS 1. The requested reniold peralneters were IO0.5cf and

PROJECT NUMBER 063-2145 CELL# CC 23.5%MC

SAMPLE ID TF 2-2 I - I - Flow Pump Speed I0& 12 2. Water used as pernieant

SAMPLE TYPE Reinoki Technician Bl)M

Sample Data, Initial Sample Data, Final

Height, cm 9.54 B-Value, f 95.00 Height, cm 9.55 Trimmings Sample

Diameter, cm 7.27 Cell Pres. 100.0 Diameter, cm 7.32 WATER CONTENTS Initial Final

Area, cm2 41.51 Rot. Pres. 95&88 Area, cm2 42.08 WI Soil & Tare, i g 162.42 885.6

Volume, cm3 396.01 Top Pres. 95&88 Volume, cm3 401.90 Wt Soil & Tare, t g 138.00 722.79

Mass,g 783.70 ToLB.P. 95&88 Mass,g 800.84 WtTare g 33.76 85.11

Moisture Content, % 23.4 Head, max. 140.00 Moisture Contcnt,% 25.5 WI Moisture Lost g 24.42 162.81
Dry Density, pcf 100.1 Head, mm. 134.00 Dry Density, pcI 99.1 ~Vt Dry Soil g 104.24 637.68
Spec. Gravity 2.71 Max. Grad. 14.68 Volume Solids, cm’ 235.41 Water Content % 23.4% 25.5%

Volume Solids, cm3 234.30 Mm. Grad. 14.05 Volume Voids, cm3 166.49

Volume Voids, cm3 161.71 Void Ratio 0.71

Void Ratio 0.69 Saturation, % 97.8%
Saturation, % 92.0% Tcst,xI at 5 & 2psi cifective stress.

Flow Pump Rate #N/A Icm3I~c

DATE/TIME effective TEMP Speed Speed AR L A i q v Permeability

stress (“C) (1-12) Coeff. (cm) (cm) (cm2) (Gradient) (cm3!sec) (cm/see) (cm/see)

5/10/06 11:00 Spsi 20.7 10 I 134 9.54 41.51 14.05 2.SE-05 6.7E.07 4.8E-08

5/12/06 11:45 l2psi 20.7 12 1 140 9.54 41.51 14.68 5.5E-06 1.3E-07 9.OE-09

PERMEABILITY REPORTED AS 9.OE-09 1cm/sec ~

DATEL5I12/2006
REVIEWI MB

Golder Associates Inc.



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJEC1’ TITLE Clean Harbor/Cell 3 CQA I)vcr Trail/Co BOARD # 9 COMMENTS I. Thy requested rernold peranleters ,~ere 103.Spcf and

PROJECT NUMBER 063-2145 CELL/I CC 22%MC

SAMPLE ID TF 2-3 I - I - Flow Pump Speed 10 2. Water used as permeant

SAMPLE TYPE Rernold Technician Hl)M

Sample Data, Initial Sample Data, Final

Height, cm 9.53 B-Value, f 95.00 Height, cm 9.63 Trimmings Sample

Diameter, cm 7.27 Ccli Pres. 100.0 Diameter, cm 7.37 WATER CONTENTS Initial Final

Area, cm2 41.51 Bot. Pres. 95.0 Area, cm2 42.66 Wt Soil & Tare, i g 144.62 901.6

Volume, cm3 395.60 Top Pres. 95.0 Volume, cm3 410.82 Wt Soil & Tare, f g 124.42 741.65

Mass. g 797.60 ToL B.P. 95.0 Mass, g 8 18.50 Wt Tare g 31.86 83.30

Moisture Content, % 21.8 Head, max. 186.00 Moisture Content.% 24.3 Wt Moisture Lost g 20.20 159.95
Dry Density, pcf 103.3 Head, mi 180.00 Dry Density, pcf 100.0 Wt Dry Soil g 92.56 658.35
Spec. Gravity 2.71 Max. Grad. 19.52 Volume Solids, cm’ 242.99 Water Content % 21.8% 24.3%

Volume Solids, cm3 241.59 Mm. Grad. 18.89 Volume Voids, cm3 167.83

Volume Voids, cm3 154.00 Void Ratio 0.69

Void Ratio 0.64 Saturation, % 95.3%
Saturation, % 92.8%

Flow Pump Rate I 2.80E-05 Icm3/sec

DATE/TIME dt TEMP Speed Speed ~SN L A i q v Permeability

(miii) CC) (1-12) Coeff. (cm) (cm) (cm2) (Gradient) (cm3/sec) (cm/see) (cm/icc)
5/11/06 11:45

5/11/06 12:00 15 20.7 10 I 180 9.53 41.51 18.89 2.XE-05 6.7E-07 3.6E-08

5/11/06 12:15 30 20.7 II) 1 184 9.53 41.51 19.31 2.8E-05 6.7E-07 3.5E-08

5/11/06 12:31) 45 20.7 10 1 186 9.53 41.51 19.52 2.8E-05 6.7E-07 3.5E08

5/11/06 12:45 60 20.7 10 1 186 9.53 41.51 19.52 2.8E-05 6.7E-07 3.5E-08

S/I 1/06 13:00 75 20.7 10 1 186 9.53 41.51 19.52 2.8E-05 6.7E-07 3.5E-08

PERMEABILITY REPORTED AS 3.SE-08 1cm/sec ~

DATE 5/11/2006

REVIEW MB

Golder Associates Inc.



APPENDIX B

CONSTRUCTION TESTING - FIELD MOISTURE-DENSITY RESULTS

June 2006 Golder Associates 063-2 145
1:06 2145 0400 0632)45 CH-TESTFILL RPT-FNL 06J1JN06.DOC



TABLE B-i
IN-SITU MOISTURE DENSITY SUMMARY

CLEAN HARBORS DEER TRAIL FACILITY I SECURE CELL NO.3 TEST FILL

Test Reference In-Situ Values
Reference Elevation Test Wet MoIsture Moisture Dry Number of

Test or Depth Type Density Content Content Density Passes Pass!
No. Date Grid Location (Lift) DC/PermiNC I Nuke (pct) (Nuclear) (Oven) (pcf) Fail

[‘est Fill Subgrade Test Results

TFSG-01 5/4/2006 SW QUAD Subgrade - N 119.2 15.9% - 102.8 - Pass

TFSG-02 5/4/2006 SE QUAD Subgrade - N 123.9 14.6% - 108.1 - Pass
TFSG-03 5/4/2006 NE QUAD Subgrade - N 117.1 15.7% - 101.2 - Pass
TFSG-04 5/4/2006 NW QUAD Subgrade - N 119.3 13.0% - 105.6 - Pass

Resu Its Plot Within Preliminary
1.OxE-8 cm/sec Clay Plug Test F II (Cat 815 Compactor) - Lifts 1-4 Preliminary Evaluation Compaction Window (Yes/No)

F-815-01 5/4/2006 SE Test Fill(E-8) Lift 1 MC N 122.7 20.5% 20.9% 101.8 8 No
F-815-02 5/4/2006 SETestFill(E-8) Liftl MC N 114.7 19.7% 22.1% 95.8 8 No
F-815-03 5/4/2006 SE Test Fill(E-8) Lift 1 MC N 121.5 20.3% 21.1% 101.0 12 No
F-al 5-04 5/4/2006 SE Test Fill (E-8) Lift 1 MC N 114.2 22.9% 21.9% 92.9 12 No

F-81 5-05 5/4/2006 SE Test Fill (E-8) Lift 1 MC N 118.8 21.6% 21.5% 97.7 16 No

F-81 5-06 5/4/2006 SE Test Fill (E-8) Lift 1 MC N 118.2 22.0% 23.7% 96.9 16 No
F-815-07 5/4/2006 SE Test Fill(E-8) Lift 1 MC N 117.9 20.8% 22,6% 97.6 20 No
F-81 5-08 5/4/2006 SE Test Fill (E-8) Lift 1 MC N 111.2 22.0% 21.3% 91.1 20 No

F-815-09 5/5/2006 SE Test Fill(E-8) Lift 2 MC N 121.3 23.1% 18.9% 98.5 8 No
F-815-10 5/5/2006 SE Test Fill(E-8) Lift2 - N 120.9 21.3% - 99.7 8 No
F-815-11 5/5/2006 SE Test Fill (E-8) Lift 2 - N 120.4 20.3% - 100.1 12 No
F-81 5-12 5/5/2006 SE Test Fill (E-8) Lift 2 MC N 116.3 19.9% 20.3% 97.0 12 No
F-815-13 5/5/2006 SE Test FiII(E-8) Lift 1 - N 121.9 20.0% - 101.6 Tested Through L-2 No
F-815-14 5/5/2006 SE Test Fill (E-8) Lift 1 - N 123.7 17.7% - 105.1 Tested Through L-2 No

F-815-15 5/5/2006 SE Test Fill (E-8) Lift 2 - N 125.5 20.5% - 104.1 16 Yes
F-815-16 5/5/2006 SE Test Fill (E-8) Lift 2 - N 120.4 22.4% - 98.4 16 No
F-815-17 5/5/2006 SE Test Fill (E-8) Lift 2 - N 119.5 21.6% - 98.3 20 No

F-815-18 5/5/2006 SE Test Fill (E-8) Lift 2 - N 120.8 18.9% - 101.6 20 (6 TEST) No
F-al 5-19 5/5/2006 SE Test Fill (E-8) Lift 2 - N 125.1 22.3% - 102.3 20 (4~ TEST> Yes
F-815-20 5/5/2006 SE Test Fill (E-8) Lift3 - N 121.8 22.1% - 99.8 8 No
F-815-21 5/5/2006 SE Test Fill (E-8) Lift 3 - N 116.7 21.0% - 96.4 8 No
F-81 5-22 5/5/2006 SE Test Fill (E-8) Lift 3 TFDC-02 N 122.0 21.8% 19.9% 100.2 12 No
F-al 5-23 5/5/2006 SE Test Fill (E-8) Lift 3 - N 112.9 19.9% - 94,2 12 No

F-815-24 5/5/2006 SE Test Fill (E-8) Lift 3 - N 124.3 20.7% - 103.0 16 No

C:~TabIe 8-1 xIs - Test Fill Golder Associates Inc. Page 1 of 4



TABLE B-i
IN-SITU MOISTURE DENSITY SUM ARY

CLEAN HARBORS DEER TRAIL FACILITY! SECURE CELL NO.3 TEST FILL

Test Reference in-Situ Values
Reference Elevation Test Wet Moisture Moisture Dry Number of

Test or Depth Type — Density Content Content Density Passes Pass/
No. Date Grid Location (Uft) DCfPerm/MC Nuke (pci) (Nuclear) (Oven) (pci) Fall

F-815-25 5/5/2006 SE Test Fill (E-8) Lift 3 - N 122.1 24.0% - 98.5 16 No
F-Si 5-26 5/5/2006 SE Test Fill (E-8) Lift 3 - N 123.3 22.6% - 100.6 20 Yes
F-815-27 5/5/2006 SE Test Fill (E-8) Lift 3 - N 120.8 20.7% - 100.1 20 No

F-815-28 5/5/2006 SE Test Fill (E-8) Lift4 - N 116.1 22.3% - 94.9 8 No
F-81 5-29 5/5/2006 SE Test Fill (E-8) Lift 4 - N 118.3 21.2% - 97,6 8 No

F-81 5-30 5/5/2006 SE Test Fill (E-8) Lift 4 - N 116.8 24.3% - 94.0 12 No
F-81 5-31 5/5/2006 SE Test Fill (E-8) Lift 4 - N 118.9 20.7% - 98.5 12 No
F-815-32 5/6/2006 SE Test Fill(E-8) Lift 4 - N 121.6 21.1% - 100.4 16 No
F-815-33 5/6/2006 SE Test Fill (E-8) Lift 4 - N 123.1 22.2% - 100.7 16 Yes
F-815-34 5/6/2006 SE Test Fill (E-8) Lift 4 - N 116.1 22.6% - 94.7 20 No

F-815-35 5/6/2006 SE Test Fill (E-8) Lift 4 * N 124.4 21.9% - 102.1 20 Yes
F-815-36 5/6/2006 SE Test Fill (E-8) Lift 4 - N 119.9 22.2% - 98.1 20 No
F-815-37 5/6/2006 SE Test Fill (E-8) Lift 4 - N 120.1 21.6% - 98.8 20 No

Results Plot Within Final
1.OxE-X cm/sec Clay Plug Test Fill (Cat 815 Compactor) - Lifts 5-7 Final Evaluation Compaction Window (Yes/No)

F-815-38 5/8/2006 SE Test Fill (E-8) Lift 5 - N 120.1 22.7% - 97.9 16 Yes
F-815-39 5/8/2006 SE Test Fill(E-8) Lift5 - N 122.6 21.5% - 100.9 16 Yes
F-815-40 5/8/2006 SE Test Fill (E-8) Lift 5 - N 125.8 20.6% - 104.3 16 Yes
F-815-41 5/9/2006 SE Test Fill (E-8) Lift 6 - N 122.9 24.1% - 99.0 16 Yes
F-Si 5-42 5/9/2006 SE Test Fill (E-8) Lift 6 - N 119.7 23.5% - 96.9 16 Yes
F-81 5-43 5/9/2006 SE Test Fill (E-8) Lift 6 - N 125.8 21.3% - 103.7 16 Yes
F-815-44 5/9/2006 SE Test Fill (E-8) Lift 7 TFDC-05 N 124.2 23.3% 23.5% 100.7 16 Yes
F-815-45 5/9/2006 SE Test Fill (E-8) Lift 7 - N 123.3 22.8% - 100.4 16 Yes
F-815-46 5/9/2006 SE Test Fill (E-8) Lift 7 - N 123.3 22.0% - 101.1 16 Yes

F-815-08-P-01 5/9/2006 SE Test Fill (E-8) Lift 7 08-P-01 N 124.2 23.3% 23.3% 100.7 16 Yes
F-81 5-08-P-02 5/9/2006 SE Test Fill (E-8) Lift S 08-P-02 N 124.8 22.8% 23.6% 101.6 16 Yes

Results Plot Within Preliminary
I.OxE-7 cm/sec CCL Test Fill (Cat 815 Compactor) - Lifts 1-4 Preliminary Evaluation Compaction Window (Yes/No)

07-F-815-01 5/6/2006 SW Test Fill (E-7) Lift 1 - N 104.7 27.3% - 82.2 5 No
07-F-815-02 5/6/2006 SW Test Fill (E-7) Lift 1 - N 105.9 26.2% - 83.9 5 No
07-F-815-03 5/6/2006 SW Test Fill (E-7) Lift 1 - N 121.6 22.8% - 99.0 5 Yes

C:~Table B-i xis - Test Fill Golder Associates Inc. Page 2014



TABLE B-i
IN-SITU MOISTURE DENSITY SUMMARY

CLEAN HARBORS DEER TRAIL FACILITY I SECURE CELL NO.3 TEST FILL

Test Reference in-Situ Values
Reference Elevation Test Wet Moisture Moisture Dry Number of

Test or Depth Type Density Content Content Density Passes Pass!
No. Date Grid Location (Lift) DC/Perm/MCVNuke. . (pcf) (Nuclear) (Oven) (pcf) Fail

07-F-815-04 5/6/2006 SW Test Fill (E-7) Lilt 1 - N 121.6 18.4% - 102.7 8 No
07-F-al 5-05 5/6/2006 SW Test Fill (E-7) Lift 1 - N 116.4 22.7% - 94.9 8 No
07-F-al 5-06 5/6/2006 SW Test Fill (E-7) Lift 1 - N 119.3 24.1% - 96.1 12 Yes
07-F-815-07 5/6/2006 SW Test Fill (E-7) Lift 1 - N 117.0 23.0% - 95.1 12 Yes
07-F-81 5-08 5/6/2006 SW Test Fill (E-7) Lift 1 - N 117.0 19.9% - 97.6 16 No
07-F-815-09 5/6/2006 SW Test Fill (E-7) Lift 1 - N 114.2 21.5% - 94.0 16 No
07-F-815-10 5/6/2006 SW Test Fill (E-7) Lift2 - N 121.7 24.0% - 98.1 5 Yes
07-F-81 5-11 5/6/2006 SW Test Fill (E-7) Lift 2 - N 118.5 22.6% - 96.7 5 Yes
07-F-al 5-12 5/6/2006 SW Test Fill (E-7) Lift 2 - N 118.8 25.5% - 94.7 8 Yes

07-F-815-l3 5/6/2006 SW Test Fill (E-7) Lift 2 - N 120.3 22.7% - 98.0 8 Yes
07-F-81 5-14 5/6/2006 SW Test Fill (E-7) Lift 2 - N 119.8 19.6% - 100.2 12 No
07-F-81 5-15 5/6/2006 SW Test Fill (E-7) Lift 2 - N 116.9 25.3% - 93.3 12 No

07-F-815-16 5/6/2006 SW Test Fill (E-7) Lift 2 - N 119.6 22.1% - 98.0 12 Yes
07-F-815-l7 5/6/2006 SW Test Fill (E-7) Lift 2 - N 125.2 19.9% - 104.4 16 Yes
07-F-815-18 5/6/2006 SW Test Fill (E-7) Lift 2 - N 120.7 23.2% - 98.0 16 Yes
07-F-815-19 5/6/2006 SW Test Fill (E-7) Lift 3 - N 120.5 21.1% - 99.5 5 Yes
07-F-81 5-20 5/6/2006 SW Test Fill (E-7) Lift 3 - N 117.7 24.2% - 94.8 5 Yes
07-F-815-21 5/6/2006 SW Test Fill (E-7) Lift 3 - N 122.2 22.4% - 99.8 8 Yes
07-F-815-22 5/6/2006 SW Test Fill (E-7) Lift 3 - N 124.1 20.2% - 103.2 8 Yes
07-F-8l5-23 5/6/2006 SW Test Fill (E-7) Lift 3 TFDC-03 N 122.3 24.0% 24.1% 98.6 12 Yes
07-F-al 5-24 5/6/2006 SW Test Fill (E-7) Lift 3 - N 121.8 23.2% - 98.9 12 Yes
07-F-815-25 5/6/2006 SW Test Fill (E-7) Lift 3 - N 122.6 21.4% - 101.0 16 Yes

~ 07-F-8l5-26 5/6/2006 SW Test Fill (E-7) Lift 3 - N 120.8 20.7% - 100.1 16 Yes
07-F-8l5-27 5/6/2006 SW Test Fill (E-7) Lift 4 - N 125.0 19.3% - 104.8 5 Yes
07-F-8l5-28 5/6/2006 SW Test Fill (E-7) Lift 4 - N 118.4 23.2% - 96.1 5 Yes
07-F-815-29 5/6/2006 SW Test Fill (E-7) Lift 4 - N 117.1 23.2% - 95.0 8 Yes
07-F-8l5-30 5/6/2006 SW Test Fill(E-7) Lift4 - N 121.4 21.5% - 99.9 8 Yes
07-F-815-31 5/6/2006 SW Test Fill (E-7) Lift 4 - N 120.7 23.2% - 98.0 12 Yes
07-F-81 5-32 5/6/2006 SW Test Fill (E-7) Lift 4 - N 115.8 24.9% - 92.7 12 No
07-F-815-33 5/6/2006 SW Test Fill (E-7) Lift 4 - N 115.2 23.8% - 93.1 16 No
07-F-al 5-34 5/6/2006 SW Test Fill (E-7) Lift 4 - N 119.1 24.8% - 95.4 16 Yes

C:\Table B-1.xls - Test Fill Golder Associates Inc. Page 3 of 4



TABLE B-i
IN-SITU MOISTURE DENSITY SUMMARY

CLEAN HARBORS DEER TRAIL FACILITY I SECURE CELL NO. 3 TEST FILL

Test Reference In-Situ Values
Reference Elevation Test Wet Moisture Moisture Dry Number of

Test or Depth Type Density Content Content Density Passes Pass!
No. Date Grid Location (Uft) DC/Perm/MC I Nuke (pcf) (Nuclear) (Oven) (pcf) Fall

Results Plot Within Final
1.OxE-7 cm/sec CCL Test Fill (Cat 815 Compactor) - Lifts 5-7 Final Evaluation — Compaction Window (Yes/No)

07-F-815-35 5/8/2006 SW Test Fill (E-7) Lift 5 - N 123.0 21.1% 101.6 8 Yes
07-F-81 5-36 5/8/2006 SW Test Fill (E-7) Lift S - N 119.9 23.5% - 97.1 8 Yes
07-F-81 5-37 5/8/2006 SW Test Fill (E-7) Lift 5 - N 121.4 22.6% - 99.0 8 Yes
07-F-81 5-38 5/8/2006 SW Test Fill (E-7) Litt 6 - N 119.9 21.6% - 98.6 8 Yes
07-F-815-39 5/8/2006 SW Test Fill (E-7) Lift 6 - N 120.8 25.3% - 96.4 8 Yes
07-F-815-40 5/8/2006 SW Test Fill (E-7) Lift 6 TFDC-04 N 122.0 20.7% 21.0% 101.1 8 Yes
07-F-815-41 5/8/2006 SW Test Fill (E-7) Lift 7 - N 122.5 19.2% - 102.8 8 Yes
07-F-815-42 5/8/2006 SW Test Fill (E-7) Lift 7 - N 125.9 19.0% - 105.8 8 Yes
07-F-815-43 5/8/2006 SW Test Fill (E-7) Lift 7 - N 124.8 19.7% - 104.3 8 Yes

F-81 5-07-P-01 5/9/2006 SW Test Fill (E-7) Lift 7 07-P-01 N 124.4 19.9% 19.2% 103.8 8 Yes
F-815-07-P-02 5/9/2006 SW Test Fill (E-7) Lift 6 07-P-02 N 123.9 18.3% 23.3% 104.7 8 Yes

F-815-07-P-03 5/9/2006 SW Test Fill (E-7) LIft 5 07-P-03 N 120.0 23.6% 22.8% 97.1 8 Yes

fest Fill Tie-In Evaluation Test Results

F-815-07-Tl-01 5/9/2006 SW Test Fill (E-7) Lift 7 07-Tl-01 N 116.7 21.1% NA 96.4 8 Bond Failed
F-815-07-Tl-02 5/9/2006 SW Test Fill (E-7) Lift 7 07-Tl-02 N 133.6 18.9% 19.7% 112.4 8 Bond Passed

C:\Table B-i xis - Test Fill Qolder Associates Inc. Page 4 of 4



APPENDIX C

TEST FILL PHOTO LOG

June 2006 Golder Associates 063-2 145
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I - Grading south end of existing stockpile for test fill pad

2 - Grading and compacting Test Fill subgrade

liThE

TEST FILL SITE PHOTOGRAPHS
~ ~DD RPD 051806 ~ NO. 063—21 45CLiENT RPD ~ NO. 06321 45P004 PHO~ NO.

CHECL< KIEL ~ AS SHOWN OWO NO/~EV. NO. A

IPAS LP

I



3 Testing first lifi on the east side of the Test Fill (Cat 815)

-.

J

j.,, ~ ~;

4 - Cat 815 (east side - left) Cat 825 (west side - right) compacting clay

11T~I

TEST FILL SITE PHOTOGRAPHS
~ CADO RPD OATS 051806 ~ N~ 063—21 45

~~~rbor KIEL SCALA AS SHOWN OWG NO/~EV. NO. A

RPD 06321 45P004



- ~

5 - Cat scra r corn actln lift 6on 1.OxE4 east side Test Fill Cat 815 corn ctin LIft 7 on 1.OE-7 west side Test Fill

11.1 a..

6 - Cat scraper compacting lIft 6 on 1.OxE-8 (east side) Test Fill, Cat 815 compactIng Lift 7 on 1.OE-7 (west side) Test Fill

Imu
TEST FILL SITE PHOTOGRAPHS

CADO RPD OA~ 051806 308 NO. 063—21 45

KIEL SCALE AS SHOWN ~ NO/REV. NO. A
06321 45P004



c,~1

—.~ :~

7 - Cutting around 1.OE-7 (west side) large block sample with Cat motor grader

*

8 - Pressing large block sample ring with Cat motor grader on I .OE-7 test fill

IanHror

TITLE

TEST FILL SITE PHOTOGRAPHS
CADO RPD 051806 JOB NO. 063—2145

CHEC1( KIEL AS SHOWN ~ NO/PEV NO.

06321 45P004

CLJ~NT



9 - Pressing large block sample ring with Cat motor grader on I .OE-7 test fill

liThE

TEST FILL SITE PHOTOGRAPHS
CADD RPD I DATE 051806 1J08 NO. 063—21 45

CHECK KIEL SCALE AS SHOWN DWG NO/REV. NO. A

06321 45P004

10 - Large block sample number 07-P-Olc after removal from the 1.OE-7 test fill



APPENDIX D

LABORATORY TESTING - HYDRAULIC CONDUCTIVITY
(SHELBY TUBE FLEXIBLE WALL HYDRAULIC

CONDUCTIVITY RESULTS AND SUMMARY)
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TABLE D-1
CLEAN HARBORS DEER TRAIL FACILITY/SECURE CELL NO.3 CQA

SUMMARY OF FLEXIBLE-WALL PERMEABILITY TEST RESULTS
SHELBY TUBE SAMPLES - TEST FILL

Sample Test Fill Number of Sample Initial Degree of Effective Back Gradient Avcrage
Number Lift No. Passes Dry Density Moisture Saturation’ Stress Pressure Permeability

(pci) (%) (%) (psi) (psi) (cmst’sec)
07-P-OIA Lift7 8 105.6 19.2 87.6 5 95 18 1.9X i0~

07-P-02A Lift6 8 100.4 23.3 93.3 5 95 13 5.1 X I0~

07-P-03A Lift 5 8 100.1 22.8 90.6 5 95 15 4.6 X 108

08-P-OIA Lift7 16 101.0 23.3 94.7 5 95 13 5.1 X i08

08-P-OIA Lift 7 16 101.0 23.3 94.7 12 88 19 7.2 X i0~

08-P-02A Lift 6 16 100.3 23.6 94.3 5 95 17 3.9 X i0~

08-P-02A Lift 6 16 100.3 23.6 94.3 12 88 20 6.7 X 10~

07-P-T1-OIA Tic-in 107.1 19.7 93.4 5 95 14 4.8 X 108

Note I - Calculated using an Average Sp.G = 2.69 for Samples TF- I and TF-2

JUNE 2006
Perm Summary-Undisturbect.xls Golder Associates 063-2145



FLoW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE (‘lean Harbor/Cell 3 CQA l)eer Trail/Co

PROJECT NUMBER 063-2145

SAMPLE ID 07-l’.OIA I - I -

SAMPLE TYPE Shelby Tithe

Sample Data, Initial Sample Data, Final

Height, cm 9.28 B-Value, f 98.00 Height, cm 9.22 Trimmings Sample

Diameter, cm 7.24 Cell Pres. 100.0 Diameter, cm 7.27 WATER CONTENTS Initial Final

Area, cm2 41.17 Bot. Pres. 95.0 Area, cm2 41.51 Wt Soil & Tare, i g 222.19 890.9

Volume, cm3 382.05 Top Pres. 95.0 Volume, cm3 382.73 Wi Soil & Tare, I g 191.83 754.61

Mass,g 770.50 Tot.B.P. 95.0 Mass,g 787.2 WtTare g 33.82 104.11

Moisture Content, % 19.2 Read, max. 178.00 Moisture Content.,% 21.0 Wt Moisture Lost ~ 30.36 136.29

Dry Density, pcf 105.6 Head, mm. 169.00 Dry Density, pcI 106.1 WI Dry Soil g 158.01 650.50

Spec. Gravity 2.66 Max. Grad. 19.18 Volume Solids. cm’ 244.66 Water Content % [_19.2% 21.0%

Volume Solids, cm3 242.9S Mm. Grad. 18.21 Volume Voids, cm3 138.06

Volume Voids, cm3 139.07 Void Ratio 0.56

Void Ratio 0.57 Saturation, % 98.8%

Saturation, % 89.3% Clay. dark olive gray.Oiin. nioki. scaliered gypsum crvs

Flow Pump Rate 1.40E-05 Icm~isec

DATFJI1ME di TEMP Speed Speed All L A i q v Permeability

(miii) (“C) (1-12) Coeff. (cm) (cm) (cm2) (Gradicnt~ (cm3/sec) (cm/see) (ens/see)
5/16/06 11:45

5/16/06 13:00 75 20.7 10 I 178 9.28 41.17 19.18 2.8E.05 6.8E-07 3.5E-08

5/16/06 14:00 135 20.7 11 I 170 9.28 41.17 18.32 1.4E.05 3.4E-07 i.9E-08

5/16/06 14:15 150 29.7 11 I 171 9.28 41.17 18.43 1.4E-05 3.4E-07 1.XE-08

5/16/06 14:30 165 20.7 II I 169 9.28 41.17 18.21 1.4E-05 3.4E-07 I.9E-08

5/16/06 14:45 180 20.7 ii 1 169 9.28 41.17 18.21 1.4E-05 3.4E-07 1.9E-08

5/16/06 15:00 195 20.7 11 I 169 9.28 41.17 18.21 1.4E-05 3.4E-07 1.9E-08

PERMEABILITY REPORTED AS ~“I 1.9E-08 1cmIsec ‘~

DATE 5116/2006

REVIEW MB

Golder Associates Inc.



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084
METHOD D. CONSTANT RATE OF FLOW

PROJECT TITLE Clean harbor/Cell 3 CQA I)cer Trail/Cl)

PROJECT NUMBER 063-2145

SAMPLE ID 07-P.02A I - I -

SAMPLE TYPE Shehl,v Tube

Sample Data, Initial Sample Data, Final

Height,cm 9.48 B-Value,f 95.00 Hcight,cm 9.52 Trimmings Sample

Diameter, cm 7.23 Cell Pres. 100.0 Diameter, cm 7.36 WATER CONTENTS Initial Final

Area, cm2 41.06 Bot. Pres. 95.0 Area, cm2 42.54 Wa Soil & Tare, i g 251.20 876.0

Volume, cm3 389.20 Top Pres. 95.0 Volume, cm3 405.03 WtSoil& Tare,f g 209.77 714.97

Mass,g 772.25 Tot.B.P. 95.0 Mass,g 791.5 WtTare g 31.88 85.11

Moisture Content, % 23.3 Head, max. 129.00 Moisture Content,% 25.6 Wt Moisture Lost g 41.43 161.J
Dry Density, pcf 100.4 Head, mm. 126.00 Dry Density, pcf 97.1 Wt Dry Soil g 177.89 629.86
Spec. Gravity 2.66 Max. Grad. 13.61 Volume Solids, cm’ 236.97 Water Content % 23.3% 25.6%

Volume Solids, cm3 235.48 Mm. Grad. 13.29 Volume Voids, cm3 168.05

Volume Voids, cm3 153.72 Void Ratio 0.71

Void Ratio 0.65 Saturation, % 95.9%
Saturation, % 94.9% Clay. (lark gr.o. unit. 110151. occasional gypsum crystals

Flow Pump Rate 2.80~~Z~]cm~Isec

DATE/TIME dt TEMP Speed Speed All L A i q v Permeability

(mm) (°C) (1-12) Coeff. (cm) (cm) (cm2) (Gradient~ (cm3/sec) (cm/sec) (cnsfscc)
5/18/06 14:00

5/18/06 14:30 30 20.7 10 1 127 9.48 41.06 13.40 2.8E-05 6.XE-07 5.IE-08

5/18/06 14:45 45 20.7 10 I 127 9.48 41.06 13.40 2.8E-05 6.8E-07 5.IE.08

5/18/06 15:00 60 20.7 10 I 126 9.48 41.06 13.29 2.XE-05 6.8E-07 5.1E-08

5/18/06 15:15 75 20.7 10 I 129 9.48 41.06 13.61 2.8E05 6.8E07 5.0E08

5/18/06 15:30 90 20.7 10 I 126 9.48 41.06 13.29 2.8E-05 6.8E.07 5.IE.08

5/18/06 16:00 120 20.7 10 1 127 9.48 41.06 13.40 2.8E-05 6.8E-07 5.IE-08

PERMEABILITY REPORTED AS 5.1E-08 1cmtsec **

DATE[ 5/18/2006

REVIEwL “B

Golder Associates Inc.



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE Clean Harbor/Cell 3 CQA l)eer Trait/Co BOARD # 7 COMMENTS 1. Water used as pernwant

PROJECT NUMBER 063-2145 CELL # 1 2. Specific gravity is as~ii med

SAMPLEID 07-P-03A I - I - FlowPumpSpeed tO

SAMPLE TYPE Shelby i’uhe Technician Bl)M

Sample Data, Initial Sample Data, Final

Height, cm 10.38 B-Value, f 98.50 Height, cm 10.42 Trimmings Sample

Diameter, cm 7.22 Cell Pres. 100.0 Diameter, cm 7.26 WATER CONTENTS Initial Final

Area, cm2 40.94 Bot. Pres. 95.0 Area, c& 41.40 Wt Soil & Tare, i g 225.66 958.9

Volume, cm3 424.97 Top Pres. 95.0 Volume, cm3 431.35 Wt Soil & Tare, f g 189.89 789.56

Mass, g 836.90 Tot. B.P. 95.0 Mass, g 858.8 Wt Tare g 32.77 1(81.40

Moisture content, % 22.8 Head, max. 172.00 Moisture Content,% 24.6 Wt Moisture Lost g 35.77 169.34
Dry Density, pcf 100.1 Head, mi 154.00 Dry Density, pcf 99.7 Wt Dry Soil g 157.12 689.16
Spec. Gravity 2.66 Max. Grad. 16.57 Volume Solids, cm’ 259.17 Water Content % 22.8% 24.6%

Volume Solids, cm3 256.28 Mm. Grad. 14.84 Volume Voids. cm3 172.18

Volume Voids, cm3 168.69 Void Ratio 0.66

Void Ratio 0.66 Saturation, % 98.4%
Saturation, % 92.0% Clay. (lark Slav wit Ii yellow brown moO ling..firm. nioist. occasional gvpsu iii

crystals.

Flow Pump Rate 2.80E-05 Icm3/~c

DATE/TIME dt TEMP Speed Speed AJI L A i q v Permeability

(mm) 4°C) (1.12) Cod!. (cm) (cm) (cm2) (Gradient) (cm3/sec) (cm/see) (cm/see)
5/18/06 12:00

5/18/06 12:30 30 20.7 9 I 172 10.38 40.94 16.57 5.5E-05 1.3E-06 8.IE-08

5/18106 12:45 45 20.7 10 I 160 10.38 40.94 15.41 2.8E.05 6.8E-07 4.4E.0N

5/18/06 13:4(1) 60 20.7 10 1 156 10.38 40.94 15.03 2.8E.05 6.8E-07 4.6E-08

5/18/06 13:15 75 2t).7 10 1 156 10.38 40.94 15.03 2.8E-05 6.8E-07 4.6E-08

5/18/06 13:30 90 20.7 10 1 154 10.38 40.94 14.84 2.SE.O5 6.8E-07 4.6E.08

5118106 13:45 105 20.7 10 1 154 10.38 40.94 14.84 2.8E-05 6.8E-07 4.6E-08

PERMEABILITY REPORTED AS ~‘~I 4.6E.08 1cm!sec **

DATE 5/18/2006

REVIEW MB

Golder Associates Inc.



FLOW PUMP #1
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE (‘lean llarlmr/Cell 3 CQA l)ej’r l’iail/Co BOARD # 5 COMMENTS 1. Water used as oermeahll

PROJECT NUMBER 063-2145 CELL # 3 2. Specilk gravity is assumed

SAMPLEID 08-P-O1A I - I - FlowPumpSpced lO&l2

SAMPLE TYPE Shelby ‘[nbc Technician 0DM

Sample Data, Initial Sample Data, Final

Height, cm 10.12 B-Value,f 95.50 Height, cm 10.12 Trimmings Sample

Diameter, cm 7.23 Cell Pres. I0O.0 Diameter, cm 7.26 WATER CONTENTS Initial Final

Area, cm2 41.06 Bot.Pres. 95&88 Area, cm2 41.40 WtSoiI& Tare,i g 242.13 933.0

Volume, cm3 415.48 Top Pres. 9S&8X Volume, cm3 418.93 Wt Soil & Tare, f g 202.75 782.68

Mass, g 828.91) Tot. B.P. 95&88 Mass, g 839.20 Wt Tare g 33.43 104.10

Moisture Content, % 23.3 Head, max. 188.00 Moisture Content,% 23.6 Wi Moisture Lost g 39.38 160.32
Dry Density, pcf 101.0 Head, mm. 136.00 Dry Density, pcf 101.1 Wi Dry Soil g 169.32 678.58
Spec. Gravity 2.66 Max. Grad. 18.58 Volume Solids, eta” 255.20 Water Content % 23.3% 23.6%

Volume Solids, cm3 252.82 Mm. Grad. 13.44 Volume Voids, cm3 163.74

Volume Voids, cm3 162.66 Void Ratio 0.64

Void Ratio 0.64 Saturation, % 97.9%
Saturation, % 96.2% Cla~. clark gray with some yellow brown mottling. moist. l~rni. claystonc

I ragnlcncs. 20(1 gypsu iii crystals.
Flow Pump Rate I #NIA Icm3iscc

DATE/TIME Effective TEMP Speed Speed All L A i q v Permeability

Stress (“C) (1.12) Coeff. (cm) (cm) (cni2) (Gradient) (cm3lsec) (cm/sac) (cm/see)

5/18/06 13:45 5psi 20.7 10 1 136 10.12 41.06 13.44 2.8E-05 6.8E-07 5.1E-08

5/19/06 12:45 l5psi 20.7 12 1 188 10.12 41.06 18.58 5.5E-06 1.3E-07 7.2E-09

PERMEABILITY REPORTED AS ~“~l 7.2E-09 1cm/sec ~

DATE 5/18/2006

REVIEW MB

Golder Associates Inc.



FLOW PUMP #1

FLEXIBLE WALL PERMEABILITY

ASTM 0 5084

METHOD I), CONSTANT RATE OF FLOW

PROJECT TITLE Clean Harhnr/Ccll 3 UQA I)ecr Trail/Co BOARD # 2 COMMENTS I. Waler used as permeant

PROJECT NUMBER 063-2145 CELL # 7 2. Specific gravity is assumed

SAMPLE ID 08-P-02A I - I - Flow Pump Speed 1O&12

SAMPLE TYPE Shelby Tulie Technician ltI)M

Sample Data, Initial Sample Data, Final

Height, cm 9.26 B-Value, f 99.00 Height, cm 9.14 Trimmings Sample

Diameter, cm 7.24 Cell Pres. 100.0 Diameter, cm 7.28 WATER CONTENTS Initial Final

Area,cm2 41.17 Bot.Pres. 95&S8 Area,cm2 41.62 WtSoil&Tare,i g 213.19 943.0

Volume, cm3 381.22 Top Prcs. 95&88 Volume, cm3 380.45 Wt Soil & Tare, f g 178.91 782.68

Mass,g 757.22 Tot.B.P. 95&N8 Mass,g 7(6.44 WtTarc g 33.82 104.11)

Moisture Content, % 23.6 Head, max. 186.00 Moisture Contcnt.% 23.6 Wt Moisture Lost g 34.28 160.32

Dry Density, pcf 100.3 Head, mm. 160.00 Dry Density, pcf 101.7 Wt Dry Soil g 145.09 678.58

Spec. Gravity 2.66 Max. Grad. 20.09 Volume Solids, cm’ 233.07 Water Content % 23.6% 23.6%

Volume Solids, cm’ 230.27 Miii. Grad. 17.28 Volume Voids, cm3 147.38

Volume Voids, cm3 150.96 Void Ratio 0.63

Void Ratio 0.66 Saturation, % 99.4%

Saturation. % 95.9% Clay. got~ and graY bmwn moist. firm. with gypsum civatals.

Flow Pump Rate #N!A Icm3tsec

DATE/TIME Effective TEMP Speed Speed All L A i q v Permeability

Stress (‘C) (1-12) Coeff. (cm) (cm) (cm2) (Gradient) (cm3/sec) (cmlsec) (cmlsec)

5/17/(16 12:30 Spsi 20.7 10 I 160 9.26 41.17 17.28 2.8E-05 6.8E.07 3.9E.08

5/18/06 10:3)) l5psi 20.7 12 1 186 9.26 41.17 20.09 5.5E-06 1.3E.07 6.7E.09

PERMEABILITY REPORTED AS ~“I 6.7E.09 icm/sec ~

DATE 5/17/2006

REVIEW MB

Golder Associates Inc.



FLOW PUMP #2
FLEXIBLE WALL PERMEABILITY

ASTM D 5084

METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE Clean harbor/Cell 3 CQA I)ccr Trail/Co BOARD # 9 COMMENTS 1. Water used as permeant

PROJECT NUMBER 063-2145 CELL # cc 2. Specific gravity is assumed

SAMPLEID 07-P-T1.01 I - I FlowPumpSpeed 10

SAMPLE TYPE Shelby Tube Technician Bl)M

Sample Data, Initial Sample Data, Final

Height, cm 9.25 B-Value, f 95.50 Height. cm 9.32 Trimmings Sample

Diameter, cm 7.21 Cell Pres. 100.0 Diameter, cm 7.2$ WATER CONTENTS Initial Final

Area, cm2 40.83 Bot. Pres. 95.0 Area, cm2 41.62 WI Soil & Tare, i g 213.01 880.2

Volume, cm3 377.66 Top Pres. 95.0 Volume, cm3 387.94 WI Soil & Tare, f g 183.51 729.50

Mass, g 776.00 Tot. B.P. 95.0 Mass, g 796.7 Wt Tare g 33.7$ $4.85

Moisture Content, % 19.7 Head, max. 181.00 Moisture Content,% 23.4 Wt Moisture Lost g 29.50 150.70
Dry Density, pcf 107.1 Head, mm. 131.00 Dry Den.sity, pcf 103.9 Wt Dry Soil g 149.73 644.65
Spec. Gravity 2.66 Max. Grad. 19.57 Volume Solids. cm’ 242.76 Water Content % 19.7% 23.4%

Volume Solids, cm3 243.71 Mm. Grad. 14.16 Volume Voids, cm3 145.18

Volume Voids, cm3 133.95 Void Ratio 0.60

Void Ratio 0.55 Saturation, % 104.0%
Saturation, % 95.4% Clay. dark gray. firm, slightly nloist. clavsyonc 1ra~n)ents & gypsum crystals

conhhiflhl

Flow Pump Rate 2.80E-05 Icm~isec

DATE/TEME dt TEMP Speed Speed ~H L A i q v Permeability

(mm) CC) (1-12) Coeff. (cm) (cm) (cm2) (Gradient) ~cm3/sec) (cm/sec) (cnilscc)
5/17/06 9:15

5/17/06 9:30 15 20.7 8 I 181 9.25 40.83 19.57 1.4E-04 3.4E-06 1.XE-07

5/17/06 10:00 45 20.7 10 1 131 9.25 40.83 14.16 2.8E-05 6.9E-07 4.8E-08

5/17/06 10:15 60 20.7 10 1 131 9.25 40.83 14.16 2.8E-05 6.9E-07 4.8E-08

5/17/06 10:30 75 20.7 10 1 131 9.25 40.83 14.16 2.8E-05 6.9E-07 4.NE-08

5/17/06 10:45 90 20.7 10 1 131 9.25 40.83 14.16 2.XE-05 6.9E-07 4.8E-08

5/17/06 11:00 105 20.7 10 1 131 9.25 40.83 14.16 2.SE-05 6.9E-07 4.8E-08

PERMEABILITY REPORTED AS 4.8E-08 1cm/sec **

DATE 5/17/2006

REVIEW MB

Golder Associates Inc.
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1. SCOPE

Hydraulic conductivity tests were conducted on five block samples from the Deer Trail

Facility. These samples have the following identification numbers: 07-P-O1C, 07-P-02C,

07-P-03C, 08-P-O1C, and 08-P-02C. All samples were tested at an effective confining

pressure of 35 kPa (5 psi). Two samples were also tested at an effective confining

pressure of 84 kPa (12 psi).

2. METHODS

Test specimens were prepared by trimming the block samples to a nominal diameter of

305 mm (12 in) and a nominal height of 150 mm (6 in). The test specimens were then

placed in a flexible-wall permeameter, backpressure saturated at 280 kPa (40 psi), and

consolidated following the procedures described in ASTM D 5084. The constant head-

constant volume method (Method E) was used for the permeation phase using a

hydraulic gradient of 16. All specimens were tested at an effective confining pressure of

35 kPa (5 psi). Two of the specimens (Sample Nos. 08-P-O1C and 08-P-02C) were

consolidated to 84 kPa (12 psi) after completing the test at 35 kPa (5 psi), and

permeated again using the constant head-constant volume method (Method E).

3. RESULTS

A summary of the hydraulic conductivities is in Table 1. Data sheets summarizing the

test results are included in the appendix.

Table 1. Summary of Hydraulic Conductivities.
Water Dry Hydraulic Conductivity (cm/s)

Sample No. Content Densit~’ 35 kPa 84 kPa
(%) (Mg/m ) (5 psi) (12 psi)

07-P-OIC 19.2 1.64 3.2x108 -

07-P-02C 21.0 1.66 4.5x108 -

07-P-03C 24.5 1.59 8.2x10~9 -

08-P-O1C 26.0 1.60 1.2x109 1.3x109
08-P-02C 24.0 1.62 1.0x108 1.5 x109

Note: 1 Mg/rn = 62.4 pcI
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HYDRAULIC CONDUCTIVITY TEST
ASTM D 5084 Method E

Sample ID: 07-P-OIC
Clean Harbors Deer Trail Facility, Lakewood, Colorado

Test Date: 5/12/2006
Constants: a = 0.03016 cm2

GHgGw 12.5
Sample Thickness, L 15.24 cm

Sample Diameter, D = 30.48 cm
Sample Area, A = 729.66 cm2

Head (H9) 19 cm
Head (H~) = 237.5 cm

Hydraulic Gradient, i 15.58
Cell Pressure 46.70 psi

Back Pressure = 40.00 psi
Effective Stress = 5.01 psi

WT of Can WT of Can WT of Can Water Wet Dry
Wet Soil Dry Soil Content Density Density

(g) (g) (g) (%) at 105 °C (pcf) (pcf)
51.07 405.98 348.86 19.18

Wet Weight 47.90 (Ibs) 121.98 102.34

Time Reading Elapsed Hydraulic
Time Conductivity

(hh:mm) (cm) (sec) (mm) (cm/sec)
0:00:00 34.5 0 0.000
0:00:20 33 20 0.333 1.989E-07
0:00:53 31 33 0.883 1.607E-07
0:01:34 29 41 1.567 1.294E-07
0:02:20 27 46 2.333 1.153E-07
0:03:15 25 55 3.250 9.645E-08
0:04:19 23 64 4.317 8.289E-08
0:05:33 21 74 5.550 7.169E-08
0:06:53 19 80 6.883 6.631E-08
0:07:56 17 63 7.933 8.420E-08
0:08:56 15 60 8.933 8.841E-08
0:10:10 13 74 10.167 7.169E~O8
0:11:14 11 64 11.233 8.289E-08
0:12:27 9 73 12.450 7.267E-08
0:13:42 7 75 13.700 7.073E-08
0:15:02 5 80 15.033 6.631E-08
0:00:00 45.5 0 15.033
0:01:41 43.5 101 16.717 5.252E-08
0:03:12 41 91 18.233 7.287E-08
0:04:23 39 71 19.417 7.471E-08
0:05:59 36 96 21 .017 8.289E-08
0:07:38 33 99 22.667 8.037E-08
0:09:31 30 113 24.550 7.042E-08
0:12:21 26 170 27.383 6.241E-08
0:14:33 23 132 29.583 6.028E-08
0:17:17 20 164 32.317 4.852E-08
0:19:19 17 122 34.350 6.522E-08
0:21:59 14 160 37.017 4.973E-08
0:24:46 11 167 39.800 4.765E-08



0:27:38 8 172 42.667 4.626E-08
0:30:36 5 178 45.633 4.470E-08
0:00:00 33 45.633
0:03:12 30.5 192 48.833 3.454E-08
0:08:12 26.5 300 53.833 3.536E-08
0:11:16 24 184 56.900 3.604E-08
0:14:45 21 209 60.383 3.807E-08
0:17:51 19 186 63.483 2.852E-08
0:21:45 16 234 67.383 3.400E-08
0:26:35 12.5 290 72.217 3.201E-08
0:31~17 9 282 76.917 3.292E-08
0:36:17 5.5 300 81 .917 3.094E-08

AVERAGE: 3.2E-08

1.OE-06
~ [—.—Seriesl I
E
U

~‘

~ 1.OE-07 -

~ 1.OE-08

0 10 20 30 40 50 60 70 80 90

Elapsed Time (mm)



HYDRAULIC CONDUCTIVITY TEST
ASTM D 5084 Method E

Sample ID: 07-P-02C
Clean Harbors Deer Trail Facility, Lakewood, Colorado

Test Date: 5/12/2006
Constants: a = 0.03016 cm2

GHgGw 12.5
Sample Thickness, L = 15.24 cm

Sample Diameter, D = 30.48 cm
Sample Area, A = 729.66 cm2

Head (H9) 19 cm
Head (H~) = 237.5 cm

Hydraulic Gradient, i = 15.58
Cell Pressure = 46.70 psi

Back Pressure = 40.00 psi
Effective Stress = 5.01 psi

Time Reading z~T Elapsed Hydraulic
Time Conductivity

(hh:mm:ss) (cm) (sec) (mm) (cm/sec)
0:00:00 41 0 0.000
0:00:23. 37 23 0.383 4.613E-07
0:00:51 32 28 0.850 4.736E-07
0:01:14 28 23 1.233 4.613E-07
0:01:40 24 26 1.667 4.081E-07

0:02:09 20 29 2.150 3.658E-07
0:02:39 V V 16 V 30 2.650 3.536E-07
0:03:12 V 12 V V 33 3.200 3.215E-07

V 0~03:48 8 36 3.800 2.947E-07
V 0:04:24 V 4 V 36 4.400 2.947E-07

. 0:00~00 V 49 0 4.400
0:00:57 V 46 57 5.350 1.396E-07
0:01:54 43V 57 6.300 1.396E-07

V 0:02~52 40 58 7.267 1.372E-07

0:03:54 37 V V V 62 8.300 1.283E-07
0:04:52 34 58 9.267 1.372E-07

V 0:06~00 31 68 10.400 1.170E-07
0:O7~07 28 V 67 11.517 1.188E-07
0:08:17 25V 70 12.683 1.137E-07
0:09~35 22 78 13.983 1.020E-07
0~11~00 19 85 15.400 9.361E-08

V0:V12~20 16 80 16.733 9.946E-08

0:13:44 V 13 84 18.133 9.473E-08
0:15:13 10 89 19.617 8.941E-08
0:16:48 7 95 21.200 8.376E-08
0:18:17 4. 89 22.683 8.941E~08
0:03:51 41 0 22.683
0:05:51 38 120 24.683 6.631E-08
0:07:18 36 87 26.133 6.097E-08
0:08:35 34 77 27.417 6.889E-08
0:10:01 32 86 28.850 6.168E-08

WT of Can WT of Can WT of Can Water Wet Dry
Wet Soil Dry Soil Content Density Density

(g) (g) (g) (%) at 105 °C (pcf) (pcf)
50.97 V V 397•57 V 337~39 21.01

Wet Weight 49.30 V V (Ibs) 125.54 103.74

II
II
II



I 1.OE-05 __________
U,

E
C.,

1.OE-06

1.OE-07

1.OE-08

0 10 20 30 40 50 60 70

0:13:00 28 179 31 .833 5.927E-08
0:15:21 25 141 34.183 5.643E-08
0~18:59 21 218 37.817 4.867E-08
0:21:37 18 158 40.450 5.036E-08
0:24:26 15 169 43.267 4.708E-08
0:27:13 12 167 46.050 4.765E-08
0:30:19 9 186 49.150 4.278E-08
0:34:15 5 236 53.083 4.496E-08
0:00:00 40 53.083
0:01:50 38 110 54.917 4.822E-08
0:04:35 35 165 57.667 4.822E-08
0:07:40 32 185 60.750 4.301E-08
0:11:30 28.5 230 64.583 4.036E-08

AVERAGE: 4.5E-08

[jSeriesl I

Elapsed Time (mm)



HYDRAULIC CONDUCTIVITY TEST
ASTM 0 5084 Method E

Sample ID: 07-P-03C
Clean Harbors Deer Trail Facility, Lakewood, Colorado

Test Date: 5/1812006
Constants: a = 0.03016 cm2

GH9-GW 12.5
Sample Thickness, L = 15.24 cm

Sample Diameter, D = 30.48 cm
Sample Area, A = 729.66 cm2

Head (Hg)= 19 cm

Head (H) = 237.5 cm
Hydraulic Gradient, i 15.58

Cell Pressure 46.70 psi
Back Pressure = 40.00 psi

Effective Stress = 5.01 psi

Time Reading Elapsed Hydraulic
~ Time Conductivity

(hh:mm:ss) (cm) (sec) (mm) (cm/sec)
0:00:00 23 0 0.000
0:03:50 22 230 3.833 1.153E-08
0:11:15 20 445 11.250 1.192E-08
0:30:06 17.5 1131 30.100 5.863E-09
0:46:49 14 1003 46.817 9.256E-09
0:57:17 11.9 628 57.283 8.869E-09
1:08:00 10 643 68.000 7.837E-09
1:27:41 6.5 1181 87.683 7.861E~09
0:00:00 30.5 0 87.683
0:18:23 27 1103 106.067 8.416E-09
0:38:02 23.5 1179 125.717 7.874E-09
0:51:18 21 796 138.983 8.330E-09
1:14:56 16.5 1418 162.617 8.417E-09
1:25:56 14.5 660 173.617 8.037E-09

AVERAGE: 8.2E-09

~ 1.E-06
~ —+-—Seriesl
E
0

f
0
D
0
C

O~ 1.E-08 —i... • •

~ 1.E-09
0 50 100 150 200

Elapsed Time (mm)

WT of Can WT of Can WT of Can Water Wet Dry
Wet Soil Dry Soil Content Density Density

(g) (g) (9) (%)at 105°C (pcf) (pcf)
50.96 419.12 346.67 24.50

Wet Weight 48.40 (Ibs) 123.25 98.99

II

Refill



HYDRAULIC CONDUCTIVITY TEST
ASTM D 5084 Method E

Sample ID: 08-P-01 C - - - -

Clean Harbors Deer Trail Faclifty, Lakewood, Colorado
Test Date: 5/18/2006

Constants: a = 0.03016 cm2
GKQGW 12.5

Sample Thickness, L = 15.24 cm
Sample Diameter, D = 30.48 cm

Sample Area, A = 729.66 cm2
Head (H9)= 19 cm
Head (H) = 237.5 cm

Hydraulic Gradient. i = 15.58
Cell Pressure = 46.70 psi

Pressure = 40.00
Effective Stress 5.01 psi

WT of Can WTof Can
Wet Soil

psi

Wet ‘4

WI otcan
Dry Soil

51.06

Time

Water
Content

..~__ - (%) at 105°C (pcf) (pcf)
41b.U~ -- 342.~7 25.01

Wet
Density

49.10 (Ibs) 125.03 100.02

Dry
Density

Reading Elapsed Hydraulic
Time (‘,,nH, ~-h,,th,

(hh:mm:ss) (cm) (sec) (mm) (cm/sac)
0:00:00 33.9 0 0.000
0:06:04 33 364 6.067 6.558E-09
0:26:32 32 1228 26.533 2.160E-09
0:48:36 31 1324 48.600 2.003E-09
1:29:28 30 2452 89.467 1.082E-09
0:00:00 23.8 0 89.467
0:20:18 22.6 1218 109.767 2.178E-09
0:50:03 22 1785 139.517 8.9166-10
1:50:41 20.6 3638 200.150 1.021E-09
3:05:26 19.5 4485 274.900 6.5056-10

23.3 0 274.900

Refill

Refill
0:11:11 21.9 671 286.083 5.534E-09
0:39:15 21 1684 314.150 1.4186-09
1:13:10 20 2035 348.067 1.303E-09
2:12:32 18.7 3562 407.433 9.680E-10
2:50:05 17.6 2253 444.983 1.295E-09
3:45:18 16 3313 500.200 1.281E-09
4:43:06 14.5 3468 558.000 1.147E-09
5:01:12 14 1086 576.100 1.221E-09
5:43:03 13 2511 617.950 1.056E-09

AVERAGE: 1.26-09

‘~- 1.E-07

.~ I—e--Senesi]
E
U

~ 1.6-08 —-________

Uz
‘0
C
0

C) 1.6-09 —

U

~
c~
‘0
>‘
~ 1.6-10

0 100 200 300 400 500 600 700

Elapsed Time (mm)



HYDRAULIC CONDUCTIVITY TEST
ASTM D 5084 Method E

Sample ID: 08-P-02C
Clean Harbors Deer Trail Facility, Lakewood, Colorado

Test Date:
Constants: a = 0.03016 cm2

GH9GW 12.5
Sample Thickness, L = 15.24 cm

Sample Diameter, D = 30.48 cm
Sample Area, A = 729.66 cm2

Head (H9) = 19 cm
Head (H~) = 237.5 cm

Hydraulic Gradient, i = 15.58
Cell Pressure = 46.70 psi

Back Pressure = 40.00 psi
Effective Stress 5.01 psi

WT of Can WT of Can WT of Can Water Wet Dry
Wet Soil Dry Soil Content Density Density

(g) (g) (g) (%) at 105 °C (pcf) (pcf)
50.10 425.35 352.63 24.04

Wet Weight 49.20 (lbs) 125.29 101.01

Time Reading DT Elapsed Hydraulic
Time Conductivity

(hh:mm:ss) (cm) (sec) (mm) (cm/sec)
0:00:00 33.5 0 0.000
0:01:41 31.5 101 1.683 5.252E-08
0:03:56 29.5 135 3.933 3.929E-08
0:07:03 27 187 7.050 3.546E-08
0:11:03 25 240 11.050 2.210E-08
0:18:03 23 420 18.050 1.263E-08
0:00:00 28 0 18.050
0:07:43 25.5 463 25.767 1.432E-08
0:20:32 21.5 769 38.583 1.380E-08
0:00:00 34 0 38.583
0:06:40 31.7 400 45.250 1.525E-08
0:14:33 28.8 473 53.133 .626E-08
0:26:24 24.5 711 64.983 .604E-08
0:31 :01 23 277 69.600 .436E-08
0:00:00 21 0 69.600 —

0:13:11 18.7 791 82.783 7.712E-09
0:24:30 16.9 679 94.100 7.031E-09
0:33:47 15.3 557 103.383 7.619E-09
0:42:43 13.5 536 112.317 8.907E-09
0:53:43 11.3 660 123.317 8.841E-09
1:01:03 10 440 130.650 7.837E-09
1:12:17 8 674 141.883 7.871E-09



0:00:00 24 0 141.883
0:15:09 19.4 909 157.033 1.342E-08
0:46:35 11.5 1886 188.467 1.1IIE-08
0:55:12 9.5 517 197.083 1.026E-08
1:01:12 8.1 360 203.083 1.031E-08
1:09:11 6.4 479 211.067 9.413E-09

13~ 1.E-07

E
U

Average: I .OE-08

>

1.E-08
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U

>.
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0 50 100 150 200 250
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Sample ID: 08-P-OIC
Clean Harbors Deer Trail Facility, Lakewood, Colorado

Test Date: 5/18/2006
Constants: a = 0.03016 cm2

GH9GW 12.5
Sample Thickness, L = 15.24 cm

Sample Diameter, D = 30.48 cm
Sample Area, A = 729.66 cm2

Head (H9) = 19 cm
Head (H~) = 237.5 cm

Hydraulic Gradient, i = i5t581
Cell Pressure = 53.70 psi

Back Pressure = 40.00 psi
Effective Stress - . .~1Q Oil psi

Time Reading DT Elapsed Hydraulic
Time Conductivity

(hh:mm:ss) (cm) (sec) (mm) (cm/sec)
0:00:00 24.8 0 0.0
1:15~04 23.4 4504 75.1 8.244E-10
2:13:49 21.7 3525 133.8 1.279E-09
3:17:51 19.7 3842 197.9 1.381E-09
4:34:10 17.4 4579 274.2 1.332E-09
5:47:36 15.2 4406 347.6 1.324E-09
6:53:31 13.3 3955 413.5 1.274E-09

Average: I .3E-09

~ 1.E-07

.~ H.—seriesi j
E
U

f 1.E~08 — -—.-—--—~

U 1.E-09
U

D
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D
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0 100 200 300 400 500

Elapsed Time (mm)

HYDRAULIC CONDUCTIVITY TEST
ASTM D 5084 Method E

WT of Can WT of Can WT of Can Water Wet Dry
Wet Soil Dry Soil Content Density Density

(g) (g) (g) (%) at 105 °C (pcf) (pcf)
51.06 415.98 342.97 25.01

Wet Weight 49.10 (Ibs) 125.03 100.02

Refill



HYDRAULIC CONDUCTiVITY TEST
ASTM D 5084 Method E

WT of Can WT of Can WT of Can Water Wet Dry
~_______________ Wet Soil Dry Soil Content Density Density

(g) (9) (g) (%) at 105°C (pcf) (pef)
• 50.10 425.35 352.63 24.04

Wet Weight 49.20 (lbs) 125.29 101.01

Time Reading DT Elapsed Hydraulic
Time Conductivity

(hh:mm:ss) (cm) (see) (mm) (cm/see)
0:00:00 28.8 0 0.000
0:03~47 27.5. 227 3.783 1.519E-08
0:17:45 26 838 17.750 4.748E-09
0:32:51 25. 906 32.850 2.928E-09
0:59:37 23.6 1606 59.617 2.312E-09
1:38:35 22 2338 98.583 1.815E-09
2:32:09 20.1 3214 152.150 1.568E-09
3:40:49. 17.7 4120 220.817 1.545E-09
5:08:07 14.8 5238 308.117 1.468E-09
6:16:11 12.5 4084 376.183 1.494E-09
7:40:25 9.9 5054 460.417 1.364E-09

j 1.E-07

E
0

U
1.E-08

C
0

C.,
U

5
Cu

1.E-09

Sample ID: 08-P-02C
Clean Harbors Deer Trail Facility, Lakewood, Colorado

Test Date:
Constants: a = 0.03016 cm2

G~ -G 12.5
Sample Thickness, L = 15.24 cm

Sample Diameter, D . 30.48 cm
Sample Area, A = 729.66 cm2

Head (Hg)= . 19 cm
Head (H~) 237.5 cm

Hydraulic Gradient, i = 15.58
Cell Pressure = 53.70 psi

Back Pressure = . - 40.00 psi
Effective Stress ,. . . 12.01 psi

Average: I .5E-09

0 100 200 300 400 500

Elapsed Time (mm)
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1.0 INTRODUCTION

This Test Fill Construction Program Summary Report (Summary Report) has been prepared in support

of the Corrective Action Management Unit (CAMU) landfill design currently being prepared by the U.S.

Army Corps of Engineers (USACE) as part of the remedy for cleanup of the Rocky Mountain Arsenal

(RNDkj. This Summary Report describes the equipment and procedures used for the construction,

testing, and evaluation of Test Fill 3 and presents the results and conclusions of the observations and

testing performed for Test Fill 3. Test Fill 3 was constructed in the spring of 1997 and six large-scale

(12-inch diameter) undisturbed hydraulic conductivity samples were obtained and tested from the test

fill after construction. All six of these samples achieved a hydraulic conductivity of less than

1x10 -7 centimeters per second (cm/s). A Site Plan showing the locations of Test Fill 3 and the borrow

and process areas used to construct Test Fill 3 is included as Figure 1.

The Draft Final version of this Summary Report (dated June 6, 19 9 7) contained recommended

modifications to the full-scale compacted clay liner (CCL) construction specifications and Construction

Quality Assurance (CQA) Plan. These recommended modifications were made based on the

construction equipment, procedures, observations, and test results used or obtained as part of this Test

Fill Program. As part of the 90 Percent Design Package submitted to the regulatory parties in September

1997, the USACE submitted a revised CQA Plan and revised Construction Specifications that had been

modified based on: (1) the Draft Final Summary Report; (2) the regulatory comments (dated July 3,

1997 [Colorado Department of Public Health and Environment, CDPHEJ and July 9, 1997 [U.S.

Environmental Protection Agency, EPA]) on the Draft Final Summary Report; (3) the agreements made

between the Army, CDPFIE, and EPA at a meeting held July 29, 1997 to discuss the regulatory

comments on the Draft Final Summary Report; and (4) the official Response to Comments submitted by

the Army to the regulatory parties on September 23, 1997 (included in Appendix H).

EPA and CDPHE provided comments to the 90 Percent Design Package on October 9 and 21, 1997,

respectively. The USACE is now incorporating these regulatory comments into the 100 Percent Design

21907 206050.1 Harding Lawson Associates 1-1
121512130197 TFSR



Introduction

Package. Because the results of the test fill have already been incorporated into the Construction

Specifications and CQA Plan, the recommended modifications to the Construction Specifications

(Section 7.3) and CQA Plan (Section 7.4) included in the draft final version have been deleted from the

final version of this Summary Report. This was done to focus regulatory review comments on the

Construction Specifications and CQA Plan to just those documents. Nevertheless, the contents of the

September 23, 1997, Response to Comments (excluding comments on Sections 7.3 and 7.4) have been

incorporated into this Summary Report as agreed in our July 29, 1997 meeting.

This Summary Report has been prepared by Harding Lawson Associates (HLA) as a contract deliverable

under Delivery Order No. 0007 (Task 93-03, Feasibility Study Soil Support Program) of Contract

DAAA05-92-D-0003 between HLA and the U.S. Department of the Army (Army). This document has

been prepared at the direction of the Army for the sole use of the Army, the signatories of the Federal

Facilities Agreement (FFA) of RNa, the State of Colorado (State), Adams County, and Tri-County

Health Department, the only intended beneficiaries of this work. This document has been prepared to

sununarize the Test Fill 3 construction program at RMA and should not be used for any other purpose.

1.1 Background

Two CCL test fills (Test Fills 1 and 2) were constructed in the southeast portion of Section 25 during the

summer of 1994 as part of the Feasibility Study Soils Support Program. The primary objective of this

program was to demonstrate that a hydraulic conductivity Of 1X1 0-7 CM/S or less can be achieved with

the onsite clayey soils. These soils were obtained from borrow areas located within 2 miles of

Section 25. The field-scale hydraulic conductivity of each of these two test fills was evaluated using a

sealed double-ring infiltrometer (SDRI) and two-stage borehole permeameters (TSBP). The results of

these field-scale tests indicated that a hydraulic conductivity Of 1X10-7 cm/s or less was achieved. The

results of Test Fills I and 2 are presented in the Final Landfill Site Feasibility Report for the Feasibility

Study Soils Support Program, (Landfill FS Report) (HLA, 1995a) included as Appendix R of the CAMU

Designation Document (CDD).
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While the Test Fill I and 2 results indicated that the minimum hydraulic conductivity can be achieved

with onsite soil, a letter dated August 30, 1995, to the Program Manager for Rocky Mountain Arsenal

(PMRMA) from the CDPBE requested that:

Compaction equipment, such as a Caterpillar 825, be evaluated to improve the efficiency of soil
liner compaction.

The full-scale landfill construction specifications reflect the equipment and methods used to
condition soil moisture and reduce clod size and the lift thicknesses achieved in the field
during the test fill construction.

The test fill procedures include curing time for uniform absorption and hydration of soil
particles when the moisture variance is increased by more than 3 percentage points. These
procedures should be refined during completion of the Test Fill 3 program and carried forth
into the full-scale construction specifications.

The test fill procedures for reconditioning soil for moisture content be carried into the full-scale
construction specifications.

Thus, Test Fill 3 was constructed to:

Respond to the above listed requests made by CDPHE.

Provide additional test fill data that will allow the landfill designer to finalize construction
specifications and CQA procedures for CCLs based on the findings of the Test Fill 3 program.

1.2 Purpose and Scope

The purposes of the Test Fill 3 program are described below:

1. Provide data to the Army that will allow the USACE to develop CCL construction specifications
which will achieve a hydraulic conductivity of ix 10-7 cm/s or less using equipment and
procedures for CCL moisture conditioning, placement, and compaction which will allow full-
scale CCL construction to be performed in a productive and cost-effective mariner.

2. Evaluate the similarity of geotechnical properties of two potential CCL material borrow areas at
RMA. One of these areas (Site-Wide Implementation Plan [SWIP] Borrow Area 5) is identified
as Borrow Area I in the Final Feasibility Soils Support Program Report (Borrow Study Report)
(HLA, 1995b). The second area is the clayey soil within the CAMU Area identified in the CDD
(HLA2 1996). This was done to identify whether the results of Test Fill 3 can be applied to the
borrow axea not used to construct Test Fill 3.

3. Identify any additional test fill data needs for future landfill design or construction that exist
after the construction and testing of Test Fill 3.

The scope of the test fill program included the following activities:
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1. Preparing, submitting, and obtaining approval of the Final Work Plan for the Test Fill
Construction Program (Work Plan) (HLh, 1997). The Work Plan is attached as Appendix A.

2. Tabulating and analyzing the geotechnical index properties (i.e., percent fines [percent of
sample passing a Number 200 sieve], liquid limit, plasticity index), submitting a proposed
borrow area consistency assessment along with the supporting documentation as part of the
Work Plan, and selecting which of the two potential borrow areas will be used for Test Fill 3
construction (addressed in the Work Plan and Section 2.0).

3. Performing preconstruction laboratory testing to obtain additional geotechnical index parameter
data and to establish the relationship between moisture, density, and hydraulic conductivity of
the Test Fill 3 borrow material (addressed in the Work Plan and Section 3.0).

4. Constructing the test fill using equipment, procedures, and specifications that will result in a
hydraulic conductivity Of IX10-7 cm/s or less and that can be effectively implemented for full-
scale construction (addressed in Section 4.0).

5. Performing CQA monitoring and testing during construction of Test Fill 3 (addressed in
Section 5.0).

6. Performing post-test fill construction laboratory testing to verify that a hydraulic conductivity of
1X10,7 CM/S or less was achieved (addressed in Section 6.0).

7. Providing input to the USACE's full-scale CCL construction specifications and CQA Plan
included in the 100 Percent Design Package based on the construction procedures and
equipment used and the results of Test Fill 3 (addressed in Section 7.0).

8. Reviewing data from all test fills and identifying any additional future data needs (addressed in
Section 7.0).

9. Preparing, submitting, and obtaining approval of this Summary Report.

Items 1, 2, and 3 of the scope of the test fill program were completed during preparation of the Work

Plan. In a letter dated March 25, 1997, CDPBE issued a conditional approval of the Work Plan

contingent upon incorporation of the comments included in the letter. The CDP11E approval letter is

attached as Appendix B. Section 3.0 of the Work Plan presents the evaluation and comparison of the

two borrow areas (Borrow Area 5 and the CAN4TJ Area) and concludes that the geotechnical properties

of both areas are sufficiently similar for the results of Test Fill 3 to be applied to construction

specifications for projects utilizing CCL material obtained from either borrow source. Section 4.0 of the

Work Plan discusses the preconstruction laboratory testing, evaluates the results, and presents the

Acceptable Zone for Test Fill Construction (Preconstruction Acceptable Zone). The Preconstruction

Acceptable Zone is included as Figure 2. Items 4 through 9 of the scope of the test fill program will be

completed by submission and approval of this Summary Report.
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Test Fill 3 was constructed by HLA's Construction Division. CQA was performed by HLA's Field

Services Division under the direction of HLA's Remedial Design Center (RDC). The test fill was

constructed on both a flat (2 percent) slope and a side (29 percent or 3.5 Horizontal: 1 Vertical) slope.

The slopes used for the test fill are consistent with those selected for the design of the landfill cell floor

and sideslopes. The test fill was constructed within the CAMU area (Sections 25 and 26) using the

onsite clayey soils to be excavated from within the footprint of the double-lined landfill cell. Figure I

shows the locations of Test Fill 3 and the Test Fill 3 borrow and process areas. Figure 3 shows a plan

view and cross sections of Test Fill 3 along with the field moisture/density test locations, Shelby tube

locations, and block sample locations.

The large-scale hydraulic conductivity of Test Fill 3 was evaluated by obtaining nine large diameter

(approximately 14 inches) undisturbed soil liner samples and testing six of the samples in specially

designed flexible wall permeameters in the same manner as small diameter (2.8 inches) Shelby tube

samples and in general accordance with American Society for Testing and Materials (ASTM) D5084.

The large diameter undisturbed samples are commonly referred to as "block" samples in published

literature. Published comparisons between the hydraulic conductivity of large-scale block samples and

the hydraulic conductivity of SDRIs have shown little variation in the test results (Benson, et al., 1993)

except in cases where little or no CQA was performed.

1.3 Organization

The remainder of this Summary Report is divided into seven sections. Section 2.0 provides a

background data on the low permeability soil. Section 3.0 describes the preconstruction laboratory

testing activities and data interpretation methodology. Section 4.0 provides the construction

chronology of the test fill. Section 5.0 discusses the CQA activities during construction of the test fill.

Section 6.0 discusses the post-construction laboratory testing activities and presents the test results.

Section 7.0 provides a summary of the field observations and laboratory test results and presents the
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conclusions of the Test Fill 3 construction program. Section 8.0 provides a list of acronyms, and

Section 9.0 is a bibliography.

Appendix A is the Test Fill 3 Work Plan. Appendix B is CDPHE's conditional approval of the Work

Plan. Appendixes C and D are the photographic log and daily field reports, respectively. Appendix E

contains the field calibration and structural fill test results. Appendixes F and G contain the CCL field

and laboratory test results, respectively. Appendix H presents the Army's response to the EPA and

CDPBE comments on the draft final version of the Summary Report.
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In addition to the Borrow Area Evaluation and Selection presented in Section 3.0 of the Work Plan,

several other studies involving the evaluation of potential CCL borrow material sources have been

conducted at RMA. This section provides a summary of the previous studies and discusses the borrow

area evaluation performed during preparation of the Work Plan.

2.1 Previous Studies

The Borrow Study Report was published in January 1995. This report evaluated potential CCL material

borrow areas at RMA and defined four areas that, based on geotechnical property data from each of the

areas, contained potentially acceptable CCL material in substantial volumes. Because of U.S. Fish and

Wildlife Service (FWS) concerns over disturbing three of these areas, only one of the four areas remains

under consideration by the USACE as a CCL material source for landfill construction. To be consistent

with the SWIP, this area, referred to as Borrow Area I in the Borrow Study Report and the CDD, is

referred to as Borrow Area 5 in the Work Plan and this Summary Report. Borrow Area 5 is located

immediately north of the landfill CAMU boundary in the southern portion of Section 24. In preparing

the Borrow Study Report, numerous index (i.e., sieve analysis, Atterberg limits), remolded permeability,

and other geotechnical tests were performed on 28 samples obtained from 9 subsurface borings drilled

within Borrow Area 5 to a nominal 20-foot depth. All samples were classified in accordance with the

Unified Soil Classification System (USCS). Tables 3.2 and 3.3 of the Borrow Study Report present

results of the remolded permeability and index tests, 'respectively. These tables are also included in

Appendix A of the Work Plan.

The Landfill FS Report was published in July 1995. This report identified the general location of the

CAMU area as a feasible site for the landfill. As part of this work, 30 subsurface borings were drilled to

a nominal 50-foot depth in or near the CAMU area. Numerous index and other geotechnical tests were

performed on 360 samples obtained from the 30 subsurface borings. Table 4.5 of the Landfill FS Report

presents index test and moisture content test results. Table 4.6 of the Landfill FS Report presents

Z1907 Z06050.1 Harding Lawson Associates 2-1
121512/30/97 TFSR



Low Permeability Soil Background Data

standard Proctor, permeability, shrink, and swell test results. Tables 4.5 and 4.6 of the Landfill FS

Report are also included in the Work Plan as Appendix B.

During summer and fall of 1996, the USACE performed a subsurface investigation within both the

Landfill CAMU area and Borrow Area 5. Results of this investigation are presented in the Final

Geotechnical Report, Hazardous Waste Landfill, Rocky Mountain Arsenal (Subsurface Report) (USACE,

1996b). As part of the USACE subsurface investigation, a total of 29 borings and 22 test pits were

completed within the Landfill CAMU area, and 27 test pits were excavated within Borrow Area 5.

Numerous visual and laboratory (using index test results) USCS soil classifications were performed on

samples obtained from these borings and test pits to evaluate suitability of the alluvial clays and

weathered bedrock clays found in these areas. After completion of the soil classifications, Proctor

compaction (standard and modified), and remolded permeability tests were performed on both alluvial

and weathered bedrock clay samples collected from within the expected footprint of the double-lined

cell. Results of these tests are presented in Appendix F of the Subsurface Report. Tables T-3 through

T-6 of the Subsurface Report summarize the results of the laboratory testing and were included as

Appendix C in the Work Plan.

Based on the results of the subsurface investigation, the USACE recommended that weathered bedrock

clays not be used for CCL construction due to the variability of the material and difficulties encountered

in processing this material. Therefore, Test Fill 3 used only alluvial soil.

2.2 Borrow Area Evaluation

To evaluate the suitability and similarity of the two borrow areas, Section 3.0 of the Work Plan was

written to (1) evaluate and compare the alluvial soil within Borrow Area 5 and the CAMU area to assess

the similarity of the two areas' permeability-related geotechnical index properties (i.e., percent fines,

Atterberg limits, USCS classification), (2) identify the borrow area soil to be used for Test Fill 3

construction, and (3) identify which borrow area soil the results of Test Fin 3 will be applicable to.
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The borrow area index properties were evaluated and compared in the Work Plan by statistically

tabulating the number of data points for each index property, along with the maximum, minimum,

average, and standard deviation values for each index property for all of the alluvial samples and also

those meeting the minimum index property criteria given in the Work Plan. The minimum index

property criteria used to screen the data were developed based on the findings of the previous studies,

the requirements of the CDD, and Benson (1994). Table 1 presents the minimum index property criteria

used to screen the raw borrow soil data.

A summary of the number of alluvial soil data points analyzed in each borrow area, the average index

property values calculated for all of the data points, for those meeting the Table I criteria is provided in

Section 3.0 of the Work Plan. Observations made from the evaluation of the two borrow areas follow:

The two areas are located within 1,000 feet of each other and, according to U.S. Geological
Survey (USGS) mapping, were deposited in the same eolian depositional environment.

Approximately the upper 10 feet of Borrow Area 5 and the upper 20 to 25 feet of the CAMU
Area both contain predominantly lean clays with some clayey sands and occasional sandy
seams, gravel pockets, and fat clays.

The average, maximum, minimum, and standard deviation of the index properties and the
percentage of alluvial soil samples meeting the Table I criteria of both areas are similar. The
average index property values for the two borrow areas did not vary by more than 10 percentage
points.

The amount of variation in the maximum, minimum, and standard deviation values between all
samples in the two borrow areas is likely due to the fact that every sample and test performed
does not represent the same volume of alluvial soil. That is, neither the boring and test pit
locations, nor the number and depth of samples, nor number and type of index tests performed
are evenly distributed (horizontally or vertically) over the volume of alluvial soil contained
within each borrow area. This level of consistency was not an objective of any of the sampling
and testing programs.

No clear indication of differences in overall geotechnical properties between the two areas (i.e.,
the properties of one borrow area cannot be distinguished from the other borrow area) is
apparent.

The average properties (including samples failing the Table I criteria) indicate that a
homogenized mixture of all the alluvial soil from one or both borrow areas would result in a
lean clay soil meeting the Table 1 criteria.

0 It is estimated that less than 40 percent of the total alluvial soil volume in both borrow areas
will be unacceptable for CCL construction.
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Based on these observations, Section 3.0 of the Work Plan concluded that: (1) the two borrow areas'

index properties are sufficiently similar and both can be potentially processed to obtain the required

minimum hydraulic conductivity Of jX10-7 cm/s; and (2) the results of Test Fill 3 can be applied to CCL

material obtained from either borrow source. Section 3.0 of the Work Plan also identified the double-

lined cell excavation area portion of the CAMU Area as the area for excavation of borrow soil for Test

Fill 3.
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Prior to construction of Test Fill 3, a preconstruction laboratory testing program was performed using

alluvial clay samples obtained from the anticipated footprint of the double-lined cell to evaluate the

relationship between moisture content, dry density, and hydraulic conductivity for the Test Fill 3

compacted soil liner. This was done to establish the moisture content/dry density criteria for the Test

Fill 3 CCL placement. The program followed the general methodology set forth initially by Daniel and

Benson (1990) and is described in detail in Section 4.0 of the Work Plan. This section summarizes the

preconstruction laboratory testing and data interpretation program.

Samples collected by the USACE during preparation of the Subsurface Report were used for the

preconstruction laboratory testing. Index property; specific gravity; and modified, standard, and

reduced Proctor compaction tests were performed on a composite of two samples collected by the

USACE. The reduced Proctor test utilized the same procedure as the standard Proctor test with the

exception that 15 blows per lift were used instead of the 25 blows per lift required by the standard

Proctor test (ASTM D698). The two samples combined for the composite sample were carefully

selected so that the resulting soil composite possessed index property values that reasonably represent

the average clayey soil index properties for the borrow areas. The index values of the composite sample

and the average index values of the two borrow areas are summarized below:

Acceptable
Zone Average for CAMU Average for Borrow

Composite Area Area 5
Sample

Test All Passing All Passing
Index Property Results Samples Samples Samples Samples

USCS
Classification CL CL CL CL CL
Percent Fines 62 52 63 57 66
Liquid Limit 38 39 40 38 39
Plasticity Index 24 22 23 21 22
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After completion of these tests, the Preconstruction Acceptable Zone (AZ) for compacted soil liner

placement during Test Fill 3 construction was developed. The three Proctor test results and the zero air

voids (ZAV) curve (using the specific gravity test result) were plotted on a moisture content versus dry

density graph. Then a "line of optimums" was drawn connecting the optimum moisture content of the

three Proctors. The ZAV was used to define the right (wet) side of the A7, and the line of optimums was

used to define the left (dry) side of the AZ.

The upper and lower boundaries of the AZ were selected by assuming a minimum density to define the

lower boundary and assuming a minimum moisture content to define the upper boundary of the AZ.

The AZ included in the Work Plan assumed a minimum density of 92 percent of standard Proctor

maximum dry density for the lower boundary of the AZ. The lower boundary was later conservatively

raised to 95 percent of standard Proctor maximum dry density during construction of Test Fill 3 to

increase the minimum CCL shear strength to enhance the liner system's slope stability and bearing

capacity. The upper boundary was defined as the modified Proctor optimum moisture content. To

assist in evaluating the constructibility of CCLs at different moisture and density ranges, the AZ was

further divided into the upper AZ and lower A.Z. This was done by drawing a line perpendicular to the

ZAV curve and intersecting the standard Proctor optimum moisture content and maximum dry density.

The accuracy of the AZ was then verified in the laboratory by performing 12 remolded hydraulic

conductivity tests at a relatively evenly distributed range of moisture and density contents that plot just

outside or inside the outer boundaries of the A.Z. The 12 remolded samples exhibited hydraulic

conductivities ranging from 6.0 X, 0,8 cm/s to 1.6xIO_9 cm/s.

The moisture content and dry density of the remolded hydraulic conductivity test samples along with

each sample's test results were plotted on the moisture-density graph of the A.Z. To account for

potential variability in hydraulic conductivity between field compacted and laboratory compacted

samples, the AZ for Test Fill 3 construction was not expanded to include the five sample points with

passing test results that plotted outside of the A.Z. Thus, the preliminary AZ was made the final AZ for
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Test Fill 3 CCL construction. The AZ for Test Fill 3 construction, along with the moisture/density plots

and hydraulic conductivity test results, is included as Figure 2.
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4.0 CONSTRUCTION CHRONOLOGY

This section describes the chronology of the Test Fill 3 construction, including the construction

equipment and procedures used. The CQA observations, test results, and documentation obtained

during construction are described in Section 5.0 and are only referenced briefly in this section. The

construction procedures and specifications adhered to during construction are given in Section 5.0 of

the Work Plan. A complete list of the equipment used during construction is given in Table 2.

4.1 Site Preparation

Construction commenced on March 24, 1997, with mobilization of equipment and personnel to the job

site. Flatirons Surveying of Boulder, Colorado, had previously set survey stakes to layout the borrow,

processing, and test fill areas. The site preparation activities consisted of screening for unexploded

ordnance (LTXO); clearing and grubbing the borrow, process, and test fill areas (work areas); establishing

haul roads between the three areas; and removing overburden from the borrow area. Figure I is a site

plan showing the location of the haul roads and the borrow, process, and test fill areas. Appendix C is a

photographic log of the test fill construction.

Prior to commencing site preparation activities, the location of the borrow area was moved approx-

imately 100 feet north and 100 feet west from the area shown in the Work Plan. The borrow area

location shown in the Work Plan was selected because the boring logs obtained in the southeast quarter

of the double-lined cell footprint indicated lean clay (CL) material was present in the upper 10 feet of

soil. Test pits excavated approximately 3 feet deep within the borrow area shown in the Work Plan

indicated that a localized 6-inch-thick lens of fat clay (CH) material was present in three of the test pits

overlying the CL material. The borrow area was moved to the northwest toward the location of the

TP250011 to avoid the localized lens of CH material.

4.1.1 Ordnance Removal

ELA screened the work areas using a metal detector for the presence of UXO prior to disturbing any of

the areas. No UX0 was encountered. Although not required by RMA, this was done as an added health
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and safety measure. A macro-level screening of the general area had also been performed previously by

PMIZMA with no UXO encountered.

4A.2 Clearing and Grubbing

Clearing and grubbing consisted primarily of removing and stockpiling topsoil from the work areas

using a Caterpillar 140G motor grader (motor grader), a Caterpillar D7H dozer (dozer), and a Caterpillar

621B scraper (scraper). Dust control during clearing and grubbing was supplied by a GMC TC7

4,000-gallon water truck (water truck). From 6 to 12 inches of topsoil were removed from each of the

three areas. Topsoil removed from the borrow area was stockpiled to the immediate west side of the

borrow area. Topsoil removed from the process and test fill areas was stockpiled on the side of the

process area closest to the test fill area. Minor drainage ditches and diversion berms were also

constructed as necessary to divert run-on and runoff from the work areas. Also, an existing 1- to 2-foot-

deep vee-shaped drainage channel, which was routed between the test fill, process, and borrow areas,

was temporarily filled in. The vegetation removed consisted of small roots, grasses, and weeds. No

trees or woody plants were encountered in the work areas. The Site Plan included as Figure I shows

the record survey of the limits of the work areas disturbed.

4.1.3 Haul Road Preparation

Haul roads were constructed using the motor grader to provide a smooth surface for vehicles to travel

between the work areas. The motor grader bladed the topsoil off the road surface and to the side of the

road. Haul roads were constructed between the borrow and process areas, between the process area and

the top of the test fill slope, and between the test fill and process areas. The approximate locations of

the haul roads are also shown in Figure 1.

4.1.4 Borrow Area Overburden Removal

Overburden removal from the borrow area commenced after removal and stockpiling of the topsoil from

the borrow area. The overburden was removed using the dozer and scraper and stockpiled to the

immediate east side of the borrow area. Zones of caliche, sand, and cobbles were encountered in the

upper 2 to 4 feet of material beneath the borrow area topsoil. Beneath the overburden, an approximate

4-2 Harding Lawson Associates 21907 206050.1
123097 TFSR



Construction Chronology

6-inch-thick layer of 0-1 material was encountered in the southeastern portion of the borrow area. CL

material was encountered beneath the CH material. The overburden was removed until the lens of CH

material was encountered. Minor amounts of the CH layer were also removed due to the presence of

caliche and/or cobbles. CQA monitoring was performed throughout the overburden removal to verify

that the unacceptable materials were removed. The CQA monitoring of the overburden removal is

described in Section 5.0.

4.2 Test Fill Subgrade Preparation

On March 26, 1997, BIA began excavating the Test Fill 3 subgrade. Again, this work was performed

using the dozer and scraper. Approximately 5,000 cubic yards (cy) of cut material were removed from

above the test fill subgrade. The maximum depth of cut was approximately 11 feet at the toe of the

3.5:1 (horizontal to vertical) slope. In addition to the cut volume, a structural fill approximately 4 feet

high was required at the top of the test fill slope to obtain a 30-foot 3.5:1 slope height. The cut material

consisted primarily of noncohesive sands and cobbles. This material was stockpiled adjacent to the

topsoil stockpile located between the process and test fill areas.

During the removal of overburden from above the test fill subgrade, numerous attempts were made to

traverse the CAT 825C sheepsfoot compactor (compactor) up the 3.5:1 slope. Due to the noncohesive

subgrade soils, the compactor was unable to obtain enough traction to traverse the slope. Based on this

observation, it was decided to use the cohesive clay obtained from the borrow area to construct the

5-foot structural fill at the top of the slope and also to construct a 6- to 10-inch-thick "foundation" layer

over the extent of the test fill subgrade (see Figure 3). The foundation layer was used as a base layer for

the compactor to obtain enough traction to traverse the 3.5:1 slope. Approximately 500 cy of structural

fill were placed at the top of the slope and as the foundation layer.

The structural fill and foundation layer were placed in accordance with the structural fill specifications

in Section 5.0 of the Work Plan. The structural fill was placed in maximum 10-inch loose lifts and

compacted to a minimum 95 percent of the standard Proctor maximum density (ASTM D698) at a
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moisture content ±3 percentage points of the optimum moisture content (see Section 5.0). The

completed foundation layer surface was proof-rolled using the compactor and loaded scraper and

graded using the motor grader.

At the completion of structural fill placement, Flatirons Surveying returned to the site to perform a

record survey of the test fill subgrade surface (top of foundation layer) and to set stationing stakes to

obtain testing and sampling locations. The record drawing of the test fill subgrade surface is included

as Figure 4.

4.3 CCL Construction

The following paragraphs describe the equipment and procedures used to construct the Test Fill 3 CCL.

Excavation and processing of CCL borrow material began on March 28, 1997. CCL placement and

compaction began on April 3, 1997, and was completed on April 7, 1997.

4.3.1 Excavation and Processing

The material was excavated using the dozer and scraper and initially processed using a Caterpillar

SS250 soil stabilizer (stabilizer). As stated in the Work Plan, experimentation was done using an

International 730ODBP 4x4 tractor pulling 2-row by 8-foot-wide, 24-inch-diameter Rome disc to process

the CCL material placed as Lift 6 for all of Lane 1 and the upper half of Lane 2. The surface of the

process area material was sealed each night using the rubber tires of the scraper and motor grader to

minimize the effects of precipitation and/or evaporation. On the last 2 days of CCL processing and

placement (April 6 and 7, 1997), the overnight temperature fell below freezing. In these cases, the

upper 1 to 2 inches of the processed material were removed using the motor grader prior to processing

and placement.

Moisture was added as necessary using the water truck. The most effective method for adding moisture

in the process area was achieved by:
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Traveling with the water truck ahead (approximately 5 to 10 feet) and to the side of the
stabilizer

Using the side fan spout of the water truck

Spraying the water directly onto the material immediately prior to processing

This method minimized the amount of water lost to evaporation, increased the ability of rubber-tired

vehicles to traverse over the processed material, and resulted in a relatively consistent moisture content.

At least two passes of the water truck and stabilizer were generally necessary to condition the CCL

material to within the dryer moisture content range of the AZ (upper AZ or approximately 12 to

18 percent). As many as six passes of the equipment were necessary to condition the material to the

wetter moisture content range (lower AZ or approximately 18 to 24 percent). The stabilizer processed

the material to a clod size of approximately 1/2 inch. As required by the Work Plan, the CCL material

was allowed to hydrate for a minimum of 24 hours whenever the moisture content of the processed

material was raised by 3 percent or more.

Occasionally oversized rocks (I to 8 inches in diameter) were observed in the borrow and process axeas

during the excavation and processing. The majority of these rocks was readily identified by CQA

personnel and removed from the material. The percentage of oversized rock is estimated to be some

fraction of I percent of the total soil volume based on an estimate of one oversized rock per scraper load

(approximately 10 cy) of material. The very sporadic presence of the oversized rocks was not a

significant concern to the integrity of the CGL because it was very unlikely that two of the rocks would

be placed together in a manner resulting in a void space between the rocks. This is discussed further in

Section 7.0.

4.3.2 Placement and Compaction

The processed CCL material was placed and spread into an 8-inch maximum loose lift using the scraper

and dozer. The lifts were placed by the scraper entering the test fill area at the top of slope (westerly

side), traveling down the slope while placing the material, and then exiting at the end of the base
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section (easterly end) of the test fill. Lift placement progressed in this manner by placing all of Lane 1,

followed by all of Lane 2, and then all of Lane 3. occasionally, oversized material (approximately one

rock per lift) was observed in the placed material and removed.

After placing and spreading a complete lift over Lane 1, lift compaction was initiated. The compactor

was used to compact each lift. In general, on each lift the compactor made four passes over Lane 1,

six passes over Lane 2, and eight passes over Lane 3 prior to testing the underlying lift. A pass was

defined as one complete coverage over a given area by both the front and rear drums of the compactor.

When the required number of compactor passes was made, CQA personnel tested the underlying lift in

accordance with the Work Plan. When testing on a lift was completed, the compactor made an

additional pass over areas of the lift surface that had been flattened by vehicular traffic. This was done

to texturize the surface to promote layer bonding with the next (overlying) lift.

As with the process area, the test fill surface was sealed each night using the rubber-tired equipment.

On the two occasions when overnight freezing temperatures occurred, the upper 1 to 2 inches of frozen

material were removed using the grader, and the underlying surface was texturized using the

compactor.

4.3.3 Surface Preparation and Protection

The CCL material fill placement and compaction progressed in the manner described above until Lift 7

was placed and compacted. Lift 6 was tested and Lift 7 was placed and compacted on April 7, 1997.

The following morning had freezing temperatures and intermittent snow showers. As required by the

Work Plan, a 3-foot thickness for the test fill was achieved by grading and removal of Lift 7. After

removing the upper half of Lift 7 using the motor grader, it was decided to leave the lower 2 to 3 inches

of Lift 7 as frost protection for the underlying Lift 6.
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As required by the Work Plan, the graded test fill surface was rolled using a Caterpillar CP563 smooth

drum roller (roller) in static mode. No field tests were performed on the rolled surface because the

upper 1 inch of the freshly graded surface was freezing. The roller easily traversed the 3.5:1 slope.

However, the freezing conditions impacted the ability of the motor grader to evenly grade the surface

and thus the ability of the roller to provide a smooth surface. Block sampling (described in Section 5.0)

was initiated after rolling the surface.

A record survey of the CCL surface was performed after rolling the surface and during block sampling.

A record drawing showing the CCL surface topography is shown in Figure 5.

When the block sampling was completed, the resulting holes were backfilled using a Case 580 backhoe

(backhoe), and the test fill surface was regraded using the motor grader. A 4-mil-thick layer of plastic

sheeting was placed over the entire base section of the test fill and anchored with loads of dirt from the

backhoe bucket. In a minor deviation from the Work Plan, no plastic sheeting was placed on the slope

section of the test fill for slope stability reasons. Instead this area was covered with approximately 2 feet

of soil within 24 hours of completing the block sampling.

4.4 Site Reclamation

Site reclamation activities began after completing the construction of Test Fill 3. These activities

included placing an approximate 2-foot-thick soil layer over the test fill; filling and regrading the

borrow area; and spreading topsoil over the borrow areas, process areas, and haul roads. Also, the site

drainage channel filled in during the site preparation activities was re-established.

The soil layer placed over the test fill was required by the Work Plan to be a minimum of 4 inches thick.

It was placed to a nominal 2-foot thickness to facilitate placement over the plastic sheeting on the base

of the test fill and to provide additional protection to the slope section of the test fill. The dozer, scraper,

and motor grader were used to place and grade the soil layer. Fill for the soil layer was obtained from

the material stockpiled during excavation of the test fill subgrade.
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The borrow area was backfilled and graded to drain to the north using the scraper, dozer, and motor

grader. BackfiR was obtained from the adjacent borrow area overburden stockpile and supplemented

with additional material from the test fill subgrade overburden stockpile. Per the request of the FWS, no

compaction of the borrow area backfill was performed. The maximum depth of fill was approximately

6 feet. After the backfilling was complete, the stockpiled topsoil was spread over the entire disturbed

surface.

No backfilling of the process area or haul roads was required. These areas were regraded and topsoil

placed over them. No topsoil was placed over the test fill soil layer to facilitate the collection of

additional samples if necessary. A small portion of the test fill overburden stockpile (approximately

3 feet high) also remained.

After completion of the above activities, HLA met with a representative of the FWS at the site to verify

the site had been sufficiently reclaimed. The FWS reported no problems with the site reclamation and

is currently revegetating the disturbed areas.
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5.0 CONSTRUCTION QUALITY ASSURANCE ACTIVITIES

This section describes the CQA activities associated with the construction activities described in

Section 4.0. CQA activities included monitoring site preparation activities, screening borrow materials,

performing Proctor and moisture content tests in a field laboratory, providing moisture control during

processing, performing field moisture and density tests, verifying loose and compacted lift thicknesses,

and obtaining Shelby tube and block samples. Photographs and videos were taken throughout the

construction process to document the work (see Appendix C). CQA personnel also completed daily field

reports during each day of construction. The daily reports are included as Appendix D.

5.1 Site Preparation

Upon arrival onsite during the first day of construction activities, HIA CQA personnel observed the

surveyor's layout of the site, adjusted the borrow area location, and performed the UXO screening as

described in Section 4.0. In addition, a field laboratory was set up to perform Proctor and moisture

content tests, weigh sandcone test containers, and store the nuclear gauge. Sandcone and moisture

content correlation tests were performed to verify the calibration of the nuclear gauge. The density of

the sandcone sand was also calibrated. These calibration tests are included in Appendix E. The field

laboratory was set up in Building 765 at RMA, more commonly known as the Hydrazine Building.

When overburden removal of the borrow area had begun, the CQA personnel monitored the removal to

verify that all unacceptable materials were removed.

5.2 Subgrade Preparation

The preparation of the test fill subgrade was also monitored, tested, and documented. The overburden

removal was monitored to verify compliance with the design grades and dimensions. When the

overburden removal was completed, the efforts of the compactor to climb the slope were observed and

documented. The placement of structural fill was monitored, tested, and documented, and the results

of the subgrade record survey were reviewed.
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The excavated surface of the test fill was a clean sand with cobbles exhibiting no cohesion. During the

subgrade excavation, it was observed that the compactor could not gain enough traction in this

noncoliesive soil to climb the 3.5:1 slope. Based on this observation, a 6- to 10-inch-thick foundation

layer was constructed using the same structural fill material used at the top of the slope. Borrow

material (CL) that had been processed to within 3 percent of the standard Proctor optimum moisture

content was used as the structural fill. The foundation layer was placed in 8- to 10-inch loose lifts and

compacted with the compactor to at least 95 percent of the standard Proctor maximum dry density.

These ranges are all consistent with the Work Plan specifications.

A representative sample of the structural fill material was obtained, and a standard Proctor test and

visual classification were performed (Sample No. 1). The material was visually classified as a lean clay

with sand (CL). A total of six structural fill locations were tested to verify compliance with the Work

Plan. A sandcone correlation test was performed at one of these locations. Three of these locations

initially failed to meet the requirements and required reworking until the requirements were met. The

structural fili field moisture and density test results and standard Proctor test result are included in

Appendix E.

A record survey was performed at the completion of the structural fill placement (shown in Figure 4).

The record survey verified that the slope between Station 1+18 and 2+16 was at a 3.5:1 incline and

that the slope of the base section varied from I to 2 percent. The Work Plan stated the base section

would be graded to a 2 percent slope. After consultation with CDPBE representatives, it was decided

that no further grading of the base section would be necessary because this small degree of difference in

slope would have no effect on the performance of the test fill.

5.3 Low Permeability Soil

CQA activities were ongoing throughout the excavation, processing, placement, and compaction of the

Test Fill 3 CCL. The following paragraphs discuss the observations and test results.
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5.3.1 Borrow and Process Area Monitoring

The borrow area excavation was monitored periodically throughout the removal of the borrow

overburden and CCL material. After the overburden was removed, occasional thin seams (approxi-

mately 1 inch thick) of caliche (alluvial soil or bedrock cemented by calcium carbonate) were

encountered and required the excavation activities to be directed elsewhere in the borrow area or

removal of the caliche. Also, as stated in Section 4.0, occasional oversize materials (greater than 1 inch

in diameter) were observed and removed from the borrow and process areas as they were observed. No

caliche or organic material was observed within the CCL material placed over the process area.

Therefore, no carbonate content or organic content tests were performed.

As stated in the Work Plan, the ability of the Rome disc to effectively condition GCL material to a

moisture content range between the modified and the standard Proctor optimum moisture contents was

assessed. This was done with material placed as part of Lift 6 (all of Lane I and the slope portion of

Lane 2). The disc was unable to process the material to the maximum clod size of 2 inches required by

the Work Plan but was, after approximately five passes, able to process the material to a relatively

consistent moisture content at or near the standard Proctor optimum moisture content (16 to

17 percent). The discing action resulted in shavings of material that were generally about I to 2 inches

thick and highly variable in height and length.

The stabilizer was able to consistently process the CCL material to a clod size of 1/2 inch or less in

diameter. The stabilizer also effectively and productively processed the material up to a moisture

content of approximately 4 to 5 percent wet of the standard Proctor optimum moisture content. The

stabilizer was able to effectively process at wetter moisture content but its productivity decreased

significantly. In general, a minimum of two passes of the stabilizer (with water truck spraying in front

of it) was required to process the material to a moisture content within the AZ.

Moisture addition in the process area was regularly monitored during CCL conditioning. The in situ

moisture content of the borrow material varied from approximately 6 to 14 percent. The nuclear gauge
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was used in backscatter mode to obtain quick moisture readings, and periodic microwave moisture

contents were also performed. The data are included in Appendix F. A minimum hydration time of

24 hours was allowed whenever the moisture content was raised by 3 percent or more. Approximately

2,000 bank cy of CCL material were removed from the borrow area and placed in the process area.

5.3.2 Index and Proctor Testing

Ten days prior to beginning construction (March 14, 1997), HIA excavated four test pits (Sample

Nos. TP-1 through TP-4) from the borrow area shown in the Work Plan. This was done as an attempt to

obtain representative CCL samples for the direct shear testing program. The samples were shipped to

GeoSyntec Consultants (GeoSyntec) in Atlanta, Georgia, for index testing on samples from each of the

test pits. As discussed in Section 4.0, the samples obtained from three of the test pits indicated that a

thin lens of CH material was present in this area. Therefore, the samples were not used for the direct

shear testing program, and the borrow area was shifted approximately 100 feet to the west and north as

described in Section 4.0 to minimize the amount of CH material used to construct the test fill.

When approximately 25 percent of the CCL material had been processed, but prior to beginning CCL

placement, a representative composite sample was obtained from the surface of the process area

(Sample 2). The sample was thoroughly mixed and three 4-point Proctors (modified, standard, and

reduced) were performed at the field laboratory to compare against the line of optimums in the

preconstruction AZ. A split of the sample was shipped to GeoSyntec for index and specific gravity

tests.

The lines of optimums from the preconstruction AZ and from these three new samples were similar but

varied slightly in slope. Therefore, these three new Proctor results were used to develop the

construction-phase AZ included as Figure 6. The upper boundary of this new AZ was set at the

modified Proctor optimum moisture content and the lower boundary was set at 95 percent of the

standard Proctor maximum dry density. As with the preconstruction AZ, the construction-phase AZ

was divided into the lower AZ and the upper AZ by drawing a line perpendicular to the ZAV curve and
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intersecting the standard Proctor optimum moisture content and maximum dry density. This was done

to set target moisture and density ranges for the test fill in accordance with Table 6 of the Work Plan.

The construction-phase AZ was used throughout the test fill CCL construction for acceptance of the in-

place moisture content and dry density.

When approximately 40 percent of the CCL material had been processed, eight 5-gallon buckets of

processed soil were obtained from over the surface of the process area and sent to GeoSyntec for use in

the shear testing and chemical compatibility programs. Modified, standard, and reduced Proctors along

with index tests were also performed on this sample. (Note: The site sample number is identified as

11 composite sample" on the laboratory report for this material.) Because the three Proctors were also

performed on this material, an additional AZ can be developed from the sample to evaluate the

sensitivity of the AZ development to minor variations in material properties and interlaboratory

differences. Figure 7 is a graph comparing the three AZs (preconstruction AZ, construction-phase.AZ,

and this composite sample) developed from material obtained from within the double-lined cell

footprint. Also, a standard Proctor test was performed in the field from material placed as Lift 6. The

optimum moisture content and maximum dry density of this sample axe also shown in Figure 7.

5.3.3 Placement and Compaction Monitoring

CCL placement and compaction commenced as described in Section 4.3.2 after a sufficient amount of

CCL material had been processed, hydrated, and the construction-phase AZ developed. The maximum

loose lift thickness of 8 inches was verified in the field by using the nuclear gauge's drive pin as a depth

probe. Lift compaction began after the loose lift thickness had been verified. The number of passes

made by the compactor over each lift was monitored to assess the relationship between number of

passes and hydraulic conductivity. As stated in Section 4.0, a minimum of four passes was made by the

compactor over Lane 1, six passes over Lane 2, and eight passes over Lane 3.

After the minimum number of passes was made, two test pads per lane (one on the slope section and

one on the base section) were cut through the lift to the approximate surface of the underlying lift at
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random locations selected by CQA personnel. These locations were tested for in situ moisture content

and dry density. In all cases except one (the slope section test location [Test No. 122] on Lane 2 of Lift

1), the in situ moisture content and dry density test result plotted within the construction-phase AZ

after the minimum number of passes was made. Test No. 122 result did not plot within the A.Z.

Therefore, an additional two passes (for a total of eight passes) were applied to Lane 2 of Lift 2 to

compact the material within the AZ.

Six locations were tested using nuclear methods for the field moisture content and dry density per lift.

A three-digit numbering scheme was developed to number the test locations. The first digit in the test

number is the lift number tested, the second number is the lane number tested, and the third number is

either a 1 or a 2. A "I" in the last digit means the test location was on the base section. A "2" in the last

digit means the test location was on the slope section. For example, Test No. 122 referenced above was

taken on Lift 1 (first digit), Lane 2 (second digit), and the slope section (third digit). Figure 8 is a graph

of the construction-phase AZ with the results of the in situ moisture content and dry density tests

plotted on the graph.

At each nuclear test location, either a Shelby tube sample was obtained or a sandcone correlation test

was performed. Except for Lift 3, five Shelby tubes and one sandcone correlation test were obtained on

each lift. A sandcone correlation test was unable to be performed on Lift 3 because it began raining

while testing of Lift 3 was ongoing. A Shelby tube sample was then obtained for each of the six Lift 3

test locations. Thirty-six locations were tested for the field moisture content and dry density. At these

36 locations, 31 Shelby tubes were obtained, and 5 sandcone correlation tests were performed. These

locations are shown in Figure 3. The Shelby tubes were assigned the same sample number as the

nuclear test number for that location and shipped to GeoSyntec for testing or archiving. Appendix F

presents the results of the CCL testing performed in the field.

Either the dozer or compactor was used to cut the test pads for the field testing. In general, the test pads

were cut 6 to 8 inches deep by 8 to 12 feet wide by 5 to 10 feet long. The same equipment was also used
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to fill and grade the test pad holes after testing was complete. Layer bonding and compacted lift

thickness observations were also made in the test pads as the test pads were generally cut to the

interface of the overlying and underlying lifts. This allowed rough measurements of compacted lift

thickness to be obtained. In general, the compacted lift thickness was 5 to 6 inches. The degree of layer

bonding was evaluated by the amount of peeling that occurred at the lift interface during cutting of the

test pad. Generally, only a small degree of peeling at the lift interface was observed in the Test Pads

meaning that layer bonding was acceptable. This was further verified in trenches excavated into the

test fill during the block sampling. No delineation of layers was observed in vertical cuts made through

the test fill.

During compaction of CCL lifts placed at lifts more than 3 percent wet of the standard Proctor optimum

moisture content, it was observed that the compactor had increased difficulty climbing the slope

section. The compactor speed slowed considerably, but no spinning of the compactor drums or tearing

of the CCL material was observed. The field tests performed in these areas also were within the

construction-phase AZ.

5.3.4 Block Sampling

Block sampling began on April 8,1997, and was completed on April 9,1997. Nine block samples were

obtained from the test fill and shipped to GeoSyntec for testing or archiving. Each of these cylinder-

shaped samples were 12 inches in height and 14 inches in diameter. The nine block sample locations

were selected so that three of the samples were taken from the bottom foot of the test fill, three were

taken from the middle foot, and three from the upper foot and also so that three samples were obtained

from each of the three lanes.

Figure 3 also shows the locations of the nine block samples. A four-digit numbering scheme, similar to

that used for the field moisture/density test numbers, was used for the block samples. As the block

samples were 12 inches high, the first two digits represent the two lifts sampled (each lift is

approximately 6 inches thick), the third digit represents the lane sampled, and the last digit represents
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the number of the sample in that lane (1, 2, or 3). For example, Block Sample Number 1212 was

obtained from Lifts I and 2 (first two digits), in Lane I (third digit), and was the second sample (fourth

digit) taken in Lane 1.

The block samples were obtained by excavating to the top of the sampling location and placing a

sampling ring on top of the sample location. The sample rings were marked with the sample number

and up direction. The sampling rings were fabricated from sections of Schedule 40 polyvinyl chloride

(PVC) pipe, 12 inches high by 14 inches in diameter, with the inside edge of the bottom end of the pipe

beveled at a 45 degree angle. When the sampling ring was in place, the backhoe excavated a 2- to

3-foot-deep trench around the sample. The inside wall of this trench was generally 1 to 2 feet from the

outside of the sampling ring. When the trench was excavated, hand shovels were used to excavate

within I to 2 inches from the outside of the sampling ring. Hand trowels and putty knives were then

used to trim away the excess material. As this material was removed, the sampling ring was pushed

over the sample using hand pressure. This methodology was followed until the entire ring was over the

sample.

When the ring had been slid over the sample, the top of the sample was trimmed flush with the top of

the ring, wrapped with shrink wrap (i.e., Saran Wrap), and taped. The bottom of the sample was

extricated from the test fill by digging under the sample with a shovel and sliding the sample onto a

steel plate. After extrication, the sample was carefully flipped upside down on top of a 16-inch by

16-inch by 1/2-inch sheet of plywood and the bottom trimmed, wrapped, and taped in the same manner

as the top. A plywood sheet was then placed over this end, and the two sheets were tied together using

nylon cord. At this point, the sample was transported from the test fill to the field laboratory. There,

bubble wrap was wrapped around the samples and the samples placed in double-reinforced box (one

box inside another) lined with plastic sheeting and additional bubble wrap. Wet paper towels were

then placed within the box to provide a humid environment. The box was then sealed with shipping

tape and shipped to GeoSyntec. Photographs of the block sampling and shipping procedures used are

included in Appendix C.
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5.3.5 Record Survey

A record survey was performed of the completed test fill prior to completing the block sampling. A

record drawing showing the Test Fill 3 topography is included as Figure 5. As shown in Figure 5, the

test fill surface, particularly the base section, was not graded evenly due to the weather conditions at

the time of the survey. However, the record drawing does show that a minimum 3-foot thickness was

generally maintained between Stations 0+20 and 2+10. This is a deviation from the 205-foot length

included in the Work Plan but is not relevant to the evaluation of the test fill performance because only

one test (No. 531) was performed outside these limits (see Figure 3).
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6.0 POST-CONSTRUCTION LABORATORY TESTING

The post-construction laboratory testing consisted of performing hydraulic conductivity and index tests

on the undisturbed Shelby and block samples. The laboratory test results are included in Appendix G.

Of the 31 Shelby tubes obtained, 10 were tested to assess their hydraulic conductivity, and I was tested

to obtain index property values. Of the 9 block samples obtained, 6 were tested to assess their

hydraulic conductivity, and 3 were tested to obtain index property values.

As required by the Work Plan, essentially 2 hydraulic conductivity tests were performed on each

sample tested; I at a 3 pounds per square inch (psi) effective stress (consolidation pressure) and 1 at a

10 psi effective stress. The consolidation pressure that will be applied to a full-scale CCL can be

calculated by multiplying the average unit weight of overburden (protective soil, waste, etc.) by depth of

the overburden. In general, as the consolidation pressure increases, the hydraulic conductivity

decreases. The 3 psi consolidation pressure was selected to approximately represent the stress induced

to a cover CCL (approximately 4 feet of overburden). The double-lined cell cover liner system does not

include a CCL. Therefore, the 3 psi hydraulic conductivity test results are not applicable to the double-

lined landfill cell. The 10 psi consolidation pressure was selected to conservatively represent the stress

induced to a CCL placed as a bottom landfill liner (approximately 13 feet of overburden).

The results of the post-construction laboratory testing are summarized below:

Hyd. Hyd.
Conduc- Conduc-

tivity tivity
USCS Dry Moisture @ @

Sample Sample Percent Liquid Plasticity Classi- Density Content 3 psi 10 psi
Type No. Lift Fines Limit Index fication (pcf) (96) (cm/s) (cm/s)

Shelby in 1 112.6 16.3 1.2E-8 5.3E-9
Shelby 112 1 109.3 17.7 4.7E-8 8.9E-9
Shelby 121 1 107.9 18.2 8.3E-9 2.8E-9
Shelby 122 1 113.8 15.1 1.9E-6 9.8E-7
Shelby 132 1 106.9 15.7 2.0-5 2.1E-6
Shelby 231 2 111.1 17.8 2.OE-8 4.7E-9
Shelby 312 3 115.9 16.2 6.IE-9 1.7E-9
Shelby 412 4 111.2 18.4 6.OE-9 2.3E-9
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Hyd. Hyd.
Conduc- Conduc-

tivity tivity
USCS Dry Moisture @ @

Sample Sample Percent Liquid Plasticity Classi- Density Content 3 psi 10 psi
Type No. Lift Fines Limit Index fication (Pcf) (96) (cm/s) (cm/s)

Shelby 511 5 109.4 19.1 1.2E-8 3.7E-9
Shelby 611 6 75 47 31 CL 104.8 22.0 6AE-8 1.6E-8
Block 1211 1 & 2 73 42 27 CL 114.1 14.7 2AE-8 3.6E-9
Block 1231 1 & 2 109.4 16.6 6.7E-8 7.2E-9
Block 3423 3 & 4 104.7 19.8 3.7E-8 3.7E-9
Block 3433 3 & 4 73 42 27 CL 104.8 20.9 6.9E-8 2.5E-9
Block 5613 5 & 6 106.4 19.5 7.OE-8 4.8E-9
Block 5621 5 & 6 74 43 27 CL 105.3 20.6 9AE-8 3.7E-9

Except for Shelby Tube Sample Nos. 122 and 132, all of the undisturbed samples tested met the

required hydraulic conductivity criteria at both 3 psi and 10 psi consolidation pressures.

Sample No. 122 was obtained from Lane 2, which was compacted with eight passes of the compactor

(six initially, plus two additional passes to attain a dxy density with in the AZ). Sample No. 132 was

taken from Lane 3, and was also compacted with eight passes of the compactor. Both of these failing

samples were obtained from the slope section of Lift 1. However, Sample No. 112 was also obtained

from the slope section of Lift 1 on Lane 1. This sample was compacted with only four passes of the

compactor and easily met the required hydraulic conductivity. Additionally, the two block samples

obtained and tested from the bottom foot of the test fill (Sample Nos. 1211 and 1231) easily achieved

the required hydraulic conductivity as did two other Shelby tube samples (Sample Nos. 111 and 121)

obtained from the base portion of the test fill's first lift. More discussion of the two failing samples is

provided in Section 7.0.

Figure 9 is a graph showing the construction-phase AZ, the moisture content and dry density of the

hydraulic conductivity samples tested, and their hydraulic conductivity values at a 3 psi consolidation

pressure.
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7.0 SUMMARY AND CONCLUSIONS

This section provides a summary of the information provided in the previous sections and presents the

conclusions derived from the information.

7.1 Summary

Two GCL test fills (Test Fills I and 2) were constructed in 1994 as part of a feasibility study for an

onsite landfill at RMA. The primary objective of these test fills was to verify that the use of onsite

borrow soils is feasible for landfill CCL construction (i.e., could be moisturized and compacted to obtain

a hydraulic conductivity Of 1X10-7 CM/S or less). Though this primary objective was met, Test Fills 1

and 2 were not constructed using equipment and procedures that could be implemented productively

for full-scale GCL construction as part of an onpost landfill. Thus, an additional test fill program (Test

Fill 3) was implemented to verify that construction equipment and procedures conducive to full-scale

construction could construct a CCL with a large-scale hydraulic conductivity of IX10-7 Cm/s or less and

to provide information to the USACE to finalize the full-scale CCL construction specifications and CQA

Plan currently being prepared as part of the landfill design.

As part of the Test Fill 3 program, an evaluation was performed of the hydraulic conductivity-related

index properties of the two borrow areas currently being considered by the USACE as sources of CCL

material for the full-scale construction. This evaluation was performed during preparation of (and

presented in) the Work Plan. From the results of this evaluation, it was concluded that no significant

differences in the index properties of both borrow areas exists and that the results of Test Fill 3 should

be applicable to CCL material excavated from either borrow area.

Prior to Test Fill 3 construction, preconstruction laboratory testing was performed using a composite of

two clay samples obtained from the future footprint of the RMA double-lined landfill cell. The methods

and parameters used in the testing generally followed the methodology developed by Daniel and

Benson (1990). Remolded hydraulic conductivity tests were performed on 12 sample points selected to

cover the range of moistures and densities that may result in a hydraulic conductivity of less than
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1X10-7 cm/s. A.11 12 samples tested resulted in a hydraulic conductivity of less than 1xio' cm/s. Based

on this data, a preconstruction AZ was developed (Figure 2).

HLA began construction of Test Fill 3 on March 24, 1997. The CCL borrow material was obtained from

the footprint of the double-lined landfill cell (Figure 1). The material was processed using a water truck

and stabilizer. A Rome disc was also used to process part of the material placed as Lift 6. During the

CCL material processing and prior to CCL placement, a composite sample was obtained from the

process area, and Proctor and index tests were performed. The test results were then used to develop

the construction-phase AZ (Figure 6) using the same criteria used to develop the preconstruction AZ.

The CCL material was placed in 8-inch maximum loose lifts and compacted to a 6-inch maximum

compacted thickness. Six locations on each lift were field tested using a nuclear gauge to verify the

material's in situ moisture content and dry density plotted within the construction-phase AZ (Figure 8).

Either a Shelby tube or sandcone correlation test was obtained at each nuclear test location. Test Fill 3

was constructed to a 3-foot thickness by compacting seven 6-inch-thick (or less) lifts and then trimming

off the majority of Lift 7.

The accuracy of the construction-phase AZ was verified during construction by performing another set

of Proctors (modified, standard, and reduced) on a large composite sample obtained from the process

area for use in the direct shear testing program. In addition, a check Proctor was performed in the field

on a sample obtained from Lift 6.

Occasionally oversized rocks and cobbles (approximately one per scraper load) were observed in the

CCL material. When observed, the oversized material was removed. The compactor also had some

difficulty climbing the 3.5:1 slope at moisture contents greater than 3 percent wet of the standard

Proctor optimum moisture content, but none of the test results indicated that this resulted in

unacceptable hydraulic conductivity values.
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Summary and Conclusions

Nine 12-inch-diameter block samples and thirty-one 2.8-inch diameter Shelby tubes were obtained from

the test fill. Six block samples and ten Shelby tube samples were tested in the laboratory to obtain

hydraulic conductivity values at both a 3 psi and a 10 psi consolidation pressure. All six block samples

and eight of the ten Shelby tube samples tested resulted in a hydraulic conductivity of less than

1X10-7 CM/S. Index tests were also performed on four of these undisturbed samples. The index test

results showed that the properties of all four samples were very similar (see Section 6.0) and classified

the soil as a lean clay with sand (CL). These -results also showed that the undisturbed samples were

slightly finer and slightly more plastic than the borrow area averages.

7.2 Conclusions

Test Fill 3 was constructed in accordance with the objectives and intent of the Work Plan. The results

of Test Fill 3 indicate that a hydraulic conductivity of less than 1X10-7 cm/s was obtained. Therefore, it

can be concluded that the equipment and procedures used for the Test Fill 3 construction and

described in this Summary Report can generally be incorporated into the full-scale CCL construction

specifications and result in the required CCL hydraulic conductivity. Additional conclusions made

during the test fill construction and evaluation are presented below:

A cohesive subgrade or foundation layer may be required on the 3.5:1 slopes of the double-
lined cell to allow enough traction for the compactor to travel up the slope without spinning its
wheels. In areas of noncoliesive soil where the compactor was able to traverse the slope, the
compactor wheels spun and damaged the grade of the slope.

Occasionally oversized rocks and cobbles were sporadically encountered in the CCL borrow
material. Oversized rocks should be removed upon observation. However, these rocks are of
limited concern to the performance of the CCLs due to the very small percentage (less than
1 percent) of the total CCL volume these rocks represent. This small percentage greatly
minimizes the potential for two or more of these rocks to be placed adjacent to each other and
thus create void spaces between the rocks that cannot be filled with finer material.

A tractor pulling a Rome disc may possibly be used to process CCL material to a moisture range
between the modified and the standard Proctor optimum moisture contents. However, it is
recommended that the Rome disc only be used in addition to the stabilizer due to the Rome
disc's inability to process the clay to a clod size of 2 inches or less. The Shelby tube (No. 611)
and the block sample (No. 5613) tested from material processed with the Rome disc both
achieved the required hydraulic conductivity.

The highest degree of workability of CCL material placed within the AZ was observed at a
moisture content between the modified Proctor optimum moisture content and approximately
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Summary and Conclusions

2 percent above the standard Proctor optimum moisture content. The compactor performance
was significantly reduced when compacting material wetter than approximately 2 percent of the
standard Proctor optimum moisture content.

The excavation, processing, placement, and compaction procedures used to construct Test
Fill 3 resulted in a homogenous soil mixture. This is evidenced by a comparison of the Proctors
performed during construction (Figure 7) and consistency of the 4 undisturbed sample and
index test results. All of the Proctor results were within 3 percent and 5 pounds per cubic foot
(pcf) of the other corresponding test method Proctor's optimum moisture content, and
maximum dry density, respectively.

The average percent fines, liquid limit, and plasticity index of the four undisturbed samples
tested indicated these values are all within 11 points or less of the average values of the alluvial
samples meeting the Table 1 criteria for both the CAMU Area and Borrow Area 5. This slight
difference in index values can be attributed to effective visual screening of the Test Fill 3
borrow area excavation. Therefore, effective visual screening of the borrow excavation during
full-scale construction will allow the results of Test Fill 3 to be applied to CCL material
excavated from either borrow area and should result in CCL properties that classify the soil as
CL material.

The hydraulic conductivity test results of the eight passing Shelby tube samples correlated well
with the results of the block samples. The volume of soil tested in the block samples was
approximately 60 times greater than the volume of the Shelby tube samples. This indicates that
no significant macro-scale defects were present in the block samples.

The two Shelby tube samples (Nos. 122 and 132) that failed to attain the required hydraulic
conductivity were both obtained from the slope section of Lift 1. The three other Lift I Shelby
tube samples and the two block samples tested from the bottom foot of the test fill all easily
attained the required hydraulic conductivity. The average hydraulic conductivity of the two
failing Lift 1 Shelby tube samples (Sample Nos. 122 and 132) was 1 X 10-5 Cm/s at a 3 psi
confining pressure, whereas the average hydraulic conductivity of the three passing Lift 1
Shelby tube samples (Sample Nos. 111, 112, and 121) was 2 x 10-8 cm/s at a 3 psi confining
pressure; a difference of three orders of magnitude. Additionally, the average of all 14 of the
passing Shelby tube and block samples is 4 x 10-8 cm/s at a 3 psi confining pressure. It is likely
that the two failing samples either accidentally contained part of the structural fill placed
beneath Lane I or were disturbed at some point during sampling, shipping, or testing.
Regardless of the exact reason why the two Shelby tubes failed, it is not believed that the
failures were due to inadequate construction procedures. This conclusion is supported by:
(1) the three orders of magnitude of difference between the average results of the passing and
failing samples; (2) the comprehensive CQA effort implemented during the test fill construction;
and (3) the Sample No. 112 hydraulic conductivity result of 5 x 10-8 cnVs at a 3 psi confining
pressure achieved with a 50 percent less compactive effort than that given to the two failing
sample locations (four passes for Sample No. 112 versus eight passes for Sample Nos. 122 and
132).

Based on the information provided in this Summary Report, no additional test fill-related data
needs are necessary for the CCL design or full-scale construction.
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8.0 ACRONYMS

Army U.S. Department of the Army

ASTM American Society for Testing and Materials

AZ Acceptable zone

backhoe Case 580 backhoe

Borrow Study Report Final Feasibility Study Soils Support Program Report

CAMU Corrective Action Management Unit

CCL Compacted clay liner

CDD CAMU Design Document

CDPHE Colorado Department of Public Health and Environment

CH Fat clay

CL Lean clay

cm/s Centimeter per second

compactor Caterpillar 825C Sheepsfoot Compactor

CQA Construction Quality Assurance

cy Cubic yard

dozer Caterpillar D7H dozer

EPA U.S. Environmental Protection Agency

FFA Federal Facilities Agreement

FS Feasibility Study

FWS U.S. Fish and Wildlife Service

GeoSyntec GeoSyntec Consultants

HLA Harding Lawson Associates

Landfill FS Report Final Landfill Site Feasibility Report for the Feasibility Study Soils Support
Program

motor grader Caterpillar 140G motor grader

pcf Pounds per cubic foot

psi Pounds per square inch
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Acronyms

PVC Polyvinyl chloride

PMRMA Program Manager for Rocky Mountain Arsenal

RDC Remedial Design Center

RMA Rocky Mountain Arsenal

roller Caterpillar CP563 Smooth Drum Roller

SC Clayey sand

scraper Caterpillar 62113 scraper

SDRI Sealed double-ring infiltrometer

stabilizer Caterpillar SS250 Soil Stabilizer

State State of Colorado

Subsurface Report Final Geotechnical Investigation Report, Hazardous Waste Landfill

Summary Report Test Fill Construction Program Summary Report

SWIP Sitewide Implementation Plan

TSBP Two-stage borehole permeameters

USACE U.S. Army Corps of Engineers

USCS Unified Soil Classification System

USGS U.S. Geological Survey

UX0 Unexploded Ordnance

water truck GMC TC7 4,000-gallon water truck

Work Plan Find Work Plan for the Test Fill Construction Program

ZAV Zero Air Voids
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Table 1: Raw Borrow Soil Index Property Criteria

Test Low Permeabili!y Soil Criteria Test Method

Grain-size distribution ASTM D422
100 percent passing 1-inch sieve*
ý:40 percent passing No. 200 sieve
> 95 percent passing No. 4 sieve

USCS classification SC, CL, or CH ASTM D2487

Organic content (by weight) < 5 percent ASTM D2974

Carbonate content (by weight) < 5 percent ASTM D4373

Processsed soil shall be 2:50 percent passing No. 200 sieve, shall classify as either CL or CH, and meet
the other requirements above.

> Greater than
Greater than or equal to

< Less than
ASTM American Society for Testing and Materials
CH Fat clay
CL Lean clay
LL Liquid limit
Pi Plasticity index
SC
USCS Unified Soil Classification

Top lift shall be 100 percent passing the 1/2-inch sieve.
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Table 2: Test Fill 3 Construction Equipment

Caterpillar D7H Dozer

Caterpillar 825C Sheepsfoot compactor

Caterpillar 621B Scraper

Caterpillar SS250 Soil Stabilizer

Caterpillar 140G Motor Grader

Caterpillar CD563 Smooth Drum Roller

Case 580E Backhoe

International 73000DBP 4-wheel drive tractor with 24-inch diameter Rome disc

GNIC TC7 4,000-gallon water truck
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Appendix A

FINAL WORK PLAN FOR THE TEST FILL CONSTRUCTION
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1.0 INTRODUCTION

This Test Fill Work Plan (Work Plan) has been prepared in support of the Corrective Action

Management Unit (CAMT-J) design currently being prepared by the U.S. Army Corps of Engineers

(USACE) as part of the remedy for cleanup of the Rocky Mountain Arsenal (RMA). This Work Plan sets

forth the procedures for construction, testing, and evaluation of Test Fill 3. The results of Test Fill 3

will be incorporated into the construction specifications and construction quality assurance plans for

full-scale landfill compacted clay liner (CCL) construction.

This Work Plan has been prepaxed by Harding Lawson Associates (HLA) as a contract deliverable under

Delivery Order 0007 (Task 93-03, Feasibility Study Soil Support Program) of Contract No. DAAA05-92-

D0003 between HLA and the U.S. Department of the Army (Army). This document has been prepared

at the direction of the Army for the sole use of the Army, the signatories of the Federal Facilities

Agreement (FFA) of RMA, the State of Colorado (State), Adams County, and the Tri-County Health

Department, the only intended beneficiaries of this work. This document has been prepared for test fill

construction at RMA and should not be used for any other purpose.

1.1 Background

Two CCL test fills (Test Fills 1 and 2) were constructed in the southeast portion of Section 25 during the

summer of 1994. The primary objective of this program was to demonstrate that a hydraulic

conductivity of I X 10-7 centimeters per second (cm/s) or less could be achieved with the onsite clayey

soil. The secondary objective of this program was to use construction equipment and procedures to

construct Test Fills I and 2 that are condusive to high-production construction of CCLs. However, due

to the unavailability of equipment to do so, this objective was unable to be accomplished. The soil used

for Test Fills 1 and 2 was obtained from borrow areas located within 2 miles of Section 25. The field-

scale hydraulic conductivity of each of these two test fills was evaluated using a sealed double-ring

infiltrometer (SDRI) and two-stage borehole permeameters (TSBP). The results of these field-scale tests

indicated that a hydraulic conductivity of 1 X 10-7 cm/s or less was achieved. The results of Test Fills 1

and 2 are presented in the Final Landfill Site Feasibility Report for the Feasibility Study Soil Support
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Program, (Landfill FS Report) (HLA, 1995a) included as Appendix R of the CAMU Designation

Document (CDD).

While results for Test Fill I and 2 indicated that minimum hydraulic conductivity can be achieved with

onsite soil, a letter dated August 30, 1995, to the Program Manager for Rocky Mountain Arsenal

(PMIU\4A) from the Colorado Department of Public Health and Environment (CDPHE), requested that:

CompactiQn equipment, such as a Caterpillar 825, be evaluated to improve the efficiency of soil
liner compaction.

The full-scale construction specifications reflect the lift thicknesses achieved in the field in
constructing Test Fill 3.

Test Fill 3 provide data to write specifications on equipment and methods used to condition soil
moisture and reduce clod size.

Test fill procedures include curing time for uniform absorption and hydration of soil particles
when the moisture variance is increased by more than 3 percentage points. These procedures
should be refined in the test fill program and carried forth into the fun-scale construction
specifications.

The test BE procedures for reconditioning soils for moisture content should be carried into the
full-scale construction specifications.

Thus, Test Fill 3 will be constructed to:

Respond to the above listed requests made by CDPHE.

Provide additional test fill data that will allow the landfill designer to finalize construction
specifications and construction quality assurance (CQA) procedures for CCLs based on the
findings of the Test Fill 3 program.

1.2 Purpose and Scope

The purposes of the test hil program outlined in this Work Plan are described below:

1. Provide data to the Army that will allow the USACE to develop CCL construction specifications
that will achieve a hydraulic conductivity Of IX10-7 cm/s or less using equipment and
procedures for CCL moisture conditioning, placement, and compaction that will allow full-scale
CCL construction to be performed in a productive and cost-effective manner.

2. Evaluate the similarity of geotechnical properties of two potential CCL material borrow areas at
RMA. One of these areas (Site-Wide Implementation Plan [SWIP] Borrow Area 5) is identified
as Borrow Area 1 in the Final Feasibility Soil Support Program Report (Borrow Study Report)
(HI-A, 1995b). The second area is the clayey soil within the CAMU area identified in the
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CAMU Designation Document (HIA, 1996). This evaluation will be performed to identify if
results of Test Fill 3 can be applied to the borrow area not used to construct Test Fill 3.

3. Define any additional test fill data needs for future landfill construction that exist after
construction and testing of Test Fill 3.

The scope of the test fill program described in this Work Plan includes the following activities:

0 Preparing; submitting, and obtaining approval of this Work Plan.

0 Tabulating and analyzing geotechnical index properties (i.e., percent fines (percent of sample
passing a No. 200 sieve], liquid limit, plasticity index), submitting a proposed borrow area
consistency assessment along with the supporting documentation to the regulatory agencies for
approval, and selecting which of the two potential borrow areas will be used for Test Fill 3
construction (discussed in Section 3.0).

Performing preconstruction testing and laboratory testing to obtain additional geotechnical
index parameter data and establish the relationship between moisture, density, and hydraulic
conductivity of Test Fill 3 borrow material (discussed in Section 4.0).

Constructing the test fill using e
OSuipment, procedures, and specifications that will result in a

hydraulic conductivity of I x 1 cm/s or less and that can be effectively implemented for full-
scale construction (discussed in Section 5.0).

Performing CQA monitoring and testing during construction of the test fill (discussed in
Section 6.0).

Regrading and revegetating the test fill borrow and process areas and covering the completed
Test Fill 3 with a geomembrane and soil cover (discussed in Section 5.0).

Performing post-test fill construction laboratory testing to verify that a hydraulic conductivity of
1xio 7 cm/s or less was achieved preparing CCL construction specification recommendations
that incorporate the procedures and equipment used to construct Test Fill 3 (discussed in
Section 7.0).

Preparing, submitting, and obtaining approval of the Test Fill Program Summary Report
(discussed in Section 7.0).

Reviewing data from all test fills and identifying additional future data needs.

A CQA effort will be incorporated into construction of the test fill. The test fill will be constructed by

an earthwork contractor (Contractor) experienced in low-permeability soil (clay) liner construction.

CQA will be performed by a CQA Engineer (Engineer) who will direct the Contractor activities and

perform tests and observations to evaluate the effectiveness of the construction procedures and

equipment in achieving the required hydraulic conductivity at a workable moisture content range, and

at an achievable dry density range. The Contractor will work as a subcontractor to the Engineer.
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Draft full-scale CCL construction specifications and draft full-scale CCL CQA requirements are being

prepared by the USACE and will be submitted to the regulatory agencies for review as part of the

30 percent CAMU design package. These documents have been prepared in conjunction with the CCL

specifications given in Section 5.0 and the CCL CQA requirements given in Section 6.0. The

equipment, procedures, and test results of Test Fill 3 will be used to finalize the full-scale CCL

specification and CQA requirements.

Test Fill 3 will be constructed on both a flat (2 percent) slope and a side (29 percent or 3.5 Horizontal:

1 Vertical) slope in lifts placed parallel to the slopes. These slopes are consistent with those currently

being considered for design of the landfill cell floor and sideslopes. If it is observed during construction

of the test fill that CCL construction parallel to a 29 percent slope will not be feasible, the test fill side

slope section may be flattened to a slope that is feasible for CCL construction parallel to the slope. Test

Fill 3 will be constructed within the CAMU area (Sections 25 and 26) using onsite clayey soil to be

excavated for construction of the double-lined landfill cell. Figure I shows the locations of Test Fills 1,

2, and 3 and the Test Fill 3 borrow and soil processing areas. Figure 2 shows a plan view and cross

sections of Test Fill 3. Figure 3 shows the Test Fill 3 borrow area and excavation grading plans.

Large-scale hydraulic conductivity (i.e., hydraulic conductivity measured over a large enough area to

include CCL macrostructures) will be evaluated by obtaining large diameter (typically 12 inches)

undisturbed soil liner samples and testing them in specially designed flexible wall permeameters in the

same m er as small diameter (2.8 inches) sleeve (Shelby tube) samples and in accordance with

American Society for Testing and Materials (ASTM) D5084. The large diameter undisturbed samples

are commonly rýferred to as "b lock" samples in published literature. Published comparisons between

the hydraulic conductivity of large-scale block samples and the hydraulic conductivity of SDRIs have

shown little variation in test results (Benson et al., 1993) except, in cases where little or no CQA was
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performed. A discussion of the hydraulic conductivity evaluation for Test Fill 3 is presented in

Section 6.6.3.

1.3 Organization

The remainder of this Work Plan is divided into seven sections. Section 2.0 provides a discussion of

recent U.S. Environmental Protection Agency (EPA) guidance and other reference documents applicable

to test fill construction. Section 3.0 presents a comparison of geotechnical property data for the two

potential Test Fill 3 borrow areas, provides technical rationale for why these two areas are sufficiently

similar geotechnically, and identifies the double-lined cell excavation area as the specific area to be

excavated for Test Fill 3 construction. Section 3.0 also provides an estimate of the CCL volumes needed

for the double-lined landfill cell construction and a discussion of the volume of potential CCL material

available within the double-lined cell excavation and Borrow Area 5. Section 4.0 describes the

preconstruction laboratory testing activities and data interpretation methodology. Section 5.0 provides

the procedures for construction of the test fill. Section 6.0 provides the CQA procedures for

construction of the test fill. Section 7.0 provides requirements for the post-construction testing and the

summary report to be generated at the conclusion of test fill construction and post-construction

laboratory testing. Section 8.0 provides a list of acronyms, and Section 9.0 is the bibliography.
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2.0 REFERENCED DOCUMENTS

Appendix I of the CDD, entitled "Conceptual Test Fill Work Plan," was used as the primary reference in

preparing this Work- Plan. In addition, EPA guidance documents entitled "Quality Assurance and Quality

Control for VVýtste Containment Facilities" (EPA, 1993) and "Requirements for Hazardous Waste Landfill

Design, Construction, and Closure" (EPA, 1989) were also used to prepare this Work Plan. Other older

EPA guidance documents discuss test fill construction and the contents of these documents were also

considered in preparing this Work Plan. However, the two EPA documents referenced above, the

published information referenced in these EPA documents, and other recently published documents were

used as primary references in preparing this Work Plan. References used to compile this Work Plan are

given in the bibliography in Section 9.0.
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3.0 BORROW AREA EVALUATION AND SELECTION

Appendix I of the CDD states that the four borrow areas identified in the Borrow Study Report and

clayey soil located within the CAMU area will be evaluated during the design phase of the landfill to:

(1) identify borrow areas that contain clayey soil, which has sufficiently similar geotechnical properties

and which can be processed to attain the required minimum strengths and permeabilities for the full-

scale CCLs; (2) identify the borrow area soil to be used for Test Fill 3 construction; and (3) identify

which borrow area soil the results of Test Fill 3 will be applicable to. Currently, the USACE is

considering only the use of two of the five borrow areas identified in Appendix I of the CDD. This

section provides an evaluation of the two borrow areas, presents a rationale of why the clayey soil

within these two areas have sufficiently similar geotechnical properties, and identifies the clayey soil

within the footprint of the double-lined cell as the specific portion of the CAMU area to be used for

construction of Test Fill 3.

3.1 Previous Studies

The Borrow Study Report was published in January 1995. This report evaluated potential CCL material

borrow areas at RMA and defined four areas that, based on geotechnical property data from each of the

areas, contained potentially acceptable CCL material in substantial volumes. Because of U.S. Fish and

Wildlife Service (FWS) concerns over disturbing three of these areas, only one of the four areas remains

under consideration by USACE as a CCL material source for landfill construction. To be consistent

with the Sitewide Implementation Plan, this area, referred to as Borrow Area 1 in the Borrow Study

Report and the CDD, is hereinafter referred to as Borrow Area 5 in this Work Plan. Borrow Area 5 is

located immediately north of the landfill CAMU boundary in the southern portion of Section 24.

Numerous index (i.e., sieve analysis, Atterberg limits), remolded permeability, and other geotechnical

tests were performed on 28 samples obtained from 9 subsurface borings drilled within Borrow Area 5 to

a nominal 20-foot depth. All samples were classified in accordance with the Unified Soil Classification

System (USCS). Tables 3.2 and 3.3 of the Borrow Study Report present results of the remolded

permeability and index tests, respectively. These tables are included as Appendix A.
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Borrow Area Evaluation and Selection

The Landfill Feasibility Study (FS) Report was published in July 1995. This report identified the

general location of the CAMU area as a feasible site for the landfill. As part of this work, 30 subsurface

borings were drilled to a nominal 50-foot depth in or near the CAMU area. Numerous index and other

geotechnical tests were performed on 360 samples obtained from the 30 subsurface borings. Table 4.5

of the Landfill FS Report presents index test and moisture content test results. Table 4.6 of the Landfill

FS Report presents standard Proctor, permeability, shrink, and swell test results. Tables 4.5 and 4.6 axe

included as Appendix B.

During summer and fall of 1996, the USACE performed a subsurface investigation within both the

Landfill CAMU area and Borrow Area 5. Results of this investigation are presented in the Final

Geotechnical Investigation Report, Hazardous Waste Landfill, Rocky Mountain Arsenal (Subsurface

Report) (USACE, 1996). As part of the USACE subsurface investigation, a total of 29 borings and 22 test

pits were completed within the Landfill CAMU area, and 27 test pits were excavated within Borrow

Area 5. Numerous visual and laboratory (using index test results) USCS soil classifications were

performed on samples obtained from these borings and test pits to evaluate suitability of the alluvial

clays and weathered bedrock clays found in these areas. After completion of the soil classifications,

Proctor compaction (standard and modified), and remolded permeability tests were performed on both

alluvial and weathered bedrock clay samples collected from within the expected footprint of the

double-lined cell. Results of these tests are presented in Appendix F of the Subsurface Report.

Tables T-3 through T-6 of the Subsurface Report surnmari e the results of the laboratory testing and are

attached as Appendix C.

Based on the results of the subsurface investigation, the USACE recommended that weathered bedrock

clays not be used for CCL construction due to the variability of the material and difficulties encountered

in processing this material. Therefore, Test Fill 3 will use only alluvial clay.
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Borrow Area Evaluation and Selection

Figure 4 shows the locations of previous HLA borings in Borrow Area 5 (described in the Borrow Study

Report), and the CAMU area (described in the Landfill FS Report), and also shows the locations of the

USACE borings and test pits in both Borrow Area 5 and the CAMU area.

3.2 Borrow Area 5

As shown on Figure 3, the southern boundary of Borrow Area 5 is located approximately 1,000 feet

north of the northern boundary of the Landfill CAMU area. Borrow Area 5 encompasses an area of

approximately 140 acres and contains predominantly alluvial lean clays with lesser amounts of high

plasticity (fat) clays, clayey sands, and silty sands in the upper 8 to 10 feet of the area's soil profile.

According to the Subsurface Report, approximately 1.8 million cubic yards of potential CCL material

are located within Borrow Area 5.

To evaluate the suitability and variability of the alluvial soil within Borrow Area 5, all of the

geotechnical sample data from the Borrow Study Report and the Subsurface Report were combined to

develop Table 2. The sample data in Table 2 were then screened using the index property (USCS

classification, liquid limit, plasticity index, and percent fines) criteria presented in Table 1. (Table 1 is

consistent with the minimum criteria given in Appendix L Section 4.1 of the CDD with the exception of

percent fines, which was conservatively raised fToin a minimum of 30 percent to a minimum of

40 percent.) The samples with any data points not meeting Table 1 criteria are identified in Table 2 by

shading.

To statisticallv analyze the alluvial soil samples obtained from within Borrow Area 5, the number of

data points for each index property, along with the maximum, minimum, average, and standard

deviation for each index property were calculated for all of the alluvial samples and also just those

meeting the Table I index property criteria. Moisture content and sample depth data were also

included for informational purposes. These data are data is presented at the end of Table 2. As shown

on Table 2, many more data points exist for the USCS classification (ASTM 2488) and moisture content

than for other parameters. This is because these data were collected under two separate studies where
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Borrow Area Evaluation and Selection

the same tests were not performed on all samples. A number of samples obtained during compilation of

the Subsurface Report had only visual USCS classifications (ASTM 2488) and moisture content tests

performed. The average index property values of all of the Borrow Area 5 alluvial soil and the Borrow

Area 5 alluvial soil samples that meet (pass) the Table 1 index property criteria are summarized below:

Number of
Average Maximum Minimum Std. Deviation Samples

Percent
AR Passing AU Passing AU Passing All Passing AU Passing Meeting

Index Property Samples Samples Samples Samples Samples Samples Samples Samples Samples Samples Table I

USCS Classification CL CL CH CH Sand SC N/A N/A 188 166 88

Percent fines 57 66 85 85 5 42 20 13 62 44 71

Liquid Limit 38 39 77 55 21 30 10 6 61 45 74

Plasticity index 21 22 55 34 7 13 8 5 61 45 74

Note that the percentages reported in the far right column above only represent the percentage of the

samples obtained from within Borrow Area 5, not the percentage of soil within Borrow Area 5. The soil

sample locations were not evenly distributed to represent a consistent volume of soil per sample. As

shown in Figure 4, many more samples were obtained in the eastern one-third of Borrow Area 5 than in

the western two-thirds.

3.3 CAMU Area

The CAMU area extends over approximately 240 acres. It is located in the western half of Section 25

and extreme eastern portion of Section 26. Near-surface geology of the CAMU area consists of a few

feet to 50 feet of alluvial soil overlying weathered bedrock. The alluvial soil, as with Borrow Area 5,

consist primarily of lean clays with lesser amounts of clayey sands, silty sands, and occasional thin

seams of fat clay. The weathered bedrock consists of weathered shale, claystone, and sandstone.

To evaluate the suitability and variability of the alluvial soil within the CAMU area, Table 3 was

developed in the same manner as Table 2 for Borrow Area 5. That is, all of the index and moisture

content test results, sample depths, and USCS classifications from each sample obtained as part of the

work described in the Landfill FS Report and Subsurface Report were combined to develop Table 3.
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The sample data in Table 3 were then screened using the Table 1 criteria and the samples with any data

points that do not meet the Table 1 criteria were shaded.

The CAMU area alluvial soil was statistically analyzed in the same manner as Borrow Area 5. The

average index property values of all of the CAMU area alluvial soil and the CAMU area alluvial soil

samples meeting the Table I criteria are summarized below:

Number of
Average Maximum Minimum Std. Deviation Samples

Percent
All Passing All Passing AU Passing All Passing All Passing Meeting

Index Property Samples Samples Samples Samples Samples Samples Samples Samples Samples Samples Table I

uscs classification CL CL CH CH Sand Sc N/A NIA 384 300 78

Percent fines 52 63 95 95 2 40 21 12 197 135 69

Liquid Limit 39 40 63 60 17 30 8 7 182 141 77

Plasticity index 22 23 42 39 4 13 7 6 182 141 77

Again, the percentages reported in the far right column above only represent the percentages of the

samples taken, not the percentages of the volume of alluvial soil in the CAMU area. As shown in

Figure 4, many more samples were taken in the eastern half of the CAMU area than the western half.

3.4 Comparison of Borrow Areas

Borrow Area 5 and the CAMU area are located within 1,000 feet of each other and, according to U.S.

Geological Survey (USGS) mapping, were deposited in the same eolian depositional environment

(USGS, 1983). Approximately the upper 10 feet of Borrow Area 5 and the upper 20 to 25 feet of the

CAMU area both contain predominantly lean clays with some clayey sands. Occasional sandy seams,

gravel pockets, and fat clays are present in both areas. The average index properties of all of the alluvial

soil sampled in both areas are nearly identical. The maximum, minimum, and standard deviation of

the index properties and the percentage of alluvial soil samples meeting the Table I criteria of both

axeas are similar.

The amount of variation in the percentage of samples meeting Table I criteria and the maximum,

minimum, and standard deviation values of the index tests are likely due to the fact that neither the
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baring and test pit locations, nor the number and depth of samples, nor number and type of index tests

performed are evenly spaced over the volume of alluvial soil contained within each borrow area. That

is, the boring/test pit locations were not evenly distributed over either borrow area, nor were the sample

depths and frequencies the same for all borings and test pits, nor were the same tests performed on all

samples. In other words, for the borrow area statistics cited above to be 100 percent valid, each sample

shown in Tables 2 and 3 would have had to been strategically located horizontally and vertically so that

every sample would be representative of the same volume of alluvial soil. This level of consistency was

not an objective of any of the sampling program . I

However, the information presented above and in Tables 2 and 3, when reviewed in conjunction with

boring/test pit logs, geologic profiles, and other information included in Subsurface Report, indicate that

the alluvial soil within both borrow areas:

Was deposited in the same geological environment.

Possesses sufficiently similar geotechnical properties that give no clear indication of differences
between the two areas (i.e., the properties of one borrow area cannot be prioritized over the
other borrow area).

Possesses average properties (including samples failing the Table 1 criteria) that indicate a
homogenized mixture of all the alluvial soil from one or both borrow areas would result in a
lean clay soil meeting the Table I criteria.

Based on the information presented above, it is the Army's opinion that clayey soil in the CAMU area

and Borrow Area 5 meet the criteria given in Table I and have sufficiently similar geotechnical

properties. Based on this conclusion and visual screening requirements of borrow area excavations

presented in Section 6.3, the results of Test Fill 3 will be applicable to clayey soil meeting the Table 1

criteria excavated from both sources during full-scale construction of both the double-lined cell and the

triple-lined cell. Also, after successful completion of Test Fill 3, the Program Management Contractor

(PMC) and its subcontractors should have the option to use clayey soil that meet the criteria given in

Table 1 from either area or a mixture of both areas to construct the CCLs for both the double- and triple-

lined cells, provided construction specifications and CQA procedures developed as a result of Test

Fill 3 are utilized for the full-scale CCL construction.
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3.5 Test Fill 3 Borrow Source

The CAMU Area will be the borrow source for Test Fill 3. Specifically, clayey soil within the

"footprint" of the area to be excavated for construction of the double-lined cell will be used to construct

Test Fill 3. The double-lined cell will be constructed in the northeastern portion of the CAMU area as

shown on Figure 1. Section 5.4 of the Subsurface Report states that (based on preliminary dimensions

of the double-lined cell) approximately 480,000 cubic yards of clayey soil are present within the

expected footprint of the double-lined cell, and approximately 300,000 cubic yards of CCL material will

be required to construct the bottom liner portion (secondary and primary CCLs) of the double-lined cell.

These quantities will likely change as the design is refined. Regardless, it is likely that enough clayey

soil will be excavated from within the footprint of the double-lined cell to construct both secondary and

primary CCLs of the double-lined cell.

Table 4 is a summary of all of the alluvial soil samples obtained from within the anticipated footprint of

the double-lined cell. These data were derived from Table 3 using the boring and test pits located

within the double-lined cell footprint (see Figure I or 4). As with Tables 2 and 3, the bottom of Table 4

shows the maximum, minimum, average, and standard deviation of index properties, moisture content,

and sample depth of all samples obtained from within the cell footprint area and for just the samples

meeting the Table 1 criteria. A summary of index property values for the double-lined cell approximate

excavation area is given below:

Number of
Average Maximum Minimum Std. Deviation Samples

Percent
All Passing AR Passing AR Passing AU Passing AU Passing Meeting

Index Property Samples Samples Samples Samples Samples Saml!Ies Samples Samples Samples Samples Table I

USCS Classification CL CL CH CH Sand SC N/A N/A 45 40 89

Percent fines 61 67 95 95 13 43 23 15 17 15 88

Liquid Limit 38 38 50 50 30 30 6 6 15 15 100

Plasticitv index 20 20 29 29 14 14 4 4 15 15 100
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As is the case for Borrow Area 5 and all of the CAMU area, the percentages shown in the far right

column above only represent the percentages of the samples taken, not the percentage of the cell

excavation volume.

The Table 4 average results are nearly identical to the average results given in Table 2 (Borrow Area 5)

and Table 3 (CAMU area). Table 5 presents a comparison of the average results of all alluvial soil

sa:mples obtained from within Borrow Area 5, the CAMU area, and the portion of the CAMU Area

containing the double-lined cell excavation area. As can be seen on Table 5, clayey soil to be used for

Test Fill 3 construction will be representative of clayey soil within both the CAMU area and Borrow

Area 5.
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4.0 PRECONSTRUCTION LABORATORY TESTING AND DATA INTERPRETATION

A preconstruction laboratory testing program has been performed using alluvial clay samples obtained

from within the anticipated footprint of the double-lined cell. The laboratory testing program was

performed to develop the moisture content-density criteria for the Test Fill 3 compacted soil liner. The

program followed the general methodology set forth initially by Daniel and Benson (1990) and also in

Appendix I of the CDD. Development of the moisture content-density criteria for Test Fill 3 followed

the methodology described below:

0 Performing specific gravity, and modified, standard, and reduced Proctor compaction tests on a
representative sample of the borrow material.

0 Plotting the three Proctor test results and the zero air voids curve (using the specific gravity test
result) on a moisture content versus dry density graph, drawing a "line of optimums" connecting the
optimum moisture content of the three Proctors, and defining the area on the graph between the
zero air voids curve and the line of optimums as the preliminary Acceptable Zone (AZ) for
compacted soil liner placement during Test Fill 3 construction.

0 Assuming a minimum density to define the lower boundary of the AZ and assuming a minimum
moisture content to define the upper boundary of the AZ.

0 Verifying the accuracy of the AZ in the laboratory by performing 12 remolded hydraulic
conductivity tests at a relatively evenly distributed range of moisture and density contents that plot
near the outer boundaries of the AZ.

0 Plottin- the results of remolded hydraulic conductivity tests on the moisture-density graph of the
AZ, modifying the AZ as necessary to include only the area where passing hydraulic conductivity
values (less than or equal to were obtained, and defining this area as the final AZ for
compacted soil liner placement during Test Fill 3 construction.

Figure 5 is a dry density versus moisture content graph showing the AZ and also the Proctor curves,

line of optimums, zero air voids curves, and plots of the moisture and density of each of the

12 remolded hydraulic conductivity tests and each test result. The paragraphs below provide additional

details of how the AZ for Test Fill 3 soil liner construction was developed.

4.1 Laboratory Index Property and Proctor Testing

Numerous bag samples of alluvial clayey soils within Borrow Area 5 and the footprint of the double-

lined cell were obtained during the USACE geotechnical investigation. Based on the decision to use

alluvial soil from within the expected footprint of the double-lined cell to construct Test Fill 3 and the
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Preconstruction Laboratory Testing and Data Interpretation

results of the USACE laboratory testing on alluvial soil samples from that area, the preconstruction

laboratory testing program was implemented using a composite of two of the bag samples collected from

within the footprint of the double-lined cell. A composite sample was necessary to provide enough

material for testing.

The bag samples chosen for compositing were selected to represent a reasonable index property average

of the clayey soils anticipated to be used for Test Fill 3. One of the samples composited (Sample B-1 of

Test Pit PT250013) was classified according to USCS as a sandy lean clay (CL) with 53 percent fines, a

liquid limit of 37, and a plasticity index of 20. The other sample composited (Sample B-1 of Test Pit

PT250016) was classified according to USCS as a lean clay with sand (CL) with 28 percent sand,

72 percent fines, a liquid limit of 36, and a plasticity index of 21. The test results for both of these

samples are also shown in Table 4. Index test results on the composite of the two bag samples were a

USCS classification as sandy lean clay (CL), 62 percent fines (37 percent silt size and 25 percent clay

size), a liquid limit of 38, a plasticity index of 24, and a specific gravity of 2.75. The laboratory index

test results for the composite sample are presented in Appendix D.

The composite sample index property test results indicate that the composite sample does reasonably

represent the average clayey soil index properties for the borrow areas. These values are summad ed

below:

Acceptable
Zone Average for Double- Average for CAMU Average for Borrow

Composite Lined CeR Foot Print Area Area 5
Sample

Test All Passing All Passing AR Passinj
Index Property Results Samples Samples Samples Samples Samples Samples

USCS Classifi-
cation CL CL CL CL CL CL CL
Percent Fines 62 61 67 52 63 57 66
Liquid Limit 38 38 38 39 40 38 39
Plasticity Index 24 20 20 22 23 21 22

After completion of the index testing on the composite sample, the relationship between moisture,

density, and hydraulic conductivity of the soil was developed. Standard Proctor (ASTM D698),
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modified Proctor (ASTM D1557), and reduced Proctor tests were performed on the composite sample

described above. The reduced Proctor test utilized the same procedure as the standard Proctor test with

the exception that 15 blows per lift were used instead of the 25 blows per lift required by ASTM D698.

The results of the standard, modified, and reduced Proctor tests are also presented in Appendix D.

4.2 Preliminary Acceptable Zone Development

The results of the three composite Proctor tests were plotted on a moisture content versus dry density

graph along with the zero air voids (100 percent saturation) curve. The line of optimums was created

by connecting the optimum moisture contents of each of the three Proctor tests. Benson's research has

shown that a hydraulic conductivity of 1 X 10-7 Cm/S or less will nearly always be achieved when

samples are moisture conditioned and compacted such that a plot of moisture content and density will

fall between the line of optimums and the zero air voids curve. This area defined the preliminary AZ.

The upper boundary of the preliminary AZ was set as a line beginning at the modified Proctor optimum

moisture content and extending vertically until it intersects with the zero air voids curve. The lower

boundary of the preliminary AZ was set as a horizontal Line located at 95 percent of the reduced Proctor

maximum dry density (92 percent of the standard Proctor maximum dry density).

4.3 Remolded Hydraulic Conductivity Testing

The preliminary AZ was verified in the laboratory as the final AZ by remolding hydraulic conductivity

samples to a range of moisture contents and dry densities within or near the limits of the AZ. Twelve

remolded hydraulic conductivity test points were tested to verify the AZ. The moisture content and dry

density of the completed tests are shown on Figure 5 by filled triangles with the corresponding sample

point number adjacent to the triangle. The hydraulic conductivity test result (in cm/s) is shown in

parentheses next to the point number. The moisture content and dry density of the 12 tests were

chosen to assess the hydraulic conductivity over the range of moistures and densities covered by the

AZ. The moisture and density of 5 of these sample points plotted just outside of the limits of the AZ.

All 12 of the sample points achieved a hydraulic conductivity of 6 x 10-8 cm/s or less. In addition to
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being shown on Figure 5, the laboratory test results of the 12 test points are presented in Appendix E

and are summarized below:

Dry Density Hydraulic Conductivity
Point No. Moisture fpcfl (cm/sI

1 12.4 118.1 1.6 x 10-'
2 15.9 115.4 1.6 x 10-'
3 14.7 113.5 5.5 x 10-'
4 17.0 107.2 1.8 x 10-'
5 20.1 104.1 1.5 x 10'
6 22.6 101.5 1.0 x 10'
7 11.7 119.6 3.1 x 10'
8 12.6 116.4 2.3 x 10'
9 14.4 110.3 6.0 x 10'
10 15.7 107.8 3.1 x 10-'
11 18.8 104.0 1.7 x 10-'
12 21.4 100.5 3.2 x 10-'

4.4 Final Acceptable Zone Development

As shown in Figure 5, the AZ includes only the range of moisture contents and dry density that resulted

in a passing remolded hydraulic conductivity. To account for potential variability between the

hydraulic conductivity between field compacted and laboratory compacted samples, the AZ for Test

Fill 3 construction was not expanded to include the passing test results of the five sample points which

plotted outside of the AZ. The final AZ for Test Fill 3 construction, as shown in Figure 5, is therefore

defined as the area on a dry density versus moisture content graph that lies between the zero air voids

curve on the right (wet) side, the line of optimums on the left (dry) side, 92 percent of the maximum

standard Proctor dry density on the bottom (low density) side, and the modified Proctor optimum

moisture content on the top (high density) side.

The limits of the AZ may be further decreased depending on other factors required by the CAM-U

design, if known prior to Test Fill 3 construction. One such factor would be raising the lower boundary

of the AZ based on the minimum required shear strength requirements for slope stability and beaxing

capacity. This may be necessary because a CCL compacted near the lower boundary of the AZ will

have less shear strength (due to lower density and higher moisture content) and thus, less stability than

a CCL compacted neax the upper boundai-v of the AZ.

4-4 Harding Lawson Associates 21907 102010.6
0105031497 TF2



Preconstruction Laboratory Testing and Data Interpretation

A shear strength testing program is currently ongoing to support the USACE landfill design. This

program includes shear testing of CCL material at various moisture contents and densities. When

completed, the test results will be used to evaluate stability. The results of the stability analyses (and

the accompanying required shear strengths) will indicate the range of CCL moisture and density

conditions that will be acceptable. This information will then be used to modify the AZ to only include

the range of moisture and density conditions that will result in acceptable hydraulic conductivity and

shear strength.

For construction of Test Fill 3, the AZ has been divided into two approximately equal zones: the Upper

AZ (UAZ) and the Lower AZ (LAZ). The dividing line of the UAZ and LAZ is defined as a line drawn

perpendicular to the zero air voids curve that intersects the standard Proctor optimum moisture content

and maximum dry density. This line is also shown on Figure 5. The UAZ and LAZ will be used as

target zones for the initial lifts of the test fill construction to evaluate the differences in constructibility

(ease of moisture conditioning, placement, compaction, etc.) between compacted soil liner constructed

placed within the upper (high density/low moisture) half and the lower (low density/high moisture) half

of the AZ.

In addition to modifications of the AZ based on shear strength requirements, additional modifications to

the AZ may be necessary based on variations in the CCL materials. To ensure that the Test Fill 3

borrow area is accurately defined by Figure 5 and to evaluate the sensitivity of the line of optimums to

slight changes in material properties, an additional set of Proctors (modified, standard, and reduced)

will be performed prior to the cornmencement of Test Fill construction on a composite sample obtained

from the Test Fill 3 borrow area. This will define a new line of optimums that is anticipated to be

within I to 2 percent of the Figure 5 line of optimums.

Index property tests and a specific gravity test will also be performed in the Test Fill 3 borrow area

composite sample. This information, when compared to any change in the line of optimums, will be
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used to develop Proctor, specific gravity, and index testing frequency requirements for full-scale

construction. Because of the research aspect of Test Fill construction, the line of optimums and specific

gravity obtained for the composite sample will be used for the test fill construction. The upper and

lower boundaries of the AZ will be kept at the new modified Proctor optimum moisture content and

92 percent of the new standard Proctor dry density, respectively.

As stated in Section 6.0, periodic one-point standard Proctor tests will be performed in the field during

Test Fill construction. Higher gravel content and/or significant changes in plasticity or fines content

will be indicators that one-point Proctor tests should be done to verify the AZ is still valid. The initial

criteria used for evaluation of changes in the borrow source will be if the one-point Proctor varies less

than +3 percentage points and less than +5 pcf (EPA, 1993). The results of the test fill program will be

used to re-evaluate this criteria for full-scale construction.
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5.0 TEST FILL CONSTRUCTION PROCEDURES

Test Fill 3 will be constructed to the dimensions shown in Figure 2. CQA procedures to be

implemented by the Engineer are given in Section 6.0. Construction procedures and specifications to

be adhered to by the Contractor are given below. The Engineer will be responsible for the Contractor's

adherence to requirements given below. The Test Fill 3 Contractor will be working under the direction

of the Engineer. The Engineer will be responsible for laying out the site, providing survey control

during construction, and veriBjing that Test Fill 3 is constructed to the grades and dimensions shown

on Figure 2.

The intent of this test fill program is to furnish data that will provide the technical basis to establish the

detailed construction specifications for full-scale CCL construction. Specifications given below detail

the minimum requirements for test fill construction, but allow flexibility for some experimentation with

loose lift thickness and different clay processing procedures and equipment during construction of the

lower three lifts. Specifications for full-scale CCL construction will be finalized after completion of the

test fill program. Full-scale CCL construction specifications will incorporate the equipment and

procedures used to construct Test Fill 3 and are anticipated to be consistent with test fill specifications

given below. However, conditions encountered during Test Fill 3 construction and/or results of

laboratory testing may necessitate changes in these specifications for full-scale CCL construction.

5.1 Site Preparation

The test fill will be constructed adjacent to an existing slope located near the double-lined cell

excavation area as shown on Figures 1, 2, and 3. The footprint of the test fill, processing area, and

borrow area will be cleared and grubbed of all vegetation, debris, or other deleterious material, as

directed by the Engineer, and disposed of at a location designated by the Army.

5.2 Grading and Structural Fill Requirements

Structural fill will be placed as necessary to construct a smooth, uniform surface at grades shown in

Figure 2. The sideslope section of the test fill subgrade will be graded to a 3.5 Horizontal: 1 Vertical
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(29 percent) slope. The base section of the test fill subgrade will be graded to a 2 percent slope.

Material for structural fill will be obtained from the cleared and grabbed surface of the borrow area or

from cut areas of the test full subgrade. Structural fill will consist of soil classified according to USCS

as SM, SC, CL, or CH. Structural fill will be free of vegetation and debris and will contain a maximum

particle size of 4 inches. The material will be placed in maximum 10-inch loose lifts and compacted to

95 percent of the standard Proctor maximum density (ASTM D698) at a moisture content :t3 percentage

points of the optimum moisture content. The Engineer will monitor, test, and document the structural

fill placement.

After the subgrade is constructed to dimensions shown in Figure 2, the subgrade will be proof-rolled

with a loaded piece of heavy equipment approved by the Engineer to achieve a uniform subgrade

surface free of soft zones, irregularities, and loose earth. The Engineer will observe proof-rolling, and

any unacceptable areas of the subgrade will be repaired to the satisfaction of the Engineer.

5.3 Soil Liner Material Requirements

Soil liner material will meet the requirements given in Table 1. The soil will contain no more than a

negligible (less than 1 percent) amount of organic or other deleterious materials and will contain no

more than 5 percent gypsum or caliche (calcium carbonate). Such concretions, nodules, or other

deleterious material will be less than 1 inch in largest diameter. The soil will contain a maximum

particle size of 1 inch for lower lifts and 0.5 inch for the top lift and a maximum of 10 percent gravel by

weight. The Engineer will visually evaluate, sample, and test the soil liner material as described in

Section 6.0 to document conformance to the specifications.

SA Soil Liner Conditioning

Soil to be used for test fill construction will be obtained as directed by the Engineer from the borrow

area and placed in the processing area. During moisture conditioning above the standard Proctor

optimum moisture content, the soil will be processed to a maximum clod size of 2 inches. Whenever

the moisture content of the soil is adjusted upward by more than 3 percent, a minimum hydration time

of 24 hours will be required prior to compaction. The Engineer will monitor, test, and document the
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conditioning as outlined in Section 6.0. A water truck equipped with a spray bar for even distribution

of water over a given area will be used for adding moisture to the soil. The equipment listed below will

be evaluated on their ability to evenly raise the moisture content to near the standard Proctor optimum

moisture content:

A tractor and Rome disc or equivalent

A Caterpillar SS250 soil stabilizer (pulvamixer) or equivalent

Regardless of the evaluation cited above, a minimum two passes of a Caterpillar SS250 soil stabilizer

(pulvamixer) or equivalent will be used for final moisture conditioning above the standard Proctor

optimum moisture content.

Soil Liner Placement and Compaction

Soil liner material will be placed and compacted using the following procedures:

1. Processed soil liner material will be removed from the processing area using scrapers or other
hauling equipment approved by the Engineer.

2. Processed soil liner material will be placed directly on the base section of the test fin and
spread over the base and sideslope sections of the test fill to a nominal loose lift thickness of
8 inches. A bulldozer, approved by the Engineer, or the compactor will be used to spread the
loose lift. In no case will the loose lift thickness exceed the length of the penetrating foot of the
compactor.

3. The placed loose lift will be compacted by a Caterpillar 825c compactor. The compactor will
make the minimum number of passes on each lift and in each lane as directed by the Engineer,
and described in Section 6.6. A pass is defined as one coverage of a given area with both the
front and rear drum of a duel drum compactor (i.e., Caterpillar 825c) or two coverages of a given
area with a single drum compactor. Each compacted lift will be a nominal 6 inches or less. The
loose lift thickness may be adjusted by the Engineer after placement of the second or third lift
based on layer bonding observations and compacted thicknesses of the initial lift(s).

4. Prior to placement of subsequent lifts, the preceding lift will be texturized (roughened) using
either a sheepsfoot compactor or other method approved by the Engineer.

5. A total of seven loose lifts of the soil liner will be placed to achieve six compacted lifts. After
completion of Lift 7, the test fill surface will be graded to a Tninimum thickness of 3 feet.

6. The finish grade surface of test fill will be rolled smooth using a smooth-drum roller approved
by the Engineer.
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The Engineer will closely observe and evaluate the Caterpillar 825c compactor's ability to traverse and

compact the soil liner material on the sideslope section as described in Section 6.0. If the compactor is

unable to successfully traverse and compact the soil liner parallel to the sideslope, either:

" A different compactor, such as a Caterpillar CP563 sheepsfoot compactor, will be used to construct
the sideslope section, or

" The sideslope section will be flattened to a slope where the compactor can successfully traverse and
compact the soil liner parallel to the slope, or

" The sideslope section of the test fill will not be constructed.

If a different compactor is used, the maximum lift thicImess will be adjusted so that it does not exceed

the length of the compactor's penetrating feet. If the slope of the sideslope section is flattened, the

landfill design will either be modified to incorporate the flattened slope or the full-scale CCL

construction specifications will require that the CCL be constructed in horizontal lifts (as opposed to

parallel to the slope) in the same manner as the base of the landfill. If the sideslope section is not

constructed, full-scale CCL construction specifications for sideslopes will require that the CCL be

constructed in horizontal lifts in the same manner as the base of the landfill.

Numerous testing and inspection activities will occur during and between lift placement. These

activities are described in detail in Section 6.0. The Contractor will spray water on the test fill surface

and surrounding areas as directed by the Engineer to prevent fugitive dust emissions and soil liner

desiccation cracking.

5.6 Soil Liner Surface Protection

After the test fill construction and CQA sampling and testing activities are complete, the Contractor will

immediately cover the test fill surface with a separator geomembrane (i.e., Visqueen) approved by the

Engineer. The Contractor will then cover the separator geomembrane with a minimum soil thickness of

4 inches. This surface protection will remain in place until test fill results have been received and the

test results approved by the regulatory agencies.
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5.7 Drainage Control and Revegetation

The Contractor will regrade and revegetate all areas disturbed by the test fill construction if required by

the Army and as directed by the Engineer. Areas to be regraded and revegetated include, but are not

limited to, the borrow area, haul roads, and processing area. Regrading will consist of grading all areas

to be relatively free-draining. All regrading will be done as directed by the Engineer. Revegetation will

be done in accordance with the procedures given below:

The topsoil will require grading, raking, and rolling with a roller weighing not more than
100 pounds per linear foot and not less than 2 5 pounds per linear foot.

The seed will meet the requirements of the U.S. Fish and Wildlife Service.

Seeds will be sown by dividing the seed equally and sowing at go degree angles to produce a
uniform broadcast.

The seed will require raking into the ground and rolling with a roller, or other technique
approved by the Engineer.

Seeding will not be allowed on rain compacted surfaces.

Seeding will not be allowed when the wind velocity exceeds 6 miles per hour.

No fertilizer will be applied.

Mulch will be applied immediately after seeding.

Mulch will be applied at a rate of 2 tons/acre.

The mulch will be crimped immediately after application to prevent it from blowing away.

The mulch must be placed loosely enough to allow some sunlight to penetrate and air to
circulate, but thick enough to shade the ground, conserve soil moisture, and minimi e erosion.
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6.0 CONSTRUCTION QUALITY ASSURANCE PROCEDURES

CQA procedures to be implemented during construction of the test fill will be carried out by the

Engineer. The Engineer will be responsible for the surveying, testing, observing, and documenting

requirements set forth below. The Engineer will subcontract survey and laboratory testing activities as

necessary to properly lay out and document the test fill construction.

This section presents the CQA requirements for the Test Fill 3 construction. After completion of the

test fill program, detailed CQA requirements for fu-U-scale CCL construction will be prepared based on

the CQA procedures utilized, the observations made, and the test results obtained during completion of

the test fill program.

6.1 Site Preparation

The Engineer will be -responsible for layout of the borrow area, Test Fill 3, the processing area, and any

associated haul roads. The Engineer will monitor, direct, and document the Contractor's site

preparation activities set forth in Section 5.1 to verify compliance with this Work Plan.

6.2 Grading and Structural Fill Placement

The Engineer will direct the Contractor's removal of structural fill borrow soil. The Engineer will

observe, test, and document placing, compacting, proof-rolling, and grading the structural fill to verify

that the specifications given in Section 5.2 are met and that the test fill subgrade is shaped to the

dimensions shown in Figure 2. The Engineer will survey the surface of the test fill subgrade to provide

survey control and to document the subgrade dimensions and grades. A minimum of one sample of

structural fill material will be tested to obtain index properties and standard Proctor values.

6.3 Soil Liner Excavation and Testing

The Engineer will lay out and direct the Contractor's excavation of the borrow area and will perform a

minimum of two index tests on the soil liner material used to construct Test Fill 3. The index test

results must meet the minimum requirements given in Table 1. A minimum of two in situ moisture
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content tests (ASTM D4643 and/or D2216) per day will be performed on material excavated from the

borrow area. Index testing will consist of the following:

Particle size analysis, including hydrometer testing (ASTM D422 and Di 140)

Atterberg limits (ASTM D4318)

Soil classification (ASTM 2487)

A minimum of one set of the Proctor tests listed below will be performed to further verify consistency

with the AZ:

Modified Proctor (ASTM DI 5 5 7)

Standard Proctor (ASTM D698)

Reduced Proctor (ASTM D698 with 15 blows per lift)

In addition, one-point Proctor compaction tests will be performed periodically to verify consistency

with the Proctor test results.

The Engineer will observe and document the borrow area excavation to verify that only soil meeting the

requirements of Table I is excavated and placed in the process areas. The Engineer will observe and

document that calcareous lenses (caliche) and other deleterious materials within the clay zones are

discarded and not used for test fili construction. At the conclusion of excavation activities, the

Engineer will verify that the Contractor regrades the borrow area to be relatively free draining and also

that the Contractor revegetates the borrow area in accordance with the specifications given in

Section 5.6.

6.4 Soil Liner Conditioning

The Contractor will excavate the soil liner material from the borrow axea and place it in the processing

area for conditioning. The Engineer will direct and document the Contractor's conditioning of soil liner

material to verify that the equipment and procedures set forth in Section 5.4 are utilized. The Engineer
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will observe and document the processing and moisture conditioning of the soil liner material to

evaluate the following:

The amount and distribution (evenness) of water applied by the water truck. The ability of the
water truck to travel over the moisture conditioned clay will also be evaluated.

The ability of heavy equipment to travel over and add moisture to clay within the process area
at various moisture contents.

The number of passes, range of moisture contents, the distribution (evenness) of moisture
content, and the ranges of clod sizes that the Rome disc or equivalent can effectively condition
prior to conditioning with the soil stabilizer. Experimentation with the Rome disc may be
performed to evaluate whether this apparatus can be productively and effectively used for final
moisture conditioning. The Engineer will observe, test, and document the initial and final
moisture contents of the soil liner material and the amount of moisture that can be evenly and
productively added to the soil liner material with the Rome disc.

The number of passes, range of moisture contents, the distribution (evenness) of moisture
content, and the range of clod sizes that the Caterpillar SS250 soil stabilizer or equivalent can
effectively condition. Experimentation with the soil stabilizer may be performed to evaluate
whether this apparatus can be productively and effectively used for initial moisture
conditioning. The Engineer will observe, test, and document the initial and final moisture
contents of the soil liner material and the amount of moisture that can be evenly and
productively added to the soil liner material with the soil stabilizer.

6.5 Soil Liner Lift Placement

After conditioning, the Contractor will haul the soil liner material from the processing area and place it

above the base section of the test fill. The soil liner will be spread over the base and sideslope section of

the test fill using a bulldozer or the compactor. Lifts will be placed in nominal 8-inch loose lifts. The

Engineer will observe and document the Contractor's placement of soil liner material to verify that the

material is placed over the entire test fill area at the specified lift thickness.

Due to the heavily textured nature of lifts compacted with a sheepsfoot compactor, it will be difficult to

physically measure the loose and compacted lift thickness. The Engineer will visually monitor the lift

thickness and will take physical measurements where possible (discussed in Section 6.6.4).

Experimentation may be done on Lifts 2 and 3 with various thicknesses to ascertain the optimum loose

lift thickness that will result in effective layer bonding between lifts and a nominal 6-inch compacted

thickness. The optimum loose lift thickness, if changed, will then be used on subsequent lifts to

simulate full-scale CCL construction procedures.
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6.6 Soil Liner Compaction and Testing

Soil liner compaction and testing activities will be performed in accordance with Table 6 and in the test

fili lanes shown in Figure 2. Table 6 gives the target number of compactor passes for each lane and

each lift of the test fill. Table 6 also gives the testing and sampling locations and frequencies for each

lane and lift of the test fill. Due to the heavily textured nature of lifts compacted with a sheepsfoot

compactor and the 8-inch nominal length of the compactor feet, it will be necessary to test each lift after

placement and compaction of the overlying lift. The size of compactor and lift thickness were chosen

so that the feet of the compactor will penetrate the underlying lift. Compaction in this manner will

result in concurrent kneading action of the overlying (uppermost) lift and compaction of the underlying

lift. It will also promote layer bonding between lifts.

6.6.1 Number of Compactor Passes

The Engineer wiU document the number of passes made over each lane of each lift (three lanes per lift).

This wiU be done to establish a correlation between the number of passes and dry density at a specific

moisture content range. The number of passes shown for each lane of each lift in Table 6 is only a

preliminary estimate of the number of passes that wiH be required. It is likely that more passes wiU be

required for the sideslope section than for the base section. The Engineer wiR test each lane of each lift

after the minimum number of passes is made. If the test results indicate that the target area of the

placement window (UAZ for Lifts 1 and 2, LAZ for Lift 3, or the entire AZ for Lifts 4, 5, 6, and 7) is met

for that lift, no more passes wiU be made on that lift. If the target density area of the AZ is not met,

additional passes will be made until the target area is met. If the target moisture content of the.AZ is

not met, the area will be repaired or replaced as discussed in Section 6.6.4.

When the minim um number of passes necessary to meet the target area of the AZ is defined for both the

base and sideslope sections, additional passes, in increments of two to four, will be made in the next

lanes to define the range of the target area that can be met. This win be done to allow the Engineer to

evaluate whether soil liner material at various moisture contents can be compacted to the density range
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within the AZ. This will also allow hydraulic conductivity samples to be obtained at a range of moisture

and density conditions within the AZ.

6.6.2 Moisture and Density Testing

The Engineer will perform nuclear moisture/density tests (ASTM D3017 and D2922) at a minimum

frequency of six tests per lift. The nuclear tests will be taken at a minimum frequency of two test

locations per lane, one on the base section and one on the sideslope section. One sand cone

(ASTM D1556) or rubber balloon (ASTM D2167) correlation test will be performed on each lift. The

Engineer will perform both oven (ASTM D2216) and microwave (ASTM 4643) moisture content tests in

addition to the nuclear moisture test at the six test locations when testing both Lifts 1 and 2. This will

be done to establish a correlation among nuclear, microwave, and oven-dried moisture contents. The

Engineer may increase the testing frequencies based on previous test results.

6.6.3 Hydraulic Conductivity Sampling and Testing

Hydraulic conductivity sampling will be performed at the locations given in Table 6. Hydraulic

conductivity sampling will consist of two types: Shelby tube (2.8-inch diameter) and block (12-inch

diameter) sampling.

Shelby tube sampling will be performed at nuclear test locations after completion of the nuclear test.

The samples will be obtained by pressing the tube into the test location using a hydraulic jack and back

pressure from a piece of heavy equipment (i.e., the blade of a bulldozer or compactor). The samples

will be extracted by digging the soil liner away from the sides of the tube. Upon removal, the samples

will be sealed immediately to prevent moisture loss. After sealing, the samples will be labeled and

prepared for archiving or shipment to the laboratory for hydraulic conductivity testing. A minimum of

six of the Shelby tube samples will be tested.

Nine block samples will be excavated from the test fill after construction is completed. A minimum of

six of these samples will be tested. The paragraphs below describe the rationale for performing block

sampling and testing in lieu of other large-scale tests such as SDRIs.
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Section 2.5.1 of "Quality Assurance and Quality Control for Waste Containment Facilities" (EPA, 1993)

states that one of the objectives of a test fill is, 'To verify that the materials and methods of construction

will produce a compacted soil liner that meets the hydraulic conductivity objectives defined for a

project, hydraulic conductivity should be measured with techniques that will characterize the large-

scale hydraulic conductivity and identify any construction defects that cannot be observed with smal.1-

scale laboratory hydraulic conductivity tests."

The SDRI and TSBP field-scale test methods were developed to measure the large-scale hydraulic

conductivity of low-permeability soil liners. Of these field-scale test methods, the SDRI has become the

most widely used method primarily due to the large area tested (up to 25 square feet) compared to the

TSBP method (approximately 10 inches). However, the calculated hydraulic conductivity obtained

from an SDRI is only an approximation of the true hydraulic conductivity. Errors can be easily

introduced into SDRI calculations due to the effects of soil (matric) suction, soil swell, and inaccurate

wetting front measurements (Benson et al., 1994).

Another reason for using block testing instead of SDRI testing is that SDRIs (and TSBPs) cannot be

practically performed on sideslopes when the soil liner is constructed in lifts parallel to the sideslope.

A significant amount of research has been performed on block-scale testing, particularly the minimum

block size (diameter) necessary to accurately reflect field-scale hydraulic conductivity. This research

has indicated that a block sample diameter of approximately 12 inches can accurately reflect field-scale

hydraulic conductivity (Benson et al., 1993).

Block test samples will be obtained by placing an approximately 12-inch-high by 14-inch-diameter

sampling ring with a beveled cutting edge over the area to be sampled. A trench around the outside of

the sampling ring will then be excavated to a depth of approximately 16 inches. The excess soil

between the trench and the inside of the sampling ring will then be trimmed off using trowels and

knives until the sampling ring can slide easily downward (concurrently with the trimming of the excess
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material) around the test sample. This process will continue until 2 or more inches of the test sample

are above the top of the sampling ring.

The portion of the block test sample protruding from the top of the sampling ring will then be trimmed

flush with the sampling ring. The top of the sample will then be sealed with plastic wrap (such as

Visqueen) and duct tape to prevent moisture loss. The base of the sample will be freed from the test fill

using a wire saw or flat-headed shovels. The sample will then be turned over carefully and the bottom

trimmed and sealed in the same manner as the top. The sample will then be labeled, sealed an

additional time, and placed on a shipping palette for transportation to the testing laboratory. After

removal of the block sample, the Engineer will observe the resultant hole in the test fill and document

the layer bonding between lifts.

Hydraulic conductivity testing for both the Shelby tube and the block samples will be performed in

accordance with ASTM D5084. Samples selected for testing will encompass the range of moisture and

density conditions within the AZ. The samples will be initially tested at a consolidation pressure

(effective confining stress) of 3 pounds per square inch (psi) to obtain a hydraulic conductivity value

that is representative of a cover CCL application. After completion of the initial test, the consolidation

pressure will be raised to 10 psi to obtain a hydraulic conductivity value that is representative of a

bottom liner CCL application. A minimum gradient of 30 will be used for both tests.

6.6.4 Other CQA Requirements

The Engineer will perform and document other CQA activities during the test fill construction. These

activities will include evaluating the ability to repair nuclear, sand cone, and Shelby tube test holes,

evaluating loose and compacted lift thickness, evaluating layer bonding between lifts, evaluating the

effectiveness of repair or removal and replacement of soil liner areas failing to meet the placement

specifications, evaluating the ability of the heavy equipment to travel over the process area and test fill,

evaluating the ability of the heavy equipment to effectively and productively place and compact soil

liner material on the sideslopes, and documenting all aspects of the test fill construction. Pass or fail
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assessments of these visual evaluations will be made based on the best professional judgment of the

Engineer.

Nuclear probe holes will be repaired by compacting granular bentonite into the bottom half of the probe

hole using the driving pin used to create the probe holes (or similar device) and then hydrating the

bentonite. The upper half of the probe hole will be backfilled. and hydrated in the same manner as the

bottom half. Shelby tube and sand cone or rubber balloon test locations will be repaired by compacting

processed clay and/or bentonite into the test locations using a sledge hammer or tamping rod. Sand

used in sand cone tests will be removed prior to backffiling. Block samples will be obtained after the

test fill construction is completed at the locations given in Table 6. These locations will be filled with

loose soil and lightly compacted using available equipment. These activities will be documented by the

Engineer.

As stated previously, the evaluation of loose and compacted lift thickness will be difficult to measure

physically. The Engineer will visually monitor loose lift thickness and will obtain physical

measurements where possible. Compacted lift thickness will be measured by using a survey rod and

level and taking numerous measurements at designated locations over a cross-sectional area before a lift

is placed and after that lift is compacted. The nominal compacted lift thickness will then be calculated

by using the average vertical difference between the measurements. These activities will be

documented by the Engineer.

Layer bonding will be evaluated when excavating nuclear and block test locations. A dozer or

compactor blade will be used to trim each location selected by the Engineer for nuclear testing. The

compacted soil will be ti=ed to a depth corresponding to the bottom of the upper lift's sheepsfoot

penetrations, which typically occurs at the interface between lifts. One indicator of less-than-desirable

layer bonding is whether the top lift readily peels off when trimming the test locations. Should this

occur, the loose lift of the next lift placed will be lessened until minimal peeling of the overlying areas

is observed. Layer bonding may also be evaluated during or at the end of construction by trimming a
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vertical face along a portion or portions of the edge of the test fill. The vertical face will then be

inspected for observable stratification between lifts. Effective layer bonding will be evident if no

significant visual delineation can be observed between lifts. These observations will be documented by

the Engineer.

The evaluation of repair or replacement of defective areas will be based on the Engineer's professional

judgment. If it is determined that the soil is excessively wet or dry during initial lift placements,

attempts will be made to repair the soil liner in place. If the soil is too wet, attempts will be made to

dry it in place by mixing the soil using the disc and/or soil stabilizer and letting it air-dry. If this is

found to be time consuming or ineffective, the lift will be removed and replaced. If the soil is too dry,

attempts will be made to add moisture by adding water and mixing the soil in place using the disc

and/or soil stabilizer. If this is found to be time consuming or too difficult, the lift will be removed and

replaced. The Engineer will document these activities.

The Engineer will observe the ability of the heavy equipment used to construct the test fill to travel over

the loose wet clay in the soil processing and test fill areas. Certain types of equipment may be more

effective working within the processing area than others. The overall productivity of the equipment

used in the process area will be evaluated and documented. The Engineer will also evaluate and

document the ability of equipment to work on the sideslope section of the test fi_U and the efficiency of

placing and compacting soil liner material on the sideslopes.

Comprehensive documentation will be performed on a daily basis by the Engineer. The documentation

will be both written and photographic. Video tapes of various aspects of construction may also be

made. The daily written documentation will consist of recording all testing and observation

requirements given in this work plan including weather conditions, relevant observations, equipment in

use, personnel onsite, and any pertinent conversations and observations. A photographic log of the test

fiR construction will be prepared and included as an appendix to the summary report.
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7.0 POST-CONSTRUCTION TESTING AND SUMMARY REPORT

Post-construction testing will consist of completing the laboratory index and hydraulic conductivity

testing on selected samples obtained during the test fill construction. A minimum six undisturbed

block samples and six undisturbed Shelby tube samples will be tested for hydraulic conductivity. At

least four of these undisturbed samples will be tested for index properties. The average of the

minimum four index properties tests shall meet the USCS classification requirements for CL or CH

material. When complete, the hydraulic conductivity results (both Shelby tube and block) will be

plotted on a moisture/density graph showing the AZ derived during the preconstruction testing phase of

the test fill program. The AZ will then be modified as necessary to reflect the field-scale AZ. Should

conflicting or questionable results be obtained, additional laboratory testing will be performed as

necessary to confirm the test fill results. Although additional sampling is not anticipated, additional

samples may be obtained by removing a portion of the protective soil and separator geomembrane or

geotextile and obtaining samples as needed.

The Engineer will prepare a summary report of the test fill construction and all laboratory testing.

When data are assimilated and evaluated, recommended specifications and CQA procedures for full-

scale construction of the CAMU soil liners will be given at the conclusion of the summary report. The

summary report will include the following:

0 A summary of the results of the borrow area evaluation and selection included in this Work
Plan

0 A discussion of the ability of the selected borrow area and areas that have material with similar
properties to meet the total landfill borrow needs

0 A summary of the preconstruction testing program described in this Work Plan, including all
test results

0 A summary of the test fill construction, including the materials, equipment, and procedures
used; the construction schedule; personnel involved; and pertinent weather data

0 A summary of the test fill CQA testing and observations, including all test results and daily field
reports

An assessment of the equipment and procedures used to construct the test fill and
recommendations for full-scale construction equipment and procedures
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A summary of the post-construction testing, including test results

Recommendations for technical specifications for full-scale soil liner construction

Identification of any unresolved aspects relating to the test fill that may have to be addressed
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8.0 ACRONYMS

Army U.S. Department of the Army

ASTM American Society for Testing and Materials

AZ Acceptable zone

bgs Below ground surface

Borrow Study Report Final Feasibility Study Soils Support Program Report

CAMU Corrective Action Management Unit

CCL Compacted clay liner

CDD CAMU Design Document

CDPHE Colorado Department of Public Health and Environment

cm/s Centimeter per second

Contractor Earthwork contractor

CQA Construction Quality Assurance

Engineer CQA engineer

EPA U.S. Environmental Protection Agency

FFA Federal Facilities Agreement

FS Feasibility Study

FWS U.S. Fish and Wildlife Service

HLA Harding Lawson Associates

Landfill FS Report Final Landfill Site Feasibility Report for the Feasibility Study Soils Support
Program

LAZ Lower Acceptable Zone

pcf Pounds per cubic foot

PMC Program Management Contract

PMIUvIA Program Manager for Rocky Mountain Arsenal

psi Pounds per square inch

RMA Rocky Mountain Arsenal

SDRI Sealed double-ring infiltrometer
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Acronyms

State State of Colorado

Subsurface Report Final Geotechnical Investigation Report, Hazardous Waste Landfill

SWIP Sitewide Implementation Plan

TSBP Two-stage borehole permeameters

USACE U.S. Army Corps of Engineers

UAZ Upper Acceptable Zone

USCS Unified Soil Classification System

USGS U.S. Geological Survey

Work Plan Test Fill Work Plan
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Table 1: Low-permeability Borrow Soil Index Property Criteria

Test Low-gerrneabili!Z Soil Criteria Test Method

Atterberg Limits ASTM D4318
Liquid limit (LL) ý:30 percent
Plasticity index (PI) ý:l 1 percent

Grain-size distribution ASTM D422
100 percent passing 1-inch sieve*
ýAO percent passing No. 200 sieve
< 5 percent passing No. 4 sieve

USCS classification SC, CL, or CH ASTM D2487

Organic content < 5 percent ASTM D2974

Carbonate content < 5 percent ASTM D4373

Greater than or equal to
< Lessthan
ASTM American Society for Testing and Materials
USCS Unified Soil Classification

* Top lift shall be 100 percent passing the 1/2-inch sieve.
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Table 2: Borrow Area 5 Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent liquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines Limit Index Moisture

PT240001 240001 0.5 to 1 CH FAT CLAY w/ sand 84 55 33 24
PT240001 240001 1.2 to 1.7 CL LEAN CLAY w/ sand 85 37 18 16

PT240001 240001 5 t055 SC CLAYEY SAND 8
PT240001 240001 7 to 7.5 SC CLAYEY SAND 9

PT240002 240002 0.5 to I CH FAT CLAY w/ sand 17
PT240002 240002 1.3 to 1.6 CL SANDY LEAN CLAY 61 33 18 9
PT240002 240002 5.5 to 6 CL LEAN CLAY w/ sand 9
PT240002 240002 7 5 to 8 SC CLAYEY SAND 8
PT240002 240002 9.5 to 10 SC CLAYEY SAND 6
PT240003 240003 0.5 to 1 CH FAT CLAY w/ sand 17
PT240003 240003 1.2 to 1.6 CL SANDY LEAN CLAY 6
PT240003 240003 3.2 to 3.6 CL SANDY LEAN CLAY 4

PT240004 240004 2 to 2.5 CL LEAN LAY w/ sand 83 40 20 13
PT240004 240004 5 to 5.5 CL LEAN CLAY w/ sand 12
PT240004 240004 7.5 to 8 SC CLAYEY SAND 11
PT240004 240004 95 to 10 CL LEAN CLAY wl sand 18
PT240005 240005 0.5 to I CL SANDY LEAN CLAY 17
PT240005 240005 1.5 to 2 CL LEAN CLAY w/ sand 13

MOM
PT240005 240005 5 to 5.5 CL SANDY LEAN CLAY 69 36 21 11

PT240005 40005 9.5 to 10 SC CLAYEY SAND 7
PT240006 240006 0.5 to 1 CL SANDY LEAN CLAY 16
PT240006 240006 1.5 to 2 CL SANDY LEAN CLAY 7
PT240006 240006 4.5 to 5 SC CLAYEYSAND 13
PT240006 240006 7.5 to 8 CL SANDY LEAN CLAY 12
PT240006 240006 9.5 to 10 SC CLAYEY SAND 16
PT240007 240007 0.5 to 1 CH FAT CLAY w/ sand 13
PT240007 240007 2 to 2.5 CL SANDY LEAN CLAY 63 35 21 9
PT240007 240007 5 to 5.5 SC CLAYEY SAND 9
PT240007 240007 6.5 to 7 CL SANDY LEAN CLAY 10
PT240007 240007 8 to 8.5 SC CLAYFYSAND 9
PT240007 240007 9.5 to 10 CL SANDY LEAN CLAY 15
PT240008 240008 05 to I CL LEAN CLAY w/ sand 81 35 19 10

..........

PT240008 240008 5 to 5.5 CL LEAN CLAY w/ sand 76 36 20 9
PT240008 240008 7 to 7.5 CL LEAN CLAY w/ sand 9
PT240008 240008 9.5 to 10 CL SANDY LEAN CLAY 7
PT240009 240009 0.3 to 0.6 CL LEAN CLAY wl sand 74 33 19 19
PT240009 240009 2 to 2.5 CL LEAN CLAY w/ sand 10
PT240009 240009 4 to 4.5 CL LEAN CLAY w/ sand 11
PT240009 240009 5 to 5.5 CL SANDY LRAN CLAY 12
PT240009 240009 7.5 to 8 CL LEAN CLAY wl sand 11
PT240009 240009 9.5 to 10 CL LEAN CLAY w/ sand 12
PT240010 240010 05 to 1 CL SANDY LEAN CLAY 10
PT240010 240010 15 to 2 CL SANDY LEAN CLAY 6
PT240010 240010 5 to 5.5 SC CLAYEYSAND 12
PT240010 240010 7 to 7.5 SC CLAYEY SAND 11
PT240011 240011 0.5 to 1 CL SANDY LEAN CLAY 13
PT240011 240011 1.5 to 2 CL LEAN CLAY 37 18 11
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Table 2: Borrow Area 5 Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent Uquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines Limit Index Moisture

PT240011 240011 3 to 3.5 SC CLAYEY SAND 8
PT240011 240011 7 to 7.5 CL LEAN CLAY w/ sand 15
PT240011 240011 9.5 to 10 CL LEAN CLAY w/ sand 9
PT240012 240012 0.5 to 1 CL LEAN CLAY w/ sand 15
PT240012 240012 1.5 to 2 CL LEAN CLAY w/ sand 12
PT240012 240012 2.5 to 3 CL SANDY LEAN CLAY 10
PT240012 240012 5 to 5.5 CL SANDY LEAN CLAY 14
PT240012 240012 7.5 to 8 CL LEAN CLAY w/ sand 15
PT240012 240012 9.5 to 10 CL SANDY LEAN CLAY 17
PT240013 240013 0.5 to 1 CL LEAN CLAY w/ sand 15
PT240013 240013 1 to 1.5 CL SANDY LEAN CLAY 9
PT240013 240013 3 to 3.5 CL LEAN CLAY w/ sand 7
PT240013 240013 5 to 5.5 CL LEAN CLAY w/ sand 10
PT240013 240013 7.5 to 8 CL LEAN CLAY w/ sand 9
PT240013 240013 9.5 to 10 CL SANDY LEAN CLAY 12
PT240014 240014 0.5 to I CL LEAN CLAY w/ sand 11
PT240014 240014 2 to 2.5 CL LEAN CLAY w/ sand 14
PT240014 240014 3.5 to 4 CL SANDY LEAN CLAY 12
PT240014 240014 5 to 5.5 CL LEAN CLAY w/ sand I I
PT240014 240014 7.5 to 8 CL LEAN CLAY w/ sand 15
PT240014 240014 9.5 to 10 CL SANDY LEAN CLAY 13
PT240015 240015 05 to 1 CL LEAN CLAY w/ sand 14
PT240015 240015 1 to 1.5 CL LEAN CLAY wl sand 14
PT240015 240015 2 to 2.5 CL SANDY LEAN CLAY 10
PT240015 240015 4 to 4.5 CL LEAN CLAY w/ sand 14
PT240015 240015 5 to 5.5 CL LEAN CLAY w/ sand 16
PT240015 240015 7 to 7.5 CL SANDY LEAN CLAY 59 41 25 15

PT240027 240027 0.5 to 1 CL LEAN CLAY w/ sand 14
PT240027 240027 2.5 to 3 CL SANDY LEAN CLAY 14
PT240027 240027 3.5 to 4 CL LEAN CLAY w/ sand 10

PT240027 240027 9.5 to 10 CL LEAN CLAY w/ sand 84 36 20 16
PT240016 240016 0.5 to 1 CL SANDY LEAN CLAY 66 33 19 13
PT240016 240016 1.8 to 2.3 CL LEAN CLAY w/ sand 81 35 22 9
PT240016 240016 3 to 3.5 SC CLAYEY SAND 47 33 17 9

4:1&9AE1=. -60 M-77195L
PT240016 240016 5.6 to 5.9 CL SANDY LEAN CLAY 55 39 18 13
PT240016 240016 7 to 7.5 CL SANDY LEAN CLAY 57 30 16 7
PT240016 240016 9.5 to 10 CL SANDY LEAN CLAY 70 39 26 10

PT240017 240017 0.4 to 0.5 CL LEAN CLAY wl sand 10
PT240017 240017 0.8 to 11 CL LEAN CLAY w/ sand 12

PT240017 240017 2.4 to 2.8 CL SANDY LEAN CLAY 10
PT240017 240017 3.5 to -3.8 CL LEAN CLAY w/ sand 10
PT240017 240017 4 5 to 5 CL SANDY LEAN CLAY 9
PT240017 240017 5.6 to 6 CL SANDY LEAN CLAY 59 38 17 11
PT240017 240017 7.5 to 8 CL SANDY LEAN CLAY 6
PT240017 240017 9.5 to 10 CL SANDY LEAN CLAY 10
PT240018 240018 0.5 to I CL SANDY LEAN CLAY 16
PT240018 240018 2.5 to 3 CL LEAN CLAY w/ sand 5
PT240018 240018 5 to 5.5 CL SANDY LEAN CLAY 9
PT240018 240018 7.5 to 8 CL SANDY LEAN CLAY 10
PT240018 240018 9 to 9.5 CL SANDY LEAN CLAY 11
PT240019 240019 0.5 to 1 CL SANDY LEAN CLAY
PT240019 240019 2 to 2.5 CL LEAN CLAY w/ sand 8
PT240019 240019 3.5 to 4 CL SANDY LEAN CLAY 6
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Table 2: Borrow Area 5 Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent Liquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines Limit Index Moisture

PT240019 240019 6 to 6.4 CL SANDY LEAN CLAY 12
PT240019 240019 7.5 to 8 CL SANDY LEAN CLAY 10
PT240019 240019 9.5 to 10 CL SANDY LEAN CLAY 11
PT240020 240020 0.5 to I CL SANDY LEAN CLAY 16
PT240020 240020 2 to 2.5 CL LEAN CLAY wl sand 9
PT240020 240020 2.5 to 3 SC CLAYEY SAND 10
PT240020 240020 4 to 4.5 CL SANDY LEAN CLAY 14
PT240020 240020 6.5 to 7 CL LEAN CLAY wl sand 7
PT240020 240020 9.5 to 10 CL SANDY LEAN CLAY 5
PT240021 240021 0.5 to 1 CL SANDY LEAN CLAY 11
PT240021 240021 1.5 to 2 CL LEAN CLAY wl sand 9
PT240021 240021 4 to 4.5 CL SANDY LEAN CLAY 10
PT240021 240021 7 to 7.5 CL SANDY LEAN CLAY 5
PT240021 240021 8 to 8.5 CL SANDY LEAN CLAY 5
PT240021 240021 9.5 to 10 CL SANDY LEAN CLAY 7
PT240022 240022 0.5 to I CL SANDY LEAN CLAY 15
PT240022 240022 2.5 to 3 CL SANDY LEAN CLAY 54 31 13 7
F17240022 240022 5.2 to 5.6 CL SANDY LEAN CLAY 7
PT240022 240022 7 to 7.5 CL SANDY LEAN CLAY 6

PT240023 240023 0.5 to 1 CL SANDY LEAN CLAY 16
PT240023 240023 2.5 to 3 SC CLAYEY SAND 9
PT240023 240023 4.5 to 5 CL SANDY LEAN CLAY 66 33 15 8
PT240023 240023 6 to 6.5 CL SANDY LEAN CLAY 8
PT240023 240023 9.5 to 10 CL SANDY LEAN CLAY 9
PT240024 240024 0.5 to I CL SANDY LEAN CLAY 16
PT240024 240024 2 to 2.5 CL LEAN CLAY wl sand 10
FIT240024 240024 4 to 4.5 CL SANDY LEAN CLAY 9
PT240024 240024 5.5 to 6 CL SANDY LEAN CLAY 19
PT240024 240024 7 to 7.5 CL LEAN CLAY wl sand 10
PT240024 240024 9.5 to 10 CL SANDY LEAN CLAY 11
PT240025 240025 0.5 to 1 CL SANDY LEAN CLAY 13
PT240025 240025 2.5 to 3 CL LEAN CLAY wl sand 11
PT240025 240025 3.5 to 4 CL SANDY LEAN CLAY 7
PT240025 240025 4.5 to 5 CL SANDY LEAN CLAY 6

ISMS -
PT240025 240025 7.5 to 8 CL SANDY LEAN CLAY 5

PT240026 240026 0.5 to 0.8 CL SANDY LEAN CLAY 21
PT240026 240026 13 to 1.6 CL SANDY LEAN CLAY 7
PT240026 240026 2.3 to 2.7 CL SANDY LEAN CLAY 8
PT240026 240026 3.4 to 3.8 SC CLAYEY SAND 11
PT240026 240026 42 to 4.6 CL SANDY LEAN CLAY 9
PIT240026 240026 6.5 to 7 SC CLAYEY SAND 8
PT240026 240026 95 to 10 CL SANDY LEAN CLAY 9
NUB00893 8 0 to 2 CL BROWN SANDY LEAN CLAY 66 33 17 9
NUB00893 8 2 to 4 CL BROWN SANDY LEAN CLAY 68 33 17 11
NUB00893 8 9 to 11 SC TAN CLAYEY SAND 42 41 27 7
NUB00993 9 0 to 2 CL BROWN LEAN CLAY W/SAND 74 34 21 10
NUB00993 9 4 to 6 CL BROWN SANDY LEAN CLAY 64 37 19 9
NUB00993 9 9 to 11 SC BROWN CLAYEY SOIL 45 41 27 7
NUB01093 10 0 to 2 CL BROWN LEAN CLAY WITH SAN 79 36 18 10
NUB01093 10 4 to 6 CL BROWN LEAN CLAY W/SAND 81 36 20 12
NUB01093 10 9 to 11 SC TAN CLAYEY SAND 44 39 26 14
NUB01 193 11 0 to 2 CH BROWN SANDY FAT CLAY 64 52 34 11
NUB01193 11 4 to 6 CL BROWN LEAN CLALY WITH SA 65 39 18 9
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Table 2: Borrow Area 5 Alluvial Sol[
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent Liquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines Limit Index Moisture

NUB01193 11 8 to 10 SC BROWN CLAYEY SAND 42 36 20 11
NUB01293 12 0 to 2 CL BROWN LEAN CLAY W/SAND 71 48 32 11
NUB01293 12 2 to 4 CL BROWN LEAN CLAY 85 41 22 12
NUB01293 12 8.5 to 11.5 CL TAN SANDY LEAN CLAYW/GRA 58 44 28 18
NUB07593 75 0 to 4 CL LT.BRN LEAN CLAY W/SAND 79 46 28 16
NUB07593 7 5 4 to 8 CL TAN LEAN CLAY W/SAND 79 45 24 13
Nam 

-

W.
WEB07193 71 0 to 4 CH BROWN SANDY FAT CLAY 69 50 26 13

WEB07493 74 0 to 4 CL BROWN SANDY LEAN CLAY 60 34 16 11
WEB07493 74 4 to 8 SC RD/BRN CLAYEY SAND 48 40 25 9

WEB07693 76 0 to 4 CL LT.BRN LEAN CLAY 85 49 28 9
WEB07693 76 4 to 8 CL BROWN SANDY LEAN CLAY 68 37 17 10
WEB07693 76 8 to 12 CL TAN SANDY LEAN CLAY 51 49 28 9
WEB07693 76 12 to 16 SC TAN CLAYEY SAND 44 43 26 10

ALL DATA POINTS
Number of data points 188 62 61 61 187
Maximum 12 to 16 CH 85 77 56 24
Minimum 0 to 0.5 Sand 5 21 7 2
Standard deviation 3.4 to 3.6 20 10 8 4
Average 4.6 to 5.5 CL 57 38 21 11

DATA POINTS MEETING THE TABLE I CRITERIA
Number of data points 166 44 45 45 165
Maximum 12 to 16 CH 85 55 34 24
Minimum 0 to 0.5 SC 42 30 13 4
Standard deviation 3.2 to 3.3 13 6 5 3
Average 4.3 to 5.1 CL 66 39 22 11

bgs Below ground surface

ID Identification

USCS Unified Soil Classification System

Shading indicates samples failing the Table I criteria
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Table 3: CAMU Area Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent liquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines Limit Index Moisture

BR250023 250023 3 to 4 CL LEAN CLAY 38 21 20

BR250023 250023 9.5 to 10 CL SANDY LEAN CLAY 57 38 22 14
BR250023 250023 13 to 13.5 CH SANDY FAT CLAY 64 57 34 18
BR250023 250023 14 to 14.5 CH SANDY FAT CLAY 8
BR250023 250023 15.5 to 16 CL SANDY LEAN CLAY 61 41 27 10
BR250023 250023 17.5 to 18 CH SANDY FAT CLAY 17

BR250023 250023 20 to 21 CL SANDY FAT CLAY 10

BR250024 250024 0.5 to 1 CL LEAN CLAY 38 21 17
BR250024 250024 4 to 4.5 CL LEAN CLAY 38 21 6
BR250024 250024 8.5 to 9 CH SANDY FAT CLAY 64 57 34 6
BR250024 250024 11 to 11.5 CL LEAN CLAY w/ sand 80 39 19 14
BR250024 250024 13 to 14 CL SANDY LEAN CLAY 61 41 27 11
BR250024 250024 17 to 175 CL SANDY LEAN CLAY 57 38 22 12
BR250025 250025 0.5 to 1 CL SANDY LEAN CLAY 65 38 23 18
BR250025 250025 3.5 to 4 CL LEAN CLAY 8

BR250025 250025 7.5 to 8 CL SANDY LEAN CLAY 10
BR250025 250025 10 to 10.5 CL LEAN CLAY w/ sand 10
BR250025 250025 14 to 14.5 CL SANDY LEAN CLAY 14
BR250026 250026 0.5 to 1 CL SANDY LEAN CLAY 16
BR250026 250026 4 to 5 CL LEAN CLAY w/ sand 70 31 16 7
BR250026 250026 7.5 to 8 CL SANDY LEAN CLAY 8
BR250026 250026 9 to 10 CL LEAN CLAY w/ sand 8
BR250026 250026 10 to 10.5 CL SANDY LEAN CLAY 8
BR250026 250026 11 to 12 CL SANDY LEAN CLAY 8
BR250027 250027 0.5 to 1 CL SANDY LEAN CLAY 13

BR250028 250028 0.5 to 1 CL LEAN CLAY w/ sand- 70 40 18 22

BR250028 250028 6 to 6.5 CL SANDY LEAN CLAY 57 42 24 11
ER250028 250028 11 to 12 CL LZAN CLAY w/ sand 71 41 23 12
BR250029 250029 1.3 to 2 CL SANDY LEAN CLAY 66 34 21 8
BR250029 250029 3 to 4 CL LEAN CLAY 91 38 22 9

BR250030 250030 0.3 to 0.8 CL LEAN CLAY w/ sand 15
BR250030 250030 1 to 1.5 CL LEAN CLAY w/ sand 15
BR250030 250030 3.5 to 4 CL SANDY LEAN CLAY 5

BR250030 250030 8.5 to 9 CL SANDY LEAN CLAY 9
BR250030 250030 13.5 to 14 CL LEAN CLAY w/ sand 9
BR250030 250030 18.5 to 19 CL LEAN CLAY w/ sand 10
BR250030 250030 23 to 24 CL LFAN CLAY wl sand 7
BR250030 250030 25 to 26 CL LEAN CLAY w/ sand 11
BR250031 250031 1 to 2 CL SANDY LEAN CLAY 70 34 18 10
BR250031 250031 5 to 6.5 CL SANDY LEAN CLAY 56 46 30 16
BR250031 250031 12.5 to 13.5 CL SANDY LEAN CLAY 56 43 28 10

BR250032 250032 0.5 to 1.3 CL LEAN CLAY w/ sand 14
BR250032 250032 1.3 to 2 CL SANDY LEAN CLAY w/ caliche 8
BR250032 250032 5 to 6.5 CL SANDY LEAN CLAY w/ caliche 6
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Table 3: CAMU Area Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent Liquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines Limit Index Moistture

BR250032 250032 7 to 7.5 CL LEAN CLAY w/ sand
BR25 003 3 250033 1.2 to 1.7 CL SANDY LEAN CLAY 72 36 21

.. 1 .1 1 
E

BR250034 250034 0.5 to 1 SANDY LEAN CLAY 70 37 22 15
BR250034 250034 2.5 to 3 CL SANDY LEAN CLAY 10
BR250034 250034 5 to 6 SC CLAYEY SAND 45 30 16 8
BR250035 250035 0.5 to 1.1 CL SANDY LEAN CLAY 59 36 22 19
BR250035 250035 1.1 to 2 CL SANDY LEAN CLAY 9
BR250035 250035 2.2 to 2.9 CL SANDY LEAN CLAY 12
BR250036 250036 0.5 to 1 CH SANDY FAT CLAY 65 57 39 20
BR250036 250036 1.5 to 2 CL SANDY LEAN CLAY 9
BR250036 250036 4 to 4.5 CL SANDY LEAN CLAY 15
BR250036 250036 5.5 to 6 CL SANDY LEAN CLAY 10
BR250036 250036 7.5 to 8 CL SANDY LEAN CLAY 12
BR250036 250036 10.5 to 11 CL SANDY LEAN CLAY 13
BR250036 250036 12.5 to 13 CL SANDY LEAN CLAY 70 45 28 15
BR250036 250036 13.5 to 14 CL SANDY LEAN CLAY 60 42 26 16
BR250037 250037 1 to 1.6 CL SANDY LEAN CLAY 19

BR250037 250037 5 to 6.5 CL SANDY LEAN CLAY 52 32 19 8
BR250037 250037 7 to 8 CL SANDY LEAN CLAY 53 36 23 9

BR250038 250038 0.5 to 0.9 CL SANDY LEAN CLAY 66 34 19 21
BR250038 250038 0.9 to 2 CL SANDY LEAN CLAY 75 36 23 9
BR250038 250038 5 to 6.5 CL SANDY LEAN CLAY 50 34 21 8
BR250038 250038 8 to 9 SC CLAYEY SAND 47 33 20 7
BR250038 250038 10 to 11.5 CL SANDY LEAN CLAY 8
BR250038 250038 13.5 to 14 SC CLAYEY SAND 5

BR250039 250039 0.5 to 1 CL SANDY LEAN CLAY 19
BR250039 250039 2 to 2.5 CL LEAN CLAY 37 20 12
BR250039 250039 3.5 to 4 SC CLAYEY SAND 7
BR250039 250039 9 to 10 SC CLAYEY SAND 10
BR250039 250039 14 to 15 SC CLAYEY SAND 46 34 20 11

ginMMMM I a I
BR250040 250040 0.5 to 1 CL LEAN CLAY w/ sand 77 46 26 23
BR250040 250040 2 to 2.5 CH FAT CLAY 95 50 29 12
BR250041 250041 1.5 to 2 CL SANDY LEAN CLAY 7
BR250041 250041 4 to 4.5 CL LEAN CLAY 11
BR250041 250041 5.5 to 6 SC CLAYEY SAND 49 39 20 10
BR250041 250041 9 to 10 CL SANDY LEAN CLAY 12
BR250041 250041 10 to 10.5 CL SANDY LEAN CLAY 7
BR250042 250042 2 to 2.5 CH SANDY FAT CLAY 74 60 39 17
BR250042 250042 3 to 3.5 CL SANDY LEAN CLAY 15
BR250042 250042 8.5 to 9.5 SC CLAYEY SAND 7
BR250042 250042 13 to 13.5 CL SANDY LEAN CLAY 51 34 19 8
BR250043 250043 1.5 to 2 CL SANDY LEAN CLAY 7
BR250043 250043 4 to 4.5 CL SANDY LEAN CLAY 12
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Table 3: CAMU Area Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent Liquid Plasticity Percent
Number ID (feet bgs) Symbol USCSName Fines Limit Index Moisture

BR250043 250043 5.5 to 6 CL SANDY LEAN CLAY 8
BR250044 250044 0.5 to 1 CL SANDY LEAN CLAY 15
BR250044 250044 3 to 3.5 CL SANDY LEAN CLAY 9
BR250044 250044 5.5 to 6 CL SANDY LEAN CLAY 6
BR250045 250045 2 to 2.5 CL SANDY LEAN CLAY 9
BR250045 250045 3.5 to 4 CL SANDY CLAY 59 30 16 8
BR250045 250045 5.5 to 6 CL SANDY CLAY 9
BR250046 250046 0.5 to I CL SANDY LEAN CLAY 15
BR250046 250046 3 to 3.5 CL SANDY LEAN CLAY 11
BR250046 250046 6 to 6.5 CL SANDY LEAN CLAY 6

BR260134 260134 10.7 to 11.5 CL LEAN CLAY 88 36 21
BR260134 260134 15 to 16.5 SC SANDY LEAN CLAY 52 34 18 20
BR260134 260134 18.5 to 19.5 CL CLAYEY SAND 50 35 22 12

ýgijgiijie

maw
BR250047 250047 0.5 to 2 CL LEAN CLAY w/ sand 12
BR250047 250047 3 to 4 CL SANDY LEAN CLAY 5
BR250047 250047 5 to 6.5 CL SANDY LEAN CLAY 9
BR250047 250047 10 to 11 CL SANDY LEAN CLAY 54 36 23 12
BR250047 250047 11.4 to 12.3 CL LEAN CLAY w/ sand 9
BR250047 250047 15 to 16 CL LEAN CLAY w/ sand 15
BR250047 250047 20 to 21 CL SANDY LEAN CLAY 58 40 23 13
BR250047 250047 232 to 24 CL SANDY LEAN CLAY 18
BR250047 250047 25 to 26.8 CL SANDY LEAN CLAY 18

BR250047 250047 30 to 31.3 SC CLAYEY SAND 6
V0 1111'': It

Ff

MEN=
R260135 260135 10 to 11.5 CL LEAN CLAY w/ sand 84 32 16 13

BR260135 260135 13 to 14 CL LEAN CLAY 88 36 20 14
BR260135 260135 15 to 16.5 CL SANDY CLAY 69 36 21 16
BR260135 260135 20 to 21.5 CL SANDY CLAY 60 37 21 14
BR260135 260135 22.5 to 24 CL SANDY CLAY 14
BR260135 260135 25 to 26.5 CL SANDY CLAY 15
BR260135 260135 27.5 to 29 CL LEAN CLAY w/ sand 70 47 28 23

El!
BR260135 260135 32.5 to 34 SC CLAYEY SAND w/ gravel 14
BR260135 260135 35 to 36.2 SC CLAYEY SAND w/ gravel 20
BR260135 260135 38 to 39 SC CLAYEY SAND w/ gravel 12
BR250048 250048 0 to 1.4 SC CLAYEY SAND 12
BR250048 250048 14 to 2 CL SANDY CLAY 63 33 19 8
BR250048 250048 5 to 6.5 CL SANDY CLAY 9
BR250048 250048 10 to 10.4 CL SANDY CLAY 9
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Table 3: CAMU Area Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent Liquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines Limit Index Moisture

I-P-1151, ýIEMSMMMS- W-C
BR250050 250050 2 to 4 CL LEAN CLAY 8
BR250050 250050 6.7 to 7.8 CL SANDY CLAY 5
BR250050 250050 12 to 14 CL SANDY CLAY 9
BR250050 250050 173 to 19 CL GRAVELLY SANDY CLAY 10
BR250051 250051 0.5 to 1.5 CL SANDY CLAY 9
BR250051 250051 3 to 4.5 CL SANDY CLAY 4
BR250051 250051 12 to 13 CL SANDY CLAY 5
BR250051 250051 18 to 19 CL SANDY CLAY 8
BR250051 250051 28.5 to 30 CL SANDY CLAY 13
BR250051 250051 33 to 34 CL SANDY CLAY 19
BR250051 250051 38.5 to 39.1 SC CLAYEY SAND 8
BR250051 250051 39.1 to 40 SC GRAVELLY CLAYEY SAND 7

BR250053 250053 1.4 to 2.7 CL-CH LEAN CLAY 10
BR250053 250053 2.7 to 3.4 CL SANDY LEAN CLAY 7
BR250053 250053 6.7 to 8 CL SANDY LEAN CLAY 8
BR250054 250054 05 to 1.5 CL SANDY LF-AN CLAY 14
BR250054 250054 2.2 to 2.9 CL SANDY LEAN CLAY 11
BR250054 250054 117 to 13 SC CLAYEY SAND w/ gravel 5
BR260136 260136 0.5 to 2 CL SANDY CLAY 62 31 18 14
BR260136 260136 3 to 4 SC CLAYEY SAND 7
BR260136 260136 5 to 6.5 SC CLAYEY SAND 10
BR260136 260136 8.5 to 9.5 CL SANDY CLAY 64 40 22 19
BR260136 260136 10 to 11.5 CL SANDY CLAY 16
BR260136 260136 15 to 16.5 CL SANDY CLAY 15
BR260136 260136 20 to 21.5 CL LEAN CLAY w/ sand 19
BR260136 260136 225 to 24 CL LEAN CLAY w/ sand 21
BR260136 260136 25 to 26.5 SC CLAYEY SAND w/ gravel 17
BR260136 260136 275 to 29 CL LEAN CLAY w/ sand 23
BR260136 260136 30 to 31.5 CL LEAN CLAY w/ sand 19
BR260136 260136 325 to 34 CH FAT CLAY 59 36 31
BR260136 260136 35 to 36.5 CH FAT CLAY 33
Klý

50001 250001 8 to 10 CL LEAN CLAY 35 19 8
PT250001 250001 14 to 16 CL SANDY LEAN CLAY 51 32 20 7
PT250001 250001 17.5 to 18.5 CL SANDY LEAN CLAY 60 31 13 9

PT250002 250002 5 to 6 CL LEAN CLAY 7

1, wu ýr, i 7.

PT250002 250002 9 to 95 CL SANDY LEAN CLAY 9
PT250002 250002 12.5 to 13 CH FAT CLAY w/ sand 82 51 31 8
PT250002 250002 14.5 to 15 CH FAT CLAY w/ sand 82 51 31 12
PT250002 250002 17 to 17.5 CH FAT CLAY wl sand 82 51 31 14

PT250003 250003 05 to I CL SANDY LKAN CLAY 67 36 22 18
PT250003 250003 3 to 4 CH FAT CLAY wl sand 82 51 31 9
PT250003 250003 6 to 6.5 CH FAT CLAY w/ sand 82 51 31 10
n250003 250003 8 to 8.5 CL SANDY LEAN CLAY
PT250003 250003 10 to 10.5 CL SANDY LEAN CLAY 60 36 22 9
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Table 3: CAMU Area Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent liquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines Limit index Moisture

PT250003 250003 11 to 11.5 CL LEAN CLAY A,/ sand 77 47 26 17

ý2ý= n M, R,

PT250004 250004 1 to 12 CL SANDY LEAN C Y 7
PT250004 250004 14 to 155 CL SANDY LEAN CLAY 9
PT250004 250004 16 to 17.5 CL SANDY LEAN CLAY 7
PT250005 250005 3 to 4 CL LEAN CLAY 8
PT250005 250005 6 to 6.5 CL SANDY LEAN CLAY 9
PT250006 250006 2 to 3 CH FAT CLAY wl sand 14
PT250007 250007 0.5 to I CL SANDY LEAN CLAY 20
PT250007 250007 1.2 to 1.5 CL LEAN CLAY 7
PT250007 250007 5.6 to 6 CL SANDY LEAN CLAY 7
PT250007 250007 10.5 to 11 CL SANDY LEAN CLAY a
M50008 250008 3 to 3.5 CL SANDY LEAN CLAY 8
PT250008 250008 5.5 to 6.5 CL SANDY LEAN CLAY 15

PT250008 250008 8 to 9 CL SANDY LEAN CLAY 10
PT250009 250009 3.5 to 4.5 CL LEAN CLAY 87 44 25 11
PT250009 250009 5 to 6 CL SANDY LEAN CLAY 70 34 15 8
PT250009 250009 7.5 to 8 CL SANDY LEAN CLAY 65 38 17 10
PT250009 250009 14 to 15 CL SANDY LEAN CLAY 65 36 19 9
PT250010 250010 4.5 to 5 CL SANDY LEAN CLAY 7
PT250010 250010 7 to 8 CL SANDY LEAN CLAY 15

`2 MR.
PT250011 250011 2 to 3 CL LEAN CLAY 11
PT250011 250011 7 to 8 CL SANDY LEAN CLAY 8
PT250011 250011 10 to 11 CL SANDY LEAN CLAY 59 36 21 10
PT250012 250012 0.2 to 0.5 CL LEAN CLAY wl sand 74 36 19 17
PT250012 250012 35 to 4 CL SANDY LEAN CLAY 7
PT250012 250012 5.3 to 5.8 CL SANDY LEAN CLAY 7
PT250012 250012 10 to 10.5 CL LEAN CLAY 85 36 17 10
PT250012 250012 11.5 to 12 CL LEAN CLAY 83 38 19 15
PT250013 250013 5 to 6 CL SANDY LEAN CLAY 51 30 14 8

FT250013 250013 11 to 12 CL SANDY LEAN CLAY 8
PT250013 250013 13 to 14 CL SANDY LEAN CLAY 13
PT250013 250013 15 to 16 CL SANDY LEAN CLAY 11

PT250014 250014 4 to 4.5 CL SANDY LEAN CLAY 6
PT250014 250014 11 to 11.5 CL SANDY LEAN CLAY 7
PT250014 250014 12.5 to 13.5 SC CLAYEY SAND 43 33 18 9
PT250014 250014 15 to 155 CL SANDY LEAN CLAY 5

PT250015 250015 3 to 5 CL SANDY LEAN CLAY 8
PT250015 250015 65 to 7.5 CL SANDY LEAN CLAY 61 32 16 6
PT250015 250015 10 to 10.5 CL SANDY LEAN CLAY 6
PT250016 250016 0.5 to I CL LEAN CLAY w/ sand 13
PT250016 250016 2 to 2.5 CL SANDY LEAN CLAY 6
PT250016 250016 5 to 5.5 CL SANDY LEAN CLAY 8
PT250017 250017 3 to 4 CL SANDY LEAN CLAY 7

VWff %rCaRM2WOWO

ýIji:

PT250018 250018 5 to 5.5 SC CLAYEY SAND 49 34 19 14
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Table 3: CAMU Area Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent liquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines Limit Index Moisture

PT250018 250018 10 to 10.5 SC CLAYEY SAND 10
PT250018 250018 12 to 12.5 CL SANDY LEAN CLAY 65 38 24 13
PT250018 250018 13.5 to 14 CL SANDY LEAN CLAY 14
PT260001 260001 0.5 to 1 SC CLAYEY SAND 14
PT260001 260001 1.5 to 2 SC CLAYEY SAND 5
PT260001 260001 3 to 3.5 SC CLAYEY SAND 4
PT260001 260001 5 to 5.5 SC CLAYEY SAND 14
PT260001 260001 10 to 10.5 SC CLAYEY SAND 9
PT260001 260001 12 to 12.5 CL SANDY LEAN CLAY 19

PT250019 250019 0.5 to I SC CLAYEY SAND 9
PT250019 250019 2 to 25 SC CLAYEY SAND 5
PT250019 250019 3 to 3.5 SC CLAYEY SAND 5
PT250019 250019 5 to 5.5 SC CLAYEY SAND 4
PT250019 250019 9.5 to 10 SC CLAYEY SAND 9
PT250019 250019 11 to 115 CL SANDY LEAN CLAY 7
PT250019 250019 15 to 15.5 CL SANDY LEAN CLAY 8
PT250019 250019 17.5 to 18 GC CLAYEY GRAVEL w/ sand 9
PT250019 250019 19 to 19.5 CL SANDY LEAN CLAY 48 36 21 9

PT250020 250020 2.5 to 3 CL LEAN CLAY w/ sand 84 35 21 9
PT250020 250020 5 to 5 2 SC CLAYEY SAND 8
PT250020 250020 7 to 7.5 CL SANDY LEAN CLAY 9
PT250020 250020 105 to 11 CL SANDY LEAN CLAY
PT250020 250020 12.5 to 13 SC CLAYEY SAND 10

PT260002 260002 0.5 to 1 SC CLAYEY SAND 13
PT260002 260002 2.5 to 3 CL LEAN CLAY w/ sand 6
PT260002 260002 5 to 5.5 CL LEAN CLAY w/ sand 8
PT260002 260002 8 to 8.5 CL LEAN CLAY w/ sand 9
PT260002 260002 9.5 to 10 CL SANDY LEAN CLAY 11
PT260002 260002 14 to 14 5 SC CLAYEY SAND 3
ASBI1594 115 4 to 8 CL LT. BROWN SANDY CLAY 56 43 26 9
ASB11694 116 0 to 4 CL BROWN SANDY LEAN CLAY 58 42 24 7
ASBI1894 118 4 to 8 CL BROWN SANDY LEAN CLAY 61 43 24 9
ASB11994 119 4 to 8 CL BROWN SANDY LEAN CLAY 58 42 24 8
ASB12094 120 4 to 8 CL BROWN SANDY LEAN CLAY 57 47 27 14
ASB12494 124 0 to 4 CL BROWN SANDY LEAN CLAY 61 41 19 9
ASB12594 125 4 to 8 CL BROWN SANDY LEAN CLAY 57 32 18 7
ASB12794 127 0 to 4 CL BROWN SANDY LEAN CLAY 67 33 13 9
ASB12994 129 0 to 4 SC BROWN CLAYEY SAND 49 34 16 8
BRB13094 130 20 to 24 CL BROWN SANDY LEAN CLAY 53 42 27 11
BRB13594 135 8 to 12 CL BROWN SANDY LEAN CLAY 51 35 16 7
WEB11494 114 8 to 12 CL BROWN SANDY LEAN CLAY 51 31 13 9
SAB11794 117 8 to 12 CL BROWN SANDY CLAY 47 36 20 11
SAB12194 121 4 to 8 CL BROWN SANDY LEAN CLAY 56 39 24 8
SAB12294 122 16 to 20 CL BROWN SANDY LEAN CLAY 53 44 28 9
SAB12394 123 4 to 8 CH BROWN SANDY FAT CLAY 59 50 31 10
ASB12694 126 12 to 16 CL BROWN SANDY LEAN CLAY 60 41 25 9
WEB11494 114 0 to 4 CL BROWN SANDY CLAY 83 41 23 10
ASB12694 126 8 to 12 CL BROWN SANDY LEAN CLAY 59 37 19 11
WEB11494 114 4 to 8 CL BROWN SANDY LEAN CLAY 62 41 24 10
WEB11494 114 16 to 20 CL BROWN SANDY LEAN CLAY 59 44 26 15
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Table 3: CAMU Area Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent Liquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines Limit Index Moisture

ASB11594 115 0 to 4 GL BROWN SANDY LEAN CLAY 69 40 22 11

RX
SAB11794 117 4 to 8 SC BROWN CLAYEY SAND 48 46 28 12
SABI1794 117 0 to 4 CH BROWN SANDY FAT CLAY 56 57 37 10
ASB12594 125 0 to 4 CL BROWN LEAN CLAY W/SAND 78 39 20 10

7".
ASB12594 125 12 to 16 CL BROWN SANDY LEAN CLAY 54 38 21 7
ASB12794 127 4 to 8 CL BROWN SANDY LEAN CLAY 51 33 14 9

T r-
to CL BROWN SANDY LEAN CLAY 59 44 24 13ASB12094 120 8 7'2

AIM
'Ilk SAB12294 122 0 to 4 CL BROWN LEAN CLAY W/SAND, 71 38 17 10

SAB12294 122 4 to 8 CL BROWN SANDY LEAN CLAY 63 44 26 11
SAB12294 122 8 to 12 CL BROWN SANDY LEAN CLAY 53 48 31 12
SAB12294 122 12 to 16 CL BROWN SANDY LEAN CLAY 69 46 30 13

Zi ý-2 0-4

NMI
SAB12394 123 0 to 4 CL BROWN SANDY LZAN CLAY 55 39 10
SAB12394 123 8 to 12 CL BROWN SANDY LEAN CLAY 67 49 35 13
SAB12394 123 12 to 16 SC BROWN CLAYEY SAND 50 56 38 13

ASB12694 126 0 to 4 SC BROWN CLAYEY SAND 50 18 9
ASB12694 126 4 to 8 CL BROWN SANDY LEAN CLAY 63 31 14 8
ASB12694 126 16 to 20 CL BROWN LEAN CLAY W/SAND 71 44 27 11
ASB12694 126 20 to 24 CL BROWN SANDY LEAN CLAY 52 43 29 11
ASB12694 126 24 to 28 CH BROWN SANDY FAT CLAY 53 52 35 15
ASB12694 126 28 to 32 CL BROWN SANDY LKAN CLAY 53 46 27 14
ASB12994 129 4 to 8 CL BROWN SANDY LEAN CLAY 53 32 16 12

3o,-

ASB12994 129 16 to 20 CL BROWN SANDY LKAN CLAY 62 37 22 9
ASB12994 129 20 to 24 SC BROWN CLAYEY SAND 47 44 20 10

W.: z.
BRB13094 130 4 to 8 CL BROWN SANDY LEAN CLAY 59 33 14 7

A 15 1 i I

BRB13094 130 12 to 16 SC BROWN CLAYEY SAND 44 48 25 11

BRB13094 130 24 to 28 CH BROWN FAT CLAY W/SAND 81 50 34 10
BRB13094 130 28 to 32 CH BROWN SANDY FAT CLAY 62 50 33 12

MW_ NERE Effizim.
BRB13594 135 12 to 16 CL BROWN SANDY LEAN CLAY 51 37 20 7
BRB13594 135 16 to 20 SC BROWN CLAYEY SAND 48 43 25 8
BRB13594 135 20 to 24 CL BROWN SANDY LEAN CLAY 54 48 31 9
BRB13594 135 24 to 28 CL BROWN SANDY LEAN CLAY 60 39 20 8
BRB13594 135 28 to 32 CH BROWN SANDY FAT CLAY 60 54 31 12
BRB13594 135 32 to 36 CH BROWN SANDY FAT CLAY 61 54 34

ASB11894 118 0 to 4 CL BROWN LEAN CLAY W/SAND 83 44 23 10
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Table 3: CAMU Area Alluvial Soil
Summary of Soil Parameters

Boring Short Sample Depth USCS Percent Liquid Plasticity Percent
Number ID (feet bgs) Symbol USCS Name Fines limit Index Moisture

ASBI 1994 119 0 to 4 CL BROWN SANDY LEAN CLAY 56 41 22 8
SAB12194 121 0 to 4 CL BROWN LEAN CLAY W/SAND 74 39 19 10

-;ý= -"- -1, ý74:r-
WEB11494 114 12 to 16 CL BROWN SANDY LEAN CLAY 70 42 24 14
PT250016 250016 0.5 to 1 CL LEAN CLAY w/sand 72 36 21 0
PT250013 250013 5 to 6 CL SANDY LEAN CLAY 53 37 20 0

A.LI. DATA POINTS
Number of Data Points 384 197 182 182 381
Maximum 40 to 42 CH 95 63 42 53
Minimum 0 to 0.5 and/Gravel 2 17 4 0
Standard Deviation 8.6 to 8.9 21 8 7 5
Average 9.8 to 11.9 CL 52 39 22 10

DATA POINTS MEETING TABLE 1 CRITERIA
Number of Data Points 300 135 141 141 297
% of data points that meet Table 1 criteria 78% 69% 77% 77% N/A
Maximum 35 to 36.5 CH 95 60 39 33
Minimum 0 to 0.5 SC 43 30 13 0
Standard Deviation 7.2 to 7.6 12 7 6 4
Average 8.5 to 10.5 CL 63 40 23 11

Shading indicates samples failing Table 1 criteria
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Table 4: Double-fined Cell Excavation Area
Summary of Alluvial Soil Parameters

RMA ID/ X-Section Sample Sample Depth USCS Percent liquid Plasticity Percent
Clay Thkns. IDs Number (feet bgs) Symbo USCS Name Fines limit Index Moisture

BR250040 E-W T, D-i 0.5-1.0 CL LEAN CLAY w/ sand 77 46 26 23

0'- 3' N-S "5" D-2 2.0-2.5 CH FAT CLAY 95 50 29 12
BR250041 E-W "I" D-1 1.5-2.0 CL SANDY LEAN CLAY 7
0'- 16' N-S "6" D-2 4.0-4.5 CL LEAN CLAY 11

D-3 5.5-6.0 SC CLAYEY SAND 49 39 20 10
D-4 9.0-10.0 CL SANDY LEAN CLAY 12
D-5 10.0-10.5 CL SANDY LEAN CLAY 7

BR250044 E-W "K' D-1 0.5-1.0 CL SANDY LEAN CLAY 15

0' - 6' N-S "6" D-2 3.0-3.5 CL SANDY LEAN CLAY 9
D-3 5.5-6.0 CL SANDY LEAN CLAY 6

BR250045 E-W "K" D-i 2.0-2.5 CL SANDY LEAN CLAY 9
0'- 12' N-S "5" D-2 3.5-4.0 CL SANDY CLAY 59 30 16 8

D-3 5.5-6.0 CL SANDY CLAY 9
PT250011 E-W "H" D-1 2.0-3.0 CL LEAN CLAY 11
0'- 14' N-S "6" D-2 7.0-8.0 CL SANDY LEAN CLAY 8

D-3 10.0-11.0 CL SANDY LEAN CLAY 59 36 21 10
FIT250012 E-W "H" D-1 0.2-0.5 CL LEAN CLAY W/SAND 74 36 19 17
0'- 12' N-S "5" D-2 3.5-4.0 CL SANDY LEAN CLAY 7

D-3 5.3-5.8 CL SANDY LEAN CLAY 7
D-4 10.0-10.5 CL LEAN CLAY 85 36 17 10
D-5 11.5-12.0 CL LEAN CLAY 83 3-8- 19 15

PT250013 E-W "H" D-1 5.0-6.0 CL SANDY LEAN CLAY 51 30 14 8
N-S "4" B-1 5.0-6.0 CL SANDY LEAN CLAY 53 37 20

D-3 11.0-12.0 CL SANDY LEAN CLAY 8
D-4 13.0-14.0 CL SANDY LEAN CLAY 13
D-5 15.0-16.0 CL SANDY LEAN CLAY 11

E-W "I" D-1 4.0-4.5 CL SANDY LEAN CLAY 6
4'- 16' N-S "6" D-2 110-115 CL SANDY LEAN CLAY 7

D-3 12.5-13.5 SC CLAYEY SAND 43 33 18 9
D-4 15.0-15.5 CL SANDY LEAN CLAY 5

REM,
PT250015 E-W "J" D-1 3.0-5.0 CL SANDY LEAN CLAY 8
0,-161 N-S "65" D-2 6.5-7.5 CL SANDY LEAN CLAY 61 32 16 6

D-3 10.0-10.5 CL SANDY LEAN CLAY 6
PT250016 E.W 71 D-1 0.5-1.0 CL LEAN CLAY wl sand 13
01-10, N-S "5" * B-1 0.5-1.0 CL LEAN CLAY wl sand 72 36 21

D-2 2.0-2.5 CL SANDY LEAN CLAY 6
D-3 5.0-5.5 CL SANDY LEAN CLAY 8

PT250017 E-W "J" D-i 3.0-40 CL SANDY LEAN CLAY 7

Is 17-1ý .7
ASB 11894 E-W "H" 0-4 CL LEAN CLAY w/sand 83 44 23 10
0'- 8' N-S "6" 4-8 CL SANDY LEAN CLAY 61 43 24 9
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Table 4: Double-lined Cell Excavation Area
Summary of Alluvial Soil Parameters

RMA ID/ X-Section Sample Sample Depth USCS Percent liquid Plasticity Percent
Clay Thkns. IDs Number (feet bgs) Symbo USCS Name Fines Limit Index Moisture

ALL DATA POINTS 17 15 15 43
Number of Data Points 45
Maximum CH 95 50 29 23
Minimum SC 13 30 14 2
Standard Deviation 23 6 4 4
Average CL 61 38 20 9

DATA POINTS MEETING TABLE 1 CRITERIA
Number of Data Points 40 15 15 is 38
Percentage of data points that meet Table I criteria 89% 89% 100% 100% 88%
Maximum CH 95 50 29 23
Minimum SC 43 30 14 5
Standard Deviation 15 6 4 4
Average CL 67 38 20 10

Shading indicates samples failing Table 1 criteria.
bgs Below ground surface
ID Identification
RMA Rocky Mountain Arsenal
USCS Unified Soil Classification System

Bag samples combined for composite sample used to develop the Acceptable Zone.
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Table 5: Summary of All Alluvial Soil Borrow Area Index Properties

Double-lined Cell
Borrow Area 5 CAMU Area Excavafion Area*

Number of alluvial soil samples
obtained 188 384 45

Average USCS Classification CL CL CL

Average Percent Fines 57 52 61

Average Liquid Limit 38 39 38

Average Plasticity Index 21 22 20

Values given are for all alluvial soil in these areas, including samples that did not meet Table I criteria.

CAMU Corrective Action Management Unit

Part of the CAMU Area.
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Table 6: Compaction and Testing Criteria for Test Fill 3

Objectives Lane 1 Lane 2 Lane 3

Place Lift 1 4 passes 6 passes 8 passes
Target UAZ Check for subgrade contamination Check for subgrade contamination Check for subgrade contamination
10" loose lift I moisture grab sample 1 moisture grab sample 1 moisture grab sample

Place Lift 2 4 or more passes 6 or more passes 8 or more passes
Target UAZ 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes
Test Lift 1
8" loose lift

Place Lift 3 4 or more passes 6 or more passes 8 or more passes
Target LAZ 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes
Test Lift 2
8" loose lift

Place Lift 4 4 or more passes 6 or more passes 8 or more passes
Target LAZ 2 nuclear tests and 2 Shelbv tubes 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes
Test Lift 3
8" loose lift

Place Lift 5 4 or more passes 6 or more passes 8 or more passes
Target AZ 2 nuclear tests and 2 Shelbv tubes 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes
Test Lift 4
8" loose lift

Place Lift 6 4 or more passes 6 or more passes 8 or more passes
Target AZ 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes
Test Lift 5
8" loose lift

Place Lift 7 4 or more passes 6 or more passes 8 or more passes
Target AZ 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes
Test Lift 6
8" loose lift

N Grade to 3 feet 2 nuclear tests and 2 Shelbv tube 2 nuclear tests and 2 Shelby tube 2 nuclear tests and 2 Shelby tube
minimum samples samples samples
Smooth roll
surface

Obtain block 3 samples with 1 taken from the 3 samples with I taken from the 3 samples with 1 taken from the
samples upper foot and 2 taken from the upper foot and 2 taken from the upper foot and 1 taken from the

middle foot of the test fill lower foot of the test fill middle foot of the test fill

AZ Acceptable zone
LAZ Lower acceptable zone
UAZ Upper acceptable zone

1 Test and sample locations will be selected at random by Engineer in the areas specified. The locations within the areas specified will
be varied for each lift.

2. Shelbv and block samples will be taken perpendicular to the surface of the lift.
3 Not A Shelby tube and block samples will be tested. The Engineer will select a minimum of six each for initial testing. The

remainder will be archived. Archived samples may be tested at a later date.
4. Shelby tube samples will be taken beneath the nuclear test location (ad)acent to probe hole).
5. Block samples will be taken after completion of construction. Block samples located below surface level will be obtained by

excavating through the overlying lifts to the required sample depths.
6. Microwave and oven moisture content tests will be performed on samples obtained at each nuclear test location when testing Lifts 1

and 2.
7. One sandcone or rubber balloon correlation test will be performed on each lift at one of the nuclear test locations.
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Table 6 (continued)

8. A minimum of one nuclear test and one Shelby tube will be obtained from both the base section and the sideslope section of each
lane of each lift.

9. Of the nine block samples obtained, five will be obtained from the slope section and four will be obtained from the base section.
10. Field Test Methods

Nuclear Moisture Content ASTM D3017 Sandcone Density ASTM D1556
Nuclear Density ASTM D2922 Rubber Balloon Densitv ASTM D2167
Microwave Moisture Content ASTM D4643 Oven Moisture Content ASTM D2216
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Appendix A

Tables 3.2 and 3.3

Final Feasibility Study Soils
Support Program Report
(Borrow Study Report)



Table 3.2: Permeability Test Results

Sample Perm. at Perm. at Perm. at
Boring Depth 90 Percent* 95 Percent* 100 Percent* Borrow

Number (feet) (cnx/s) (cm/s) (cm/s) Area

NUB00193 12.0 --- 5.llxlO-' 4.12xlO-' OT
NUB00293 14.0 --- 4.97xlO' 4.06xlO-' OT
VVEB00493 4.0 --- 6.78xlO-' 3.glxlO-' OT
WEB00593 20.0 --- 9.04xIO-9 1.17xlO-' OT
NUB00893 4.0 --- 1.45xlO-' 6.79xlO-' OT
NUB00993 19.0 --- 3.88xlo-, 3.08xlO-' I
NUB01293 4.0 --- 1.34XIO-' 9.69xlO-' I
NUB01293 12.0 --- 1.17xlO-' 1.62xlO-' I
WEB01393 4.0 --- 8.24xlO ' 4.12xlO-' I
WEB01593 16.0 --- 9.26xlO-' 3.43xlO-' OT
WEB02393 12.0 --- 2.45xlO-' 7.77xlO-' 2
BRB03393 8.0 9.03xlO-' 7.,50xl 0-5 5
WEB03493 4.0 --- 2.15xlO-' 1.36xlO-' OT
WEB03993 13.0 --- 5.49xlO-' 4.24XIO-9 OT
BRB04193 4.0 --- 3.24xIO' 1.89XIO' 5
BRB04793 9.0 --- 2.17xIO' 1.14xlO-' 5
WEB05193 8.0 3.5 9X10-8 1.98xlO-' --- 4
WEB05593 12.0 6.91xlO-' 3.02xlO-' --- 4
WEB05893 8.0 2.90xlO-' 1.83xl 0-8 3
WEB05993 8.0 3.88xlO-' 3.93xlO-' --- OT
WEB06393 8.0 1.39xl 0-7 8.57xlO-' --- 3
VVEB06493 12.0 9.96XIO-' 5.93xlO-' --- 3
WEB06693 8.0 2.04xlO-8 1.53xlO-' --- 3
WEB07293 8.0 1.67x-10-' 2.66xlO-' --- OT
NUB07593 8.0 6.16xlO' 4.87xlO-' --- I
WEB07693 8.0 5.96xl 0-7 5.33xl 0-7 OT
WEB08093 4.0 4.63xlO-' 3.37xlO-' --- OT
WEB08193 4.0 9.15xIO' 4.92xlO-' --- OT
WEB08493 8.0 7.80xl 0-' 3.82xl 0-8 --- 2
WEB08893 4.0 5.02XIO-7 2.80X,0-7 --- OT
V%FEB09593 20.0 1.79xlO-' 1.21xlO-' --- 4
lArEB09893 8.0 2.06xIO' 1.68xlO-' --- 4

Not applicable, analysis not performed
cm/s Centimeters per second
OT Boring located outside proposed borrow areas
Perm. Permeability

Percent of Standard Proctor (ASTM D698)
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Table 3.3.- Grain Size, Atterberg Limits, and Moisture Content Results

Natural
Sample Percent Liquid Plastic Plasticity Dry Moisture

poring Target Depth Passing USCS Soil Limit Limit Index Density Content
Number Soil Unit ffeet) No. 200 Sieve Classification (%) W (961 (E!D (96)

NUB00193 NUNN 12.0 68.4 CL 40 18 22 15.1
NUB00293 NUNN 2.0 81.0 CL 49 21 28 12.3
NUB00293 NUNN 14.0 56.5 CL 42 17 25 9.8
NUB00393 NUNN 2.0 62.5 CL 38 18 20 9.6
WEB00493 WELD 4.0 88.4 CL 42 20 22 13.9
WEB00593 WELD 2.0 78.8 CL 46 21 25 10.1
VVEB00593 WBEDROCK 20.0 -- CL - - - - -
WEB00693 WELD 2.0 72.2 CL 35 18 17 - 8.0
VVEB00793 WELD 2.0 84.6 CL 42 21 21 - 10.0
NUB00893 NUNN 2.0 66.3 CL 33 is 17 - 9.1
NUB00893 NUNN 4.0 68.1 CL 33 16 17 - 10.5
NUB00893 NUNN 11.0 41.8 Sc 41 14 27 - 7.3
NUB00993 NUNN 2.0 74.3 CL 34 13 21 - 9.6
NUB00993 NUNN 6.0 63.9 CL. 37 18 19 - 8.7
NUB00993 NUNN 11.0 44.8 Sc 41 14 27 7.4
NUB00993 WBEDROCK 19.0 78.9 CH 62 24 38 24.6
NUB01093 NUNN 2.0 79.0 CL 36 18 18 9.5

NUB01093 NUNN 6.0 80.5 CL 36 16 20 12.2
NUB01093 NUNN 11.0 43.8 SC 39 13 26 13.7
NUB01193 NUNN 2.0 63.8 CH 52 18 34 - 10.5
NUB01193 NUNN 6.0 65.3 CL 39 21 18 - 9.3
NUB01193 NUNN 10.0 41.6 SC 36 16 20 - 10.8
NUB01293 NUNN 2.0 71.4 CL 48 16 32 - 10.7
NUB01293 NUNN 4.0 85.3 CL 41 19 22 - 12.2
NTUB01293 NUNN 11.5 57.6 CL 44 16 28 - 18.4
WEB01393 WELD 2.0 65.0 CL 38 18 20 - 9.1
WEB01393 WELD 4.0 85.8 CL 45 20 25 - 10.9
VVEB01493 WELD 2.0 78.0 CL 38 19 19 - 9.2
WEB01593 WELD 16.0 54.8 CL 46 19 27 14.1
WEB01693 WELD 1.5 47.1 CL 31 16 15 13.4
WEB01793 WELD 2.0 46.5 CL 32 20 12 - 12.1
NUB01893 NUNN 2.0 78.3 CL 39 19 20 - 18.4
VVEB01993 WELD 2.0 73.0 CL 49 17 32 - 8.7

WEB01993 WELD 11.0 43.9 SC 26 16 10 - 5.2
WEB02093 WELD 2.0 72.8 CH 53 19 34 12.0
WEB02093 WELD 11.0 43.8 SC 37 15 22 - 8.1

WEB02193 WELD 2.0 51.2 CL 34 13 zi - 6.6
WEB02193 WELD 6.0 54.2 CL 36 15 21 - 6.7
WEB02193 WELD 11.0 54.3 CL 32 13 19 - 10.8
NUB02293 NUNN 6.0 45.4 SC 32 17 15 - 7.2

WEB02393 WELD 2.0 58.7 CL 33 15 18 - 7.7
WEB02393 WELD 6.0 52.7 CL 37 16 21 - 6.4
WEB02393 WELD 12.0 66.4 CL 46 19 27 - 14.5
NUB02493 NUNN 2.0 58.8 CL 39 18 21 - 9.8
NUB02493 NUNN 6.0 56.7 CL 30 16 14 8.2
NUB02493 NUNN 12.0 63.2 CL 34 16 18 - 8.9
NUB02593 NUNN 2.0 57.2 CL 34 16 18 - 13.2
NUB02593 NUNN 6.0 50.7 CL 32 16 16 - 6.3
NUB02593 NUNN 16.0 53.3 CL 44 17 27 - 10.9
NUB02693 NUNN 2.0 71.4 CL 38 17 21 - 11.5
NUB02693 NUNN 6.0 63.7 CL 33 16 17 7.4
NUB02693 WBE[)ROCK 11.0 71.7 CL 44 18 26 13.7

NUB02693 WBEDROCK 15.0 28.2 SC 37 16 21 8.5
WEB02793 WELD 2.0 89.9 CL 48 20 28 - 13.1
WEB02793 WELD 6.0 53.5 CL 45 18 27 - 11.0
WEB02793 WELD 11.0 37.9 SC 50 is 35 - 9.1
WEB02793 WELD 16.0 45.6 SC 50 20 30 - 16.4
WEB02893 WELD 2.0 79.0 CL 39 19 20 - 10.9

21907 102010.6 Harding Lawson Associates I of 6
121512/1:5/96 TFP



Table 3.3 (continued)

Natural
Sample Percent Liquid Plastic Plasticity Dry Moisture

Boring Target Depth P * USCS soil Limit Limit index Density Content
Number Soil Unit (feeg No. 200 Sieve Classification ItLm. U% (961 --. kcD

=4
WEB02893 WELD 6.0 61.1 CL 38 16 22 8.5
VtrEB02893 WELD 11.0 61.1 CL 37 14 23 9.3 r
WEB02893 WELD 16.0 55.4 CL 42 is 27 8.6
WEB02893 WBEDROCK 20.0 62.2 CL 42 19 23 9.6
WEB02993 V= 2.0 76.8 CL 46 21 25 11.6
WEB02993 WELD 6.0 73.4 CL 37 16 21 ... 9.1
WEB02993 WELD 11.0 50.5 CL 37 16 21 10.1
WEB02993 W13EDROCK 16.0 87.8 CL 48 26 22 20.3
WEB03093 WELD 2.0 56.7 CL 37 20 17 8.5
WEB03093 WELD 6.0 46.6 SC 49 18 31 --- 8.4
WEB03093 WELD 11.0 29.5 SC 46 15 31 6.3
WEB03193 WELD 2.0 59.2 CL 49 21 28 9.3
WEB03193 WELD 6.0 47.3 SC 36 14 22 8.7
WEB03193 WELD 11.0 58.0 CH 52 17 35 11.7
WEB03293 WELD 2.0 75.9 CL 41 22 19 - 11"I
WEB03293 VV= 6.0 55.1 CL 47 22 25 - 12.9
VVEB03293 WELD 11.0 53.8 CL 47 17 30 - 10.6
BRB03393 BRESSER 8.0 14.9 SC 30 is 15 - 3.1
WEB03493 WELD 4.0 81.8 CH 52 21 31 14.0
WEB03493 WBEDROCK 16.0 91.3 CH 65 24 41 23.2
BRB03593 BRESSER 6.0 24.5 CL 30 17 13 --- 4.6
BRB03693 BRESSER 6.0 20.0 SC 25 17 8 3.8
BRB03793 BRESSER 6.0 45.7 SC 40 19 21 9.0
WEB03893 VVELI) 2.0 74.2 CL 38 20 18 10.3
WEB03893 WELD 6.0 51.0 CL 39 13 26 7.2
WEB03893 WBEDROCK 16.0 41.2 SC 36 21 15 9.6
WEB03993 WELX) 2.0 82.1 CL 48 22 26 10.1
WEB03993 W13EDROCK 12.5 86.9 CH 59 23 36 - 16.3
BRB04093 BRESSER 11.0 46.5 SC 38 17 21 - 7.6
BRB04193 BRESSER 4.0 30.0 SC 34 18 16 - 6.3
13RB04293 BRESSER 2.0 27.6 SC 36 18 18 - 4.7
BRB04393 BRESSER 6.0 10.1 SC 31 15 16 - 2.5
BRB04493 BRESSER 6.0 29.6 SC 28 17 11 5.4
WEB04593 WELD 2.0 49.7 SC 24 15 9 6.8
BRB04693 BRESSER 11.0 13.1 SC 31 15 16 2.5
BRB04793 BRESSER 6.0 48.6 SC 24 19 5 6.7
BRE04793 WBEDROCK 9.0 - SC - - - -
BRB04893 BRESSER 2.0 35.1 SC 34 17 17 5.3
VVEB04993 WELD 4.0 84.7 CL 31 20 11 - 12.4
VVEB04993 WELD 8.0 71.5 CL 41 19 22 91.0 10.2
WEB04993 WBEDROCK 12.0 45.9 SC 45 21 24 - 6.8
WEB04993 WBEDROCK 14.0 28.1 SC 47 18 29 - 5.1
WEB05093 WELD 4.0 76.7 CL 42 19 23 - 9.4
WEB05093 WELD 8.0 63.9 CL 40 22 18 - 8.2
WEB05093 WELD 12.0 57.2 CL 45 23 22 - 10.8
WEB05093 WELD 16.0 18.0 Sc 38 20 18 - 3.0
WEB05193 WELD 4.0 85.2 CL 42 19 23 - 25.1
WEB05193 WELD 8.0 72.5 CL 41 17 24 105.0 9.1
WEB05193 WELD 12.0 59.8 CL 55 24 31 - 5.9
WEB05293 WELD 4.0 77.4 CL 32 20 12 - 11.7
WEB05293 WELD 8.0 71.7 CH 54 24 30 - 11.4
WEB05293 WELD 12.0 63.6 CL 45 20 25 - 11.9
WEB05293 WBEDROCK 14.0 31.1 SC 49 19 30 - 7.8
WEB05393 WELD 4.0 74.0 CL 46 24 22 - 9.8
WEB05393 WELJ) 8.0 71.1 CL 43 21 22 - 8.8
WEB05393 Vanz 12.0 57.6 CL 46 20 26 - 10.6
WEB05393 WELD 16.0 27.2 SC 49 21 28 - 16.0
WEB05393 WBEDROCK 20.0 97.2 CH 69 26 43 - 24.9
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Table 3.3 (continued)

Natural
Sample Percent Liquid Plastic Plasticity Dry Moisture

Boring Target Depth Passing USCS Soil Limit Limit Index Density Content
Number Soil Unit V-t) No. 200 Sieve Classification (0/6) %

WEB05493 WELD 4.0 84.1 CL 40 21 19 10.0
WEB05493 WELD 8.0 60.9 CL 41 21 20 9.2
WEB05493 WELD 12.0 68.4 CL 33 16 17 9.1
WEB05493 WELD 16.0 23.0 SC 49 23 26 7.0
WEB05593 WELD 4.0 80.1 CH 50 22 28 12.3
WEB05593 WELD 8.0 69.2 CH 51 27 24 11.6
WEB05593 WBEDROCK 12.0 84.7 CL 46 19 27 101.0 14.4
VVEB05593 VVBEDROCK 16.0 82.3 CH 88 37 51 - 24.6
WEB05593 WBEDROCK 20.0 92.1 CH 72 33 39 - 20.7
VVEB05693 WELD 4.0 71.8 CL 39 19 20 - 15.3
WEB05693 WELD 8.0 53.7 CL 37 21 16 - 10.6
VVEB05693 WELD 12.0 47.2 SC 36 20 16 12.3
VVEB05693 WELD 16.0 30.6 SC 38 19 19 9.0
WEB05793 WELD 4.0 52.7 CL 39 23 16 11.6
WEB05793 WELD 8.0 59.7 CL 40 23 17 --- 11.4
VVEB05793 WELD 12.0 58.8 CL 49 zo 29 10.4
WEB05893 WELD 4.0 74.7 CL 44 20 24 -- 17.5
WEB05893 WBEDROCK 8.0 82.4 CH 53 21 32 100.0 15.1
WEB05893 WBEDROCK 12.0 96.9 CH 79 28 51 - 22.7
WEB05893 WBEDROCK 16.0 99.8 CH 71 27 44 21.0
WEB05993 WELD 4.0 63.1 CL 45 23 22 - 6.5
WEB05993 WELD 8.0 53.1 CL 43 17 26 105.0 10.6
WEB05993 WELD 12.0 40.7 SC 43 18 25 - 9.4
WEB05993 WBEDROCK 16.0 58.0 CL 43 20 23 - 11.2
WEB06093 WELD 4.0 75.3 CL 36 19 17 - 10.2
WEB06093 WELD 8.0 62.3 CL 36 19 17 - 9.5
WEB06093 WELD 12.0 42.7 SC 48 19 Z9 - 6.9
WEB06093 WBEDROCK 13.5 60.8 CH 55 20 35 - 12.6
WEB06193 WELD 4.0 84.3 CL 43 Z3 20 - 15.2
WEB06193 WELD 8.0 44.6 SC 49 19 30 6.2
V41MO6193 VVBEDROCK 10.5 61.2 ML 33 25 8 10.0
WEB06293 WELD 4.0 52.9 CL 34 19 15 7.0
WEB06293 WELD 8.0 66.8 CL 44 24 20 11.9
WEB06293 WELD 12.0 59.5 CL 45 24 21 8.9
WEB06293 WELD 16.0 11.6 SW-SM 30 23 7 2.5
WEB06393 WELD 4.0 61.4 CL 42 21 21 - 8.2
WEB06393 WELD 8.0 45.7 SC 43 20 23 107.0 10.5
WEB06393 WELD 12.0 22.5 SC 34 17 17 -- 4.4
WEB06393 WELD 16.0 4.5 SP 57 26 31 2.1
WEBO&493 WELD 4.0 59.8 CL 43 22 21 10.3
VVEM06493 WBEDROCK 8.0 57.0 CH 50 21 29 - 12.3
WEB06493 WBEDROCK 12.0 87.5 C-H 55 24 31 105.0 16.4
WEB06493 WBEDROCK 16.0 82.7 CL 39 21 18 -- 15.2
WEB06493 WBEDROCK 19.0 84.3 CH 63 28 35 17.8
WEB06593 WELD 4.0 70.5 CL 46 24 22 8.2
VM06593 WELD 8.0 27.3 SM 46 29 17 12.0
WEB06593 WELD 12.0 19.7 SC 48 27 21 6.0
WEE06593 WELD 16.0 76.7 CH 54 28 36 --- 25.7
WEB06693 WELD 4.0 64.2 CL 47 25 22 - 8.6
WEB06693 WELD 8.0 54.6 QL 36 20 16 108.0 7.8
WEB06693 WELD 12.0 63.2 CL 40 21 19 - 9.3
WEB06693 WELD 16.0 42.3 SM 39 29 10 6.6
VVEB06793 WELD 4.0 64.5 CL 41 20 21 - 21.2
VVEB06793 WELD 8.0 57.5 CL 44 22 22 - 10.0
VVEB06793 WELD 12.0 53.7 CL 43 25 18 - 8.9
VVEB06793 WELD 16.0 57.7 ML 44 30 14 - 13.3
VVEB06793 WELD 20.0 33.1 SM 44 34 10 - 9.6
WEB06893 WELD 4.0 84.0 CL 45 24 21 - 9.4
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Table 3.3 (continued)

Natural
Sample Percent Liquid Plastic Plasticity Dry Moisture

Boring Target Depth passing USCS Soil Limit Limit Index Density Content
Number Soil Unit (feeg No. 200 Sieve Classification L961 (96) 1961 (RED -jtL1-1

WEB06893 WELD 8.0 36.7 SC 42 17 25 8.2
WEB06893 WELD 12.0 30.4 SC 41 21 20 9.8
VVEB06893 WELD 15.0 7.9 SP-SC 63 25 38 4.0
WEB06993 WELD 4.0 83.1 CH 53 17 36 14.2
WEB06993 WELD 8.0 54.5 CL 39 20 19 10.7
WEB06993 WELD 12.0 50.7 CH 54 24 30 14.7
WEB06993 WELD 16.0 53.2 CL 31 17 14 13.0
WEB06993 WELD 18.0 20.5 Sc 46 23 23 - 5.3
WEB07093 WELD 4.0 90.6 CL 43 23 20 102.0 8.8
WEB07093 WELD 8.0 50.6 CL 37 20 17 - 10.6
WEB07093 WELD 12.0 50.1 CL 43 17 26 9.4
WEB07093 WELD 16.0 21.4 SC 45 20 25 - 6.8
WE1307193 WELD 4.0 68.8 CH 50 24 26 106.0 12.8
WEB07193 WELD 8.0 38.8 Sc 54 21 33 -- 6.3
WEB07193 WELD 12.0 32.2 Sc 42 19 23 6.1
VVEB07193 WELD 16.0 7.3 SP-Sc 77 22 55 3.3
WEB07293 VVELD 4.0 35.6 Sc 45 16 29 - 5.7
WEB07293 WELD 8.0 34.2 SC 31 20 11 111.0 5.7
WEB07293 WELD 12.0 48.9 Sc 36 19 17 - 18.6
WEB07293 WELD 16.0 30.5 Sc 40 18 22 16.6
WEB07393 WELD 4.0 56.8 CL 39 19 20 8.4
WEB07394 WELD 8.0 84.0 CL 32 18 14 --- 20.7
WEB07394 WELD 12.0 59.8 CL 35 22 13 24.9
WEB07493 WELD 4.0 60.3 CL 34 18 16 10.5
WEB07493 WELD 8.0 47.5 SC 40 is 25 8.8
WEB07493 WELD 12.0 38.6 SC 28 16 12 10.3
WEB07493 WELD 16.0 9.9 SW-SC 39 17 22 6.7
NUB07593 NUNN 4.0 79.3 CL 46 18 28 --- 16.0
NUB07593 NUNN 8.0 78.6 CL 45 21 24 101.0 12.7
NUB07593 NUNN 12.0 34.8 SC 49 22 27 - 7.3
NUB07593 NUNN 16.0 5.4 SP-SC 62 18 44 2.5
WEB07693 WELD 4.0 85.2 CL 49 21 28 - 8.8
WEB07693 WELD 8.0 68.3 CL 37 20 17 101.0 9.5
WEB07693 WELD 12.0 51.3 CL 49 21 28 - 9.0
WEB07693 WELD 16.0 44.4 SC 43 17 26 --- 9.9
WEB07793 WELD 4.0 54.8 CL 35 17 18 9.6
WEB07793 WELD 8.0 7.5 SP-SM 57 31 26 3.8
WEB07793 WELD 12.0 6.1 SP-SC 51 18 33 - 6.2
WEB07893 WELD 4.0 76.6 CL 41 19 22 106.0 22.1
WEB07893 WELD 6.0 34.5 SC 37 17 20 - 20.9
WEB07993 WELD 4.0 92.3 CL 43 24 19 - 15.5
WEB07993 WELD 8.0 78.7 CL 37 21 16 - 10.9
WEB07993 WELD 12.0 66.3 CL 42 21 21 - 11.7
WEB07993 WELD 16.0 62.4 CL 43 23 20 - 12.2
WEB08093 WELD 4.0 57.4 CL 43 20 23 112.0 16.5
WEB08093 WELD 8.0 37.5 SC 40 19 21 - 6.3
WEB08093 V= 12.0 54.3 CL 41 19 22 8.2
VVEB08093 WELD 16.0 51.6 CL 37 14 23 7.8
VVEB08093 WELD 20.0 82.3 CH 79 23 56 - 7.4
WEB08193 WELD 4.0 71.6 CL 37 20 17 103.0 7.9
WEB08193 WELD 8.0 51.1 CL 31 16 15 - 6.5
WEB08193 WELD 12.0 6.5 SP-SC 46 16 30 - 8.3
WEB08193 WELD 16.0 47.8 SC 41 22 19 - 7.2
WEB08193 WELD 20.0 43.7 SC 56 20 36 - 7.6
WEB08293 WELD 4.0 55.3 CL 36 20 16 104.0 12.9
WEB08293 WELD 8.0 38.9 SC 43 15 28 - 5.3
WEB08293 WELD 12.0 43.6 SC 46 16 30 8.4
WEB08293 WELD 16.0 54.9 CL 48 22 26 - 14.1
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Table 3.3 (continued)

Natural
Sample Percent liquid Plastic Plasticity Dry Moisture

Boring Target Depth Passing USCS Soil Limit Limit Index Density Content
Number Soil Unit (feeg No. 200 Sieve Classification 1%) N 1%) (Pcf)

VVEB08293 WELD 20.0 48.5 SC 34 20 14 11.0
WEB08393 WELD 4.0 48.5 SC 49 22 27 - 8.1
WEB08393 WELD 8.0 52.3 CL 31 16 15 106.0 8.0
VVEB08393 WELD 12.0 35.4 SC 35 18 17 - 11.5
WEB08393 WELD 16.0 53.8 CH 54 22 32 - 15.2
WEB08393 WELD 20.0 42.9 SC 50 24 26 - 13.7
WE308493 WELD 4.0 71.2 CL 31 17 14 - 11.8
VVEBO&493 WELD 8.0 57.5 CL 37 20 17 102.0 8.1
WEB08493 WELD 12.0 44.8 SC 40 21 19 - 8.7
WEB08493 WELD 16.0 60.1 CL 34 20 14 14:8
VVIM08493 WELD 20.0 42.8 SC 41 18 23 - 13.1
WEB08593 WELD 4.0 39.8 SC 30 19 11 - 10.1
WEB08593 WELD 8.0 63.5 CL 30 22 - 7.6
WEB08593 WELD 12.0 55.1 CL 30 18 12 - 7.1
WEB08593 VV= 16.0 34.4 SC 60 26 34 8.7
WEB08693 WELD 4.0 66.9 CL 48 20 28 -- 8.2
WEB08693 WELD 8.0 69.1 CL 33 17 16 103.0 9.4
WEB08693 WELD 12.0 59.4 CL 42 19 23 - 9.0
VIM08793 W= 4.0 54.3 CL 34 19 is - 8.8
WEB08793 WELD 8.0 29.5 SC-SM 28 22 6 - 5.3
VVEB08793 WELD 12.0 84.7 CH 51 23 28 - 12.5
WEB08793 WELD 15.0 79.7 CH 56 23 33 - 14.9
WEB08793 WELD 18.0 51.7 CH 54 16 38 - 10.9
WEB08893 WELD 4.0 40.7 SM 45 27 18 107.0 13.0
WEB08893 WELD 8.0 63.8 CL 45 23 22 - 9.9
WEB08893 WELD 12.0 72.7 CH 53 24 29 - 11.9
VVEB08893 WELD 16.0 75.4 CH 51 21 30 - 18.7
WEB08893 WELD 20.0 26.8 SC 45 21 24 - 8.8
VVEB08993 4.0 46.2 SC 36 20 16 - 6.1
WEB08993 W= 8.0 44.0 SC 32 17 15 7.7
WEB08993 WELD 12.0 30.3 SC 42 20 22 - 6.0
WEB08993 A= 16.0 36.3 SC 32 19 13 - 6.1
WEB09093 WELD 4.0 46.0 SC 41 20 21 - 6.0
WEB09093 WELD 8.0 55.7 CL 41 19 22 - 8.8
WEB09093 WELD 12.0 46.5 SC 38 22 16 - 13.3
WEB09093 V&-m 16.0 22.0 SC 42 17 25 - 6.7
WEB09193 WELD 4.0 83.4 CL 49 25 24 - 11.3
WEB09193 W= 8.0 74.1 CL 39 21 18 - 11.0
WEB09193 WELD 12.0 14.6 SC 35 20 15 - 3.9
WEB09193 W-= 14.0 8.8 SP 39 17 22 - 2.1
WEB09293 W= 4.0 78.6 CL 35 17 18 - 8.5
WEB09293 WELD 8.0 61.7 CH 52 23 29 - 12.3
WEB09293 WELD 12.0 35.2 SC 42 19 23 - 7.2
WEB09293 WELD 16.0 47.5 SC 49 23 26 - 9.4
WEB09293 WELD 20.0 46.5 SC 50 20 30 - 11.6
WEB09393 WELD 4.0 59.2 CL 43 22 21 - 10.8
WEB09393 WELD 8.0 53.3 CL 31 19 12 105.0 9.2
WEB09393 WELD 12.0 43.8 SC 36 22 14 - 5.8
WEB09393 WELD 17.0 40.8 SC 39 19 20 7.8
VVEB09493 WELD 4.0 83.6 CL 34 19 15 7.6
WEB09493 WELD 8.0 59.8 CL 31 15 16 7.2
WEB09493 WELD 12.0 36.0 SC 41 12 29 6.1
WEB09493 WELD 16.0 44.8 SC 31 16 15 7.0
WEB09593 WELD 4.0 45.3 SC 39 17 22 4.3
WEB09593 WELD 8.0 66.4 CL 33 18 15 9.2
VVEB09593 WELD 12.0 47.8 SC 33 19 14 12.4
WEB09593 WELD 16.0 72.8 CL 47 22 25 - 17.5
WE1309593 WELD 20.0 65.8 CL 44 21 23 103.0 18.0
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Table 3.3 (continued)

Natural
Sample Percent IAquid Plastic Plasticity Dry Moisture

Boring Target Depth Passing USCS Soil Limit Limit Index Density Content
Number Soil Unit ffeetý No. 200 Sieve Classification (96) 196) M (Pcfl 1%)

WEB09593 WELD 22.0 52.5 CL 48 20 28 19.4
VVEB09693 WELD 4.0 72.7 CL 39 20 19 15.5
WEB09693 WaD 8.0 75.4 CL 40 22 18 9.9
WEB09693 WELD 12.0 81.0 CL 48 23 25 5.6
WEB09693 WELD 16.0 17.5 SC 39 21 18 7.0
WEB09793 WELD 4.0 76.3 CL 43 24 19 9.6
WEE09793 WELD 8.0 54.5 CL 38 21 17 8.4
WEB09793 WELD 12.0 83.1 CL 39 17 22 7.9
VVEB09793 W= 16.0 48.5 SC 56 28 28 --- 19.9
WEB09793 WELD 20.0 39.8 SC 39 20 19 24.6
VVEB09893 WELD 4.0 84.3 CL 37 20 17 -- 10.8
WEB09893 WELD 8.0 79.3 CL 42 20 22 102.0 11.3
WEB09893 WaD 12.0 76.2 CH 52 25 27 - 15.3
WEB09893 WELD 16.0 55.4 CL 46 18 28 15.4

TSY09993 BERM 1.0 61.8 CL 34 22 12 11.2
TSY10093 BERM 1.0 43.8 SC 46 22 24 13.7
TSY10193 BERM 1.0 48.2 SC 44 22 22 - 14.5

Average 56.1 42 20 23 104.0 10.5

-- Not applicable, analysis not performed
0/0 Percent
BERM Storage Area berm material
BRESSER Bresser soil series
CH Inorganic clays of high plasticity
CL Inorganic clays of low to medium plasticity
ML Inorganic silts with slight plasticity
NUNN Nunn soil series
pcf Pounds per cubic foot
SC Clayey sand
Sm Silty sand
SP Poorly graded sand
SW Well graded sand
USCS Unified Soil Classification System
VV13EDROCK Weathered bedrock
WELD Weld soil series
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Appendix B

Tables 4.5 and 4.6

Final Landfill Report for the
Feasibility Study Soils Support Program

(Landfill FS Report)



Table 4.5: Particle Size, Atterberg Limits, and Moisture Content Results

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content* Limit# Index*

Number (feet) - (96) N K (%L USCS* USCS Description*

SABI1394 4.00 68.32 11.0 41 22 CL Brown sandy lean clay
SABI1394 8.00 52.64 9.9 45 29 CL Brown sandy lean clay
SA1311394 12.00 16.60 5.5 NA NA SM Brown silty sand
SAB11394 16.00 17.41 5.6 NA NA SM Brown silty sand
SAB11394 17.00 28.22 4.6 22 4 SC-SM Brown silty clayey sand
WEB11494 4.00 18.02 10.0 41 23 CL Brown sandy clay
WEB11494 8.00 62.32 10.1 41 24 CL Brown sandy lean clay
WEB11494 12.00 50.90 8.9 31 13 CL Brown sandy lean clay
WEB11494 16.00 69.50 14.1 42 24 CL Brown sandy lean clay
WEB11494 20.00 59.46 14.5 44 26 CL Brown sandy lean clay
WEB11494 24.00 35.92 10.7 40 24 SG Brown clayey sand
WEB11494 28.00 23.23 10.0 39 23 SC Brown clayey sand
WEB11494 29.60 27.65 7.4 58 36 SC Brown clayey sand
WEB1 1494 30.50 80.17 13.8 66 41 CH Brown fat clay with sand
WEB11494 31.00 98.11 21.7 72 47 CH Brown fat clay
WEB11494 31.50 99.08 20.9 69 43 CH Brown fat clay
WEB11494 32.50 92.87 21.9 75 50 CH Brown fat clay
WEB11494 33.00 82.70 17.8 55 37 CH Brown fat clay with sand
WEB11494 33.50 90.34 18.1 52 33 CH Brown fat clay
WEB11494 33.70 79.82 19.1 56 37 CH Brown fat clay with sand
ASB11594 4.00 69.20 11.3 40 22 CL Brown sandy lean clay
AS1311594 8.00 55.90 9.0 43 26 CL Light brown sandy clay
ASB11594 10.00 34.52 6.5 41 24 SC Brown clayey sand
ASB11594 16.00 14.77 5.9 NA NA SM Brown silty sand
ASBI1594 20.00 18.44 4.8 28 9 SC Brown clayey sand
ASB11594 24.00 31.65 3.8 28 10 sc Brown clayey sand
ASBI1594 27.00 16.96 4.5 30 11 SC Brown clayey sand
ASB11694 4.00 58.39 7.3 42 24 CL Brown sandy lean clay
ASB11694 8.00 22.63 3.8 40 17 SC Brown clayey sand
ASB11694 12.00 14.20 3.6 NA NA SM Brown silty sand
ASBI 1694 16.00 13.71 4.1 32 8 SM Brown silty sand
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Table 4.5 (contlnued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content # Limit # Index#

Number (feet) N N K N USCS* USCS Description*

ASB11694 20.00 18.31 4.9 34 16 SC Brown clayey sand
ASB11694 24.00 17.87 4.9 31 11 sc Brown clayey sand
ASB11694 28.00 52.45 16.0 54 36 CH Brown sandy fat clay
ASB11694 32.00 82.71 30.5 69 39 CH Brown fat clay with sand
ASB11694 36.00 68.37 17.5 56 39 CH Brown sandy fat clay
ASB11694 40.00 70.18 19.6 41 20 CL Brown lean clay with sand
SAB11794 4.00 56.15 10.3 57 37 CH Brown sandy fat clay
SAB11794 8.00 47.65 12.3 46 28 SC Brown clayey sand
SAB11794 12.00 47.30 10.8 36 20 SC Brown clayey sand
SAB11794 16.00 36.17 7.6 38 23 SC Brown clayey sand
SABI1794 20.00 25.11 8.0 39 23 SC Brown clayey sand with gravel
SAB11794 24.00 11.66 5.6 45 27 SP-SC Brown sand with clay
SAB11794 35.00 32.06 4.6 31 14 SC Brown clayey sand
SAB11794 40.00 36.38 6.8 31 15 SC Brown clayey sand
ASB11894 4.00 83.11 10.4 44 23 CL Brown lean clay with sand
ASB11894 8.00 61.15 9.4 43 24 CL Brown sandy lean clay
ASB11894 12.00 53.50 12.8 51 31 CH Brown sandy fat clay
ASB11894 16.00 58.61 17.7 57 31 CH Brown sandy fat clay
ASB11894 20.00 71.76 17.6 49 31 CL Brown lean clay with sand
ASB11894 24.00 84.52 18.0 48 31 CL Brown lean clay with sand
ASB11894 28.00 33.05 6,2 39 17 SC Brown clayey sand
ASB11894 32.00 37.89 5.5 45 29 SC Brown clayey sand
ASB11994 4.00 56.46 8.2 41 22 CL Brown sandy lean clay
ASB11994 8.00 58.37 7.7 42 24 CL Brown sandy lean clay
ASBI1994 12.00 36.32 4.0 38 20 SC Brown clayey sand
ASB11994 16.00 23.01 3.7 37 18 SC Brown clayey sand
ASB11994 20.00 20.18 4.1 40 21 SC Brown clayey sand
ASB11994 24.00 21.40 4.2 39 21 SC Brown clayey sand
ASB11994 28.00 19.10 4.8 35 17 SC Brown clayey sand
ASB11994 32.00 19.93 3.8 29 10 SC Brown clayey sand
ASBI1994 36.00 25.14 4.7 32 15 SC Brown clayey sand
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Table 4.5 jeontinued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content# Limit* Index#

Number (feet) N (96) (%) (96) USCS* USCS Description*

ASB11994 40.00 25.78 4.2 30 14 SC Brown clayey sand
ASB11994 44.00 48.27 14.6 42 25 SC Brown clayey sand
ASB11994 50.00 59.53 22.2 75 44 CH Brown sandy fat clay
ASB12094 4.00 69.45 7.8 32 8 ML Brown sandy silt
ASB12094 8.00 57.03 13.7 47 27 CL Brown sandy lean clay
ASB12094 12.00 58.92 12.9 44 24 CL Brown sandy lean clay
ASB12094 16.00 17.14 3.0 47 29 SC Brown clayey sand with gravel
ASB12094 20.00 11.48 1.9 NA NA SP-SM Brown sand with silt and gravel
ASB12094 24.00 8.25 1.6 NA NA SW-SM Brown sand with silt and gravel
ASB12094 28.00 16.67 4.2 NA NA SM Brown silty sand
ASB12094 32.00 28.67 4.2 39 20 SC Brown clayey sand
ASB12094 36.00 26.48 4.2 41 24 SC Brown clayey sand
ASB12094 40.00 23.15 4.0 42 24 SC Brown clayey sand
ASB12094 44.00 22.04 4.3 37 17 SC Brown clayey sand
ASB12094 48.00 26.23 5.3 40 22 SC Brown clayey sand
SAB12194 4.00 74.40 10.4 39 19 CL Brown lean clay with sand
SAB12194 8.00 56.05 7.8 39 24 CL Brown sandy lean clay
SAB12194 16.00 44.92 6.9 27 10 SC Brown clayey sand
SAB12194 20.00 67.65 9.5 44 27 CL Brown sandy lean clay
SABI2194 24.00 88.86 14.0 53 35 CH Brown fat clay
SAB12194 28.00 96.65 28.6 73 43 CH Brown fat clay
SAB12194 32.00 88.64 24.9 75 52 CH Brown fat clay
SAB12194 36.00 97.56 23.8 88 62 GH Brown fat clay
SAB12194 40.00 90.00 16.3 66 48 CH Brown fat clay
SAB12194 44.00 91.59 15.1 54 38 CH Brown fat clay
SAB12194 48.00 49.15 9.0 46 28 SC Brown clayey sand
SAB12294 4.00 71.08 10.0 38 17 CL Brown lean clay with sand
SAB12294 8.00 63.47 11.2 44 26 CL Brown sandy lean clay
SAB12294 12.00 52.59 11.6 48 31 CL Brown sandy lean clay
SAB12294 16.00 69.08 12.7 46 30 CL Brown sandy lean clay
SAB12294 20.00 53.15 8.6 44 28 CL Brown sandy lean clay
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Table 4.5 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Contene Limit* Index#

Number (feet) (96) (96) (96) (96) USCS* USCS Description*

SAB12294 24.00 29.36 4.0 37 20 SC Brown clayey sand
SAB12294 28.00 11.75 2.5 63 42 SP-SC Brown sand with clay and gravel
SAB12294 32.00 41.21 8.4 47 27 SC Brown clayey sand with gravel
SAB12294 36.00 93.55 22.0 50 35 CH Brown fat clay
SAB12294 40.00 93.88 20.7 75 49 CH Brown fat clay
SAB12294 44.00 94.71 20.3 72 53 CH Brown fat clay
SAB12294 48.00 83.87 16.0 56 43 CH Brown fat clay with sand
SAB12394 4.00 54.76 9.6 39 15 CL Brown sandy lean clay
SAB12394 8.00 59.21 10.2 50 31 CH Brown sandy fat clay
SAB12394 12.00 66.78 12.8 49 35 CL Brown sandy lean clay
SAB12394 16.00 49.68 12.6 56 38 SC Brown clayey sand
SAB12394 20.00 7.13 1.5 NA NA SW-SM Brown sand with silt
SAB12394 24.00 56.97 22.9 78 47 CH Brown sandy fat clay
SAB12394 28.00 63.60 21.3 60 34 CH Brown sandy fat clay
SAB12394 32.00 74.74 14.1 56 41 CH Brown fat clay with sand
SAB12394 36.00 86.08 16.3 64 47 CH Brown fat clay
SAB12394 40.00 70.00 13.6 49 33 CL Brown sandy lean clay
ASB12494 4.00 61.09 9.3 41 19 CL Brown sandy lean clay
ASB12494 8.00 41.94 5.3 32 14 SC Brown clayey sand
ASB12494 12.00 19.84 4.1 NA NA SM Brown silty sand
ASB12494 16.00 21.82 3.0 NA NA SM Brown silty sand
ASB12494 20.00 18.93 3.2 27 9 sic Brown clayey sand
ASB12494 28.00 19.09 3.5 28 7 SC-SM Brown silty clayey sand
ASB12494 32.00 19.55 3.2 36 18 SC Brown clayey sand
ASB12494 36.00 17.65 3.4 51 25 SC Brown clayey sand
ASB12494 40.00 19.92 3.4 40 21 SC Brown clayey sand
ASB12494 44.00 81.52 17.7 61 43 CH Brown fat clay with sand
ASB12494 48.00 91.64 17.4 65 46 CH Brown fat clay
ASB12594 COO 78,12 9.5 39 20 CL Brown lean clay with sand
ASB12594 8,010 56.54 7.3 32 18 CL Brown sandy lean clay
ASB12594 12.00 43.91 6.9 35 21 SC Brown clayey sand
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Table 4.5 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Contene Limie Index*

Number (feet) (%) (96) N USCS* USCS Description*

ASB12594 16.00 53.51 7.5 38 21 CL Brown sandy lean clay
ASB12594 20.00 69.84 11.1 42 24 C1, Brown sandy lean clay
ASB12594 24.00 72.35 16.7 60 41 CH Brown fat clay with sand
ASB12594 28.00 77.22 17.7 76 56 CH Brown fat clay with sand
ASB12594 32.00 83.93 18.0 94 75 CH Brown fat clay with sand
ASB12594 36.00 86.79 13.7 59 42 CH Brown fat clay
ASB12594 40.00 87.87 17.6 78 58 CH Brown fat clay
ASB12594 44.00 93.76 22.8 88 65 CH Brown fat clay
ASB12594 48.00 75.31 25.0 79 56 CH Brown fat clay with sand
SAB12694 4.00 49.63 8.8 35 18 SC Brown clayey sand
SAB12694 8.00 63.10 8.4 31 14 CL Brown sandy lean clay
SAB12694 12.00 59.06 10.6 37 19 CL Brown sandy lean clay
SAB1 2694 16.00 60.24 9.0 41 25 CL Brown sandy lean clay
SAB12694 20.00 71.31 11.2 44 27 CL Brown lean clay with sand
SAB12694 24.00 51.81 11.2 43 29 CL Brown sandy lean clay
SAB12694 28.00 53.27 14.5 52 35 CH Brown sandy fat clay
SAB12694 32.00 52.85 13.8 46 27 CL Brown sandy lean clay
SAB12694 36.00 53.16 14.5 55 36 CH Brown sandy fat clay
SAB12694 40.00 87.16 15.2 56 39 CH Brown fat clay
ASB12794 4.00 66.62 9.4 33 13 CL Brown sandy lean clay
ASB12794 8.00 50.78 9.0 33 14 CL Brown sandy lean clay
ASB12794 12.00 63.06 12.1 43 22 CL Brown sandy lean clay
ASB12794 16.00 88.10 20.6 71 46 CH Brown fat clay
ASB12794 20.00 56.38 9.4 35 18 CL Brown sandy lean clay
ASB12794 24.00 59.73 8.8 30 14 CL Brown sandy lean clay
ASB12794 28.00 81.03 9.2 36 18 CL Brown lean clay with sand
ASB12794 32.00 72.05 12.1 48 31 CL Brown lean clay with sand
ASB12794 36.00 97.67 19.6 77 51 CH Brown fat clay
ASB12794 40.00 88.65 11.3 48 31 CL Brown lean clay
ASB12794 44.00 86.93 12.2 57 39 CH Brown fat clay
ASB12794 48.00 86.71 19.4 88 67 CH Brown fat clay
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Table 4.5 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Contene Lirnit* Index#

Number (feet) N W N N USCS* USCS Description*

SAB12894 4.00 54.39 7.5 31 14 CL Brown sandy lean clay
SAB12894 8.00 56.11 6.8 34 18 CL Brown sandy lean clay
SAB12894 12.00 44.80 9.2 33 17 SC Brown clayey sand
SAB12894 16.00 42.14 9.6 37 23 SC Brown clayey sand
SAB12894 20.00 57.44 12.0 37 22 CL Brown sandy lean clay
SAB12894 24.00 51.40 11.9 36 20 CL Brown sandy lean clay
SAB12894 28.00 51.35 12.4 35 19 CL Brown sandy lean clay
SAB12894 32.00 64.28 14.7 39 25 CL Brown sandy lean clay
SAB12894 36.50 89.41 20.8 50 31 CH Brown fat clay
SAB12894 40.00 63.01 17.5 44 24 CL Brown sandy lean clay
SAB12894 44.00 29.82 13.0 47 23 SC Brown clayey sand
SAB12894 48.00 7.61 4.5 NA NA SP-SM Brown sand with silt
BRB12994 4.00 49.45 8.3 34 16 SC Brown clayey sand
BRB12994 8.00 52.67 11.5 32 16 CL Brown sandy lean clay
BRB12994 12.00 37.67 13.0 51 30 SC Brown clayey sand
BRB12994 16.00 39.73 9.1 41 26 SC Brown clayey sand
BRB12994 20.00 62.02 9.2 37 22 CL Brown sandy lean clay
BRB12994 24.00 47.16 10.0 44 20 SC Brown clayey sand
BRB12994 28.00 24.88 5.6 41 24 SC Brown clayey sand
BRB12994 32.00 32.03 4.2 27 9 SC Brown clayey sand
BRB12994 36.00 50.76 10.3 45 31 CL Brown sandy lean clay
BRB12994 40.00 77.48 18.7 46 25 CL Brown lean clay with sand
BRB12994 44.00 49.90 19.5 28 8 SC Brown clayey sand
BRB12994 48.00 54.29 26.3 48 30 CL Brown sandy lean clay
BRB13094 4.00 28.19 5.6 26 5 SC-SM Brown silty clayey sand
BRB13094 8.00 58.72 7.4 33 14 CL Brown sandy lean clay
BRB13094 12.00 36.96 6.2 41 23 SC Brown clayey sand
BRB13094 16.00 44.23 11.0 48 25 SC Brown clayey sand
BRB13094 20.00 39.83 9.7 48 30 SC Brown clayey sand
BRB13094 24.00 53.29 11.2 42 27 CL Brown sandy lean clay
BRB13094 28.00 81.28 10.4 50 34 CH Brown fat clay with sand
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Table 4.5 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content# Limit* Index*

Number (feet) (0/6) N (0/0) USCS* USCS Description*

BRB13094 32.00 62.33 12.3 50 33 CH Brown sandy fat clay
BRB13094 36.00 64.80 11.1 53 37 CH Brown sandy fat clay
BRB13094 40.00 87.48 20.7 71 48 CH Brown fat clay
BRB13094 44.00 88.09 11.9 55 38 CH Brown fat clay
SAB13194 4.00 48.53 8.6 34 15 Sc Brown clayey sand
SAB13194 8.00 76.01 7.8 34 14 CL Brown lean clay with sand
SAB13194 12.00 59.01 6.2 27 11 CL Brown sandy lean clay
SAB13194 16.00 62.24 8.7 38 21 CL Brown sandy lean clay
SAB13194 20.00 64.77 9.4 41 21 CL Brown sandy lean clay
SAB13194 24.00 68.10 9.8 38 19 CL Brown sandy lean clay
SAB13194 28.00 63.11 10.4 42 22 CL Brown sandy lean clay
SAB13194 30.00 54.85 8.3 40 21 CL Brown sandy lean clay
SAB13194 36.00 57.69 9.9 44 25 CL Brown sandy lean clay
SAB13194 37.00 97.11 15.7 50 32 CH Brown fat clay
SAB13194 40.00 77.73 16.5 68 46 CH Brown fat clay with sand
SAB13194 44.00 84.72 17.6 77 56 CH Brown fat clay with sand
SAB13194 48.00 85.98 14.2 64 47 CH Brown fat clay
ASB13294 4.00 54.09 8.6 33 15 CL Brown sandy lean clay
ASB13294 8.00 60.12 9.1 34 12 CL Brown sandy lean clay
ASB13294 12.00 48.56 9.9 48 28 SC Brown clayey sand
ASB13294 16.00 56.18 7.1 38 23 CL Brown sandy lean clay
ASB13294 20.00 39.92 8.1 53 36 SC Brown clayey sand with gravel
ASB13294 24.00 46.20 10.6 59 37 SC Brown clayey sand with gravel
ASB13294 28.00 80.19 15.3 45 29 CL Brown lean clay with sand
ASB13294 32.00 69.63 17.4 62 42 CH Brown sandy fat clay
ASB13294 36.00 84.74 19.1 75 52 CH Brown fat clay with sand
ASB13294 40.00 68.88 13.3 51 32 CH Brown sandy fat clay
ASB13294 44.00 73.58 14.0 54 36 CH Brown fat clay with sand
ASB13294 48.00 84.87 17.6 76 51 CH Brown fat clay with sand
ASB13394 4.00 65.36 8.7 32 16 CL Brown sandy lean clay
ASB13394 8.00 58.14 7.8 33 17 CL Brown sandy lean clay
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Table 4.5 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content* Limit# Index#

Number (feet) N (96) (96) (96) USCS* USCS Description*

ASB13394 12.00 50.01 6.9 28 13 CL Brown sandy lean clay
ASB13394 16.00 50.50 8.2 33 19 CL Brown sandy lean clay
ASB13394 20.00 35.23 4.6 30 15 SC Brown clayey sand with gravel
ASB13394 24.00 64.61 6.8 41 25 CL Brown sandy lean clay
ASB13394 28.00 58.54 7.0 38 23 CL Brown sandy lean clay
ASB13394 32.00 41.11 8.0 53 37 SC Brown clayey sand
ASB13394 36.00 61.52 11.1 58 41 CH Brown sandy fat clay
ASB13394 40.00 79.07 15.2 55 36 CH Brown fat clay with sand
ASB13394 44.00 78.99 15.8 55 34 CH Brown fat clay with sand
ASB13394 48.00 93.00 19.6 40 19 CL Brown lean clay
BRB13494 4.00 63.11 6.7 30 9 CL Brown sandy lean clay
BRB13494 8.00 61.48 6.9 31 12 CL Brown sandy lean clay
BRB13494 12.00 37.61 6.3 34 17 SC Brown clayey sand
BRB13494 16.00 31.31 5.8 33 17 SC Brown clayey sand
BRB13494 20.00 39.79 9.3 32 14 SC Brown clayey sand
BRB13494 24.00 51.87 11.8 34 15 CL Brown sandy lean clay
BRB13494 28.00 41.86 11.0 32 14 SC Brown clayey sand
BRB13494 32.00 38.17 10.4 35 17 SC Brown clayey sand
BRB13494 36.00 46.35 13.8 30 10 SC Brown clayey sand
BRB13494 40.00 52.76 14.6 38 20 CL Brown sandy lean clay
BRB13494 44.00 83.25 19.8 49 29 CL Brown lean clay with sand
BRB13494 48.00 80.72 22.2 49 28 CL Brown lean clay with sand
BRB13494 50.00 68.87 26.2 47 26 CL Brown sandy lean clay
BRB13594 4.00 34.83 6.0 36 17 SC Brown clayey sand
BRB13594 8.00 50.01 5.8 28 12 CL Brown sandy lean clay
BRB13594 12.00 50.95 7.3 35 16 CL Brown sandy lean clay
BRB13594 16.00 51.14 7.4 37 20 CL Brown sandy lean clay
BRB13594 20.00 48.06 8.1 43 25 SC Brown clayey sand
BRB13594 24.00 54.00 9.4 48 31 CL Brown sandy lean clay
BRB13594 28.00 59.96 8.3 39 20 CL Brown sandy lean clay
BRB13594 32.00 59.79 12.1 54 31 CH Brown sandy fat clay
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Table 4.5 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Contene Limie Index*

Number (feet) (0/6) N N USCS* USCS Description*

BRB13594 36.00 61.48 NA NA NA CH Brown sandy fat clay
BRB13594 40.00 19.87 7.2 46 24 SC Brown clayey sand
BRB13594 42.00 34.77 14.0 48 30 SC Brown clayey sand
BRB13694 4.00 32.90 5.1 48 30 SC Brown clayey sand
BRB13694 8.00 52.38 5.7 32 16 CL Brown sandy lean clay
BRB13694 12.00 67.27 6.9 32 15 CL Brown sandy lean clay
BRB13694 16.00 65.17 8.3 39 23 CL Brown sandy lean clay
BRB13694 20.00 51.51 10.2 41 26 CL Brown sandy lean clay
BRB13694 24.00 53.20 9.1 33 20 CL Brown sandy lean clay
BRB13694 28.00 65.67 9.1 43 28 CL Brown sandy lean clay
BRB13694 32.00 91.81 12.3 44 24 CL Brown lean clay
BRB13694 36.00 86.98 16.9 58 37 CH Brown fat clay
BRB13694 40.00 98.44 18.3 68 46 CH Brown fat clay
BRB13694 44.00 96.86 19.6 69 47 CH Brown fat clay
BRB13694 48.00 97.48 20.8 77 56 CH Brown fat clay
BRB13794 4.00 41.85 6.8 30 11 SC Brown clayey sand
BRB13794 8.00 51.82 5.3 31 15 CL Brown sandy lean clay
BRB13794 12.00 51.90 6.7 30 14 CL Brown sandy lean clay
BRB13794 16.00 47.29 9.2 39 22 SC Brown clayey sand
BRB13794 20.00 49.33 8.9 40 20 SC Brown clayey sand
BRB13794 24.00 63.14 12.6 48 28 CL Brown sandy lean clay
BRB13794 28.00 96.02 20.7 82 55 CH Brown fat clay
BRB13794 32.00 86.34 20.0 77 52 CH Brown fat clay
BRB13794 36.00 94.42 15.3 61 41 CH Brown fat clay
BRB13794 40.00 97.38 8.2 58 38 CH Brown fat clay
BRB13794 44.00 95.12 13.7 59 42 CH Brown fat clay
BRB13794 48.00 96.57 14.9 58 38 CH Brown fat clay
BRB13894 4.00 52.81 8.7 34 15 CL Brown sandy lean clay
BRB13894 8.00 66.23 6.9 31 11 CL Brown sandy lean clay
BRB13894 12.00 40.29 7.0 33 16 SC Brown clayey sand
BRB13894 16.00 44.22 6.9 36 18 SC Brown clayey sand
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Table 4.5 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content* Limit* Index*

Number (feet) N K N USCS* USCS Description*

BRB13894 20.00 46.64 7.4 30 11 sc Brown clayey sand
BRB13894 24.00 39.71 7.2 33 16 SC Brown clayey sand
BRB13894 28.00 53.46 11.2 37 21 CL Brown sandy lean clay
BRB13894 32.00 52.54 10.9 41 26 CL Brown sandy lean clay
BRB13894 36.00 93.72 21.6 53 31 CH Brown fat clay
BRB13894 40.00 77.81 21.3 50 30 CH Brown fat clay with sand
BRB13894 44.00 17.41 7.4 41 22 SC Brown clayey sand
BRB13894 48.00 24.39 10.2 46 27 SC Brown clayey sand
WEB13994 4.00 24.77 4.3 30 12 SC Brown clayey sand
WEB13994 8.00 22.38 3.8 NA NA SM Brown silty sand
WEB13994 12.00 40.83 4.8 25 8 SC Brown clayey sand
WEB13994 16.00 49.93 10.2 38 20 SC Brown clayey sand
WEB13994 20.00 58.84 10.9 36 17 CL Brown sandy lean clay
WEB13994 24.00 63.51 12.6 39 22 CL Brown sandy lean clay
WEB13994 28.00 64.98 15.2 37 20 CL Brown sandy lean clay
WEB13994 32.00 36.79 12.0 40 19 SC Brown clayey sand with gravel
WEB13994 36.00 89.95 15.9 50 28 CH Brown fat clay
WEB13994 40.00 93.77 19.4 57 38 CH Brown fat clay
WEB13994 44.00 96.96 17.8 57 39 CH Brown fat clay
WEB13994 48.00 91.88 18.0 54 36 CH Brown fat clay
BRB14094 4.00 27.95 5.7 33 17 SC Brown clayey sand
BRB14094 8.00 23.17 4.0 29 14 SC Brown clayey sand
BRB14094 12.00 40.84 9.8 35 15 SC Brown clayey sand
BRB14094 16.00 32.10 5.6 29 20 SC Brown clayey sand
BRB14094 20.00 60.96 30.1 69 29 MH Brown sandy elas. silt
BRB14094 22.00 37.72 27.1 61 27 SM Brown silty sand
BRB14094 24.00 78.66 29.5 82 53 CH Brown fat clay with sand
BRB14094 28.00 86.52 31.9 95 61 CH Brown fat clay
BRB14094 32.00 85.88 32.9 101 71 CH Brown fat clay
BRB14094 36.00 81.14 31.7 100 69 CH Brown fat clay with sand
BRB14094 40.00 81.05 21.1 77 55 CH Brown fat clay with sand
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Table 4.5 1continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content# Limit# Index#

Number (feet) N N (9110) N USCS* USCS Description*

BRB14094 44.00 75.23 20.5 64 44 CH Brown fat clay with sand
BRB14094 48.00 79.45 20.3 78 55 CH Brown fat clay with sand
BRB14194 4.00 41.33 5.5 30 9 SC Brown clayey sand
BRB14194 8.00 46.13 5.4 30 11 SC Brown clayey sand
BRB14194 12.00 62.50 9.0 31 13 CL Brown sandy lean clay
BRB14194 16.00 47.40 7.9 37 20 SC Brown clayey sand
BRB14194 20.00 44.35 6.7 32 14 SC Brown clayey sand
BRB14194 24.00 45.45 7.2 35 19 SC Brown clayey sand
BRB14194 28.00 67.00 21.9 61 31 CH Brown sandy fat clay
BRB14194 32.00 59.70 17.2 60 40 GH Brown sandy fat clay
BRB14194 36.00 63.68 15.2 59 45 CH Brown sandy fat clay
BRB14194 40.00 56.80 17.3 37 21 CL Brown sandy lean clay
BRB14194 44.00 82.54 18.2 59 41 CH Brown fat clay with sand
BRB14194 48.00 71.19 17.3 51 35 CH Brown fat clay with sand
BRB14294 4.00 49.89 6.7 35 17 SC Brown clayey sand
BRB14294 8.00 56.66 8.5 37 20 CL Brown sandy lean clay
BRB14294 12.00 70.74 10.7 55 28 CH Brown fat clay with sand
BRB14294 16.00 67.27 11.1 36 20 CL Brown sandy lean clay
BRB14294 20.00 53.04 11.1 41 23 CL Brown sandy lean clay
BRB14294 24.00 56.02 13.7 48 28 CL Brown sandy lean clay
BRB14294 27.50 74.97 18.1 49 23 CL Brown lean clay with sand
BRB14294 32.00 58.63 16.9 48 22 CL Brown sandy lean clay
BRB14294 36.00 53.83 17.9 51 29 CH Brown sandy fat clay
BRB14294 40.00 48.86 18.4 52 27 SC Brown clayey sand
BRB14294 44.00 38.40 13.8 40 20 SC Brown clayey sand
BRB14294 48.00 48.90 18.3 40 21 SC Brown clayey sand
BRB14294 50.00 46.64 27.3 55 31 SG Brown clayey sand
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Table 4.5 (continued)

0/6 Percent
ASTM American Society for Testing and Materials
NA Not analyzed
USCS Unified Soil Classification System

* ASTM D 422
# ASTM D 4318
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Table 4.6: Compaction, Permeability, Shrink, and Swell Results

Optimum Moisture Maximum Permeability Permeability d Swell Organic
Boring Sample Depth Contenta Dry Densityý at 90 percenf at 95 percent' Shrinkage Pressure' Contene

Number (feet) N (Pco (cm/s) (cm/s) N . (pso N

WEB11494 4.00 18.4 102.2 1.31 x 10-' 1.54 x 10-' 14.4 35.3 3.4
ASB11594 8.00 15.0 109.7 2.14 x 10-' 5.42 x 10" 42.0 67.5 2.2
ASB11694 4.00 17.1 105.8 5.11 x 10 .7 7.81 X 10-7 13.6 35.8 3.3
SA131 1794 12.00 12.5 117.4 1.66 x 10 .7 7.92 x 10-' 42.1 117.4 1.3
ASB11894 8.00 14.0 112.4 6.29 x 10 .8 3.58 x 10-' 12.9 26.2 2.5
ASB11994 8.00 15.2 109.6 7.20 x 10'a 1.11 x 10' 16.3 41.2 1.6
ASB12094 8.00 15.1 111.3 2.54 x 10 .8 1.10 x 1 .7 12.8 40.6 1.8
SAB12194 8.00 15.3 111.8 8.37 x 10 .8 4.47 x 10-' 13.2 43.1 1.9
SAB12294 20.00 17.0 110.2 5.28 x ()-7 3.03 X 10-7 11.6 88.1 1.6
SAB12394 8.00 18.7 104.0 1.76B x 10-' 1.38 x 10-6 14.2 79.4 2.0
ASB12494 4.00 17.8 105.9 2.80 x 10-' 1.67 x 10-' 14.5 50.2 2.2
ASB12594 8.00 14.4 114.7 1.08 X 10-7 7.64 x 10-' 14.8 113.8 1.9
SAB12694 16.00 15.3 113.9 6.77 x 10-' 5.00 x 10-' 13.7 136.2 1.7
ASB12794 4.00 15.5 111.8 3.70 x 10-' 1.54 x 10" 14.8 27.8 2.9
SAB12894 16.00 14A 115.1 5.47 x 10-' 2.61 x 10-' 13,0 30.7 1.6
BRB12994 4.00 13.5 115.8 6.09 x 10-' 8.16 x 10" 14.2 50.5 1.9
BRB13094 24.00 16.4 113.2 1.70 x 10-7 1.34 X 10-' 41.8 23.1 1.8
SAB13194 12.00 14.2 114.7 1.98 x 10 .5 2.39 x 10 -5 13.2 38.3 1.3
ASB13294 8.00 15.8 110.5 3.89 x ()-7 4,9rj X (),7 14.6 161.6 1.5
ASB13394 4.00 15.3 110.2 7.18 x 10-' 4.01 x 10-' 18.4 27.8 2.2
BRB13494 4.00 17.2 103.9 3.66 x 10-' 2.08 x 10-' 23.3 35.7 4.5
BRB13594 12.00 14.2 114.9 1.43 x 107 1.16 x 10-7 16.6 63.5 1.4
BRB13694 16.00 15.1 111.0 4.74 x 10-' 2.55 x 10-' 12.4 56.2 1.9
BRB13794 8.00 12.3 117.6 8.05 x 10 2.30 x 10-' 15.1 46.7 1.3
BRB13894 12.00 14.6 112.7 8.24 x 10-' 3.96 x 10'8 17.1 29.3 1.5
WEB13994 20.00 16.0 110.7 5.46 x 10-' 4.51 x 10-' 13.5 312.1 1.9
BRB14094 16.00 13.2 115.7 1.17 x 10-7 8.02 x 10-' 13.0 27.8 1.3
BRB14194 4.00 13.8 114.2 4.42 x 10-' 3.42 x 10 .8 15.2 58.8 8.8
BRB14294 20.00 17.6 106.1 2,73 x 10 a 1.38 x 10-' 15.8 20.8 2.0
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Table 4.6 (continued)

Percent
ASTM American Society for Testing and Materials
pcf Pounds per cubic foot
cm/s Centimeters per second
psf Pounds per square foot

a. ASTM D 2216
b. ASTM D 698
C. EM 1110-2-19096
d. ASTM D 427
e. ASTM D 4546
f. ASTM D 2974
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Appendix C

Tables T-3 Through T-6

Final Geotechnical Investigation Report
(Subsurface Report)



TABLE T-3
PROCTOR CURVE SUMMARY INFORMAnON

FOR POTENTIAL LOW PERMEABILITY SOIL TYPES

Standard Proctor Modified Proctor
Test Pit Sample USCS, (ASTM D 698) (ASTM D 1557)
Number Depth (feet) Classification ydm.: (PCO U,.Pýl ydm2 (PCO U)_.Pý3

PT250009
and 2-4.5 Lean Clay with 100.9 20.8 111.8 15.5

PT250011 Sand (CL)
Composite
PT250012

and 2-4 Sandy Lean Clay 110.6 15.7 120.2 12.0
PT250016 (CL)
Composite

PT250011 13-15 Weathered
Composite 19.5-21 Claystone -with 95.1 24.3 105.7 19.0

Shale (CH)
Weathered

PT250008 18-19 Claystone/Shale 100.4 20.8 109.8 16.7
(CL) I

Weathered
PT250008 19-20 Claystone with 106.8 17.7 114.4 14.1

Sand L)
Notes:

1. Unified Soil Classification System
2. Maximum dry unit weight in pounds per cubic foot
3. Optimum moisture content in percent

TABLE T-4
ENGINEERING PROPERTIES

OF POTENTIAL LOW PERMEABILITY SOIL TYPES

USCS, Atterbe Limits- Percent Passing
Classification Desc Lý! ion. Liquid Limit Plasticity Index No. 200 Sieve

CL Lean Clay with 42 26 85
Sand (Alluvial)

CL Sandy Lean Clay 32 18 58
(Alluvial)

Weathered
CH Claystone with 77 59 85

Shale (Bedrock)
Weathered

CL Claystone/Shale 49 31 95
mixture (Bedrock)

Weathered
CL Claystone with 39 22 76

Sand (Bedrock)

Notes:
1. Unified Soil Classification System
2. Atterberg Limits expressed as percent moisture content.



TABLE T-5
HYDRAULIC CONDUCTMTY TEST RESULTS

OF POTENTLkL LOW PERNIE"HITY SOIL TYPES

Moisture
Sample Content relative Hydraulic

Test Pit Depth Maximum to Optimum 3 ConductiviVY4

Number (feet) USCS, Classification Density2 L%) (Cm/s)

90 % of +1.3 3.70 x 10-'
PT250009 Standard +2.9 5.02 x le

and 2-4.5 Lean Clay with Sand +6.1 8.56 x 104
PT250011 (CL) 90 % of +0.6 1.50 x Ir
Composit Modified +0. 6.30 x 10"'

+ 4.9 1.01 x 10-/
+ 1.1 4.07 x 10 :7

90 % of +0.4 8.13 x 10-'
PT250012 Standard +3.0 1.34 x 107'

and 2-4 Sandy Lean Clay +5.1 3.16 x le
PT250016 (CL) +5.2 1.58 x le
Composite 90 % of +0.5 2.52 x 10:9

Modified +3.9 2.24 x I(Y'
+5.3 5.70 x le
+13 7.91 x 10-'
+2.2 1.28 x 10-4

PT250011 Weathered Claystone 90 % of +2.5 2.08 x 10-3

Composite 13-21 with Shale Standard +5.5 8.86 x 10'
(CH) +6.2 2.26 x I W

90 % Of -0.5 5.47 x 1076
Modified +3.0 1.63 x 10*'

Notes:
1. Unified Soil Classification System
2. Standard and modified pertain to ASTM D 698 and ASTM D 1557 maximum laboratory density,

respectively
3. A "plus" moisture content indicates wet of optimum. A 'minus' moisture content indicates dry of

optimum.
4. Hydraulic conductivity determined in accordance with ASTM D 5084.



TABLE T-6
COMPARISON OF ALLUVIAL CLAY SOILS

CAMU Area Soil Borings and Piezometers
Exploration Sample USCS4

75=C S Atterbe Limits' % Passing
Number Number Depth' Classification Liquid Limit Plasticity Index No. 200 Sieve

BR250023 D-2 3.0-4.0 Lean Clay 38 21
D-3 9.5-10.0 Sandy Lean Clay 38 77 57
D-7 15.5-16.0 S y Lean Clay 41 27 61

BR250024 D-1 0.5-1.0 Lean Clay 38 21
D-2 4.0-4.5 Lean Clay 38 21
D-4 11.0-11.5 Lean Clay w/ Sand 39 19 80
D-5 13.0-14.0 Sandy Lean Clay 41 27 61
D-6 17.0-17.5 Sandy Lean Clay 38 22 57

BR250025 D-1 0.5-1.0 Sandy Lean Clay 38 23 65
BR250026 D-2 4.0-5.0 Lean Clay w/ Sand 31 16 70
BR250028 D-1 0.5-1.0 Lean Clay -wl Sand 40 18 70

D-2 3.5-4.0 Sandy Lean Clay 26 12 55
D-3 6.0-6.5 Sandy Lean Clay 42 24 57
D-4 11.0-12.0 Lean Clav w/ Sand 41 23 71

BR250029 D-i 1.3-2.0 Sandy Lean Clay 34 21 66
D-2 3.0-4.0 Lean Clay 38 22 91
D-3 6.0-7.0 Sandy Lean Clay 29 16 57

BR25OC31 D-1 1.0-2.0 Sandy Lean Clay 34 is 70
D-2 5.0-6.5 Sandy Lean Clay 46 30 56
D-3 12.5-13.5 Sandy Lean C ay 43 28 56

BR250033 D-1 1.2-1.7 Sandy Lean Clay 36 21 72
D-2 4.0-4.5 Sandy Lean Clay 30 10 51

BR250034 D-2 0.5-1.0 Sandy Lean Clay 37 22 70
BR250035 D-1 0.5-1.1 Sandy Lean Clay 36 22 59
BR250036 D-3 12.5-13.0 Sandy Lean Clay 45 28 70

D-4 13.5-14.0 Sandy Lean Clay 42 26 60
BR250037 D-i 3.0-4.0 Sandy Lean Clay 25 12 52

D-2 5.0-6.5 Sandy Lean Clay 32 19 52
D-3 7.5-8.0 Sandy Lean Clay 36 23 53

BR2-50038 D-1 0.5-0.9 Sandy Lean Clay 34 19 66
D-2 0.9-2.0 Lean Clay w/ Sand 36 23 75
D-3 5.0-6.5 Sandy Lean Clay 34 21 50

BR250039 D-2 2.0-2.5 Lean Clay 37 20
BR250040 D-i 0.5-1.0 Lean Clay w/ Sand 46 26 77
BR250042 D-4 13.5-13.5 Sandy Lean Clay 34 19 51
BR250045 D-2 3.5-4.0 Sandy Lean Clay 30 16 59
BR2150047 D-4 10.0-11.0 Sandy Lean Clay 36 23 54

D-7 20.0-21.0 Sandy Lean Clay 40 23 58
BR250048 D-2 1.4-2.0 Sandy Lean Clay 33 19 63
BR260134 D-5 10.7-11.5 Lean Clay 36 21 88

D-6 15.0-16.5 Sandy Lean Clay 34 18 52
D-8 20.0-21.5 Sandy Lean Clay 41 23 58

BR260135 D-5 10.0-11.5 Lean Clay w/ Sand 32 16 84
D-6 13.0-14.0 Lean Clay 36 20 88
D-7 15.0-16.5 Sandy Lean Clay 36 21 69
D-8 20.0-21.5 Sandy Lean Clay 37 21 60

D-11 27.5-29.0 Lean Clay w/ Sand 47 28 70
BR260136 D-1 0.5-2.0 Sandy Lean Clay 31 18 62

D 4 8.5- 9.5 1 Sandy Lean Clay 40 22 64

Notes:
1. Deptli measured in feet below ground surface.
2. Unified Soil Classification System
3. Atterberg Limits expressed as percent moisture content.



TABLE T-6 (continued)
COMTARISON OF ALLUVIAL CLAY SOILS

CAMU Area Test Pits
Exploration Sample USCS 2 Atterb Limits' % Passing

Number Number D22th' Classification Liquid Limit Plasticýa Index No. 200 Sieve

PT250001 D-2 8.0-10.0 Lean Clay 35 19
D-3 14.0-16.0 Sandy Lean Clay 32 20 51
D-4 17.5-18.5 Sandy Lean Clay 31 13 60

PT250003 D-1 0.5-1.0 Sandy Lean Clay 36 22 67
D-5 10.0-10.5 Sandy Lean Clay 36 22 60
D-6 11.0-11.5 Lean Clay w/ Sand 47 26 77

PT250009 D-1 3.5-4.5 Lean Clay 4-4 25 87
D-2 5.0-6.0 Sandy Lean Clay 34 15 70
D-3 7.5-8.0 Sandy Lean Clay 38 17 65
D-4 14.0-15.0 Sandy Lean Clay 36 19 65

PT250011 D-3 10.0-11.0 Sandy Lean Clay 36 21 59

PT250012 D-1 Oý2 10- 1 Clay w/ Sand 36 19 74
D-4 10. 0.: Lean Clay 36 17 85
D-5 11.5-12.0 Lean Clay 38 19 83

PT250013 D-1 5.0-6.0 Sandy Lean Clay 30 14 51

PT250015 D-2 6.5-7.5 Sandy Lean Clay 32 16 61
D-4 12.0-13.0 Sandy Lean Clay 32 19

,ý 0ý016 D-4 6.0-6.5 San !ýz Lem Cl!z 41 18

Notes:

1. Depth measured in feet below ground surface.

2. Unified Soil Classification System

3. Atterberg Limits expressed as percent moisture content.



TABLE T-6 (continued)
COWARISON OF ALLUVLkL CLAY SOIELS

Borrow Area 5 Test Pits
Exploration Sample USCS" Atterbe Limits' % Passing

Number Number De2th' Classification Liquid Limit P .1ýý dex No. 200 Sieve
PT240001 D-2 1.2-1.7 Lean Clay w/ Sand 37 18 85
PT240002 D-2 1.3-1.6 Sandy Lean Clay 33 18 61
PT240004 D-i 0.5-1.0 Sandy Lean Clay 24 9 67

D-2 2.0-2.5 Lean Clay w/ Sand 40 20 83
PT240005 D-4 5.0-5.5 Sandy Lean Clay 36 21 69
PT240007 D-2 2.0-2.5 Sandy Lean Clay 35 21 63
PT240008 D-I 0.5-1.0 Lean Clay w/ Sand 35 19 81

D-2 1.5-2.0 Sandy Lean Clay 28 15 59
D-3 5.0-5.5 Lean Clay w/ Sand 36 20 76

PT240009 D-I 0.3-0.6 Lean Clay w/ Sand 33 19 74
PT240011 D-2 1.5-2.0 Lean Clay 37 18
PT240015 D-6 7.0-7.5 Sandy Lean Clay 41 25 59
PT240016 D-1 0.5-1.0 Sandy Lean Clay 33 19 66

D-2 1.8-2.3 Lean Clay w/ Sand 35 22 81
D-4 5.0-5.5 Sandy Lean Clay 27 12 59
D-5 5.6-5.9 Sandy Lean Clay 39 18 55
D-6 7.0-7.5 Sandy Lean Clay 30 16 57
D-7 9.5-10.0 Sandy Lean Clay 39 26 70

PT240017 D-6 5.6-6.0 Sandy Lean Clay 38 17 59
PT240022 D-2 2.5-3.0 Sandy Lean Clay 31 13 54
PT240023 D-3 4.5-5.0 Sandy Lean Clay 33 15 66
PT240027 D-4 7.0-7.5 Sandy Lean Clay 27 14 55

D-5 9.5-10.0 Lean Clay w/ Sand 36 20 84
Notes:

1. Depth measured in feet below ground surface.
2. Unified Soil Classification System
3. Atterberg Limits expressed as percent moisture content.



TABLE- T-6 (continued)
COMPARISON OF ALLUVIAL CLAY SOILS

CAMU Area Statistical Values
USCsi Atterber,; Limits' P2ssing

Classification Statistic Lisuid Limit Plasticity Index No. 200 Sieve
Lean Clay

Maximum 44 25 91
finimurn 35 17 83

Average 37.6 20.5 87.0
Standard Deviation 2.4 2.0 2.8

w/ Sand
Maximum 47 28 94
Minimum 31 16 70
Average 39.5 21.4 74.8
Standard Deviation 5.6 4.2 4.5

Sandy Lean Clay
Maximum 45 30 70
Minimum 25 10 50
Average 35.7 20.3 59.8
Standard Deviation 4.7 4.4 6.2

Borrow Area 5 Statistical Values
Lean Clay w/ Sand Maximum 40 22 85

minimum 33 18 74
Average 36.1 19.5 80.6
Standard Deviation 2.0 1.3 4.1

Sandy Lean Clay
Maximum 41 26 70
Minimum 24 9 54
Average 32.9 17.3 61.3
Standard Deviation 5.1 4.7 5.3

Notes: 1. Unified Soil Classification System
2. Atterberg Limits expressed as percent moisture content.



Appendix D

Index and Proctor Test Results

Note: USACE Test Pit Numbers RMTP96-27 and RMTP96-33
Correspond to RMA Test Pit Numbers PT250013 and PT250016, respectively



M.R. LAB NO. 4024

DEPARTMENT OF THE ARMY
MISSOURI RIVER LABORATORY ri 0 I)EC lou,

CORPS OF ENGINEERS
OMAHA, NEBRASKA 68102

Subject: Standard, Modified and Reduced Effort Compactions on Soil
Report Series No. 25

Project: Rocky Mountain Arsenal; Hazardous Waste Landfill
Intended Use:
Source of Material: -Borings RMTP96-27&33 Bags #1 Composite

and RMTP96-33 Bag #1

Submitted by: Chief, CEMRO-ED-GA
Date Sampled: , Date Received: 6/28/96
Method of Test or Specification: EM 1110-2-1906, ASTM D-2487

ASTM D-698 and ASTM D-1557
References: Omaha District Request No. S-2634 (MIL) dated 8/29/96

Purchase Reauest No. LAB 66 dated 5/14/96

1. Subject testing has been performed in accordance with the above test
method and reference. Test results are shown in Figures I through 5. All
tests were performed on specimens obtained from bag samples. Preliminary
results were sent on 29 October and 5 and 6 November 1996.

2. Unless otherwise notified, all remaining material will be disposed of 90
days after the date of this report.

Submitted by:

--',ýDOUGLAS B. TAGGART
Director, M.R. Laboratory

Hankins/(402)444-4309
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NM LAB NO. 4024

DEPARTMENT OF TBE ARMY rf a Mr. 110QA
MISSOURI RIVER LABORATORY

CORPS OF ENGINEERS
OMAHAq NEBRASKA 68102

Subject: Faffing Head Rising lawater P=eabiliiy Tests
ftort Series No. 26

Project: - R.MA
Intended Use: -Hazardous Waste landfill
Source of Material: Borings TP 96-27&33 BaOl

Submitted by: Chid CEhMQ-ED-GA
Date Sampled: -, Date Received: 06/28/96
Method of Test or Specification: ASIM D-5084-90

References: Omaha District RcQuest No. S-2634 QEQ dated 08/29/96
Purýhase Rv,-quest No, LAB-66 dated 05/14/96

1. Subject testing has been performed in accordance with the above test method and reference. Test results
are shown in Figures 1 through 6 and Tables I through 6. All tests were performed on specimens from
composite bag samples. Preliminary results were sent on 12/02/96.

2. Falling head permeability tests were performed on remolded specimens. Specimens were remolded at the
following conditions:

Dry Density = 118.5 pef @ Water Content = 12.3%
Dry Density = 116.5 pcf @ Water Content = 15.6%
Dry Density = 113.5 pcf @ Water Content = 14.4%
Dry Density = 108.5 pef @ Water Content = 17.0%
Dry Density = 104.0 pcf @ Water Content = 19.3%
Dry Density = 102.5 pcf @ Water Content = 22.5%

3. Unless otherwise nofified, all remaining material will be disposed of 90 days after the date of this report.

Submitted by:

-Pýr-DOUGLAS B. TAGGART
Director, MR Laboratory

l3ahwaw§i/(402"-A-Z'71ý



DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 1 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 06-Dec-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag# 1 (Dry Density = 118.5 pcf @ Water Content 12.3%)
Depth 05-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content 12.4 Moisture Content (%) 16.4
Height (in) 3.015 Height Change (in) -0.016 SWELL
Diameter (in) 1.400 Height (in) 3.031
Wet weight (g) 161.85 Diameter (in) 1.407
Void Ratio 0.45 Void Ratio 0.48
Saturation (%) 75.4 Saturation (%) 94.8
Dry Density (pcý 118.1 Dry Density (pcf) 116.3

Test Pressures

Chamber (psi) 100.00
Inflow (psi) 98.00
Outflow (psi) 96.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 5760.00
Initial Head (cm) 164.41
Final Head (cm) 157.09

k (cm/sec) 1.57E-08



FALLING BEAD RISING TAILWATER PRE SSURE

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
12/06/96 0.00 0.00 0.00
12/06/96 0.04 0.05 0.05 3.03E-08
12/06/96 0.26 0.30 0.30 2.92E-08
12107/96 0.98 0.85 0.85 2.20E-08
12/08/96 2.05 1.50 1.55 1.88E-08
12/08/96 2.42 1.70 1.75 1.80E-08
12/09/96 2.98 2.00 2.00 1.73E-08
12/09/96 3.27 2.15 2.10 1.69E-08
12/10/96 4.00 2.45 2.40 1.57E-08

Coefficient of Permeability vs. Time
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LA130RATORY
OMAHA, NEBRASKA 68102

TABLE 2 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 22-Nov-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag#1 (Dry Density = 116.5 pcf @ Water Content 15.6%)
Depth 0.5'-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 15.9 Moisture Content (%) 17.5
Height (in) 3.033 Height Change (in) -0.005 SWELL
Diameter (in) 1.400 Height (in) 3.038
Wet weight (g) 164.00 Diameter (in) 1.402
Void Ratio 0.49 Void Ratio 0.49
Saturation 89.8 Saturation 97.4
Dry Density (pcý 115.4 Dry Density (pcf) 114.8

Test Pressures

Chamber (psi) 130.00
Inflow (psi) 128.00
Outflow (psi) 126.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 11340.00
Initial Head (cm) 162.65
Final Head (cm) 161.15

k (cm/sec) 1.64E-09



FALLING HEAD RISING TAILWATER PIZESSURE

FROM TOP TO BOTTOM

DATE ELAPSED CUMULATIVE CUMULATIVE k
TIME, days INFLOW, cc OUTFLOW,cc cmlsec

11 t221W 0.00 0.00 0.00
1 lf23/96 0.82 0.10 0.05 3.12E-09

11 t24/96 2.03 0.20 0.12 2.53E-09
I lt25/96 2.75 0.25 0.10 2.34E-09

1 lt25/96 3.05 0.25 0.10 2.11 E-09

11126/96 3.76 0.30 0.15 2.05E-09

1 lf26196 4.04 0.30 0.15 1.91 E-09
11 f29196 6.88 0.45 0.30 1.69E-09
11/30/96 7.88 0.50 0.30 1.64E-09

Coefficient of Permeability vs. Time
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 3 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 18-Nov-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag#1 (Dry Density = 113.5 pef @ Water Content 14.4%)
Depth 05-6.01

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 14.7 Moisture Content (%) 19.9
Height (in) 3.009 Height Change (in) -0.024 SWELL
Diameter (in) 1.399 Height (in) 3.033
Wet weight (g) 158.09 Diameter (in) 1.410
Void Ratio 0.51 Void Ratio 0.55
Saturation 78.9 Saturation (%) 99.7
Dry Density (pco 113.5 Dry Density (pcf) 110.8

Test Pressures

Chamber (psi) 100.00
Inflow (psi) 98.00
Outflow (psi) 96.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottorn

Time (min) 5677.00
Initial Head (cm) 161.12
Final Head (cm) 137.69

k (cm/sec) 5.50E-08



FALLING HEAD RISING TAILWATER PRESSLJRE

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
11118/96 0.00 0.00 0.00
11118196 0.14 0.10 0.10 1.84E-07
11/18196 0.25 1.50 1.60 1.53E-07
11/19/96 0.94 3.90 3.90 1.10E-07
11/19/96 1.26 4.60 4.60 9.77E-08
11 t2O/96 1.94 5.70 5.80 7.93E-08
11/20/96 2.25 6.2 6.10 7.47E-08
11 t21/96 2.94 6.80 6.80 6.32E-08
11 t21/96 3.25 7.15 7.10 6.02E-08
11 r22M 3.94 7.85 7.75 5.50E-08

Coefficient of Permeability vs. Time
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 4 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 17-Nov-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag#1 (Dry Density = 108.5 pof @ Water Content 17.0%)
Depth 0.5'-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 17.0 Moisture Content (%) 21.5
Height (in) 3.005 Height Change (in) 0.000
Diameter (in) 1.409 Height (in) 3.005
Wet weight (g) 154.37 Diameter (in) 1.409
Void Ratio 0.60 Void Ratio 0.60
Saturation (%) 77.9 Saturation (%) 98.5
Dry Density (pco 107.2 Dry Density (pcf) 107.2

Test Pressures

Chamber (psi) 90.00
Inflow (psi) 88.00
Outflow (psi) 86.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 7058.00
Initial Head (cm) 162.68
Final Head (cm) 152.38

k (cm/sec) 1.83E-08



FALLING HEAD RISING TAILWATER PRESSUIZE

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
11/17/96 0.00 0.00 0.00
11/17/96 0.10 0.15 0.15 3.62E-08
11/17/96 0.30 0.35 0.35 2.92E-08
11/18/96 0.90 0.95 0.90 2.66E-08
11/18/96 1.21 1.20 1.20 2.51 E-08
11/19/96 1.90 1.75 1.65 2.35E-08
11/19/96 2-22 1.95 1.90 2.25E-08
I It20/96 2.90 2.45 2.35 2.17E-08
11120/96 3.21 2.65 2-55 2.12E-08
1 lt2l/96 3.90 2.95 2.85 1.95E-08
1 im/96 4.21 3.05 3.00 1.87E-08
11 r22M 4.90 3.45 3.30 1.83E-08

Coefficient of Permeability vs. Time
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 5 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 17-Nov-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag#1 (Dry Density = 104.0 pcf @ Water Content 19.3%)
Depth 0.5'-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 20.1 Moisture Content 22.8
Height (in) 3.006 Height Change (in) 0.009
Diameter (in) 1.396 Height (in) 2.997
Wet weight (g) 151.10 Diameter (in) 1.392
Void Ratio 0.65 Void Ratio 0.63
Saturation 85.3 Saturation (%) 99.0
Dry Density (pcf) 104.1 Dry Density (pcý 105.1

Test Pressures

Chamber (psi) 80.00
Inflow (psi) 78.00
Outflow (psi) 76.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 7058.00
Initial Head (cm) 163.39
Final Head (cm) 155.04

k (cm/sec) 1.50E-08



FALLING HEAD MING TAILWATER P"SSLME

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
11117/96 0.00 0.00 0.00
11/17/96 0.01 0.05 0.10 9.21E-08
11/17/96 0.10 0.15 0.25 3.69E-08
11/17/96 0.30 0.40 0.50 3.40E-08
11/18/96 0.90 0.90 0.95 2.56E-08
11/18/96 1.21 1.15 1.15 2.45E-08
11/19/96 1.90 1.5 1.55 2.06E-08
11/19/96 2.22 1.70 1.75 1.99E-08
11 f2O/96 2.90 2.05 1-95 1.84E-08
1 1f20196 3.21 2.20 2.15 1.79E-08
11121/96 3.90 2.50 2.45 1.68E-08
1 1f21/96 4.21 2.60 2-55 1.62E-08
llr.aW 4.90 2.80 2.75 1.50E-08

Coefficient of Permeability vs. Time
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 6 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 22-Nov-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP W27&33
Sample No. Bag#1 (Dry Density = 102.5 pcf @ Water Content 22.5%)
Depth 0.5'-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 22.6 Moisture Content (%) 24.3
Height (in) 3.027 Height Change (in) 0.007
Diameter (in) 1.403 Height (in) 3.020
Wet weight (g) 152.91 Diameter (in) 1.400
Void Ratio 0.69 Void Ratio 0.68
Saturation (%) 90.0 Saturation (%) 98.4
Dry Density (pco 101.5 Dry Density (pcf) 102.2

Test Pressures

Chamber (psi) 100.00
Inflow (psi) 98.00
Outflow (psi) 96.00
B - Value 1.00
Diff. Head (psi) 2.00J Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 9900.00
Initial Head (cm) 163.54
Final Head (cm) 155.63

k (cm/sec) 1.01 E-08



Appendix E

Remolded Hydraulic
Conductivity Test Results



FALLING HEAD RISING TAILWATER PRESSURE

FROM TOP TO BOTTOM

DATE ELAPSED CUMULATIVE CUMULATIVE k
TIME, days INFLOW, cc OUTFLOW,cc cm/sec

11 f22/96 0.00 0.00 0.00
11/24196 1.65 0.79 0.92 1.23E-08
11424196 2.03 0.93 1.10 1.17E-08
11 f25/96 2.75 1.20 1.25 1.12E-08
11/25/96 3.05 1.30 1.60 1.09E-08
11)26/96 3.76 1.60 1.90 1.10E-08
11[26/96 4.04 1.70 2.00 1.09E-08
1 lf27/96 4.77 1.95 2.25 1.06E-08
1 lf29196 6.88 2.65 3.05 1.01 E-08
11/30/96 7.88 3.05 3.35 1.01 E-08
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MR LAB NO. 4024

DEPARTMENT OF THE ARMY '3 DEC 1996MISSOURI RIVER LABORATORY
CORPS OF ENGINEERS

OMAHA, NEBRASKA 68102

Subject: Falling Head Rising Tawater Permeability Tests
Report Series No. 28

Project: R.M.A.
Intended Use: Hazardous W--a&te Landfill
Source of Material: Borings TP 96-27&33 BaOl

Submitted by: ---Chief CENIRO-ED-GA
Date Sampled: , Date Received: 06/28/96
Method of Test or Specification: ASTM D-5084-90

References: Omaha District R-quest No. S-2634 OM) dated 08/29/96
Punýhase Request No. LAB-66 dated 05/14/96

1. Subject testing has been performed in accordance with the above test method and reference. Test results
are shown in Figures I through 6 and Tables I through 6. All tests were performed on specimens from
composite bag samples. Preliminary results were sent on 12/23/96.

2. Falling head permeability tests were performed on remolded specimens. Specimens were remolded at the
following conditions:

Dry Density = 120.0 pcf @ Water Content = 11.2%
Dry Density = 116.0 pcf @ Water Content = 12.6%
Dry Density = 111.7 pcf @ Water Content = 14.3%
Dry Density = 109.2 pcf @ Water Content = 15.6%
Dry Density = 105.0 pcf @ Water Content = 18.5%
Dry Density = 10 1. 0 pcf @ Water Content = 2 1. 0%

3. Unless otherwise notified, all remaining material will be disposed of 90 days after the date of this report.

Submitted by:

DOUGLAS B. TAGGART
Director, MR Laboratory

Bahwawsi/(402)444-4325



DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS 4ý1

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 1 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 20-Dec-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag#1 (Dry Density = 120.0 pcf @ Water Content 11.2%)
Depth 0.5'-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content 11.7 Moisture Content (%) 18.6
Height (in) 3.009 Height Change (in) -0.065 SWELL
Diameter (in) 1.400 Height (in) 3.074
Wet weight (g) 162.54 Diameter (in) 1.430
Void Ratio 0.43 Void Ratio 0.53
Saturation (%) 74.1 Saturation (%) 96.7
Dry Density (pcD 119.6 Dry Density (pcD 112.2

Test Pressures

Chamber (psi) 90.00
Inflow (psi) 88.00
Outflow (psi) 86.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 5760.00
Initial Head (cm) 163.36
Final Head (cm) 149.33

k (cm/sec) 3.05E-08



FALLING DEAD IUSING TAILWATER PRESSURE

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
12/20/96 0.00 0.00 0.00
12/20/96 0.25 0.45 0.60 4.49E-08
12/21/96 1.04 1.70 1.75 4.12E-08
12/22/96 2.15 3.05 3.00 3.62E-08
12/22/96 2.50 3.35 3.30 3.44E-08
12/23/96 3.00 3.85 3.75 3.31 E-08
12/23/96 3.29 4.15 4.05 3.26E-08
12/24/96 4.00 4.70 4.65 3.05E--08
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 2 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 24-Dec-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag#1 (Dry Density =1 16.Opcf @ Water Content =1 2.6%)
Depth 05-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 12.6 Moisture Content (%) 19.6
Height (in) 3.004 Height Change (in) 0.039
Diameter (in) 1.400 Height (in) 2.965
Wet weight (g) 159.21 Diameter (in) 1.382
Void Ratio 0.47 Void Ratio 0.42
Saturation 73.1 Saturation (%) 100.0
Dry Density (pcD 116.4 Dry Density (pcý 121.1

Test Pressures

Chamber (psi) 110.00
Inflow (psi) 108.00
Outflow (psi) 106.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 5760.00
Initial Head (cm) 162.50
Final Head (cm) 152.35

k (cm/sec) 2.27E-08



FALLING HEAD PJSING TAILWATER PRESSURE

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
12/24/96 0.00 0.00 000
12/24/96 0.13 0.25 0.25 5.17E-08
12r25/96 1.03 1.05 1.05 2.66E-08
12/26/96 2.00 1.90 185 2.50E-08
12/26/96 2.29 2.15 2.10 2.47E-08
12127/96 3.00 2.65 2.60 2.34E-08
12t27/96 3.28 2.90 2.80 2.34E-08
12/28/96 4.00 3.40 3.30 2.27E-08
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 3 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 24-Dec-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag#I(Dry Density =1 1 1.7pcf @ Water Content =14.3%)
Depth 0.6-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 14.4 Moisture Content (%) 21.2
Height (in) 2.995 Height Change (in) 0.019
Diameter (in) 1.412 Height (in) 2.976
Wet weight (g) 155.46 Diameter (in) 1.403
Void Ratio 0.56 Void Ratio 0.53
Saturation (%) 71.3 Saturation (%) 100.0
Dry Density (pco 110.3 Dry Density (pco 112.5

Test Pressures

Chamber (psi) 110.00
Inflow (psi) 108.00
Outflow (psi) 106.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 4730.00
Initial Head (cm) 161.42
Final Head (cm) 139.63

k (cm/sec) 6.04E-08



FALLING HEAD IZISING TAILWATER PRESSURE

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
12/24/96 0.00 0.00 0.00
12/24/96 0.13 0.70 0.75 1.43E-07
12/25/96 1.03 3.00 3.05 7.73E-08
12126/96 2.00 5.15 5.40 6.84E-08
12/26/96 2.29 5.70 5.95 6.65E-08
12/27/96 3.00 6.90 7.20 6.22E-08
12/28/96 3.28 7.30 7.65 6.04E-08
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 4 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 24-Dec-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag#1 (Dry Density = 1 09.2pcf @ Water Content 15.6%)
Depth 0.5'-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 15.7 Moisture Content (%) 22.3
Height (in) 3.001 Height Change (in) 0.007
Diameter (in) 1.411 Height (in) 2.994
Wet weight (g) 153.70 Diameter (in) 1.408
Void Ratio 0.59 Void Ratio 0.58
Saturation (%) 72.9 Saturation (%) 100.0
Dry Density (pco 107.8 Dry Density (pcg 108.6

Test Pressures

Chamber (psi) 110.00
Inflow (psi) 108.00
Outflow (psi) 106.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 5760.00
Initial Head (cm) 163.57
Final Head (cm) 149.24

k (cm/sec) 3.13E-08



FALLING HEAD RISING TAILWATER PRESSLT"

FROM TOP TO B0770M
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
12/24/96 0.00 0.00 0.00
12r24196 0.13 0.75 0.75 1.51 E-07
12125./96 1.03 2.45 2.40 6.08E-08
12/26/96 2.00 3.45 3.40 4.44E-08
12/26/96 2.29 3.70 3.60 4.17E-08
12/27/96 3.00 4.20 4.15 3.63E-08
12/27/96 3.28 4.35 4.30 3.44E-08
lm8/96 4.00 4.80 4.70 3.13E-08
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 5 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 20-Dec-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag#1 (Dry Density =1 05.0 paf @ Water Content =1 8.5%)
Depth 0.6-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 18.8 Moisture Content (%) 22.0
Height (in) 2.995 Height Change (in) 0.012
Diameter (in) 1.409 Height (in) 2.983
Wet weight (g) 151.55 Diameter (in) 1.403
Void Ratio 0.65 Void Ratio 0.63
Saturation (%) 79.6 Saturation 96.0
Dry Density (pcý 104.0 Dry Density (pco 105.3

Test Pressures

Chamber (psi) 80.00
Inflow (psi) 78.00
Outflow (psi) 76.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 5760.00
Initial Head (cm) 163.84
Final Head (cm) 155.93

k (cm/sec) 1.70E-08



FALLING HEAD PJSING TAILWATER PRESSURE

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
12/20/96 0.00 0.00 0.00
12/20/96 0.25 0.35 0.50 3.51 E-08
12/21/96 1.04 1.15 1.20 2.79E-08
12/22/96 2.15 1.91 1.90 2.25E-08
12/22196 2.50 2.05 2.05 2.09E-08
12/23/96 3.00 2.25 2.30 1.91 E-08
12/23/96 3.29 2.40 2.40 1.86E-08
11/24/96 4.00 2.65 2.65 1.70E-08
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 6 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5084 METHOD C)

Date 20-Dec-96
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-27&33
Sample No. Bag#1 (Dry Density =101.0 pcf @ Water Content =21.0%)
Depth 05-6.0'

Liquid Limit 38
Plastic Limit 14
Specific Gravity 2.75
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 21.4 Moisture Content (%) 25.5
Height (in) 2.988 Height Change (in) 0.000
Diameter (in) 1.407 Height (in) 2.988
Wet weight (g) 148.83 Diameter (in) 1.407
Void Ratio 0.71 Void Ratio 0.71
Saturation (%) 83.2 Saturation (%) 99.1
Dry Density (pcf) 100.5 Dry Density (pcf) 100.5

Test Pressures

Chamber (psi) 90.00
Inflow (psi) 88.00
Outflow (psi) 86.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 5400.00
Initial Head (cm) 163.75
Final Head (cm) 150.02

k (cm/sec) 3.19E-08



FALLING HEAD MING TAILWATER PRESSURE

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
12120/96 0.00 0.00 0.00
12/20/96 0.06 0.15 0.20 5.98E-08
12/21/96 0.79 1.45 1.45 4.62E-08
12/22/96 1.91 2.85 2.85 3.82E-08
12/22196 2.25 3.20 3.15 3.65E-08
12/23/96 2.75 370 3.70 3.47E-08
12/23/96 3.04 3.95 4.00 3.36E-08
12/24/96 3.75 4.60 4.60 3.19E-08
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MR LAB NO. 4024

DEPARTMENT OF THE ARMY A 5 FEB 19ý,z
MISSOURI RIVER LABORATORY

CORPS OF ENGINEERS
OMAHA, NEBRASKA 68102

Subject: Failing Head Rising Tailwater Permeability and Co=action Tests
keport Series No. 29

Project: R.M.A.
Intended Use: Hazardous Waste Landfill
Source of Material: Borings TP 96-68 Baa#l -t-ZL40OZ2.)

Submitted by: Chi"f CEMRO-ED--QA
Date Sampled: , Date Received: 06/28/96
Method of Test or Specification: ASTM D-5084-90 and ASTM D-698 Method A

References: Omaha District &quest No. S-2634 (N11L) dated 08/29/96
Purchase R%Mest No. LAB-66 dated 05/14/96

1. Subject testing has been performed in accordance with the above test method and reference. Test results
are shown in Figures 1 through 4 and Tables I through 2. All tests were performed on specimens from
composite bag samples. Preliminary results were sent on 01/31/96.

2. Falling head permeability tests were performed on remolded specimens. Specimens were remolded at the
following conditions:

100% Maximum Density @ +1.0% Optimum Water Content
95% Maximum Density @ +4.0% Optimum Water Content

3. Unless otherwise nofified, all remaining material will be disposed of 90 days after the date of this report.

Submitted by:

DOUGLAS B. TAGGART
Director, MR Laboratory

Bahwawsi/(402)444-4325



DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 1 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-5094 METHOD C)

Date 29-Jan-97
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-68
Sample No. Bag#1(100% max. den. @, +1.0% opt.)
Depth 2.5'-3.0'

Liquid Limit 37
Plastic Limit 22
Specific Gravity 2.69
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 16.3 Moisture Content (%) 19.0
Height (in) 3.004 Height Change (in) -0.003 SWELL
Diameter (in) 1.414 Height (in) 3.007
Wet weight (g) 158.60 Diameter (in) 1.415
Void Ratio 0.52 Void Ratio 0.53
Saturation (%) 83.5 Saturation 96.5
Dry Density (pcf) 110.1 Dry Density (pcf) 109.8

Test Pressures

Chamber (psi) 90.00
Inflow (psi) 88.00
Outflow (psi) 86.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 6520.00
Initial Head (cm) 160.56
Final Head (cm) 139.51

k (cm/sec) 4.21 E-08



FALLING HEAD RISING TAILWATER PRESSUME

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cm/sec
W29197 0.00 0.00 0.00
01129/97 0.07 0.20 0.20 7.67E-08
W30/97 1.00 1.95 1.95 4.99E-08
01130/97 1.24 2.30 2.30 4.78E-08
01/31/97 2.02 3.65 3.65 4.72E-08
01/31/97 2.25 3.95 4.00 4.60E-08
02/01/97 3.03 5.05 5.10 4.42E-08
02101/97 3.53 5.75 5.80 4.35E-08
02/02/97 4.03 6.45 6.50 4.31E-08
02/02/97 4.53 7.05 7.10 4.21 E-08
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DEPARTMENT OF THE ARMY
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LABORATORY
OMAHA, NEBRASKA 68102

TABLE 2 FALLING HEAD PERMEABILITY TEST DATA
RISING TAILWATER PRESSURE (ASTM D-50" METHOD C)

Date 29-Jan-97
Project Name RMA, Hazardous Waste Landfill
MRD Lab No. 4024
Boring No. TP 96-68
Sample No. Bag#1 (95% max. den. @ +4.0% opt.)
Depth 2.5'-3.0'

Liquid Limit 37
Plastic Limit 22
Specific Gravity 2.69
Classification Sandy Lean Clay, CL

Initial Specimen Conditions Specimen Conditions After Consolidation

Moisture Content (%) 18.8 Moisture Content (%) 20.7
Height (in) 2.961 Height Change (in) -0.009 SWELL
Diameter (in) 1.412 Height (in) 2.970
Wet weight (g) 154.91 Diameter (in) 1.416
Void Ratio 0.57 Void Ratio 0.58
Saturation (%) 89.1 Saturation (%) 95.7
Dry Density (pco 107.1 Dry Density (pci) 106.1

Test Pressures

Chamber (psi) 90.00
Inflow (psi) 88.00
Outflow (psi) 86.00
B - Value 1.00
Diff. Head (psi) 2.00
Effective Consolidation

Pressure (psi) 3.00

Permeability - Top to Bottom

Time (min) 7135.00
Initial Head (cm) 162.65
Final Head (cm) 151.01

k (cm/sec) 2.01 E-08



FALLING HEAD RISING TAILWATER PRESSURE

FROM TOP TO BOTTOM
DATE ELAPSED CUMULATIVE CUMULATIVE k

TIME, days INFLOW, cc OUTFLOW,cc cnVsec
01t29197 0.00 0.00 0.00
01129/97 0.05 0.10 0.20 5.37E-08
01130/97 0.99 0.90 1.00 2.26E-08
OMO/97 1.20 1.10 1.20 2.28E-08
01/31/97 2.00 1.70 1.65 2.12E-08
OM1/97 2.23 1.90 1.85 2.13E-08
02/01/97 3.01 2.40 2.45 2.01E-08
02101/97 3.51 2.85 2.85 Z05E-08
02/02/97 4.01 3.25 3.15 2-06E-08
02102/97 4.51 3.60 3.55 2.03E-08
02/03197 4.95 3.90 3.85 2.01E-08
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Appendix F

CQAFORMS



DAILY FULD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Countv. Colorado

CQA ENGINEER: Brad Coleman. P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE:

OWNER/CLIENT: Program Manager Rockv Mountain Arsenal Remediation

Weather - AM:
Temperature - AM

Work Performed/In - Progress:

Materials Delivered Onsite:

Inspection/Testing/Sampling:

Testing/Sampling Results:

Deficiencies/Non-Conformances Note:

Corrective Actions Noted:

Comments:

CQA Monitor:

CQA Engineer:

21907 102010.6 Harding Lawson Associates Page of
03123/12/97 Form-02



LABORATORY SAMPLE LOG

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Co=W. ColoradQ

CQA ENGINEER: Brad Coleman. P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE:

OVVNER/CLIENT: Pro-gram Manager Rockv Mountain Arsenal Remediation

Sample Number Date Tests to be Performed Location

21907 102010.6 Harding Lawson Associates Page of
03123/13/97 Form-11



LABORATORY TEST DATA LOG

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1
CQA MONITOR: DATE:
OWNER/CLIENT: Program Manager Rocky Mountain Arsenal Remediation

Material Types: Sources:

INDEX PROP. PARTICLE-SIZE ANALYSIS ASTM D 422
ASTM D 4318 % PASSING INDICATED U.S. STANDARD SIEVE

SOIL
RETAINED PASSI CLASSIFICATION

Sample No, LL(%) PL(0/6) PI ON PAN FAIL ASTM D 2487

21907 102010 6 Harding Lawson Associates Page -of-
02253/12/97 FORM 22



FIELD DENSITY TEST LOG

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE:

OWNER/CLIENT: Program Manager Rocky Mountain Arsenal Remediation

In Sftu Value Reference Value

Differ.
Dry Max. Dry Optimum From Opt.

Test Elev. or Test Density Moisture Curve Density Moisture Moisture Pass/

No. Date Location Lift Method (PCF) Content No. (PCF) 96 Fail Remarks

21907 102010.6 Harding Lawson Associates Page -of-
02253/13/07 FORM 21
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FIELD SAND CONE TEST LOG

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County. Colorado

CQA ENGINEER: Brad Coleman. P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE:

OWNER/CLIENT: Program Manager Rockv Mountain Arsenal Remediation

Material Type: (circle one) Fill Subgrade Subbase Clay Liner Other

Percent Compaction Required: Moisture Content Required:

Test Location: Test No.:

A Density of Sand (PCF) H Volume of Hole G/A (CFT

B Initial Weight of Sand (I.BS) I Weight of Wet Soil (I-BS)
I FIELD TEST DATA ASTM D 1556

Final Weight of Sand (LBS) j Wet Density = 1/1-1 (PCF)

D I Wt of Sand in Funnel & Hole = B-C (LBS) K Moisture Content N
E Volume of Funnel (CFT) L Dry Density = J/(I+K) (PCF)

F Weight of Sand in Funnel = A x E (L.BS) Percent Compaction N

G Weight of Sand in Hole = D-F (LBS)

COMPARISON WITH NUCLEAR METHODS ASTM D 2922 AND D 3017

Test No. Dry Density (LB/CFT) Moisture Content N

Results from above Dry Density (LB/CFT) Moisture Content N

L LABORATORY 

DATA
Sample No. Lab Ma)dmum Dry Density (LB/CFT)

ASTM D 698 ORD 1557 Optimum Moisture Content (0/6)

Method A B C D

LABORATORY MOISTURE CONTENT ASTM D 2216

Tare No. Tare Weight (grams)

Tare Plus Wet Soil (grams) Weight of Drv Soil (grams)

Tare Plus Drv Soil (grains) Moisture Content (K)

Weight of Water (grams)

03123/12/97 Form-16
21907 102010.6 Harding Lawson Associates Page of



PHOTOGRAPHIC LOG

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGWEER: Brad Coleman. P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE:

OWNER/CLIENT: Promam Manager Rockv Mountain Arsenal Remediation

Photo No. Date Time Initials LOCATION COMMENTS

21907 102010.6 Harding Lawson Associates Page of
03123/13/97 Form-08



Appendix G

RESPONSE TO U.S. ENVIRONMENTAL PROTECTION AGENCY AND
COLORADO DEPARTMENT OF PUBLIC HEALTH AND

ENVIRONMENT COMMENTS



RESPONSES TO U.S. ENVIRONMENTAL PROTECTION AGENCY COMMENTS ON
DRAFT FINAL WORK PLAN FOR THE TEST FILL CONSTRUCTION PROGRAM

FEASIBILITY STUDY SOILS SUPPORT PROGRAM
ROCKY MOUNTAIN ARSENAL

JANUARY 31,1997

SPECIFIC COMMENTS

Comment No. 1, Section 1.2, page 1-2

This section describes the purpose and scope of the proposed testfill program which includes
constructingý testing and evaluating a test fill in the northeast portion of the corrective action management
unit of the Rocky Mountain Arsenal. It is not clear what will become of the testfill after the program is
completed. 7he scope should include a description of the disposition of the testfzH after the program is
completed

Response

Am additional bullet item has been added to the scope of the test fill program in Section 1.2 to address
this comment.

Comment No. 2, Section 4.3, page 4-3

7his section shows a list of hydraulic conductivity test results. Thevaluesforpointsl,2,and8donot
correspond with the values reported in Appendix E. The test results presented in this section should be
corrected.

Response

These values have been corrected.

Comment No. 3, Section 5.7, page 5-7, paragraph 2

This paragraph states that the subgrade will be proof-rolled with a loaded piece of heavy equipment and
unacceptable areas will be repaired. This infortnation is inadequate. The equipment type, minimum size
and weight to be used to proof-roll the subgrade should be identified. In addition, criteria for identiftdnga
unacceptable areas should be provided.

Response

A second paragraph has been added to Section 5.2 to respond to this comment.

Comment No. 4, Section 5.3, page 5-2

This section states that soil to be used for ftZl will contain no more than 5 percent calcium carbonate. Itis
not dear whether this means 5 percent by weight or volume. In addition, no method of determining0
calcium carbonate content is identifted in the document. The document should define terms clearly and
identify test methods and procedures to be used during the testfill program.

21907 102010.6 Harding Lawson Associates 1
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Responses to Comments

Ms section also states that soils to be used as liner materials will contain less than I percent organic
materials. However, the organic content of all samples reported in Table 4.6 Appendix B exceeds
I percent. In addition, there are no organic content testresults corresponding to the hydraulic
conductivity tests which form the basis for the testfill compaction criteria shown in Figure 3. 7heorganic
content testing results appear not to support the 1 percent czIterion. 7his document should present a
discussion of the relationship among the organic content test results reported in Table 4.6, the organic
content of the soils represented in Figure 3, and the 1 percent organic content criterion stated in this
section.

Response

Sections 5.3 and 6.3 have been revised to respond to this comment.

Comment No. 5, Section 5.4, page 5-2, paragraph I

Ms paragraph states that a minimum hydration time of 24 hours w0 be required prior to soil
compaction. The schedule for test ftH construction is not known at this time. However, the potential for
soil freezing, during the 24-hour hydration period should be considered, and procedures to deal with
freezing conditions should be developed

Response

A paragraph has been added to Section 5.4 to address this comment

Comment No. 6

Not provided by EPA.

Response

Not Applicable.

Comment No. 7, Section 6.6.4, page 6-8, paragraph 3

This paragraph states that loose lift thickness will be difficult to measure. 712e reason for this is not clear.
Loose lift thickness should be easy to measure using a standard metal rod and 12-inch ruler. 7hereasonfor the apparent difficult Cý Iy in measuring loose lift thickness should be provided.

Response

The third paragraph of Section 6.6.4 addresses this comment.

Comment No. 8, Figure 2

7his figure shows the plan view and cross sections of the testfill. It should also show the approximate
vertical and horizontal locations of samples to be collected and tests to be performed on the test fill.

Response

The first paragraph of Section 6.6.2 responds to this conunent.

2 Harding Lawson Associates 21907 102010.6
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RESPONSES TO CDPHE COMMENTS ON
DRAFT FINAL WORK PLAN FOR THE TEST FILL CONSTRUCTION PROGRAM

FEASIBILITY SOILS SUPPORT PROGRAM
ROCKY MOUNTAIN ARSENAL

FEBRUARY 28,1997

GENERAL COMMENTS

Comment No. I

As previously stated, CDPHE views the new test fifl as supplementing, not replacing the earlier field
studies. The Work Plan should specify how information gathered from Test Fill 3 will be related to
previous work on Test Fills 1 and 2.

Response

The information gathered ftoin Test Fill 3 will not be directly related to previous work on Test Fills I
and 2. Additional rationale as to why has been added to Section 1.1.

Comment No. 2

Lnsufficient information is provided relative to the materials which did not meet the Table 1 criteria. It is
currently unclear where this material exists in relation to the acceptable material and how it will be
separated during Test Fill 3 and subsequent landfill compacted clay liner (CCL) construction. The work
plan states that the material will be visually screened by the Engineer during va on. quid imft and
plasticity index are difficult to determine based on visual observations. Additional delineation of the
borrow areas based on currently available material properties is suggested.

Response

All information relative to the materials that did not meet the Table 1 criteria is now included in
Tables 2, 3, and 4. In addition, Section 3.0 has been revised to address this comment and related
comments below.

Comment No. 3

Test Fill 3 will be constructed using materi al from within the footprint of the double-lined landftLl. The
geotechnical screening indicates that 92 percent of this borrow material meets the criteria established for
geotechnical parameters. The two remaining, borrow source areas, Borrow Area 5 and the CAMU Area
have substantially lowerpassing percentages, 73 percent and 79 percent, respectively. CDPHE is
concerned the screening methods used to separate unacceptable material from acceptable material in the
Double-lined Cell Excavation Area (92 percent passing material) may not adequately represent the
difficulties involved with separating material taken from BorrowArea 5 (73 percent passingý and the
CAAITJArea (79 percent passingl. Please provide an explanation detailing, how this will be addressed.

Response

Section 3.0 has been revised to address this comment.

21907 102010.6 Harding Lawson Associates
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Responses to Comments

Comment No. 4

The Army should prioritize the borrow source areas based on the their geotechnicalproperties. CDPHE
realizes that the objective is to give the CCL contractorflexibility in selecting the borrow source to be used,
however, the geotechnical information clearly identifles a preferred ran1dng of the borrow sites.

Response

This comment is addressed in the second bullet item of Section 3.4.

Comment No. 5

It appears that sufficient information wifl exist after the completion of the test ffl prog,ram to develop draft
specifications or construction QA criteria for liner construction. Will the draft specifications be submitted
as part of the Test Fill Summazy Report?

Response

A new paragraph addressing this comment is included as the third to last paragraph of Section 1.2.

Comment No. 6

7he work plan should include more izýýrmation forfield staff to plan and record the field work.
Standardized forms and protocols for the experimental activities are needed.

Response

Standardized forms have been added as an appendix. Additional iuformation has been added on
experimental activities.

Comment No. 7

Table 1 should be modified to indicate that the Liquid Limit (LL) and Plasticity Index (PI) of the borrow
soil willplot above the "A" line on the USCS Plasticity Chart. Inclusion of material with a LL greater than
or equal to 30 and PI greater than or equal to 11 could introduce silts into the test M matrim Inclusionof
silts (ML or MH) into the testfdl borrow soil was not included in the CDD, Appendix r, Section 4.1 table
which specified SC, CL or CH borrow soil types. The required USCS soil classifications (i.e., SC, CL or
CM should be added to the table.

Response

This comment has been incorporated in Table 1.

2 Harding Lawson Associates 21907 102010.6
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Responses to Comments

SPECIFIC COMMENTS

Comment No. 1, Section 1.2 - Purpose and Scope

Page 1-2, second item - 7he language should identify the location of the proposed borrow area. 7he work
plan itself presents analyses to tier or rank the potential borrow sites.

Page 1-3 - Bullets should be added to the text which state the following,:

"Preparina, submittin-, and obtaining, approval of the Test Fill Program Drawing's and
Specifications"; and

"Preparing, submittin& and obtaining approval of the Test Fill Program Summary Report.

Response

In a meeting with CDPBE on March 6,1997, CDPHE indicated that the comment to page 1-2 and the
first bullet item requested could be disregarded. The second bullet item has been added to the text.

Comment No. 2, Section 3.0 - Borrow Area Elevation and SelectionI

Page 3-1 - This paragraph indicates this section "presents a rationale of why the clayey soil within these
two areas have suf,flcientlvshnilargeotechrLicalpropeztes." CDPHE believes it would be more
appropriate to present the rationale for selecting the geotechnical properties used to compare the soils.
Properties selected must be able to insure the similarity of design performance as well as performance as
a construction material. As an example, the parameters the Az7ny has selected wV1 not necessarily prove
equal slope stability characteristics between the two soils being compared.

Item [I] should state: "identify borrow areas that contain clayey soils that have sufficiently similar
geotechnical properties and which can be processed to attain required strengths and permeabilities for the
compacted clay liner. "

Item [2] should state, "idendfy the borrow area soils to be used for Test FfH 3.

Item [3] should state, "identify which borrow area soils the results of Test Fill 3 will be applicable to.

Response

The requested edits to items [11, [2], and (3] have been added. Section 3.0 and the information included
in Tables 1-6 have been modified significantly to address the first paragraph of this cornment and
related comments below.

Comment No. 3, Section 3.2 - Borrow Area 5

Page 3.3 - Yhe work plan should discuss how raw borrow area soils will be processed into suitable CCL
material as a ftnal product in this section. Processing should include screening of oversized and other
deleterious material, soil mbdng, and moisture conditioning,ý

7he work plan should discuss how sandy clays mixed with clay soils durLna processing will be tested to
show that a clayis thefinalproduct. Soil classification tests or compacted test fill oils should also be
addressed

21907 102010.6 Harding Lawson Associates 3
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Responses to Comments

Discussion of types (andfrequency) of indexproperty tests required to demonstrate that the end product of
borrow soils processing is classified as clay (CL or CI-V should also be addressed The acceptable zone
(and strength characteristics) of clay soils that contain increased gravel (up to 10016 maximum by weight)
and increased silt contents and equal sand content as the Figure 3 claymay not be properl p sen d
by Figure 3. Additional modified, standard and reduced proctor test, specific gruvity tests and
permeability tests should be required to determine an appropriate acceptable zone for clays with silt, sand
and gravel contents which differ marked4rfrom the sandy lean clay addressed by Figure 3.

A Table which presents the Compacted Clay Liner (CCL) low-permeability index property should also be
included in the work plan. 7his table should indicate the LL and P1 of the Test Fill 3 clayey WL71 plot above
the 'A" line on the USCS plasticity Chart. This table should specify grain size distribution to be greater
than or equal to 50% passing the No. 200 sieve. 7he CCL must be composed of clay by deftnition.

The Army states that 44 of 60 samples taken in BorrowArea 5 meet the criteria for use as fill material.
Statistics of the material are given using only the 44 samples that passed the criteria. These statistics are
moot if the areas containing materials that pass the criteria cannot be delineated with conftdence. A
figure should be included showing the locations of passing samples and failing samples.

Response

Table 2 has been revised to show the Borrow Area 5 vertical locations of pýssing and failing samples.
Sections 3.0, 6.0, and 7.0 have been revised to address the remainder of this comment.

Comment No. 4, Section 3.3, CAMU Area

Page 3-4 second par. - (see previous comment)

Response

Table 3 has been revised to show the CAMU Area vertical locations of passing and failing tests.
Section 3.0 has been revised in response to this comment.

Comment No. 5, Section 4.0, Preconstruciton Laboratory Testing and Data
Interpretation

Page 4.1 - The AZ illustrated on Figure 3 is oniý validfor potential borrow soils exhibiting similar

geotechnical characteristics. Are all soils that can be characterized as meeting the criteria on Table 1
described by the same AZ curve? Please elaborate.

Response

No. Section 4.4 has been revised to elaborate on this subject.

Comment No. 6, Section 4.1 - Laboratory Index Property and Proctor Testing

In paragraph 2 and relative to Sample B-1 of Test Pit PT2500016, please change "38 to "28 " and "62 to
'72 " in paragraph 2.

4 Harding Lawson Associates 21907 102010.6
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Responses to Comments

Response

This comment has been incorporated into Section 4.1.

Comment No. 7, Section 4.4 - Final Acceptable Zone Development

Page 4-4, second par. - Please elaborate on how slope stability will be evaluated, to determine where to
place the lower limit of the AZ. Also discuss the potentialfor additional three-point Proctor tests if soil
conditions change signýficantly-

Response

The third paragraph of Section 4.4 has been added to respond to this comment.

Comment No. 8, Section 5.3 - Soil Liner Material Requirements

Page 5-2 - 7he text should address howpermeability may be affected due to specified differences in gravel
grain size between the upper and lower lifts(s). Please justý57 the 10 percent gravel content, and explain
how materials with this amount of gravel can meet the acceptance criteria of the three-point Proctor that
had insignificant gravel.

Yhe text states, "Such concretion, nodules, or other deleterious material will be less than 1 inch in largest
diameter." Please change "diameter" to "dimension".

Each compacted lift should be a ma.-Cimum of six inches or no greater than the depth of the compactor
firzes.

Response

Section 5.3 has been revised to address the first two paragraphs of the comment. The third item in
Section 5.5 has been revised to address the last paragraph.

Comment No. 9, Section 5.4 - Soil Liner Conditioning

Page 5-3 - 7he hydration time of 24 hours is providedfor moisture addition onýrjbr 3 percent or greater.
Wlere was this guidance obtained and what hydration time would be allowedfor, say 2.9 percent?

Response

The appropriate reference is now cited in Section 5.4. The hydration time for 2.9 percent moisture
would be rounded to 3 percent and require hydration for 24 hours. Conversely, a moisture addition of
2.4 percent would be rounded to 2 percent and not require a minimum hydration time.

Comment No. 10, Section 5.5 - Soil Liner Placement and Compaction

Representative process soil samples should be collected and classified to demonstrate that suitable clay
material will be placed in Test Fill 3. Please clan)J7 if and when these sample will be collected How will
the various materials that are combined in a common stockpile be tested for index properties? This may
be h:rzportant if small amounts of unsuitable material are encountered.

21907 102010.6 Harding Lawson Associates 5
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Responses to Comments

Response

Section 6.3 has been revised to address this comment.

Comment No. 11, Section 5.5 - Soil Liner Placement and Compaction

The text states that each compacted lift wiH be a nominal 6 inches or less, please clarýý that the
maximum lift will not exceed the length of the compactorfeet.

Response

The third item of Section 5.5 incorporates this comment.

Comment No. 12, Section 6.3 - Soil Liner Excavation and Testing

The AZ depicted in Figure 3 is applicable to one specific soil composition (a lean clay with about 3896
sand and 0.3016 gravel). Other sets of proctors and specific gravity tests maybe required to evaluate the
AZfor other specified soils which may exhibit different composftionslpropeiVeslpenneabMties. Proctor
tests and specific gravity test frequencies may need to befurther revised in the sper-ification,

We are concerned that one set of Proctor tests (and specific gravity test) may not be sufficient to evaluate
potential changes in clay composition. 77ze frequency of soil sampling for determination of the AZ may
need to be further revised in the specifications,

7he text should state that additional three-point Proctor compaction tests will be performed, if the one-
point proctor compaction tests indicate an inconsistencyrelative to previous results.

7he process evaluation should also include the removal of oversize and deleterious materialfrom bormw
soils.

Response

Sections 4.4 and 6.4 have been revised to address this comment.

Comment No. 13, Section 6.5 - Soil Liner.Lift Placement

The text states, "Experimentation may be done on Lýfts 2 and 3 adth various ttdcknesses to ascertain the
optunum loose lift thickness that will result in effective layer bonding between lifts and a nominal 6-inch
compacted thickness. Please change nominal to ma-7dmum in the above sentence. Methods for
determining compacted layer thickness should also be addressed in the text.

Response

Section 6.5 has been revised to address this comment.

Comment No. 14, Section 6.S - Soil Liner Lift Placement

Page 6-3, second par. - Will experimentation on lift thicknesses include loose lifts that are greater than the
thickness of the tines of the compactor? 7his section should include more detail to direct this field effort.

6 Harding Lawson Associates 21907 102010.6
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Responses to Comments

Response

No. Section 6.5 has been revised to address this comment.

Comment No. IS, Section 6.6 - Soil Liner Compaction and Testing

Page .6.5., fifth par. - The current workplan callsfor six block samples to be obtainedfrom the upperfoot
of the CCL, two samples from the middle lift and one sample from the lower lift. From the nine samples
collected six will be tested Please claný that at least one block sample from each lift will be tested. In
addition, please clanD5, why six of the nine block samples will be collectedfrom the upperfoot of the CCL
and only 3 samples from the rem aining 2 feet.

Response

Table 6 and Section 6.6.3 have been revised to address this comment.

Comment No. 16, Section 6.6 - Soil Liner Compaction and Testing

Page 6-4 - An aspect of the compaction testing which has not been explained is the direction in which the
compactors will travel when preparing the test ftH. 77zis will not be important on the base of the landftll,
but on the 29016 slope the impacts will be substantial. Please indicate proposed direction of travel and the
rationale. Further additional compactive effort will be obtained at the transition from the steep to the
mild slope, when compacting longitudinahJ7. Therefore samples taken at those locations will not be
comparable to elsewhere.

Response

The third item of Section 5.5 and the first paragraph of Section 6.6.2 address this comment.

Comment No. 17, Table I - Low permeability Soil Index Property Criteria

Table 1 is not consistent with the minimum criteria given in Appendix 1, Section 4.1 of the CDD in that the
CDD addresses Test Fill 3 borrow soil. The Table 1 Titles should state, "Low-permeability Borrow Soil
Index Property Criteria" and indicate the acceptable Uidj7ed Soil Classifications provided in the CDD.

Response

Table 1 has been revised accordingly.

Comment No. 18, Table 2 - Borrow Area 5 Alluvial Clay Summary of Low-permeability
Soil Parameters

Please change "Clay" to "Soils" in the Table 2 title. Clayey sands are not classifted as clays.

Response

Table 2 has been revised accordingly.

21907 102010.6 Harding Lawson Associates 7
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Responses to Comments

Comment No. 19, Table 3 - CAMU Area Clay Summary of Low-permeability Soil
Parameters

Please change "Clay" to "Soils" in the Table 3 title.

Response

Table 3 has been revised accordingly.

Comment No. 20, Table 5 - Summary of Borrow Area Index Properties

Please insert "Selected" between "ofand "Borrow" in the Table 5 title. 7he summaries presented in
Table 5 onýy selectively address soils that meet the Table 1 c7iteria.

Response

Table 5 has been revised to reflect all alluvial soil.

Comment No. 21, Table 6 - Compaction and Testing Criteria for Test Fill 3

Table 6 assumes all Test Fill 3 AZs can be evaluated by Figure 3. Provision should be made for sampling
ofpotential matezial changes for additional AZ evaluation if necessary.

Response

This comment has been addressed in Section 4.4.

8 Harding Lawson Associates 21907 102010.6
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SECTION 
Prepared for.Not To Scale Program Manager for Figure 2

Rocky Mountain Arsenal Test Fill 3 Plan View and
Commerce City, Colorado Cross Sections

Prepared by:
Harding Lawson Associates



2WACADMIMTRLý" 03MOT FH

Approximate Double-lined
Landfill Cell Limits

B61 Test Fill 3 Bqrrow Area i
B4

62 B8

It I

B3 B 7B5

BORROW AREA EXCAVATION PLAN

Soil rocessing 'Area

-4
TF1 2 1 Tqýý, I Fl I 1 3

it ýN,13k

F1
Fý

41

0
I ITF

TF3 '', I I II! TF r

C\j
to

4 tFB
T Fr7 F;

"TF2 
TF 10

TF1 3 
Fllý

0 25 50
TEST FILt,, 3 SUBGRADE EXCAVATION PLAN Sýle n feet

Explanation CONSTRUCTION CONTROL POINTS
-5250- Excavation grade contour Point North East Elev Point North East Elev

TF1 188101.4 2185232-8 52832 TF17 1881038 2185372.7 52641.)(f Existing grade contour TF2 1880545 21852702 52832 TF18 1882485 2185401 5 52543TF6 Test Fill Control Point TF3 1881705 21853197 5251 5 TF19 1881831 21854502 52548TF4 1881236 21853570 5251 5 TF20 188252.8 2185420.1 5253.2
Borrow Area Control Point TF5 1882365 2185402 6 5249 4 TF21 188204.2 21 B5459.4 5253.3XB2 TF6 1881896 21854400 52494

TF7 1882390 2185405 7 52488 B1 189246.9 2185224.6 5237 2
Note* Survey Is based on the NA027/ TF8 188192 1 21854431 5249 1 B2 189261 3 2185293.1 5237 1

NGVD29 Coofdiviate System. TF9 1882484 2185417.5 52520 B3 1890224 2185271,7 5241 0
TF10 188201.4 21854548 52520 B4 1890368 2185340.2 5241.2
TF11 1883743 2185452.5 5248 1 B5 189252.7 2185217 2 5239 1
TF12 1881082 21851871 5275 4 B6 1892690 21852972 5238.8
TF13 18B026 4 21852680 52784 67 1890136 21852678 5243.0
TF14 1881172 2185252ý5 52760 B8 1890300 21853477 52433
TF15 1880752 2185296.2 52737
TF16 1881908 2185303.6 5264 4

Prepared for.
Prog ram Manager for Figure 3
Rocky Mountain Arsenal Borrow Area and lost Fill 3 Excavation
Commerce City, Colorado Grading Plans

Prepared Test Fill 3
orbLg Lawson Associates
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2I9D7\CAD\21%Q74S3 M4127 Oil

A001

002 
A007

A 
1z vv cj q e

ADO T240026 2 1 rori tri I ei it 1-11ni it

A073

2 3 P&Wcaa Borrow Area 5 limits

,a025 A072

0 ;1240024 23 AO

11t,22

27
40020 PTM021

40013 010

t.0014 PT24 015

A076 AODO T240019 
12 

T240011

Borrow Area A _+Y72AOOI8 +IT240017 A01 2 AO" ODIO

(used for Test Fill 2) PTt2QK)1) A074

PT2 016 M240008, PIT 40004 PT2 0002
e4o"; 3 240001

1`1210007 2*01)5

A 13 AG"
'LO77

F Alle
OR250T

80250 08250"
PT25DDI Appr imate Double-fineIMAM Land

P1250017 BRW258841 R Cell Location

CAMU Area -tT OR250039 PT*2 14 R23
limits 72WO20 A' 'A 1ý40 IIOA

PT25001,11 11 A4; 2500 1
PT211 Noilli Plants

131126t"38 A' 20 1 -

+2ý174 R2500 2507a -&-
'+ tR25005 Jill 2ý7W37JR1888i
12 25070 25 77 Apo' J1

2611 25
J22 A 1.47 

Alt'
ý_11ý R2401M 144

Ag818047 +1111250031
2 123 A OR-il 30034

or n-er 1 M2500* A,125 17
13uý3hi C I IA. AO

R260134 50019 J26 250030 BR2L2V-
V _r _r +ARý 20 5000 ,LPR250052

tm`255 T23071

A135 PT2r4 1ý7A 25071 A133 Olik

_4r28OOO1 
0051

+p A 43 .0ý NjP550000022ýfR250021.T 0 to TO250,jo R 1 25
128 A' 30 Do _472500 7

L
13, A Neck/ -/M - - - 711 A132 PT

i-,In ol,+PT211002

Is recitnient 
A "0 134l 7 / +A =6

37 T250023 P'210 4ZApproximate Test A AOaI +PT2W I1 and 2 locationi,ir s 092WD49Ai
APO At 40 + 41 1 42A AM AFW

Q_ --711 +PT2W022

Explanation
U S Corps of Engineers Paved road
geotechnical soil sample
location with site Identification

A126 HLA soil [Doling lucations with Unpaved road

soil boring short Identification

I - I f -1 Railroad 16 Section number

0 10 800
Ditch or stream

Scale In foot

Prepare for:
Program Manager for Figure 4

Rocky Mountain Arsenal
Commerce City, Colorado Boring and Test Pit Locations

Prepared b
Hardyýrig Lawson Associates
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"T25001GRIM111i "': 11

131 
Sandy Lend Carl ICLIts - Modifired LL 36 PL 14 PIProactor

ý W - Opera 
ri 0% Sand 38% Rare 62%

Z
2 - Moisture \ AýEPTABLE

12: - Cost ZONE Explanation
126 -

Alin ý16

125 - 0 Pl compaction point

IM - ar news, optimum moisture content

I" - Modifeard! and maximum dry density

in - Procter Al A Moresturameml Plot of completed
121 - remained temporally test and point

Alin 6
N fla

pr 120 - ýý O Yea rumpor

any 0 x I V) 10-) Frourrinverailly result in Paul per119 - a DO

4////N

I(. fill second

117 - sa

its Line of

a Ila - 1 6

It$ - (2 3 X) ail #2(1.Sx 01).ý DaVison between Uppreir
AL Amoreal Zone and

Ira tropical A\
Lower Actual Zone

113 - 03 (5.5 x 1 put Z V

0 x 104)

112 - Zero Air Voice Curve
Percent pan raton' 10"'

11 - (Peavent Saturation 100%
It Jer (6.0 x 101) Specific Gravity: 2 75)

#10
Standard A

P #4 (la X Iff')

:in -
me - #11 (1.7 x 1 (o)A A a (tos x to-)

ow - Faiduccurl
in - Protestor #6 (1 a x 101)

a (3 1 " AIn . 12 (3.2 x I Oul A

" - 95% of Ral PTQCWf
n - (92% of Standard Proctor)
W - Minimum Dry Deal

I I
11 11 12 11 14 is 11 17 is 11 a, 0 U 24 21 21

anal process damaged

Prepared for Figure 5
PrTann Manager for
Reo Mountain Annual
Commence City. ColdnonclIc Prei-Construllon Acceptable Zone

Prepared larl fort Assuccumers Test FLI 3 Counstrancon Program



Appendix 8

CDPHE CONDITIONAL APPROVAL OF THE FINAL WORK PLAN
FOR THE TEST FILL CONSTRUCTION



STATE OF COLORADO
Roy Romer, Governor
Patti Shwayder, Executive Director

Dedicated to protecting and improving the health and environment of the people of Colorado

HAZARDOUS MATERIALS AND WASTE MANAGEMENT DIVISION

4300 Cherry Creek Dr. S. 222 S. 6th5&eet, Room 232 1976

Denver, Colorado 80222-1530 Grand junction, Colorado 81501-2768
Phone (303) 692-3300 Phone (303) 248-7164 Colorado Dcparanent
Fax (303) 759-5355 Fax (303) 248-7198 of Public Health

CERTIFIED MAIL No. andEnvirorment

Return Receipt Requested

March 25, 1997

Mr. Charles Scharmann

Office of the Program Manager

Rocky Mountain Arsenal

ANCUýM-PK Bldg. I I I

Commerce City, CO 80022-1748

Re: Final Work Plan for Test Fill Construction Program, RMA, Commerce City, CO

Dear Mr. Scharmann:

The Colorado Department of Public Health and Environment (CDPHE) has reviewed the above-

referenced document, which was received March 17, 1997. Conditional approval of the Work

Plan is being granted based on incorporation of the attached comments into a revised final

document.

Approval is being granted to allow the Army to begin implementation of the Test Fill Program.

A conditional status has been affixed to ensure that remaining deficiencies in the document are

corrected. Please provide submittal of a revised Final Test Fill Workplan within 30 days of

receipt of this correspondence.

If you have any questions please contact me at (303) 692-3341.

Sincerely,

Susan J. Chaki

Corrective Action Unit Leader

Federal Facilities Program

cc: Bruce Huenefeld, PMRMA Ken Conright, TCHD Mike Anderson, Shell

Laura Williams, EPA Ronel Finley, USFWS Martin Kosec, HSI

Lorraine Ross, EPA Robert Foster, DOJ Geo Trans

Stephen Hamel, AGO Maj. Thomas Cook, RMA



Final Work Plan for the Test Fill Construction Program Comments:

The document text must be modified to state that clayey sands (SC) with greater than or equal
to 40 percent fines passing the No. 200 sieve are acceptable as raw (in situ) borrow soils.
However, the final product of borrow soils processing for use as test fill material must classify
as a clay (CL or CH) according to the Unified Soil Classification System (USCS). Clayey sands
(SC) are not suitable test fill material. This concept must be consistent throughout the revised
text.

The Table 1 title must be changed to "Raw Borrow Soil Index Property Criteria."

Field (1--termination of suitable versus unsuitable clays (and clayey sands) for processing into
finishe -permeability test fill material based on Atterburg Limits is not practicable. The
Atterburg Limits criteria must be deleted from Table 1.

Table 1 grain size distribution must be modified to have greater than 95 percent passing No. 4
sieve.

Table I organic and carbonate content criteria percentages must be specified either by weight or
by volume, according to ASTM procedures.

The document text must be revised, if necessary, to be consistent with the above modifications
to Table 1.

The document text must state that suitable test fill compacted clay liner (CCL) property index
criteria will be the same as that shown on Table I (as modified above) with the following
exceptions:

Grain size distribution must indicate greater than or equal to 50 (instead of 40)
percent passing No. 200 sieve.

Clayey sands (SC) are unacceptable.

On page 1-1 (Section 1.1) "condusive" should be "conducive."

On page 3-1 (Section 3.0) Item {1} must state verbatim, "identify borrow areas that contain
clayey soils that have siifficiently similar geotechnical properties and which can be processed to
attain required strengths and permeabilities for the compacted clay liner."

On page 3-3 (Section 3.2) Figure 4 must be referenced in the text instead of Figure 3.

On page 4-5 (Section 4.4) the text must state that, "To ensure that the Test Fill 3 borrow area
is accurately defined by Figure 6 and to evaluate the sensitivity to the line of optimums to slight
changes in material properties, an additional set of Proctors (modified, standard, and reduced) will
be performed prior to the commencement of Test Fill construction on a representative sample
obtained from the Test Fill 3 borrow area processed soils."



On page 4-6 (Section 4.4) the text must state that, "The initial criteria used for evaluation of
changes in the borrow source material will be if the one-point Proctor optimum moisture
content varies more than +3 percentage points and the maximum dry density varies more than
+5 pef (EPA, 1993)." The text must also state that, "A more reliable technique than the one-
point compaction test may be employed for estimating the optimum water content and maximum
dry unit weight. This technique entails using a three-point proctor test to define a curve rather
than relying on a single compaction point."

On page 5-2 (Section 5.3) the percentages of allowable organic or other deleterious materials and
the allowable percentages of gypsum or caliche must be expressed (in the text) either as by
weight or by volume, according to ASTM procedures.

On page 5-2 (Section 5.3) "dimension" must be inserted in place of "diameter."

On page 5-2 (Section 5.3) "5" must be inserted in place of "10."

On page 5-3 (Section 5.5) Item {3) must state, "Each compacted lift should be a maximum of
six inches or no greater than the depth of the compactor tines" instead of "Each compacted lift
will be a nominal 6 inches or less."

On page 6-1 (Section 6.3) the text must state that in addition to meeting the minimum
requirements in Table 1, the processed soil liner material used to construct Test Fill 3 must be
classified as a clay (CL or CH according to USCS) having greater than or equal to 50 percent
(by weight) passing the No. 200 sieve.

On page 6-2 (Section 6.3) the third bullet from the top of the page should state "Soil
Classification (ASTM D2487)."

On page 6-3 (Section 6.5) the text must state, "Experimentation may be done on Lifts 2 and 3
with various thicknesses to ascertain the optimum loose lift thickness that will result in effective
layer bonding between lifts and a maximum 6-inch compacted thickness (or no greater than the
depth of the compactor tines)."

On page 6-8 (Section 6.6.4) the text must state that loose lift thickness will be measured using
a standard metal rod and 12-inch ruler or other appropriate method. The loose lift thickness will
be calculated by using the average of the vertical distances measured.

On page 7-1 (Section 7.0) the text should state, "At least three of these undisturbed samples will
be tested for index properties."
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preennorructon photegrotple talren from boorcov area lwUrn souffi. Test Fill 3 was
conooncool[ on fire &lope between fro wator tower sued the top of too lull Ties pillows
area was to time lopt of true water WwQr.

Z

Phate No.2

Borrow rose overourclan interval (Iwoklý northward).

21907 205050 1 mardirig I.amumart sumimitialsis C-i
051451IW97 MC



Ishato Na.3
Test Fffl 3 subgrasin comavation (l Nobvwd born ffie top of the slope)

Photo No. 4

Test Fill 3 sibitictural fill p1nioneont and mmpoiction (looking wesward ftom bottom of slope),

21907 205050 1 Hardbog Unwowso Mssobdý
0ý14WVBNO BAC



Photo No. 5

Structural fill "foundation layer" compaction

Photo No. 6

Process apea soil hour conditioning using a Caterpillar SS250 Soil Staitpuzer The borrow
area is in the background

2 IýOo 20050 1 Haming Laýam "Boselates 0-3
0514511ago ILAC
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Photo No 7

Applying mmatwe in the process wea Tractor and Rome disc in the background

Photo No. 0

Process man sail liner conditioning using a tractor polling a Rome disc

21907 206050 1 Hardflogg Lnwwn MHBOCIA"s CA
R145118V97 BAC
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Spreading of a loose lift on the test fill

77774

Ishatir No. 10

Chischung loose lift thriftiness using a uhlear gauge drive le, m depth probe

21qM7 209050 1 Harting Lawsomr, Atagic,lispis C-5
051451IRS7 BAC
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Photo No. 11

Compacting a Ifft n the test ftll
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Photo No.12

Nuclear gauge testing of the in-place moistune content and try cionsitc

Harillm ý Pmrs Jutsociates, 0.6
0511ý18197BAC



Photo No 13

Saackone couelation test bing porformed at nuclear gouge tst location,

Photo No. 14

Ver[Wg the test fill thiclýaess

21907 2ý50 1 HaMing Lý *n Maociatmot
0514VIW97 BAC
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I Photo No. 15
Smooth drum nulling the
task fill surface

Placto No. 16

EXUaVftdDn around a block
Sail location lines beneath
ring in center of phowgrapi
The backlaose in the back
record wild used to excavate
be death around me sample
louguen.

21r67 106051 thereing larearsel "reachalese C-11
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ILL I
Ideas, No. 19

Proposing block sample. for tomspa,daeor, to the field laboratory. Shrink swap was taped
to both of the trimmed simple ends Plyemad fibers were then tied to each end to
inumanize the potential for disturbance

Phase Nicer)

preparing block sample for tra,sportation to the testing laboratore Bubliewcap,ne,
taped around the sharply prior to placing in a platic-lared and moistened shipping box

21qG7 2090SO I Harding Lawson greasepaint; Calls
(5145AW97 nkc
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DAILY FIELD REPORTS



DAELY FIELD REPORT

PROJECT: RMA 9ý-03 Test Fill 3 Construction LOCATION: Adams Countv. Colorado

CQA ENGUqEER. Brýd Coleman. P.E. PROJECT NTO: 21907 206050.1

DATt- % 5=CQAMONITOR:= 
/OWI\7MCLIENT- v!ý- m- Manager Rockv Mountain Arsenal Remediati-

weather - AK. ovewca.5 L. rzY) , w OA - W I 'fA Y();An k, A-rv-) rTemperature -,aff -7-z) -'-16

Work Peiformed/In -Progress: t_j'tX,1' k1,01A V_'C-t4ý M CA-.4

b2vw,. I aym 'ýý Z50, ki j too 9\j
)re&ejAp%..AC _j0,1)yyV-j 6LVep, O'VCv'14A YlItk--

Materials Delivered Onsite: 15Z67c, Vo,.( At,sr_,ý; ýa Z_) 177 0f

Inspection/Testing/Sampling: 41 -Pt tw

WYYZý

d.E,4r rJo V - -------

Testin,g/Samplfjýg Results: ýC yw

DeficienciesNon-Conformances; Note: TWYaA&rA z,ý 5t, e2t,4

evy%ee-ý- wvc oZ S Mv\ -S)'yiý' ,5ýow - W^C-A e,-aý,4 cleLvan-C, u)k'15n4 hmel A iIeý
LLCrý )2 17* d 0, 1 S t-J1 Vý z7 tA Y y r:&4 eA -we e, yj

Corrective.Kctions'N&ed:

Comments: k& Yý,tý
vr- c_Lý6,s Ywý il&,--

:ý7yý5

CQA Monitor:

CQA Engineer--E

21907 102010.6 r Harding Lawson Associates Page Of/
03123112f97 Form-02



DAILY F1E1D REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Couxi1y, Colorado

CQA ENGUýEER:_ Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR:_Zd_ý_ý 4&ýý DATE: z
OWNEWCUENT: Program Manaizer Rocky Mountain Arsenal Remediation

Weather-AM:
Temperature - AM

Work Perficjrmed/In - Progress:_Z

-/--0(7 1-11-5aea _5n,7,.fj !!:qý 'Orlew;10

z'AfL
Materials DelivereeOnsite:

Inspectionfresting/Sampling:

Testing/Sampling Results:

Deficiencies/Non-Conformances Note:

Corrective Actions Noted:

Comments:

CQA Monitor: zrýýý
CQA Engineer:

21907 102010.6 Harding Lavison Associates Page af
03123/25/97 Form-02



DAILY FELD REPORT 
07

PROJECT: RMA 0-03 Test Fill 3 Construction' LOCATION: Adams County. Colorado

CQA F-NGE\T= : Bra'd Coleman. P.E. PROPEPT NO: 21907 206050.1

CQAMONITOA: DATt.-

OIAWMCLEENT: Prom= Manager Rockv Mountain Arsenaf Remediation

weather-g=: L0 -71f F-

Temperature-2W
Work Peiformed/In -Progress: oyrylvtAýý

0 -Ze-+ C !ýQA tk'qV' dvaum.3 dq
1-010 Sa j,k ýVAVV TVýtý I L-.

Materials Delivered Onsite: ý_f I;k

Inspection/Testing/Sampling: Q&b,'6y&" Wý-

Testing/Sampling Results: rzw-4 -Try) 4ýr_

Deficiencies/Non-Conformances Note: A

Corrective Actions Noted: 0iD-,-e,/Va r-4 I t),O- 1V*b Li- C&.fgw boye avF_zxýý L

Co=ents: UVQ -Sa4_4u

ýZoyyý_ AN-C tn4, rtic.-

> F ?-A KI!, 0 12 5
t, 6r, 6,ý A,^ /ý zvtý,S IS44 6") qqvt 6 6"viou., a Ck Li

Vi m -I V1&4-,ýf

CQA Monitor:
CQA Engineer: S,ý-k -700 11-P5

21907 102010.6 Harding Lawson Associates Page I of L
03123/12/97 Form-02



DAELY FIELD REPORT

PROJECT: RMA 0-03 Test Fill 3 Construction LOCATION: Adams Countv. Colorado

CQA PROJEPT NO:- 21907 206050.1-

CQAMONITOIIý: _Ruo-4 :S. :CjLt4Ar_A0

OVv7NMCL=: Pro== Manager Rockv Mountain Arsenal Remediation

Weather-AM: ýM4&jpu4g ý_RY
Temperature -AM___!Jý r-0 7-ý'F
Work Performed/In -Progress: GrxA9aA_6) I*,tIN 2_bx(t-uL_ 7tj tLir_ ý-I-jcrC

L rok, ýFLtL

Materials Delivered Onsite: J%4 A-

InspectiowTesting/Sampling: m X:

Testing/Samplhig Results: -DW

Deficiencies/Non-Conformances Note: MAc

6)rrective A6tionsi N6ted: 'A.) A-

Comments:. 02- 5 eA MLL Lf

CQAMonitor:

CQA Engineer:
_j

Of 157- 1%0ý0

21907 102010.6 Harding Lawson Associates Page I of
03123112197 Form-02



DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGRIEER- Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: Z Z J- Aý DATE:

OWNERICLIENT: Program Manager Rockv Mountain Arsenal Remediation,

Weather - AM:

Temperature - AM- _!5
Work Performed/In -Progress:

L2 "LAE
OATý 6e-4ý0

Materials Delivered Onsite:

Inspection/Testing/Sampling:

Testing/Sampling Results:

Deficiencies[Non-Conformances Note:

Corrective Actions Noted:

Co ments, A-A0"!0

5? S7 Aes

CQA Monitor:.
CQA Engineer:

V

21907 102010.6 Harding Lawson Associates Page Of
03123125197 Form-02



DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION; Adams Countv. Colorado

CQA ENGE\'M :- BrW)Ccdepwri. P.E. PROTECT NO: 21907 206050.1

CQA MONITOR. DATE:-

OWNER/CLUNT: Program Manager Rockv Mountain Arsenal Remediation

Weather -,q%W 10:2.0 rv\
Te erature

Work Performed/In - Progress:- 4S-0 so, IrrA4 5-ý-ff-WEZ &"D

rp

Materials Delivered Onsite: -11Y41 ýW_ C40 r

Inspection/Testing/Sampling: 11ý - -^spec6h bwyo,-j awt, wl A LIAM

6 6se,ý V-0 r It*
rr- Lm CK4-y-ft,^c- f\) - eA4 '- XT !Sa\.h lAt 1A

AIVA je5y,l-, 6ýa,,jy\ (,Lý -tWC4)

Testing/SamplingResults- -IF

DeficienciesXon-Conform;;nces Note: :QIA

Corrective Actions' N6ted: JA

Comments:

ne -j /1-h-A 7- Xv -Aclý rpwowadnn ,DiA-* 4LIA N4n -14Y V-,

?,J 4k 4-64.

CQAMonitor: P IJ

CQA Engineer:

21907 102010.6 Harding Lawson Associates Page of L
03123/12/97 Form-02



DAILY FEEID REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQAMONITOR: iZvo-t "S. DATE: -31 z r.ý ( -7

OWNER/ClIENT: Program Manager Rocky Mountain Arsenal Remediation

Weather - AM: SU&L-'J, S&C'e-M'(, I,-t4-%A PM' S-A"J,%A, CA-L-%, 6%aý

Temperature - AM---- -7 -7o' F
Work Performed/In- Progress: P&&CTrk !ýý&g

3 SUA?C2&A0Lr,. C*L, nZY PkAia5 A.P-rA--

Materials Delivered Onsite: &AA

InspectioniTestingtSampling: tLkL5- -5n%cT m& k.'ame- re!11- 0XI

ýA gs, ý r, tjA.-- G&nfty- 5,,ý A

Testing/Sampling Results: ý11*cmae- TgsfCrý,; IWAVIU-( 0W-=(07%'30PTý Alct s r 17- 26
T-M r- b&M- ctg-.T

IMT

$del fes T &Lve_ 60-C4 bem = I V3. 4 F m4xw-sr 1;.'7"(, F C-j'a AA!fv-,--t
CA7--A C-16 bAU i

ITeficiencies/Non-Conformances Note: uAr'

Corrective Actions Notek kk A-

Comments: S*CerA ,wT(,Yt, o-jav

CQA Monitor: Z,.6,

L CQA Engineer: C .5r4wr P?co 1240

LZ70 t1qC%0.$ 4

21907 102010.6 Harding Lawsm Associates Page.L- of
03123/25/97 ForM-02



DAILY FEEID REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE:

OWNIER/CLIENT: Program ManMer Rocky Mountain Arsenal Remediation

Weather-AM: 
X=cyTemperature - AM S-4 f 5

Work Performed/In - Progress:-__'5"r., 0 eAC-- aaýý ý

Materials Delivered Onsite:

Inspection/Testing/Sampling: <71,,4 7'0 /0 w

Testing/S ling Results: I'le? /77

Deficiencies/Non-Conformances Note:

Corrective Actions Noted:

A:,w &9/w
;;ý7.eJ_AVI _5vooý,Wt J_ 'k '4efý Ar3

'"xia .41., g%
lop,

CQA Monitor: ý _7wý
CQA Engineer:

21907 102010.6 Harding Lawson Associades Page,/ of
03123/25/97 Form-02



DAELY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adam Co= , Colorado
CQA ENGINEER: Bra Coleman, P.E. PROJECT NO: 21907 206050.1
CQA MONITOR: DATE:_31EV9(ý
OVvrNER/CLIENT: Program Manager Rocky Mountain Arsenal Remediation

Weather - AM: V50 - 17 0 1, 1,:
Temperature - AM Cke.A , IT T, 09 416
Work Performed/In -Progress: iýlalt_,A _D21 I b-, 4,12 -e- - rtW- 0 VW W i2d

Materials Delivered Onsite:

Inspection/Testing/Sampling:_ e7V&l VVkil-,ýLA If PD

TestinWSampling Results: Qýý It'volmarsy w014.yt__ UAfA45

Deficiencies/Non-Conformances Note:'V, Vez_).eJD,
r>e- S01:1 I --ý 4-00--A4A1LU1&4

e14 w N,:ý liz, 154 5;:ý, Ije

Corrective Actions Noted: Are V/"Ye A Few,--5/w Z, 2ýA-k
ýf Z, 5_(ý /Z > 7 Im

Comments:

CQA Monitor:

L CQA Fmginee

21907 102010.6 Harding Lawson Associates Page Z Of -Z
03123/25/97 Form-02



DAILY FIELD REPORT

PROJECr: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Cog=. Color-ado

CQA ENGRQM: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONUOR: f-yr;4---S, TRP7,A-e-ag DATE: -317- -Z q-

OWNER/CLUNT: Program Mgn-Mer Rocky Mountain Arsenal Remediation
I I

Weather - AM: dif-t-L'Z-1 4 fcralew Pn% &:"ax/A CL4,45-

Temperature - AM 0. r ý5 - E
Work Performed4n - Progress: -Fi&xLs H A&&U,7', TCý5-15p CteFt;ý- ,-fi CA-6, (f,0ý

C wM107 f -id & . 16VIVA) - 0*84, RA-" hioc MA&L1j*4-A ftpAtj ýIAFR cul 916(VVLwL6' to#-LTekxr.
TrVe ?,aftFS 6fý- Tt-.-,Fftk, Ac-T-. T-rO

Materials Delivered Onsite: i-t,4-

Impection/Tesdug/Sampling: "-6o k ",t ,.,4 e-Twp- -sra Pa.ým-A-

Testing/Sampling Results: i5fb Px01U'-ML. igy&w-s-s fw,-t- 4trAs7 I Tkvwtý CP-4

e0kdr,ýQMXA 19S r FOeM- ?ftAe-fLCL' TMV S 7- IZ-9- ot-

rrk4TuLtr *AA q,."6 - ",f Pot--

Deficiencies/Non-Conformances Note: sjA

Corrective Actions Noted: tlk -

Comment Sri LL- Cuc:tf j U- A-wti.& e-2 -rts -r F i Liý

*vL&. kormA "-war i-Ljfta_-u C,ýR 'Aw)p G.Aj-d1>- Av t*, tmjýe- jeE.,ý2-, rb

u-gý of fwý Ay,4ý* "mt, gHwA5&-- CALiwe-, -a-is 10 rlr-T-ký I- 0&ýa PF

CQA Monitor:
CQA Engineer: 61co - wo

21907 102010.6 Harding Lavmon Assoclafts ftge I Of
03123/25/97 Form-02



DAELY FIELD REPORT 4v

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQAMONITOR: DATE: -7

OWNER/CLIENT: Program Manager Rocky Mountain Arsenal Remediation

Weather -AM: 1-41
Temperature - AM

Work Performed/In -Progress: 7AZ11j,--

Materials Delivered Onsite:

Inspection/TestinglSampling:

Testing/Sampling Results:

Deficiencies/Non-Conformances Note:

Corrective Actions Noted:

comments: 11--l-t'a 1-Z -1
V,&eo Ae

CQA Monitor:

CQA Engineer:

21907 102010.6 Harding Lawson Associates Page of
03123/25/97 Form-02



DAILY FEEID REPORT

PROJECM RMA 93-03 Test Fill 3 Construction LOCATION: Adams Coun1y, Colorado

CQA ENG114EER: BradCQleman. P.E. PROJECT NO: 21907 206050.1

CQA' MONITOR: - L V DATE: -- ý/
OVVNER/C1MVI7Z;,ojuam Mangger Rocky Mountain Arsenal Remediation

Weather - AM: brý,'M-t
Temperature - AM
Work Performed/In - Progress: 4,*ie aAakno C, P kd1A tVr

jd.1P0- ý/ -
/ kný5

--rV

Materials Delivered Onsite:

Inspection/`Testing/Sampling-ýý 
2KýWý- ',-,b0rA--W4iVA 7)Pmw 74*&1

AW 
W,4 -a 26ýJ-- 56zý/,f 42 &1ý ý

Testing(SamplipgResults:

A ILL 6M S Cl-bAAcJ Af I aa :6v 2AIead, LAA 00V-k;-1

Deficiencies/Non-Conformances Note:

Corrective Actions Noted: 0,1:ýaCS W,011,;64f -6 SýýUC,6AJ4,11

Comm.ents:-0---,tUe-Q b --1Y,.,6dma4 (Ctilf+E) -e 4-nU plo" Im PlAa-e- a
-RL[ (Q1,&- OLS C-40MLý,ýK,, (44A 11, 4e j .. U9 4-o ýS-sfn+ 4e!ý"

JýC,,,-- IA ýo ke ý -0 1", V,=ýWLA, i

kc:ý,V2,,,A aA9&'V&S VAe L,12pew 1'o4 CdC44 f2" I&AM da,-4 L,-V i :51" 'o

r,ý46 16 le 17- lGlie

CQA Monitor; 
S Ile' 0;24ý-V -CQA

21907 102010.6 Harding Lawson Associates page /of
03123/25/97 Form-02



DAIELY FIEU) REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: ý?yof -5. DATE:

OWNER/CLIENT: Program Manager Rocky Mountain Arsenal Remediation

Weather - AM: q, j #-A-q , Ugg-,,- Ir, ujAgm

Temperature - AM !io -r -ro t, c,, , -ý -- -
Work Performed/In - Progress: L.tc rwg-4 -rwr aac,ý Aea-A

O&o SnaA-Aý 4;rftTK svi4, P:vý Pjýý v4,e%6 we-- Aow,,- 3-ý TAi Ga-

VMbtr,jzt,e- CA)Vý Pa-CiMUeAr-

Materials Delivered Onsite: Ml+

4rZ&Aj 0 r &,A40 rrfInspection/Testing/Sampling: AWýp
ý" !ELý 0XI i:ý'-

Yzq) 9-r; If fi, b z 5' Zr""tAL Mf -f&,) cp -trf*3 SAM ,,+ tý3m,;r- hmý& C3 7acr 0-tý:f

Testing/Sampling Results nP bawv& - -14(!ý IAU&r,

Deficiencies/Non-Conformances Note:

Corrective Actions Noted; AJ?r

Comments:-ýai Ufm- -11AWTVxr, 02L ir

,Q,-f,S*, Ognca C6,- 1#-ýL SwV- LrMLL C&&.

Ll PAfCn6 <-, C. jfý,,Fwz- C,.,L rr;. -r - 9* o TZCIL- AA*S 45*, "'o'-

I-ML C.,-, PA00-, 1(dLypr, fýý hfD-pf Tz' 6-,-- -rlý S,,Aý nL4,

U4,W, FkILM, '2f kret-JT &*-34- Ar-TVý A001-01f w-pIC6' 4&-zsf-vX.6" A2-',O r-*rL-

CQA Monitor: 77-

CQA Engineen-4iff 1(ZA27 0700 ý 171.!ý

21907 102010.6 Harding Lawson Associates Page I of A
03123/25/97 Form-02



DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Comm Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQAMONITOR-- DATE:

01KINER/CLIENT: Program Manager Rocky Mountain Arsenal Remediation

I . A

Weather-AM: CAMA rftcW)Iýrj iA""_-ý

Temperature - AM 7&P

0 Work Performed/In - Progress: VIV I/1AA h"-1- r, I "In. - WOW - 16
to 7ft,., Is c6yte. 4rz0 Le_ý ,ýkhon (.S0= mu,.ýw MýKK

4u A m=a4=mVxi tiv- DY cat

Materials Delivered Onsite: MIA

Inspection/Testing/Sampling: ek.4,

Tesdugisamplin& ýepAts: &-YYA 4C ,ý,pevw k kle
me b/I riLlp 0,et4 a

Lq",_

Deficiencies on on an esNote:-<0 Jaya by e. t.,,

va t. 0, 1" A,

-jb

Corrective Actions Noted:

AComments: Ik-0800 - AP" Ar, yr j A4.01'5&A_e,

66_ý&5i.n6 617ý

r jý2

6F

CQA Monitor: jQ

L CQA Engineer:'ý61 ",ilk P9(JD iTV6
0 Aq a-

21907 102010.6 Harding Lavrson Associates Page of
03123/25/97 Form-02



DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Cog=, Colorado

CQA ENGROM: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: Rý)n(A -.1, 1;eýsPt-bc DATE: 93,1,9-7-

OWNER/CLIENT: Program Manager Rocky Mountain Arsenal Remediation

Weather - AM: am-,Y, U patt, wA44m-, e-e-ý

Temperature - AM 145 5 70'F
Work Performed/In - Progress: Lane oveg 4crrv ole5, 7,,ý A/,or- Iee-qw, AAcAE r&,% r-

Materials Delivered Onsite: eg

Inspection/Tes Sampling: Oln' Vý 7w _r 7r- 1ýr am '10.7 16va AI)OV /Is'D

07 Aoý 4- n6f r 1ý; ,- ;-f-, r7w
P j f -r) r, -1 r, /( ,2 e, $Z-7, Aff Cfw,

(I

Testing/Sampling Resultsjý A* xt,6,4;7P r leir lRd 10 a2 IE6- R,05.
A 1; K 6041, 1, 12 Itz P40 , (k -,r- CC " yr,-> /ýfý

Deficiencies/Non-Conformances Note: C Aoryr -M,70w

Corrective Actions Noted:&,-) -14hc -IV MP, 4-w7- A-&Xra

CoTnments:-(;ýo -aivy ?kr*- ?Cke4lfy4ý

-Ate- WI-60 IZe-r g07
7, 1-1a, /,-/,V A;naa-a6- 2,OJ4 Z4,per /ýz P*r-&-Ss

(ýQQ6RC

14

CQA Monitor:

CQA Engineerý.

21907 102010.6 Harding Lawson Associates Page Of,
03123125197 Form-02



DAILY FIEW REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams CoIM!y, Colorado

CQA ENGINEER: Bzad Coleman, P.E. PROJECT NO: 21907 206050.11 1 - I
CQA MONITOR: DATE:

OWNER/CLIENT: Program Manager Rocky Mountain Arsenal Remediation

Weather-AM: -TW- (',1friA.01i A4. C., 0 1 A 1, Y,?5
Temperature - AM 55.- -ý.?30 A i

Wo k Perfo ed/In - Progress: A.. 9 1 -A. nfAI'M4ý,;AA Aq bVYr0QVA4 Y YMY1 0ý 4VC*b4A&- 01 JA

Materials Delivered Onsite: ýJ A-

A

Inspectionfresbng/Sampling:-D"V-Aj rAdý'e,4,ýrJuaS
jimi^(A, mot 6AA iklez &AL 6" ;A--"-'JRýcr,ý5 Omf- dIAALr, dajA - An a-&Aa, jVjýý4_

L I 
1 0 1 -

Testing/Sampling Results: 514 A vfM6V 5 e7tAYVTA-A (d 'r(n 11 '5 IA12ý% - 190 4ý 6 V_'A a -k 0 d
L Y, A f 4 41. ý V A z, A 4 n U" - I + V I A r- 1)

CTYýý I 4mt GAr,4A C15J6 - S4- rA(aL,1j,- 4. 5161e A; Lot
0 

6 1 T,

Deficiencies/Non-qonkormancesNote:-C)k2gtArV ý.cnurlc

41AL VYýAfm-" 60VTO

Corrective Actions Notedý

r"y-- t S 5 0

Comments:,&,ý,,_ -2c 4y 60CEEIýi

A

CQA Monitor: 
0,7f 151k Ob_;b - j2L4Z___C Engineer:

21907 102010.6 Harding Lawson Associat" Page or
03123/25/97 Form-02



DAELY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION; Adams Coun!y, Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: kýý 7-, Zjjýýý- DATE: L/Z 1 /9 1
OWNER/CLIENT: Program Manager Rocky Mountain Arsenal Remediation

Weather - AM:- ejot1#4f., AtXZY-, eaellol
Temperature - AM g<--- 11ý 'p-
Work Performed/In - Progress: taffd:.-,: ewex- "Arr- ý6-

Materials Delivered Onsite: kill?'

Inspection/Testing/Samp3lin2:.Ygý7- *!;# A- ý1ý4; trz) ofec pqw Cg(g!ý4 119fg &7?gi-r ey-f

TestinglSampling Results: ri.) 4&E5. ::vo7&,Ardffr z It. to At.Tr zAo7 AR) payc. rleC2,maff -0/rw az

Deficiencies/Non-Conformances Note6z) Z2 r="

Corrective Actions Noted: (tV 4 -,0 kvy- -I;f t-ro

Comments: &7,gQ egigg 10AY ýOP 6yr 7,W-- Al't-e- 04,47 :-r4-P6 j7-A-r4-&-?f- AkZ- 7Z

x0c'k AýAý- Apo. 4-va, y"yx -, A,ý Ae,.;.," &/'zý 4'r-e6-1-

AW dkC.W Ke- 1ý'A&4t ,v4wf,*f-. j!+VWe AVdý AYAoy -gýp, A*Ia- AM;- 6Wf Vý AFS

,&j-9wx,w Ae," ýVr,4,-

CQA Monitor: A: 9ýd-ý
CQA Engineer:- TrAMjr7.'0;1m - 1&6

21907 102010.6 Harding Lawson Associates Page Of
03123/2S/97 Form-02



V)wp
DAILY FULD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Counly, Colorado

CQA ENGEqEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE- q

OWNER/CLIENT: Program Manner Rockv Mountain Arsenal Remediation

Weather-AM:
Temperature-AM

Work Performed/In -Progress: 6y, eAVa_ý\D", 0 12 SS LtLf4

Materials Delivered Onsite:_Zý=

Inspection/Testing/Sampline: 4 49X &ft lvledey,015 5 a &4
V,Z,ý rak"t'go 11

Testing/Sampling Results: AAo & q e 5 12 1,0179e,- Z'Y,.

Deficiencies/Non-Conformances Note:

Corrective Actions Noted: ýJTA

Comments:

4.D

CQA Monitor: A
C Engineer:jjýj( 0 -A oz, 0 - 1, -P-; :10

21907 102010.6 Harding Lawson Assoclafts Page _Z of
03123/25/97 Form-02



DAILY FIELD REPORT

PROJECT- RMA 93-03 Test Fill 3 Construction LOCATION: Adams Countv, Colorado

CQA ENGINEER: Brad Coleman. P.E. PROJECT NO: 21907 206050.1

CQAMONITOR: DATE: ql-zl-ri

OWNEFJCLIENT: Program Manager Rockv Mountain Arsenal Remediation

Weather -AM: iý(avvll, k4mv-f, "Vq 6&0e::ýd edwr r-ý

Temperature - AM

Work Performed/In - Progress4iM) A6ft&A,*_- dAgg V Yý

-7

Materials Delivered Onsite: AM

inspectiQn/Testing/SampU'ng,,,"Qfý AWým,,y- &.Aa 12ý r Z6564 CZeq. A44* 11-6-

AT01 A"6d2n

Aý,a

Tesdn&/SamplingResults:/A"'tWý j ke,41- 7-U APC025 49A A&97Zr

k1f j;rA&cyZP_ twrr,-q

rw (-(Yo 19AVEtr /1155 !ýtl/ AnýP 7k,ýcý 19ý,etaz?g

Z- ?

Deficiencies/Non-Conformances Note: .4U,4

Corrective Actions Noted: IVA.

Comments: 4YEO

CQA Monitor: 11-1

CQA Engineer:-

21907 102010.6 Harding Lawson Associates Page 'of
03123/25197 Forin-02



4rjtýol
DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Coj=, Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT 21907 206050.1

CQA MONITOR: DATE:

OWNER/CLIENT: Propmam Manager Rocky Mountain Arsenal Remediation

Weather - AM: IV z' , hA - 9-ff
Temperature - AM lpe-

W ork Perf ormed/In - Pr ogre s s: Q DI-451,55 "14 /1 &.4 Ald#d
lelw qr5 11,XIV54.; K-,&55K IIA"

Materials Delivered Onsite:

Inspe,ction/Tesfing/Sampling:,;ýýe,,ý5M,L& 11bis&4t 4M,ý'
rqti:&ý 4c,ýk L k -T lh!,

Tesdng/Samp .11ts: ej&

Deficiencies/Non-Conformancps Note: ffbc-4Ak ýIAY-PAtf- Is MV-

&JI6 2ý a

Corrective asNoted:

"Pl5sedl f - ---

Comment :-7e-,,,ýPA,715Z1.V9W 214,71

-6kz

CQA Monitor:`:'ý/l

CQA Engineer.,,L ýFw5i,/e 40,!582 - zwo

21907 102010.6 Harding Lawson Associates Page I of
03123/25/97 Form-02



DAILY FIELD REPORT 
/[A VA

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Coun!y, Colorado

CQA ENGR-4EER:_Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR:- 4?vAq T. DATE:-

OWNER/CLIENT: Program Manuer Rocky Mountain Arsenal Remediation.

Weather - AM: 3,jPw1,4,, eAtm

Temperature - AM ý0 f6 Go' F

Work Performed/In -Progress: Wt, 6yei,_ fktdaý gl AtA-ty-01L-_- jmcr Lw-e- Cnj*,,w Trgý_ (D,ý

b&ýg-ya- Ský

1ZW lAqwt- V'4ý' C4rr-

Materials Delivered Onsite: r4A

Inspection/Testing/Sampling-!-,ý-ýWhnr 4c^r,
0% X,/ýM

niý AMA.-,tt

Adoi-C eew C6 4- .10#V jýA45 -I,4VV OW- AW,ý ,r

2 Y.,te At,;,fw I-Kt &n e4wr z e.,, Z P&ý 1,6ý AUS *a" rO'ý

Testing/Sampling Results:
0ýw ý/_- 6 

ýeý
f,-ro Aý,ý A571 /99, Awno- m,ý

,,f li-07 2; 1§,7-7,, CZ;ý) A,,0kr, 7af /ZZ !wWr

*toýlf)

Deficiencies/Non-Conformances Note: Xezvr

rl;;i) taml- (&*I-- 4&SdEý I EA'e Z, &90W" A&VI-A&- MAr&_1&?f- A&w A--c" A&m_ý

Corrective Actions Notedn 50-ee, Z45-1 7zat wiker / AW A4,r,-W #,ecý

Comments:,gloo 5ý-ý 04gWrj,0(,- NZZ) I)PepX OT_tý 1.tL& V;O I- Z,,-7,

&zo% A6,%ý ký rz, tr

CQA Monitor:

CQA Engineer: OW

Z1907 102010.6 Harding Lawson Associates Page of Z_
03123125197 Form-02



.

DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Countv, Colorado

CQA ENGINEER: Brad Coleman, P.E. P ROJECT NO: 21907 206 050.1

CQA MONITOR: 40V j- I;ftAO,,, DATE:

OWNER/CLIENT: Program Manager Rockv Mountain Arsenal Remediation

Weather - ru: PA ýV_ý M - Jný
Temperature -AM____6CF- f-6, :rV',O

Work Performed/In -Progress: z2j:2L &jý2 r&f' 4& 4ýeW

Materials Delivered Onsite: 14A

Inspection/Testing/Sampling: ýZZA Rff46ý,,,_ ImPm-,w &&W 4&,er j*-c- 0" 1-*<'

(AU#- f 1, Af Z , 3 'A 14 rf il ey,,AAC, r2V) )ýý . I

Testing/Sampling Results: IZZk A55. ZAý I P-M 6!r: &-a kný

Deficiencies/Non-Conformances Note:

Corrective Actions Noted:

Comments: 1,*K &,WAK ;F)Cf 1^.V rg 7Wj" bar!#jq&.j , Z 7- 7-

44t;jý 0 DO I%- r7O2V5 . eOW,4 nZat Mf, &,ea

CQAMonitor: JA

CQA Engineer: fA!ýý

21907 102010.6 Harding Lawson Associates Pagez- of* ::_ý,_03123/25/97 Form-02



DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Countv, Colorado

CQA F-NGINM : Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: F> (26 kr-ý ý DATE: 14 1 /477
OVV'NER/CLIENT: Program Manager Rockv Mountain Arsenal Remediation

Weather - AM: par+lýj - mo-5+k, ajoucti, 46-9-d'F PM, kjr77,AT: KA-1 tj - 1400
Temperature - AM 0-- --

Li42 gytWork Performed/In - Progress: 0-7ý - tvzw" F. (W +0 P
60,4fo p[c.,<x__LA

Materials Delivered Onsite: qV&1 M-4rfml

Inspection/TestingISamplixig: At(

"-/a /X -44-, LAI' rtj,,ý Jxý JA
fLtia" Ljý±41; -Z et- WA7 4ý, 4 1, pwt

Testing/Sampling Resul "Vf 64fy-t- lAepyo, 0PA'((t;DSf- 1,PV1 ngd ý"4 mori ýt

LA, MAC, (',a+

L JQ

17)Deficiencies/Non-Conformances Note: A on,,1V -b56;2-,e, a P bT4
Aaý 4rgt

Corrective Actions Noted: L119" eci) &K L)TT5 "V5kaidi 5A6ý-.--Jý4

Comments: 107no SaLt2A i,,,4.c, M tAAA/ýs 11A',,-ýa

CQA Monitor:

L--CQA Engineer: Aifk 01,qo - I 1,.Cý

21907 102010.6 Harding Lawson Associates Page of
03123/25/97 Form-02



DAILY FULD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: L't -ý ý DATE: q) 411

OWNER/CLJENT: Program Manager Rocky Mountain Arsenal Remediation

Weather -AM: &" Lo tAIN(41 CdOLI Dal (J"ei AttaZ &VOL OAA-11-4
Temperature - AM ;16 -( 0 &0, e I k

Work Performed/In - Progress: 1ý,&M -TeS;Qjý VJ0 L ý;:;T

-P, Rkersr. CyW) 1ý AAWw9z-_ Deý 14ý 14r-Tieid' *OQ-;t*1f

Materials Delivered Onsite: Rik

Inspection/Testing/Sampling:eMo -5" Nvj- TC!,-T

MAUMM., SfL4_,- 8&ea&= LVft k A%41_1 fX4m& jj&A5A- Cp Jý9. to _Uýw

OWW_ý MAU14, 6W- NA*IWO, V/&W fE" ailOV Af -;,t6 &,z

- Ax--O n/4,;3.7

Testing/Samplinj Results: Oft 0ýý 1,(r 1-61 q_L_ PAwC4*_S

4S VV I-eX' ^A 10 (AK , PWGi

Deficiencies/Non-Conformances Note:

Corrective Actions Noted:

Comments: 0)6-Or SAr-bttk 4AyzTWt,-- 0,D) g!ýwz ewdmý , agc gAd to"-

At _rwSX n!57_4_w1_ 1.6're /7 ky"ý4ds- ;-a .57,ý Amw,,e,,

CQA Monitor: ys;aný

CQA Engineer:

21907 102010.6 Harding Law=m AssoclaWs Page Of
03123/25/97 Forin-02



DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Countv, Colorado

CQA ENGINEER: Brad Coleman. P.E. PROJECT NO- 21907 206050.1

CQA MONITOR: DATE:

OWNER/CLIENT`: Prog-ram. Manager Rockv Mountain Arsenal Remediation

Weather-AM:0202 tAj'),O",,r r.,k&,&_<1,AJ ýY'rQr IMO-VF
Temperature - AM j -
Work Performed/In - Progress: okp4',W. V' C+O UJ, 66A M tXAMAJ ý. ýCck-

I sov x (tiffVd pný ýM rArý 1W NO Vai Plat,(,
I;Aý bN 4? iLhb lqja,ýz LAL lg?ýo h.4 114ýý

Materials Delivered dnsite: K5

Inspection/Testing/Sam. _.ny&;kr 105ý,h 2 /V k* eZ 422ý &/I zip 5,-

56V A W"1_k4 X t2 AZ, w
-14

Testing/Sampling Results: Ynza-ýWa raý61;1

Z4=f_ 1141 4AM:ý A16101k 9'V

Deficiencies/Non-Conformances Note- Q bxýftyrt S6: efttmu v Yfkova
1'.0 1, A A 7Zrl e'Al -Ya, A,)14AV 4;. Z-4-7-

Corrective Actions Noted: 5%ý C5 f1f,

Comments: 2 etw'( P15ýý wls?'s citax avvCj*4 (iofd Lpfj ýSUJ31_Sý.ýp 4XhAlU 5WIg't
Ay L., ý+,Y"+ - eme- ý I S<, org fin, aRnyt!!L-'s rylaAý( I Ly' I'

L_<, rtnA,:._ - .. ,vAA 0112;1W1<41j5 /,*I 6-W 141,0 Z 7ell0214zg a - Ay
me's -5 15/ -521 -Slzr .5 04 i*71_404"6 "4A111

CQA Monitor:

CQA Engineer:

Z1907 1OZO10.6 Harding Lawson Associates Page I of L
03123/25/97 Form-02



DAILY FV-LD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adamms Countv, Colorado

CQA ENGINEER: Brad Coleman. P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE:

OWNER/CLT.NT: Program Manager Rockv Mountain Arsenal Remediation

Weather - AM: SutjouLf L->i-iiNll Co&L-

Temperature - AM 21!9 I-e, r-

Work Performed/In - Progress: !ý" e *(F JýEql- 2jgm jW rku,, AiAW k"6ý5
64w

Materials Delivered Onsite: uA,

-nýpection/Testing/Sampling(ýi.ý "W Pwcý- A4.4-,rwAAf, -rAk-gr -nar 4ue-
Sr"" Lj iýlr I;- jPm4ut%5, yz55T Zryj-' ejLlý 6,,rso (2Aftf

uri-dV- AaZAS 120 7&7- 1-r-ý,Pwl 5---91

Testing/Sampling Resultsf-iaý 5,r* I."or Awe,
11-ý

Deficiencies/Non-Conformances; Note: AiA

Corrective Actions Noted:. x4ot

Comments: 1-140- 40' Ai'r-, #bRIQ Roe,16- Z-

CQA Monitor:

L CQA Engineer:

'21907 102010.6 Harding Lawson Associates Page of
03123/25/97 Form-02



DAILY FULD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGINEER- Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQAMONITOR: DATE:/-//? 7,77
OWNER/CLIENT: Program Manager Rockv Mountain Arsenal Remediation.

Weather-AM: 40 SCOSýO J;ýýQ
Temperature - AM

Work Performe(:Vln - Progress': 4n 9 M Aa& /a -7 ý0?00/y .5

a6ýyr4aaýý hml;a2 wa /er 9- ffiqj t kf±h I

Materials Delivered Onsite:

Inspection/Testing/Sampling: Vv 50biýi, Avvor.-5 Rom 011;lkw 4,5Fý

TesýinglSampling R ults: 9; mrtl*y lf)711yý' 1/1 MrGAII tk)/ oyoýe mox Lmýn& bkeP
OLCLý9AV ý&Jf4- fth J7 A

Deficiencies/Non-Conformances Note: reemdl

Corrective Actions Noted:_tj

Comments: 4144tki,4_70)

A

CQAMonitor:

CQA Engineer: &eik o&,Tv -15ap

21907 102010.6 Harding Lawson Associates Page of L
03123125197 Form-02



R, I

DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGRslEER: Brad Coleman. P.E. PROJECT NO: 21907 2060,90.1

CQA MONITOR: eu#? L4 -TAo;ALDO DATE: ti I + lei

OWNER/CLIENT`: Prouam. Manager Rockv Mountain Arsenal Remediation

Weather - AM: plkkjn_ý'( UO.V141 VIA01ak

Temperature - AM -4 se" f
Work Performed/In -Progress: JýRcj.ý (AL.-I w.(, -7'r" L, Pj- k'j;_4'ý7-) 5rA4-r 6r,,Uý ý 7 7"'

_A14-oom P,7ý

Materials Delivered Onsite: 14A

Inspection/Testing/Sampling %T ?'-,u65 At*r6z,,*<- ity Nxc, Cu-*f.-f rzw_ UAST. =T&7- 'ea7-

W: IýWOs 4ftom-t- lr--- (V.46

(.er-r e 
- gjjjý

'g AiW- CI,16ý 60Wd <Aý9' IV4d jrlý 60., a- !P.-- 6;:z

Testing/Sampling Resultsiý-Rýý car, w -, t- t5-% T6 t s zz-, g&E or- lucas
&YOM Ztfl 7'0;ýr'N,66 -,167-096yuX oý _z.,,rAy,_j

Deficiencies/Non-Conformances Note:

Corrective Actions Noted:

Comments: 01y& AMTH rAfaU 94&-rjj&ýý A.L,,e 140z,6_&w.,F av <rrx- 5Acý

CQA Monitor:- j4-4ýw_ý

L CQA Engineer:-

21907 102010.6 Harding Lawson Associates Page ( of
03123/25/97 Fo=-02



DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Countv, Colorado

CQA ENGINEER: Brad Coleman. P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE:

OWNER/CLIENT: Program Manager Rockv Mountain Arsenal Remediation

Weather-AM: OVD4a,00'r- LA_&J-1-)K0W (go 5E
Temperature - AM 4 1ý I

Work Performed/In -Progress: QIDWAýVA kCVViAA1eA OYýVbýý V

WA4- On

S4& -

Materials Delivered Onsite: 144"

a4F_q_ýL f

Insplection/Testing/Sampling:& kU,ýM rTý44k_Oj WZA
AM5 4( - /10 1-,4, Al, /,Ml txg,4,-n

k, ra ysA,,,, 1 -2 A ý y I omit ýe ov I srý WaT

Tesdng/Sampling Results: lAf,ý -3, 0 / zot Zogr_4.o., A &/-a V10 kef Ax, sit 46 alflýx Al 0
3- Z les

ZSIZ4,01e, 641 1,3ý11e t4, j

Defici S/Non-Conformances Note:

,,;Incie/9'I) W 4yelzm_r4 9 f gtae 4-rt d M AM-4 -/-V Irwo Y-- all 0 :510 Ad f I.A110
1'4 - 4V n04__ Ar

6V51ý 1,ýUhAjAl 41"hf AY 1AZ npývo ,14 IC5A:;,r

k5 kd ý-f 1,,. -5 we rý-f^ exca W. k Md ck 4P rIA Z.
Ir-67' 4v ZZft = Al.'e - ae 4,e4(ld -7/)W-P AA -Y1111

Corrective 6ctions Noted: A,4ý,f /&P O;Vk5ý4?1 k te&ý" .L)
I-- 5ca 0,W 54dA n-=0 /. ý, < to / 4-,5k,;V- 1-s.-Z04- rdAj-,7,_(14 Ace t 5 Ilk A0 ";ak
ý Zýx eoýýMnTz 0 - 5 /,wv5 1 zej (_/ ir' /P " ) -U45 4.ý- Ar h4tk eý f-a YA1Yh-n,5

4ec_ze- ei we&& wd 1 4g4amkcO 4 kw vil i ble yeld s an ad a t ver-ke,
.7

Co ents:_ M2A_ý . 5 k

ýr_,

at&!ýv5 1-5
CQA Monitor: )9

CQA Engineer:

21907 102010.6 Harding Lawson Associates Page of
03123/25/97 Form-02



DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adains County, Colorado

CQA ENGDEER. Brad Coleman. P.E. PROJECT NO: 21907 206050.1

CQAMONITOR: DATE: Y/.S/f

OWNER/CLIENT: Projuam Manager Rockv Mountain Arsenal Remediation

Weather - AM: 0-6
Temperature - AM I'a K_'

Work Performed/In -Progress: 4jZjjL&A)& hcýe ocF

- 1;aU.0w P,-r, Wff !ýw4w&

Materials Delivered Onsite: 6 RIQ ýrwývf 4W.6,*_ ekd srzr

Inspection/Testing/SamplingnA6výF 6tgdg- hh,,&d Zevez- wr&r- Agm"rýý Gý.

Testing/Sampling Results: OK i2ýr rite-, e- (ývwor). ý*VF quvmK-

Deficiencies/Non-Conformances Note:

Corrective Actions Noted:

Comments: ffW "61 607'1 AftVa6-11VO ?Aeý FlIt

11W ri.-g(w

CQA Monitor: 9 A
CQA Engineer:

21907 102010.6 Harding Lawson Associates Page ( of
03123/25/97 Form-02



DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION:- Adams Countv. Colorado

CQA ENGESTEER: Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE:

OWNER/CLIENT: Program Manager Rockv Mountain Arsenal Remediation

Weather - AM: P 0 Q W 1AA

Temperature - AM______Ph'Ag Cbgk&

Work Performed/In -Progress: 4fNKnVbvA I ffAAIALV4 WN%i sahKdes VA

Materials Delivered Onsite: 4)IA-

Inspection/Testing/Sampling:

Testing/Sampling Results:

Deficiencies/Non-Conformances Note:

Corrective Actions Noted:

Comments:

A

CQA Monitor: ( ) I ý
CQA Engineerýfý $71 Týý=

21907 102010.6 Harding Lawson Associates Page of
03123/25/97 Form-02



DAILY FIELD REPORT

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adams Countv, Colorado

CQA ENGINEER: Brad Coleman, P.E. PROJECT NO: 219()7 206050.1

CQA MONITOR: 12vvL( -rAgAT-A z> DATE:

OWNER/CLIENT: Prouam Manager Rockv Mountain Arsenal Remediation

Weather - AM: 6f-A
Temperature - AM 10*rý w,r

Work Performed/In - Progress: &&nL fowgmuL, Zaeza-,- 47-- KII'Z ;0
I"a,.VL Z37-1cla- - I

Materials Delivered Onsite:

Inspection/Testing/Sampling: 13 7,ýZ frAw,-F Z*mACIA4,", o,-Af--f PdVx&j1Aa-

Testing/Sampling Results:

Deficiencies/Non-Conformances Note:

Corrective Actions Noted:

Comments: eo& 6ffL17Tý M4&11,16- .,,99,V YCW1A--, &A.W- gtr7;-

zarwyaýs.

CQA Monitor: -4
CQA Engineer: C, V 0,o

21907 102010.6 Harding Lawson Associates Page Of,/
03123/25/97 Form-02



Appendix E

CALIBRATION AND STRUCTURAL FILL TEST RESULTS



FIELD DENSITY TEST LOG

PROJECT: RMA 93-03 Test Fill 3 Constructian LOCATION: Adams Coun!y, Colorado

CQA ENGINEER: Brad Coleman, P.E. 6ý-KD PROJECT NO: 21907 206050.1

CQA MONITOR: $Z11yi- DtffE: AAPjr;ýeýAq RAL-

OWNER/CLIENT: Program Manager Rocky Mountain Arsenal Remediation

In Situ Values Proctor Values
Differ. Pmrces,4-

Wet Dry Moisture Max. Dry Optimum From Opt. Of pas--/Test Horizontal Vertical Density Density Content curve Density Moisture Moisture Peoc+or r-a INo. Date Location Location (PCF) (PCF) No. (PCF) W M Remarks

512-a I 2,01tk/ Tv) "o ` 110, 1013 1 do, -7,1,o 9Y F08 +eb oý slop
I 5CAv,Rtd) K4.1,!, 12.-ý2, 18

'SW4ý.:ý I L.,/ TF I LdQ,
5-61 (p, F(w- 12, 1ý1049 It -2,0 J04/ 510 Pe secRb,F* tOIL

'A V 53 1:61- lzýýv /0q -2 /o/ F, 55 boý5e- SOýAb.,&L 11 It /I "I ed,"j
zA 1?e k,4 it 141.8 +0, /00 qn 1"v'Coh*vt6e

to -5,4/ J00 P'l Ave^ hv 1ZL4j -M 1 (0-) 1:Gr 112,7 1/07,& 1112-

5A 5 13Z, 0 1141.7 151 10 -115- 0 .55 coy

'055to 0 v

to"I tTv I = 0 16519 fe'l to -1,2- 18 1 P455 OS% 0 e,

(e 4

21907 10201o.6 Harding Lawson Associates Page -- oý--
02293/31/97 FORM 21



FEEID SAND CONE TEST LOG

PROJECT: RMA 93-03 Test Fill:$ Construction LOCATION:- Adam CoM=, Colorado

CQA ENGR,1EER:-Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR:- 1ýfwr-&-o DATE:

OVVNER/CLIENT: Program Moner Eggky'h 4 'rsenal Remediation

Material Type: (circle one) Fill 4;i;ý Subbase Clay Liner Other

Percent Compaction Required: 167-77 Moisture Content Required: /6ý

Test Location: W qoc Test No.: 6A

A Density of Sand (PCF) H Volume of Hole = GtA (CFr

B Initial Weight of Sand (LBS) I Weight of Wet Soil (LBS) 7,*Z-

E 
FMLD 

TEST 

DATA 

ASTM 

D 
1556

mTES'

Wt of ý
C Final Weight of Sand (LBS) Wet Density I/H (PCF) 133,

E Vol

W

Wt of Sand in Funnel & Hole B-C (LBS) 1-7 K Moisture Content (96)
Volume of Funnel (CFI) L Dry Density = J/(I+lg (PM

F Weight of Sand in Funnel = A x E (LBS) Percent Compaction (96)

WWeight of Sand in Hole = D-F (LBS)

COWARISON WrM NUCLEAR MDEMODS ASTM D 2922 AND D 3017

Test No. &"DensiýL (LB/CFT) Moisture Content N

Results from above Dpj,.Densinr "/CFM Moisture Content (96)

-e! 

-/ X

Difference 4+ 4,1, 0,!7

LABORATORY DATA

A RA

Sample No. Lab Ma)dmum Dry Density "/CM

EASTM6`691ýR D 1557 Optimum Moisture Content (961

Method B C D

LABORATORY MOISTURE CONTENT ASTM D 2216

F7TareN7o. P oVmý- Tare Weight
TaMplusTare Plus Wet Soil (grams) WeightofDrySoil (gams)

Tare Plus Dry Soil (grams) 0 Moisture Content Cq v9"/ /I/.

Weight of Water (grams)

21907 102010.6 Harding Lawson Associates Page j ot/
03123/25/97 Form-16



f., I T;,VL_
ýýOýpr,r

LABORATORY COMPACTION TEST

JOB hk NO.
140 SOIL TYPE C-L - DATE IIZ6121 BY-

SOIL DESCRIPTION 115-AA1 CLASA C4 StLl-

ISOURCE 7V;Wwro +111
130

El ASTM D 1557-78

El California 216 F

-AAA
120 11,11 - 10ther (specify) IS

MAXIMUM DRY DENSITY los,o PCF

co
z OPTIMUM MOISTURE CONTENT %
W

110> 0 Laboratory Compaction Point

A Field Check Point

100% Saturation (G. 2.68)
100

90% Saturation (Gs 2.68)

*For weight of wet soil in grams and
volume 1/30 cu. ft.)

90
0 10 20 30

RELATIVE MOISTURE CONTENT%

I 't- 4 2 4-(.p 3 t- 4+10 5 6

MOLD AND WET SOIL 1,?, -Z Lj t3 ýG& 11 -,Tý
MOLD 9. Li U ttu el. 1-16

-WET SOIL 4#1 3.-7 j3 6 z .0 2FACTOR* jýý6a ý0662
eý6- ý,4 4* .0294ý

WET DENSITY 61
PAN NO.

-PAN AND WET SOIL- 1+-11109.1 b3.2 2 ýv V), ?46-ý orb 169ý6_
PAN AND DRY SOIL 1 q0 57. 111 21j, 71 &0-0 IL15.z
MOISTURE LOSS 0 L0 10 -7, 14-ý 4,q 14.q

PAN TARE 1q,7. tf, 7q.1

DRY SOIL

MOISTURE CONTENT

DRY DENSITY 106A Ion I) 1CG,!j 104.b I 10,q 101.0

HARDING LAWSON & ASSOCIATES



byaý tvA Uf(,ý

FBELD SAND CONE TEST LOG

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION: Adamms Counly, Colorado

CQA ENGWEER:-Brad Coleman, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE: G (c, 4

OWNER/CLIENT: Pro&MM Manager Rocky Mountain Arsenal Remediation

Material Type: (circle one) Fill Subgrade Subbase Clay Liner Other 1.4 22',;/

Percent Compaction Required: A)At Moisture Content Required: aA -XV
TestLocation: Callkrr-AID--, Cý4&-,L Test No.:

FIELD TEST DATA ASTM D 1556

A Density of Sand (PCF) & H Volume of Hole CWA (CFF

Initial Weight of Sand (LBS) I Weight of Wet Soil (LBS)

E V 17

EC Final Weight of Sand (LBS)

M

Ila 

J Wet Density 
I/H 

(PCF)

D Wt of Sand in Funnel & Hole B-C (LBS) K Moisture Content (VA)

W I

Volume of Funnel (CEM L Dry Density = Y(I+K)

0 
(PM

TWeight of Sand in Funnel A x E (LBS) Percent Compaction (96) 87 7 99.
Weight of Sand in Hole = D-F (LBS)

L

COMPARISON WrM NUCLEAR MMODS ASTM D 2922 AND D 3017

Test No Density /672 Jýe (IJ3/CFT) Moisture Content N

Results from above DFy Density Z- (LB/cm Moisture Content

DifferenceE=
LABORATORY DATA

Sample :: Lab Maximum Dry Density (LB/CFn

(jýiT'M D 698 RD 1557 Optimum Moisfture Content (0/6)

EMPthlod (ýAý' B C D

LABOR7ATIORYMOISTURE CONTENT ASTM D 2216

FTare No.0 Tare Weight (grams)

Tare Plus Wet Soil grUl (grams) Ivi, Weight of Dry Soil (grams) aTk. c? It 5 3

Tare Plus Dry Soil (grams)- 1 "1 -r Moisture Content (K)

Weight of Water (grams) Ic I -, 7- j

21907 102010.6 Harding Lavison Associates Page Of
03123/25/97 Form-16



FIELD SAND CONE TEST LOG

PROJECT: RMA 93-03 Test Fill 3 Constmý LOCATION: Adams Con=, Colorado

CQA ENGINEER: Brad Coleman. P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: q- DATE:

OWNER/CI.JENT: Program Manager Rocky Mountain Arsenal Remediation

Material Type: (circle one) Fill Subbase Clay Liner Other

Percent Compaction Required: Moisture Content Required:

TestLocation:- ?Y)Omss ý-rr-y, 5092ýjajt FW, iýk Test No.: f

TEST DATA ASTM D 1556

eTDensity of Sand (PCF) H Volume of Hole = G/A (CF-r

t

n 6-71-7
mInitial Weight of Sand (LBS) I Weight of Wet Soil (LBS)

W 0 _..,7 _v

EC Final Weight of Sand 
(LBS) 

j Wet Density 
11H 

0
.cam, 7"

F W Ig
V 

(PCF) 11,7,0
D Wt of Sand in Funnel & Hole B-C (LBS) K Moisture Content N

si

E Volume of Funnel (CFT) L Dry Density = jffl+ký (PCF)

Weight of Sand in Funnel A x E (LBS) Percent Compaction N
G W jg Weight of Sand in Hole = D-F (LBS)

COMPARISON WrM NUCLEAR METHODS ASTM D 2922 AND D 3017

Test No. Ek-r-Densitv H-7/a (LB/cm Moisture Content
11q. 0 (LBICM

Results from above Prf Density Moisture Content

its fron 

0/0)1

i 
r

Difference 4E
LABORATORY DATA

M 0

ASTM D 698 RD 1557 Optimum Moisture Content

Meth]odrA) B C D
[Sample NO. RY 2- Lab Maximum Dry Densi CULCIM j

LABORATORY MOISTURE CONTENT ASTM D 2216
hulcli.; 

IORATO

Tare Plus

Tare No. Tare Weight (grams) I If%! 11, 5

rTarePlus Wet Soil (grams) 2 L11. 'j 4o.cP Weight of Dry Soil (grams) S44. i; li-3-

Tare Plus Dry Soil (grams) 0 Moisture Content (Fq

.1 , of (grams)

21907 102010.6 Harding Lavirson Associates Page of
03123/25197 Far -15



Harding Lawson Assoolates SHEET OFEngineering and
Environmental Servioes JOB NO.

DATE

PROJECT I'L ýA -23 -T It COMPUTED BY

SUBJECT C D Itc- i 1PI e-,k t 6vv6y) Z %L-t, Cr-,t J-)y,4ioyi CHECKED BY -9-4C-,

14, 16 V3 113

(D 1-4 -4e-3 10 '93
(Ib ----------- - -------- ---------3,-ý 0 D 5,(-7-3,.71

5) w" --7c' 3,7 c

L3 LJe-L++

71f #57

Vj+
vvlo L4

c6A 0 -,S,40 S.qo S, LAD

ct'

U,-, Wý-o
_t D IZAVV 1333



Harding Lawson Associates
Engineering and SHEET OF

Environmental Services JOB NO. SI-107

PROJECT WW -6 
DATE

COMPUTED BY

SUBJECT 60" 6r CHECKED BY

1"e-I A-1- -
4.1-T fAZA0
&Ajar A T) 15. zlý

&%2w -For(116)

ror 
of

A

3,17 ý,7*7 -7,Y ?

M eamLr f, '3.18 IIG



Harding Lawson Associates
Daily Log

Sollimoisture Density Gauge
Rocky Mountain Arsenal

Date/Time Out 4jame Date/Time In Name
//?, 0 allfý

/* rj hv r L%SýA4

j(ZJkj- 4& Ipme" 1-4 30 Cf -,LO g7,3&7- 170v

g1;4j-bjZo'" '77tt 30720

a ? 31 "r Z- 3,-S-4- Z- -ý,Wf,?

o 0 Teo f -7 1 ?, 4 " Y Le2> /gre"

f ep f/9-7,1
22

C,/ -7ý ý, d a,

T ('75- 0 7- f

tqL-7,1q4- 00'*" -4- 3 Z-7) ti 1-7 -2,,,,



AppendbiF
COMPACTED CLAY LINER FIELD TEST RESULTS



atc/ Ziý e r
FIELD DENSITY Tý-.ST LOG

PROJECT: RMA 03-03 Test Fill 3 Construction LOCATION: Adams County, Colorado

CQA ENGINEER: Brad Cole an, P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: DATE: q15 4 qlll,? 7

OWNER/CLIENT: Propram Manager Rocky Mountain Arsenal Remediallon

In Situ Values Proctor Values
Differ. P-me,,4-

Wet Dry Moisture Max. Dry Optimum From Opt Of
Test Horizontal Vertical Density Density Content Curve Density Moisture Moisture' 1:6c+*r
No. Date tAcation Location (PCF) (PCF) No. (PCF) Remarks Paw,

,"%+7 Ljýj-l I ZIA ///,7 ILI se,-_ llaciý A Y.-Id ý4 4?e ble- A -n t- 9s,
L1900 aIA/4 I, - j

14 ýb - 151,1 1/3, Z /5,7 vs
e4ne t oil t I I0 45D
Come Z- I/+ý I
140C 5 Z'Alk ) #6.t.S 114's Z N16k3k) it 50WACv%C, / I Ir -9,0vvi!&A&. 112d /,vi5

/3Z it 4A%C 3 1,27".14 107,IS- /7,3;
If /1W ý All - it1244 le. 130,tp 11311Z 15*13
If Lctht 1 3 Im toZ/ 6,4/.$ //Z, Z 11*13

Z it 44mil //3j-7 I
-Z7 I q1,q1q;&' Vý$ 13g, 5-'0,, NIL>

It / 3,6,CY 1/7,2 4,0
-Z Z z qMA I/14L9V I Say .///17

huie 5 1 15 t 11

212 It 5-
11:5564Aý. Z 171

4- -- (t0eTIVAf_

21907 102010.0 Harding Lawson Associates Page i0f02253/31107 FORM 21



CCL,
FIELD DENSITY TEST LOG

PROJECT: RM 93-03 Test Fill 3 Constw0ag- LOCATION: Adams County, Colorado

CQA ENGINEER: Brad C leman, P.2111'rpý ) PROJECT NO: 21907 206050.1

CQA MONITOR: DATE:.

OWNER/CLIENT: Program Manager R ckj Mountain Arsenal Remediation

In Situ Values Proctor Values
I Differ. RMCK4-

Wet Dry Moisture Max. Dry Optimum From Opt. 0 hio,

Test Horizontal Vertical Density Density Content Curve Density Moisture Moisture Procf6r ASS/ 09
No. Date Location Location (PCF) (PCF) (96) No. (PCF) (96) (96) Remarks Va I st-S.

A61 
AA25 1 Z 1-+ L, SGA 11?!h3 1510 -see- affF

94iieL Z"s
37- ?-+664 tý,43 imsil 7-0,0 e7ee ýt- ja

""t5 2$Aff
111ý141.0

L"c.5, 3
AL IZOU -AP4-7-. ..2194

TZ/ Z
qil VA10 014,116) IRAY I,W,5- _I to,.-3 j?1,3

J- AL (:5/.9 111,7- /9-6

L 27, 10LO ZO, I

-L7 L I zq,g /09d ýL
q5I jZ(

'6307* ,3 leq.-7
q; Awe 114,63

Ll

R -7
1+,kQ 121--Z 107,7 )7,2

IIA*e LI'St
1+1 1 1 ý D

15"Z1 108,'2

A
C1,44W e d-O n e 01

21Dn7 102010.0 Hw)dInq Laws4m Assoclatts pmp Lcf-
02253/31107 FORM 21



FIELD DENSITY TEST LOG

PROJECT: RMA 03-03 Test Fill 3 Consir LOCATION: Adams County, Colorado
CQA ENGINEER B ad Qoleman, P.E. PROJECT NO: 21907 206050.1

q11CQA MONITOR:1Z DATE: yl7lq q-

OWNER/CLIENT:- Program Manager Rocky Mountain Arsenal Remediation

In Situ Values Proctor Val es*

Wet Dry Moisture Differ. P-rce&j- Ato,Test Horizontal Vertical Max. Dry Optimum From Opt. of opDensity Density Content Curve Density Moisture Moisture Fýoc+or
No. Date Location Location (PCF) -(PCF) M No. (PCF) M Remarks s e-s

ql PA 5' 131.Z. 1/0#/ -S M
6731 1411,117 It 13/,ý -//O,A /av,

/0-7,5- 7413

PAIAi Zj 20,0

13 0, -2 111,3 17,0

Ai-ne Z CK4
&Z It _A*A

cav= w-, -I Z7,L foz.lp 1,7.,6
1; Z

6931 0477 18',3I
3;ý), 3 ///,3 17,

21907102010.0 Harding Lawson Associates Page 3-of-OU91131107 FORM 21



FIELD SAND CONE TEST LOG

PROJECT: RMA 93 3 Test Fill 3 Qgggfton LOCATION._-,6ý ý ýIoraýdq. .

CQAENGR4EER-- BradColeman P.E.Fw PROJECT NO:-- 21907 206050.1

CQA MONITOR. kdbi -5. 1w", ýze-^ o DATE.- Lj er -4-

owNER/cLEENT: Prograrn Monmer Rocky Mountain Arsenal Remediation

Material Type: (circle one) Flu Subgrade Subbase Other

per,en, cmpwtaiR.,,hý: NIA Moisture Content Required:

Test Location: Z_ I) Ll M Lýgk SIA 0-+ 35 Test No.:

FUID DATA ASTM D 1556

TEA pensjty of Sand (PCF3 H Volume of Hole = G/A (CFrCFTDen

I _mbB initial Weight of Sand "S) jq.0,ir I Weight of Wet Soil "S)S)
F_ ig'Mal -0STs't

G Weigh

C Final Weight of Sand (US) q, 7z J Wet Density = VH (PC:F) r. At "Off
D Wt of Sand in Funnel & Hole B-C (LBS) K Moisture Content (96)

E Volume of Funnel (CM L Dry Density = J/(I+K') (PCF)

Weight of Sand in Funnel A x E (LBS) Percent Compaction (96)

Weight of Sand in Hole D-F (LBS)

COMPARLSON WrM NUCLEAR bWMODS ASTM D 2922 AND D 3017

')b'pTest 7N76.1 W64 Densitv zy:96 az/cFn kAoisture Content
u)p-iF OWW"Fm ts from above Dry Density I-zqQ- "A ;%Moisture Content P4jW96)

Difference -3.15 -40. iq -ib.f15

D
L LAIBWORATORY DATA
Sample No. Lab Mwdmum Dry Denýity "/CM

ASM D 698 ORD 1557 ýum 1,4bisture Content (96)

Method A B C D

LABORATORY MOISTURE CONTENT ASTM D 2216

Tare No. )KZCo VýrW Tare Weight igrams) M I -Tcl

Jus

Tare Plus Wet Soil (grams) :2 tn.? lbr Plu -;, q Weight of Dry Soil Wams) t

of W

T')'s W

FTwTare Plus Dry S031 
VV Moisture Content M w A1,01 Iq 'A I

*,ht of Water fwams) C1

031=5/97 Form-16
21907 la2020.6 HaffdIng Lawson AssoeLTUm page Of



FIELD SAND CONE TEST LOG

PROJECr: RMA 93-03 Test Fill 3 QgMgMggýW- LOCATION- Adams County. Colorado

CQA RXý, L - Brad Coleman, PY. & C, PROJECT NO: 21907 206050.1
CQA MONITOR.- DATE:

Remediation.

Matwhd Type: (circle one) Fill Subgrade Subbase Claylin Other

Percent Compaction Required: til'k
1JR-Z - Moisture Content Required: 14,14

Test Lomfimi 7w ho 03'. 51LVý '4W Test No.:_

FMLD TEST DATA ASTM D 15%
A Density of Sand (PCF3 H Volume of Hole = G/A (CFT 6
B Initial Weight of Sand "S) 1 Weight of Wet Soil (LBS) 7.
C Final Weight of Sand COS) ty, 4, Z/ j Wet Density = WH (PM
D Wt of Sand in Funnel & Hole B-C (LBS) K Moisture Content (96) r,%" avrov%
E Volume of Funnel (CFr) L Dry Density = J1(j+1q (PCF)
F Weight of Sand in Funnel = A x E (LBS) Percent Compaction-; -v-c> "IA
G Weight of Sand in Hole = D-F (MS)

CO MPARISCIN WrM NUCLEAR METHODS ASTM D 2922 AND D 3017
kkA-

Test No. 2,7,1 DrrDensity 134.4 9B)CF11 Moisture Content Al. a
we-+ rhos-re WE"

Results from above _ Dry Density I a-6,q "/CF'n Moisture Content /1'. 0, 1 'd "?,r)

Difference + 1.

LABORATORY DATA

§2!afleNo. Lab hia)dmum Dry Density (LBA:;Fn

ASTM D 698 OR D 1557 Optimum Moisture Content
M Method A B C D

LABORATORY MOISTURE CONTENT ASTM D =16

Fare No. R-31(av svw Tare Weight ams) Ian.

Twe Plus Wet Soil (grams) Weight of Dry Soil

Dry Soil w1uns) Moisture Content R

(grams)

21907 102010.6 tbwMng Lawsm Assodafts pa" Of
0312312SX7 PoTm-16



FMLD SAND CONE TEST IA)G

PROJBCr: RMA 93-03 Test Fill 3 QgREPU199W LOCAITON:-Ad-am QggZgL Color dpa

CQA ENGH4EEEt Brad Coleman. P.E. dt-/ PROJEUT NO: 21907 206050.1'

CQA MONITOR-- Tft ALA)IO DATE: '4 (f 44?

OWNER/CLIENT: Program Mgnner Rocky Mountain Arsenal Remediation

anMaterial Type: (circle one) Flu Subgrade Subbase Clay La ! Other

PeTcent Compaction Required- 64i Moi..ý Required:

TCStLGcation: O+W Test No.:

FWD TEST DATA ASIM D 15M

A Density of Sand (PCF)

t

D H Volume of Hole = G(A
th (CFr .6 7 35

B Tnitial Weight of Sand (LBS) I Weight of Wet Soil . 31-1
9BS)

o /

Find 

I

eTC Final Weight of Sand (MS) j Wet Density I/H (PCF) 3 2.132-

F W

D Wt of Sand in Funnel & Hole B-C (LBS) K Moisture Content V
E Volume of Funnel (CF13 L Dry Density - J/(I+K) (PCF)Ii G%

MI

W W j

Weight of Sand in Dinnel = A x E (LBS) Percent Compaction (96)
eight of Sand in Hole = D-F (LBS) 6--7q

N WrM NUCLEAR hIE'rHODS ASIM D 29= AND D 3017

Test No. 1. 3n,ý (LB/CFr) Moisture CAmtent

Results from above "B" (LBACFn moisture content J10 .

Difference

LABORATORY DATA

Sample No. Lab Ma3dmum Dry Density ffArrn

ASTM D 698 OR D 1557 optimum moistý content

Method A B C D

LABORATORY MOISTURE CONTENT ASIM D =16 00 0

Tare No. 4T W Tan Weight

s

L%B0W

JW lu Weight of Dry Soil WdnIS)

RATO 

1-7

Tare Plus Wet Soil (grams) 01 3 - Sý I"

Ju --e #1 'Maisture Content (K)Tare Plus Di y Soil 4rams)

FTWeight of Water (9rams)

21907 202010.6 Harding Lawson Assochfts page-of-
031MW97 Form-16



FM-n SAND CONE TEST LOG

PROJECT: RMA 93-03 Test Fill 3 Construction LOCATION; Adams Countv, Colorado

CQA ENGINEER:- Brad Col P.E. PROJECT NO: 21907 206050.1

CQA MONITOR: TA-6m& DATE:- Wo-

OWNER/CLIE1qT: Program Manager Rocky Mountain Arsenal Remediation

Material Type: (circle one) Fill Subgrade Subbase (Cýlay FLinerý Other

Percent-Compaction Required: ]A I Content Required: M)A-
L-145, S4,:ý 044c)

Test Location: 14mt 3 j2x4= Test No.:

FM.D TEST DATA ASTM D 1556

A Density of Sand H Volume of Hole = G(A (CFT SZ I

Tnitial Weight of Sand (LBS) 14t, 8,( 1 Weight of Wet Soil 4-0

Fbial Weight.of Sand "S) J Wet Density = I(H CPCý13
K in n-innel &Hole, B-C (LBS) K Moisture Content zo.D Wt of Sand I

E Volume of Funnel (CFT) L Dry Density = J/(l +K)Weight.of 
Sand in Funnel = A x E (LBS) -3 Percent Compaction (96) A44

G Weight of Sand in Hole = D-F (LBS) -7 10-13)v7

CoMpARISON WrM NUCLEAR METHODS ASTM D 2922 AND D 3017
W0

Test No. (LB/CFT) Moisture Content
Iviero W"

Results from above MýDensity "/CFI') Moisture Content 1q. r -ze.. S (916)

Difference -2,0

LABORATORY DATA

Sample No. Lab Maýdmum Dry Density (LB/CFT)

ASTM D 698 OR D 1357 Optimum Moisture Content (96)

Method A B C D

LABORATORy M019rURE CONTENT ASTM D =16 M04 14011 AWN

Tare No. Zare Weight (grams)

Tare Plus Wet Soil (wams) 4eight of Dry Soil

Tam Plus Dry Soil (grams 0 Moisture Content (K) (96)

Wei2ht of Water

21907102010.6 Harding Lawson Associates Page of
03123/12/97 Form-16

i



FUMD SAND CONE TEST LOG

PROJECr: RMA 93-03 Test Fill 3 9ý3 ýon LOCATION: Adams Cmxnty, Colorado
M - 21907 206050-1

CQA ENGI1qEEEL- Brad Coleman, Py- PROJECT NO:

CQA MONITOR: -(-A i ýýAýL A o DATE: '-f 11 -7

OWNER/CLUNT: Program Mmiagar EggkI Mountain Arsenal Remediation

Material Type: (circle one) Fill Subgrade Subbase Clay Lin Other

Percent Compaction Required: Moisture Content Required:

Test Location: L&,Ae?- %A 0 +'ZIS Test No.: (941

FMM IWT DATA ASIM D 1556

tjal
A Density of Sand WM 4qj.(0,Aý, H Volume df Hole GIA (CFr 01/7c/

al ITE
B Initial Weight of Sand (LBS) I Lt,w I I Weight of Wet Soil "S)

D Wt of
C FF-mal Weight of Sand "S) 1p, 7 2- J Wet Density = I/H

Volum
Wt of Sand in Funnel & Hole B-C (LBS) K Moisture Content (96)

F W
E Volume of Funnel (CFr) L Dry Density - Y(I+K) (PCF) 10,qin. jotq

Weight of Sand in Funnel = A x E "S) -3,70 Percent Compaction (96)
Weight of Sand in Hole = D-F (LBS)

COWARISON WrM NUCLEAR bWMODS ASIM D 29= AND D 3017
k40-

Test No. R!rýDensiý fLBJCFn Moisture Content 1-7.-L (96)
%Att-

Results from above ary (LB/CFn Moisture Content
Difference

[2 /-

LABORATORY DATA

e No. Lab Ma)dmum Dry Density RBA773

ASTM D 698 ORD 1557 Moisture Content

[=M!ethod A B C D

LABORATORY MOISTURE CONTENT ASTM D 2216 AMW

0_

1 

a

ar Plus W IeAi

Tare No. J*aD Tam Weight

rTareN

Tare Plus Wet Soil (grams) Weight of Dry Soil fwams)

Tare Plus Dry Soil f Z: Q, JIV, Moisture Content (Ig
W t of Vý
Weight of Water (grams) :zm-r

21907 102010.6 HardWS Lawsm Assochfts Paw-01-
03123/2"7 Form-16



Lawson AssookdesIM- "gw%rin. SHEET 0ý
;Zlw.= qZ" S JOB NO- 2tqO7, 90LC50, I

DATE
PROJECTRMAq,2>-03 COMPU176w, -8-AC,
SUBJECT T;ki., tt AQCSIý-m g- 7,c*js CHECKED BY

r-(39

ZA
216

A4C9j:,:7-A5LG mcx.ý
S-

4, mkc

77-

--' NN

37,

U i

29

rd -it v

'05 

7A

g3!"



LABORATORY COMPACTION TEST

JOB NO.
14 SOIL TYPE C-L- - DATE 41/1 -BY

SOIL DESCRIPTION 6ý11M - 1,242WII

SOURCE
130- -78 (A)f

'1_2ýASTM D1557

F-1 California 216 F

120 El Other (specify)

IZAMAXIMUM DRY DENSITY P4
Z5z OPTIMUM MOISTURE CONTENT %
LU

0 Laboratory Compaction Point

A Field Check Point

10 
100% Saturation (Gs = 2.68)

90% Saturation (Gs = 2.68)

(*For weight of wet soil In grams and
volume = 1/30 cu. ft.)

901
0 10 20 30

RELATIVE MOISTURE CONTENT%
.ýo I _+Z,4Z_.j*d, _j_z 6 ji,

MOLD AND WET SOIL 1 5_ to- L

MOLD 9
WET SOIL I 5ý2 4145 1 _19r, Its- t. to 1100
FACTOR* 4 .066 _.0662 .0662"0 ýýý4 _-_, . 940Mý294 0294,6" It 02

WET DENSITY iD T61NN
0 Vy"I M -ro - OVC- xn lcre a oweop,

PAN NO.

PAN AND WET SOIL _Z5q. -4;401 '332.5'4292, J05,1 '-Zoez
PAN AND DRY SOIL 7_77j, Z 32.5 _357-ý 5Z8-V -;505,q -_f2j/ ýSo.7

MOISTURE LOSS
PAN TARE /y7.q 1ý9.01 74, _5 A/ 7 4 t&
DRY SOIL 1:ý14,fi Z:zq.?- W9,6 500 4,ýS 312.
MOISTURE CONTENT 12-.z 11,1", )I>4, R.S 17,V1 ILI, -3 Sj 7,
DRY DENSITY I Vi-l I-LI-011-2'd 11q"F 111,01 1 tz's

HARDING LAWSON & ASSOCIATES



LABORATORY COMPACTION TEST

JOB NO.
140 SOIL TYPE D A T E B Y C

SOIL DESCRIPTION /-t L-La,"L

ISOURCE

ASTM D 1557-78

El California 216 F

120 Other (specify)

MAXIMUM DRY DENSITY 011 PCF

05
z OPTIMUM MOISTURE CONTENT %
Lu

110 0 Laboratory Compaction Point

A Field Check Point
7q

100% Saturation (G. 2.68)

90% Saturation (Gs 2.68)

(*For weight of wet soil in grams and
volume = 1/30 cu. ft.)

901
0 10 20 30

RELATIVE MOISTURE CONTENT%

.4 0 1 2 + Lf 3 4 5 6

MOLD AND WET SOIL 13,t,-L 1-3,4,.4
MOLD i..Jit

WET SOIL

FACTOR* 4"5ý- 16- 0662 0662 0662 0662
L -?!ý-2ý0294 f!!!Ký 4"0662 294:ý--ý 294

WET DENSITY q

PAN NO.

PAN AND WET SOIL ý3ý7.111536,1

PAN AND DRY SOIL 313,57 ý 113,1 2.75,1) 31-7,ý! 4171,/
MOISTURE LOSS 7, S L17,7 5C>,2-; r2),j

PAN TARE N7,ý lot 9,-7 11412 01 /4/7,T'/23,3

DRY SOIL 5& 1ý51,cj 3o5ý,c lb-7,Zj -2-21-L 3q7,X
MOISTURE CONTE NT -'jq,5ý
DRY DENSITY I lo-z'c6i 10Z,Z-1 lol 107.571 b!):5 -C, lot/-

Y -ýe
HARDING LAWSON & ASSOCIATES"



LABORATORY COMPACTION TEST

JOB ealig X?_5.1,r1113
140 SOIL TYPE C,4- - DATE -By

SOIL DESCRIPTION 1zhK,)4,z

130 IS URCEýý e-%544C-"'l

EIASTMD1557-78 edix c 6 E Cro c
D California 216 F

4::7

120 Other (specify)

>_ MAXIMUM DRY DENSITY PC

55
z OPTIMUM MOISTURE CONTENT %
Lu

* j7__110
0 Laboratory Compaction Point

A Field Check PointNI %

100% Saturation (G. 2.68)
100

90% Saturation (Gs 2.68)

(*For weight of wet soil in grams and
volume 1/30 cu. ft.)

90F0 10 20 30
RELATIVE MOISTURE CONTENT%

+q 1 2 3 4 5 6

MOLD AND WET SOIL I _- 13, Lo Z) 5,5q, q6,
MOLD qL-,
WET SOIL z
FACTOR- 4".ýý go -066 0682 0662 0662 6 .0662

ýýý4 94 294

WET DENSITY 1 )Z,4,z-
PAN NO.

PAN AND WET SOIL -7.11 t_1 I ip -ýqq,ý5 3yq.ý-,j -3-7t,4 3ýA
PAN AND DRY SOIL 31zý.,',l -311 . 1ý

MOISTURE LOSS 31, 1, 91, -9 &5: le 3 9, 3 IeU

PAN TARE 1ý7 197,ý jq3,

DRY SOIL

MOISTURE CONTENT Is"q 1-7ý9 1-20's go.1 2-3,5 i
DRY DENSITY 10'4,T 105,1ollozal IoM %4 ýioo. lnl,s- toz.5'

HARDING LAWSON & ASSOCIATES



LABORATORY COMPACTION TEST

JOB 7?ýr r.,L Ccgýusl" NO
140.__ SOIL TYPE 6414-V -DATE BY L0114

SOIL DESCRIPTION

SOURCE rL
130---

El ASTM D 1557-78

El California 216 F

120 ther (specify) 4STM
xO

MAXIMUM DRY DENSITY PCF

OPTIMUM MOISTURE CONTENT %W

>_ 110 0 Laboratory Compaction Pointir

A Field Check Point

100% Saturation (G. 2.68)
100

90% Saturation (Gs = 2.68)

(*For weight of wet soil in grams and

90 _74 - -
volume 1/30 cu. ft.)

0 10 20 30
RELATIVE MOISTURE CONTENT%

I If 2 to 7o 3 4 5 6

MOLD AND WET SOIL

MOLD 17, e(&

WET SOIL -I I- V, ý --Z 5-,
4" .0662 - 0662 .0662 0662 .0662[FACTOR 294, .0294 294

WET DENSITY Z-7- 7 1,7 75
PAN NO.

PAN AND WET SOIL

PAN AND DRY SOIL Of 92.0
MOISTURE LOSS

PAN TARE -7-1

L DRY SOIL 7,15 '95.9
MOISTURE CONTENT t 7 q 37
DRY DENSITY )-02,S , I t

j Q'S ( to

HARDING LAWSON & ASSOCIATES ;V1 -7
Z 55 -3 dA'l 4



cvt,,- micyo -JhAA

V10 -,Nwwf
FfEEB SMO e TEST LOG

PROJECT: RMA 93-03 Test HUI CO LOCATION: Mams Countv, Color-ado

CQA MG PROJECT NO: 21907 206050.1

MO=ýýQoýlern 

P_

CQA _S. _ DATE:' :ý-Zg -t 1-

OMNEWCLIENT: Prouam Mgmear Rockv Mountain Arsenal Remediation

jatmw Type: (circle -one) F1111 Subgprade Subbase - 9 ý5 Offierý_

Percent*Compacdon Requfre&-___MA_ Moisture Content iequire&_LJý . . .

Test Test No.: P&Ivmyý__ _X:

FMD TEST DATA AS7M D 1556

D Density of Sand H Volume of Role = GIA (CFT

Im

F

(PM
B Initial Weight of Sand CMS) I Weight of Wet Soil (LBS)

C Fmal Weight of Sand RBS) j Wet Density 11H 91M
D Wt of Sand in Funnel & Hole B-C (LBS) K Moisture Content N

W

E Volume of n-innel (CFI3 L Dry Density = J/(I+Ie,) (FCF)
F W P,ýrcent rom,3ýacdonmal 

V
Weight of Said in FunneJ A x E (LBS) K

FG WejSbt1 ofSand in Hole D-F (LBS)

CObIPARISON WrM NUCLEAR bffi'rHODS ASTM D 2922 AM D 3017

Test No. Dry 91y= Moisture Content
ov

Results fromabove Dry Density "ICFr) Moisture Content -5

Difference

I LABORATORY DATA

Sample No. Lab Nlwdmum Dry Density (UICFD

ASTM D 698 ORD 1557 Optimum Moisture Content (96)

I Meffiod A B C D

A..

LABORATORY MOLS7Un CONTE-7r ASTM D 22,16

Tare No. A7 IMC&O &.&j Tare Weixht NZ17 11A

[Tare Plus Wet Soil (grams) Zt;7. e' I & it, I Weight of Dry Soil 475ý

Tare Plus Dry Soil (grams) (76.1 Moisbare Content (K) ty-5

Weight of Water (gmms

21907 102010.6 Harding Lawson Assoaates Page of
03123/12197 Form-16
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LABORATORY COMPACTION TEST

140 JOB_ 
NO.

SOIL TYPE-6 It- DA By X-T-r
SOIL DESCRIPTION

SOURCE
130

DASTMO1557-78

0 California 216 F

.- 120 El Other (specify)

MAXIMUM DRY DENSITY PCI

z OPTIMUM MOISTURE, CONTENT %
Lu

110
0 Laboratory Compaction PointA IN

A Field Check Point

100% Saturation (Gs 2.68)
100

90% Saturation (Gs 2.68)

(*For weight of wet soil in grams and

volume = 1/30 cu. ft.)
90

0 10 20 30

RELATIVE MOISTURE CONTENT% I

2 3 4 5 6

MOLD AND WET SOIL

MOLD

WET SOIL
6 .0662 0662 .0662 066, .0662FACTOW 294, 294* 294, 94, .029

WET DENSITY V3 1/-9

PAN NO. ove'e-b:- Awe.-*

PAN AND WET SOIL 1-58-.1 17'/9

PAN AND DRY SOIL 17/14, AV-57

MOISTURE LOSS '5 A-5 /-Z-ý
PAN TARE r.

DRY SOIL

MOISTURE CONTENT

is, Z. 1

HARDING LAWSON & ASSOCIATES
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LABORATORY COMPACTION TEST

JOB NO.
140 SOIL TYPE e- - DATE 'VAI-7-2- -BY-xp- 7

SOILDESCRIPTION C&Z4
5AVE-f Q'If Aý07 A 61124h 9421 a-/-f:5

ee55 are." r2
130 SOURCE A-Y.-O

ASTM D 1557-78

El California 216 F

120 0 Other (specify)

MAXIMUM DRY DENSITY P

co
z OPTIMUM MOISTURE CONTENT
LU 110 

A i
0 Laboratory Compaction Point

A Field Check Point

100- 
100% Saturation (Gs = 2.68)

90% Saturation (Gs = 2.68)

(*For weight of wet soil in grams and
volume = 1/30 cu. ft.)

90
0 10 20 30

RELATIVE MOISTURE CONTENT%
1 2 3 4 5 6

MOLD AND WET SOIL

MOLD V ýfl 0 &-G- UF af VP,"15> PIA-T-ENU4t,
WET SOIL

0662 - 0662
FACTOR- .066 0662

ý0294, =ýý 94 294 -ýý.ýo294

WET DENSITY

PAN NO. A
PAN AND WET SOIL vaq C&O-V Z.NQ. df 1 (4( n4.q 1111-Z ý 7, ct -7. 1

PAN AND DRY SOIL 237--&1 U-7 Z37-24 TL S Lf if,&. 5
MOISTURE LOSS tO.-71 -/.ý 1&.71 10. g, gjý ,1 17,.3

PAN TARE IttIct 6-V Itaf V. I M I V -7

DRY SOIL qo.5ý 99.-Z- 'jý.j tZ 7
MOISTURE CONTENT

DRY DENSITY

&MýV:ALRD1NGAaLxAH.WZ-1rS0N Tw7AS-14SOCIATES



Harding Lavison Associates
inGering and SHEET OF:

2 a 1 ff. =
&9vironmental SGMces J013 NO. 7zi.6'0,

DATE
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SUBJECT Nol CHECKED BY -- AMI

C

.ee1b5-
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Harding Lawson Associates SHEET OF flEngineering and _E / I
Environmental Services JOB NO. a M CR t-014aýsv-

DATE

PROJECT COMPUTED BY 'A94C/T7 &I. 7AJ

SUBJECT- e5s Atxe*. CHECKED BY

"Op/ VAQ, At- A0KIC-~ ter?,

A",5 064W CA ýMý67Wej
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LABORATORY COMPACTION TEST

140 JOB 7-1,10q NO.
SOIL TYPE C12AI E BY -P\7'7-
SOIL DESCRIPT --,. / - /I

a I A li- ý A? I L, /_5 1 a 5 2122 5 95 75`2

ISOURCE 62!!/,V0b
130

El ASTM D 1557-78

California 216 F

120 Other (specify)

MAXIMUM DRY DENSITY PCF

55
z OPTIMUM MOISTURE CONTENT %LU

110> 0 Laboratory Compaction Point

A Field Check Point

A _A A...'

100 100% Saturation (Gs 2.68)

90% Saturation (Gs = 2.68)

VFor weight of wet soil in grams and

NP; volume 1/30 cu. ft.)
go

0 10 20 30

-RELATIVE MOISTURE CONTENT%
1 2 3 4 5 6

MOLD AND WET SOIL

MOLD

WET SOIL

FACTOR* 4' .366
29 *:0V'5'52 ý,8.0 2 94 0294

w + , ,WET DENSITY r1o
PAN NO.

PAN AND WET SOIL 0 -?4. Cl tog.?-
PAN AND DRY SOIL

MOISTURE LOSS Cb

PAN TARE

DRY SOIL (a 9 0,
MOISTURE CONTENT if's 1ý,C>

DRY DENSITY fA UA, 0 
V_Ncxcý wncaZe>
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LABORATORY COMPACTION TEST

140 JOB 7210 'ZOIP650- I NO.
SOIL TYPE - DAT BY

SOIL DESCRIPTION LVO&55 12no dat,-1
1))el C) V 740 tA, AV S

SOURCE Q K-OCe 5 5 0
130,

0 ASTM D1557-78

0 California 216 F

120 D Other (specify)

MAXIMUM DRY DENSITY PCF

z OPTIMUM MOISTURE. CONTENT %
W

110
0 Laboratory Compaction Pointa:

A Field Check Point

2.68)
100 100% Saturation (GS

90% Saturation (GS = 2.68)

(*For weight of wet soil in grams and
volume 1/30 cu. ft.)

90
0 10 20 30

RELATIVE MOISTURE CONTENT%
1 2 3 4 5 6

MOLD AND WET SOIL

MOLD

WET SOIL

FACTOR- 0662 .066 0662 1ý6ý6 0662
0294 0ý294 0662 0294 ý0294

WET DENSITY b
PAN NO. 1"Ie4,14-Avt wieýýWgv--

PAN AND WET SOIL Zq-7.1 1W. 9

PAN AND DRY SOIL

MOISTURE LOSS

PAN TARE -74/

DRY SOIL ?rz. Zý

MOISTURE CONTENT Z'Z

DRY DENSITY

HARDING LAWSON & ASSOCIATES
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Geomechanics & Environmental Laboratory
2658 Holcomb Bridge Road - Suite 110

Alpharetta, Georgia 30201 - USA- GEOSYNTEC CONSULTANTS Tel. (770) 645-6575 - Fax (770) 645-657o

Mr. Brad Coleman, P.E. 
4 August 1997

Harding Lawson Associates
707 17th Street, Suite 2400
Denver, Colorado 80202

Subject: Laboratory Testing
Report No. 4 - Additional Shelby Tube Sample Permeability Testing
Rocky Mountain Arsenal

Dear Mr. Coleman:

GeoSyntec Consultants (GeoSyntec) in Atlanta, Georgia. is pleased to present the
attached test results (Table 1) for the above referenced project. A blank shown on the
table indicates that the test was not performed. the parameter is not applicable, or that
the test resulted in insufficient data to report the designated parameter. Attachment A
presents the generat information pertinent to the testing program. and the policy of
GeoSyntec regarding the [imitations and the use of the test results.

GeoSyntec appreciates the opportunity to provide testing services for this project.
Should you have any questions regarding the attached test results or if you require
additional information. please do not hesitate to conmet ---iEher of the undersigned.

Sincerely,

Cuneyt Gokmen. E.I.T.
Assistant Program L\,Ianager
Environmental Testing

a

Nader S. Rad, Ph.D., P.E.
Laboratory Director

Attachment

GL0231VGEL97138

Ir4tic omm. Regional Offices: Laboratories:
N.W. 53rd Street - Suite 650 Atlanta, GA - Boca Raton. FL - Chicago, IL Atlanta, GA
Raton, Florida 33487 - USA Columbia, MD - Huntington Beach. CA - San Antonio. TX Boca Raton, FL
61) 995-0900 - Fax (561) 995-0925 Walnut Creek, CA - Paris, France Huntington Beach. CA

Z41 RECYCLED AND RECYCLABLE ýa



TABLE I

HYDRAULIC CONDUCTIVITY TEST RESULTS
ADDITIONAL SHELBY TUBE SAMPLE PERMEABILITY TESTING

HARDING LAWSON ASSOCIATES
ROCKY MOUNTAIN ARSENAL

REPORT NO. 4

0)
CD

Flexibk Wall
Grain St2c 

Fafluig ifeed
AtEmberl Limus ASTM D 5084

moislure ASTM D 4319 specificchelit Lab cordeju Nrceiv AS7M D 422 Soil classificallou Grdvity TesE Spccunen lFutialsallipic sanl* ASTM 1) 2216 Pa"ug ASTM D 2487 ASTM coixialow ReinulksID No #200 Sicyc D 954 consul llyd(aulicM ASTM D slevc Yýroin 
Dry Uak Motu= Pressure Cordixtivity

1140 Ll- PL Pi weight coment (psi) (CHUS)
M M M (Pei) MNo

112 97DJ2 
1093 17.7 ------------

10 a 9ý; --------------

3 8 3E-9121 97D13 
1079 182 ----------------------------------------

10 2 9E-9

GeoSplec ComuUmsGLWAGEL97138 
Gwenechacks ancl Enviiariffiental Laboratory
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ATTACEIVENT A

Sample Identification, Handling, Storage and Disposal

Laboratory Test Standards

Application of Test Results

GLO232/GEL97138
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SAMPLE IDENTMCATION, HANDLING, STORAGE AND DIMSAL

Test materials were sent to GeoSynrec Consultants (GeoSyntec) Geomechanics and Environmental Laboratory in Atlanta,
Georgia by the client or its representative(s). Samples delivered to the laboratory were identified by client sample identification
(ID) numbers which had been assigned by representative(s) of the client. Upon being received at the. laboratory, each sample was
assigned a laboratory sample number to facilitate tracking and documentation.

Based on the information provided to GeoSyntec by the client or its representative(s) and, when applicable, procedural
guidelines recommended by an industrial hygiene consultant, the following Occupational Safety and Health Administration (OSHA)
level of personal protection was adopted for handling and testing of the test materials:

M test materials were not contaminated. no special protection measures were taken;

level D

level C
level B

In accordance with the health and safety guidelines of GeoSyntec. contaminated materials are stored in a designated

containment area in the laboratory. Non-contaminated materials are stored in a general storage area in the laboratory.

GeoSyntec Geomechanics and Environmeriml Laboratory will continue storing the test materials for a period of 30 days

from the date of this report or a year from the time that the samples were received, which ever is shorter. Thereafter: (i)

contaminated materials will be returned to the client or its designated representative(s); and (1i) the materials which are not

contaminated will be discarded unless long-term storage arrangements are specifically made with GeoSyntec Geomechanics, and

Environmental Laboratory.

LABORATORY TEST STANDARDS

At the request of the client. the laboratory testing program was performed utilizing the guidelines provided in the following

test standards:

moisture content - American Society for Testing and Materials (ASTM) D 2216 "Standard Merhodfor Laboratory

Dererminanon of Water (Moisture) Content of Soil, Rock, and Soil-Aggregate Mixtures";

moisture content - ASTM D 4643 "Standard Test Merhodfor Determination of Water (Moisture) Content of Soil

by the Microwave Method",

particle-size analysis - ASTM 422. 'Standard Methodfor Parricle-Szze Analysis of Soils";

percent passing No. 200 sieve - ASTM D 1140. 'Standard Test Methodfor Amount ofMaterial in Soff Finer Than
No. 200 (75 microns) sieve";

Atterberg Iftnits - ASTM D 4318. "Standard Test Methodfor Liquid Limit, Plastic Limit, and Plasticity Index of

Soils";

soil classification - ASTM D Z487, 'Standard Test Methodfor CZassification of Soils for Engineering Purposes";

soil pff - ASTM D 4972, "Standard Test Method for pH of Soils";

soil pH - United States Environmental Protection Agency (USEPA) SW-846 Method 9045. Revision 1, 1987,
Standard Test Method for Measurement of "Soil pff";

OL0232/GEL97138
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speciflc gravity - ASTM D 854, "Standard Test Method for Specific Gravity of Soils";

carbonate content - ASTM D 3042, "Standard Methodfor Insoluble Residue in Carbonate Aggregates";

soundness - ASTM C 88, "Standard Test Method for Soundness of Aggregates by use of Sodium Suýrate or

Magnesium Suffiate";

loss-on-ignition (L01) - ASTM D 2974, "Test Methodsjor Moisture, Ash, and Organic Matter offear and Other

Organic Soils";

standard Proctor compaction - ASTM D 699, "Standard Test MerhodforMolsture-Density Relations ofSoils and

Soil-Aggreg are Mixtures Using 5.5-lb (1494g) Rammer and 12-in. (305-mm) Drop";

reduced energy Proctor compaction - modified ASTM D 698, "Standard Test Method for Moisture-Density

Relations of Soils and Soil-Aggregate Mixtures Using 5.5-Lb (2.49-kg) Rammer and 12-in. (305-mm) Drop". using

15 blows:

modified Proctor compaction - ASTM D 1557, "Slandan-i Test Merhadfor Mcisture-Density Relations ofSoils and

Soil-Aggregate Mixtures Using 10-1b (4.S4-kg) Rommer and 18-4n. (457-mm) Drop":

maximum. relative density - ASTM D 4253, "Standard Test MethodforMaximum Index Density and Unit Weight

of Soils Using a Vibratory Table",

minimum rotative density - ASTM D 4'254, "Standard Test Methodfor Minimum Index Density and Unit Weight

of Soils and Calculation of Relative Density":

mass per unit area - ASTM D 3776. "Standard Test Methodfor Mass Per Unit Area (weight) of Woven Fabric":

thickness measurement - ASTM D 1777, "Standard Test Method for Measuring Thickness of Textile Materials";

free swell - United States Pharinacopeia National Formulary (USP-NF) XVIL "Swell Inde.-c of CZay".

fluid loss - American Petroleum Institute (API)-13B. "Section 4, Bentonite";

marsh funnel - APT- 1313, "Section 4, Field Testing qf Oil Mud Viscosity and Gel Strength";

pinhole dispersion - ASTM D 4647. 'Standard TestMethodfor Identification and Classification ofDispersive Clay

Soils by the Pinhole Test";

gradient ratio - ASTM D 5101, "Standard Test Merhod.forMeasunng the Sod-Georextile System Clogging

Potential by the Gradient Ratio%

hydraulic conductivity ratio - Draft ASTM D 35.03.91.01. "Standard TesrMethodfor Hydraulic Conductivity

Ratio (HCR) Testing":

hydraulic transinissivity - ASTM D 4716, "Standard Test Merhodfor Constant Head Mdraulic Transmissivity (In-

plane flow) qf Georextiles and Geotextile Related Products";

one-dimensional consolidation - ASTM D 2435. "Standard Test Methodfor One-Dimensional Consolidation

Properties of Soil";

GLO2321GEL97138
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one-dimensional sweWconapse - ASTM D 4546, 'Standard Test Methodfor One-Dimensional Swell or Settlement

Potential of Cohesive Soils";

unconflued compressive strength (UCS) - ASTM D 2166, " Standard Test Methodfor Unconflned Compressive

Strength of Cohesive Soil";

trimcial compressive strength (I -CU) - ASTM D 4767, 'Standard Test Merhodfor Triaxial Compression Test on

Cohesive Sods";

triaxial compressive strength (UTJ) - ASTM D 2850, "Standard Test Method for Unconsolidated, Undralned

Compressive Strength of Cohesive Soils in Diddal Compression";

rigid wall Eonstant head hydraulic conductivity - ASTM D 2434, "Standard Test Method for Permeability of

Granular Soils (Conscanf Head)";

flexible wall falling head hydraulic conductivity - ASTM D 5084, "Standard Test Methodforweasurement of

Hydraulic Conductivity of Saturtited Porous Matenals Using a Flexible Wall Permeameter";

flexible wall falling head hydraulic conductivity - U. S. Army Corp of Engineers; EM- 1110-2-1906, 'Standard

Test Method for Permeability Tests, Appendix VIP;

index flux of GCL - proposed ASTM methad rough draft # 1, 6/18/94, "Standard TestMethodfor Measurement

of Index Flux Through Saturated Geosynthetic Clay Liner Specimens Using a Flexible Wall Permeamerer";

flexible wall falling head hydraulic conductivity - Geosynthetic Research Institute (GRI) GCL-2, "Standard Test

Method for PermeabilitY of Geo5yrzfhetrc Clay Liners (OCLs)

permeability/compatibility - USEPA Method 9100 SW-846, Revision 1. 1987, Standard Test Method for

Measurement of "Saturated Hydraulic Conductivity, Saturated Leachare Conductivity and Intrinsic Permeability",

capillary-moisture - ASTM D 2325, "Standard TestMethodfor Capillary-Moisrure ReladonshipsJor Coarse- and

Medium-Texrured Soils by Porous-PlateApparatus"; and

capillary-moisture - ASTM D 3152, "Standard TesiMerhodfor Capillar.il-MoistureRelationshipsforFine-Texrured

Soils by Pressure-Membrane Apparatus"

APPLICATION OF TEST RESULTS

The reported rest results apply to the field materials inasmuch as the samples sent to the laboratory for testing are

representative of these materials. This report applies only to the materials tested and does not necessarily indicate the quality or
condition of apparently identical or similar materials. The testing was performed in accordance with the general engineering
standards and conditions reported. The test results are related to the testing conditions used during the testing program. As a
mutual protection to the client, the public. and GeoSyntec. this report is submitted and accepted for the exclusive use of the client
and upon the condition that this report is not used. in whole or in part. in any advertising, promotional or publicity matter without
prior written authorization from GeoSyntec.

OL0232/GEL97138



Geomechanics & Environmental Laboratory
2658 Holcomb Bridge Road - Suite 110

71 Alpharetta, Georgia 30201 - USA
GEOSYNTEC CONSULTANTS Tel. (770) 645-6575 - Fax (770) 645-6570

17 April 1997
Mr. Brad Coleman, P.E.
Harding Lawson Associates
707 Seventeenth Street, Suite 2400
Denver, Colorado 80202

Subject: Laboratory Testing
Report No. 1 - Index Testing
Rocky Mountain Arsenal

Dear Mr. Coleman:

GeoSyntec Consultants (GeoSyntec) in Atlanta, Georgia, is pleased to present the
attached test results (Table 1 and Figures 1 through 10) for the above referenced
project. A blank shown on the table or any of the figures indicates that the test was not
performed, the parameter is not applicable, or that the test resulted in insufficient data
to report the designated parameter. Attachment A presents the general information
pertinent to the testing pro-ram, and GeoSyntec's policy regarding the limitations of
and the use of the test results.

GeoSyntec appreciates the opportunity to provide testing services for this project.
Should you have any questions regarding the attached test results or if you require
additional information, please do not hesitate to contact either of the undersigned.

Sincerely,

L
Cuneyt Gokmen, E.I.T.
Assistant Proaram Mana-er

?m ID
Environmental Testing

Nader S. Rad, Ph.D., P.E.
Laboratory Director

Attachment

GL0232/GEL97063

Corporate Office: Regional Offices: Laboratories:

621 NA 53rd Street - Suite 650 Atlanta, GA - Boca Raton, FL - Chicago, IL Atlanta, GA

Boca Raton, Florida 33487 - USA Columbia, MD - Huntington Beach, CA - San Antonio, TX Boca Raton, FL

Tel. (561) 995-0900 - Fax (561) 995-0925 Walnut Creek, CA - Pans, France Huntington Beach, CA

40 RECYCLED AND RECYCLABLE



TABLE I

SUMMARY OF INDEX PROPERTIES
INDEX TESTING

HARDING LAWSON ASSOCIATES
ROCKY MOUNTAIN ARSENAL

compaction

Grain Size SCA PH Standard Proctor Reduced Energy Proctor Modified Proctor
Alterberg ASTM D 4972 ASTM D 698 modified ASTM D 601) ASTM D 1557

Motsture Limits specirm LOSS On

Client Lab Content Percent ASTM D 4318 Gritylty lgdtion

Sample Sample ASTM paWng ASTM D 422 Soil clusincation ASTM ASTM

ID No. D 2216 #M ASTM D 2487 D 854' D 2974 Max Dry Optimum Max Dry Optimum Max Dry Optimium

1-110 CaC12 Unit Mokture Fig unit MoWure Fig Unit Moisnur Pig
Sieve Steve Hydrom Welift Comm No Weight Content. No. Weight Coment No

ASTM LL PL PI (pco (s) (pcf) M (pcf) M
D 1140 Figure Figure M M

M No No

TP-1 97C22 13 1 895 1 1 1 50 18 32 L - Lean Clay

TP-2 97C23 8.7 76.8 2 2 36 16 2D L - Lean Llity with Saml 108.0 170 3

TP-3 97C24 16.1 $64 4 4 52 18 34 1 - Fit Clay

TP-4 97C25 13.0 904 5 5 52 19 33 - Fat Clay

I 
It 

L

NO. 2, TEST FILL 31 971303 140 730 6 6 42 161 26 L - Lean Clay with S" 271

COMPOSITE SOIL I 97DO4 153 68.7 7 7 42 171 25 - Sandy Len atty 268 108 0 16 9 8 1 104 9 19 0 1 9 116 5 1411 Id

Notes,
1. Standard Proctor riunmer using 15 blows (I e Reduced Energy)

- Geosyntec conwhasts

GLJ0232WjEL97063 i3mmachanici; &M ErMronmectad uboratory

so M M M = M so M M M



FIGURE 1
G EO SYNTEC CONSULTANTS PROJECT: Rocky Mountain Arsenal
Geomechanics and Environmental Laboratory PROJECT NO.: GL0232

Atlanta, Georgia DOCUMENT'N'O.: GEL97063

GS FORM: ASTM C 136, D 422, D 2487
4PS2 04/17/97 PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES D 3042 AND D ý18

U.S. STANDARD SIEVE SIZES AND NUMBERS
12" 6' 5" 3* 2' 1.5"1'3/4"1/2"3/8" #4 #10 #20 #40 #60 #100 #200

100 11 1: 1: 1: J I I IF I I T TTT1- I:!III I I III I I I 1 0

90 10

80 20

70 30

--- CD
Lu

Lu 60 40 3:
I

03
U.1

LU 50 50
<LL- 0

ZLU 40 60 t-zLU

30 700-

20 80

10 90

za-

0 100100 10 1 0.1 0.01 0.001
GRAIN SIZE (mm)

COBBLES I COARSE I FINE I COARSEI MEDIUM I FINE SILT I

I GRAVEL I SAND FINES

SITE SAMPLE ID TP- 1 LIQUID LIMIT (%) 50 U) GRAVELM 0.1

LAB. SAMPLE NO. 97C22 PLASTIC LIMIT M is 4-1 SAND 10.4- =ý 2
SAMPLE DEPTH (ft) PLASTICITY INDEX 32 of-- FINES 89.5Cl) 0 ........ 6111ýYiý)*SOIL CLASSIFICATION: <

CL - Lean Clay U. 611;ýý6ý*)'

COEFF. UNIFORMITY (Cu)

COEFF. CURVATURE (Cc)

PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER

3- 2- 1.5- 1- 1 3/4- 1_ 1/2- 1 318- 1 #4 1 #10 1 #20 1 #40 #60 1 #100 #200 THAN HYDROMETER

PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (MM)

75 so 37.5 25 19 12.5 9.6 4.75 2.00 0.850 0.425 0.250 10.150 0.075 0.050 0.020 0.005 0.002 0.001

100 100 100 100 100 100 100 100 100 100 99 97 1 95 90 1 76 52 39 32

NOTES:



A=pý GEO SYNTEC CONSULTANTS r FIGURE 2
PROJECT: Rocky Mountain Arsenal

Geomechanics and Environmental Laboratory PROJECT NO.: GL0232
Atlanta, Georgia DOCUMENT NO.: GEL97063

ASTM C 136, D 422, D 2487GS FORM---ý ( PA CLE SIZE DISTRIBUnON AND PHYSICAL PROPERTIES
4PS2 04117/97 D 3042 AND D 4:318

U.S. STANDARD SIEVE SIZES AND NUMBERS

12' 6" 5" r 2" 1.5" 1'314r 112' 318" #10 #20 #40 960 #100 #200
100 0

11 r l I

90 10

80 20

-N I70 30

LU
lu 60 40

Uj
U)LU 50 50

z It
1:1 11 N I III

U- <
0

1-- 0
z 40 60 t-LU z

LU
LU
CL

30 70

20 '80

10 90-FT, ji

0 100100 10 1 0.1 0.01 0.001
GRAIN SIZE (mm)

COBBLES I COARSE I FINE 1COARSE1 MEDIUM I FINE SILT CLAY

I GRAVEL I SAND RNES

SITE SAMPLE ID TP-2 LIQUID LIMIT (%) 36 GRAVELM 1.0

LAB. SAMPLE NO. 97C23 PLASTIC LIMIT 16 Z SAND 22.2-10
SAMPLE DEPTH (ft) PLASTICITY INDEX 20 E5 F- FINES 76.8Cn L) .......
SOIL CLASSIFICATION: < 5-cc .......................................

CL - Lean Clay with Sand LL CLAY(%) 19.3

COEFF. UNIFORMITY (Cu)

COEFF. CURVATURE (Cc)

PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER

3- 2- 1.5- 1- 1 3/4- 1 _1/2- 1 3/8- 1 #4 1 #10 1 #20 1 #40 #60 #100 #200, THAN HYDROMETER

PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (mm)
75 50 37.5 25 19 12.5 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 0.005 0.:00:21 0.001

100 100 100 100 100 100 99 99 99 1 98 1 96 92 86 77 1 62 1 :36 1 24 1 19 1

NOTES:



FIGURE 3-Am"Oh, GEO SYNTEC CONSULTANTS PROJECT: Rocky Mountain Arsenal
Geornechanics and Environmental Laboratory PROJECT NO.: GL0232

Atlanta, Georgia DOCUMENT NO.: GELS7063L

GS FORM----ý (MO'STURE-DENSITY RELATIONSHIP, COMPACTION TESTING4MD1 04/17197 C- ASTM D-698=

135

SITE SAMPLE ID TP-2

LAB. SAMPLE NO. 97C23

130 SAMPLE DEPTH (ft)

SAMPLE DESCRIPTION

MAXIMUM DRY UNIT WEIGHT (pcf) 108.0
125 OPTIMUM MOISTURE CONTENT 17.0

IN SITU MOISTURE CONTENT

120

NOTES:
I 1\ A

115

110

Lu 1 0 URATION

FOR SPECIFIC GRAVITY EQUAL TO:
105 2.80

2.70
I I A 2.60

100

N I 1\1
I A I NIP'

95

I I V I I I I I 1 1 1 1 N I

90
1 1 N 11-

85
NI

80
0 5 10 15 20 25 30 35 40

WATER CONTENT (PERCENT OF DRY WEIGHT)



FIGUFIE 4
GEO SYNTEC CONSULTANTS PROJECT: Rocky Mountain Arsenal
Geornechanics and Environmental Laboratory PROJECT NO.: GL0232

Atlanta, Georgia DOCUMENT NO.: GEL97063
'j L

GSFORM: PAFMCLE SIZE DISTRIBIMON AND PHYSICAL PROPE"ES ASTM C 136, D 422, D 2487
4PS2 04/17/97 ý C D 3042 AND D 4318

U.S. STANDARD SIEVE SIZES AND NUMBERS

100 12" 6" 5" 3' 2' 1.5" 1"3/4"1 /2* 318' #4 #10 #20 M #60 #100 #200 0
I F'- I I T - id I I 1 11 1 1 1 1

90 10

so 20

70 30

Lu
Uj 60 40

co
M

Lu
Lu 50 50 0or
Z <

0

ZLU 40 60 z
cc LU
LU

30 70

20 80

10 90

IN. L

0 HI-1100
100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

ICOARS I MEDIUM I SILT CLAY
COBBLES COARSE FINE E FINE

GRAVEL I SAND RNES

SITE SAMPLE ID TP-3 LIQUID LIMIT 52 GRAVELM 0.0
zLAB. SAMPLE NO. 97C24 PLASTIC LIMIT 18 0 SAND 13.6

SAMPLE DEPTH (ft) PLASTICITY INDEX 34 E5 FINES 86.4U) ...........................................
SOIL CLASSIFICATION: SILT (%) 53.2...........................................

CH - Fat Clay --- CLAY(%) 33.2
COEFF. UNIFORMITY (Cu)

COEFF. CURVATURE (Cc)
PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER

3- 1 2-_ 1 1.5- 1- 1 314- 1 1/2- 1 318- 1 #4 1 #10 1 #20 1 #40 #60 1 #100 #200 THAN HYDROMETER

PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (mm)
75 50 37.5 25 19 12.5 9.5 1 4.75 2.00 0.850 0.425 0.250 0.150 075 0.050 0.020 0.005 1 0.002 0.001

100 100 100 100 100 100 100 1 100 100 1 100 1 98 96 1 93 86 1 73 1 51 1 40 1 33

NOTES:



FIGURE 5
GEo SYNTEC CONSULTANTS PROJECT: Rocky Mountain Arsenal
Geomechanics and Environmental Laboratory PROJECT NO.: GL0232

Atlanta, Georgia DOCUMENT NO.; GEL97063

GSFOR
M. PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES

(-ASFTM C 136, D 422, D 2487 j4PS2 04/17;97 D 3042 AND D 4318

U.S. STANDARD SIEVE SIZES AND NUMBERS

12' 6" S' 3" 2" 1.5* 1"314"1/2"318" #4 #10 #20 #40 M #100 #200
100 0

I I F1 I J.-TT 171- I:!I I I I I I I I I I I I
90 10

80 20

70 30

Lu 60 40Lu

Lu
LU 50 50 CO

111 1: t :111 1 <
0

z 40 60 z
LU
C-)

CL
30 700-

20 80

10

.11 LU

0 - 100
100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

I COARSE I FINE 1C0A;SEj MEDIUM I FINE SILT
COBBLES

GRAVEL SAND FINES

SITE SAMPLE ID TP-4 LIQUID LIMIT 52 U) GRAVELM 0.0
LAB. SAMPLE NO. 97C25 PLASTIC LIMIT 19 SAND 9.6

SAMPLE DEPTH (ft) PLASTICITY INDEX 33 FINES 90.4..........
SOIL CLASSIFICATION: 5*5* *.9'................................... ......

CH - Fat Clay u- CLAYM 3 .5
COEFF. UNIFORMITY (Cu)

COEFF. CURVATURE (Cc)

PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER
1.5- 1- 1 314- 1 1/2- 1 318- 1 #4 1 #10 1 #20 1 #40 1 #60 #100 1 #200 THAN HYDROMETER

PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (mm)
50 1 37.5 25 1 19 1 12.5 1 9.=5 4.75 1 2.00 1 0.850 10.425 1 0.250 0.150 1 0.075 0.050 1 0.020 10.005 10.002 1 0.001

10011001100110011001100110011001100199198 196 190 1 76 1 54 1 40 1 34 1

NOTES:



FIGURE 6
GEO SYNTEC CONSULTANTS PROJECT: Rocky Mountain Arsenal
Geomechanics and Environmental Laboratory PROJECT NO.: GL0232

Atlanta, Georgia DOCUMENT NO.: GEL97063
4PS CPAFT PERTIES ASTM C 136, D 422, D 2487

GS FORM- CLE SV-E DISTRIBUTION AND PHYSICAL PRO
204/17197 D 3042 AND D 4318

U.S. STANDARD SIEVE SIZES AND NUMBERS

12" V 5' 3" 2" 1.5" 1"3/4"1/2" 3/8" #4 #10 #20 #40 #60 #100 #200

100 0V44J I I I 1:!I I
90 10

f I ;I

80 20N4 I I I

IX I I 1 11 1 1 1 1 1 170 30

I.: A60 40

133
x LLI
LLI 50 50 C/)
z
U. 0

zLu 40 60 z
LUa: C-)

CL

30 70

20 80

10 90

0 100
100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

COBBLES I COARSE I FINE ICOZTEI MEDIUM I FINE SILT I CLAY

I GRAVEL I SAND FINES

SITE SAMPLE ID LIQUID LIMIT (%) 42 CD GRAVELM) 0.1
LAB. SAMPLE NO. 97DO3 PLASTIC LIMIT 16 z SAND 26.90
SAMPLE DEPTH (ft) PLASTICITY INDEX 26_ P FINES 73.0L) .......
SOIL CLASSIFICATION: <

Cr .......................................
CL - Lean Clay with Sand LL _ _ _CLAY(0/6) 24.5

COEFF. UNIFORMITY (Cu)

COEFF. CURVATURE (Cc)
PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER

3- 2- 1.5- 1- 1 :314- 1 112- 1 3/8- 1 #4 1 #10 1 #20 1 #40 #60 #100 4200 THAN HYDROMETER

PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (MM)
75 50 37.5 25 19 12.5 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0. 75 0.050 .020 0.005 0.002 0.001

100 100 100 100 1 100 1 100 1 100 1 100 1 99 1 98 1 95 90 83 73 1 63 1 42 1 30 1 24

NOTES: NO.2,TEST FILL 3



FIGURE 7
GEO SYNTEC CONSULTANTS PROJECT: Rocky Mountain Arsenal
Geornechanics and Environmental Laboratory PROJECT NO.: GL0232

Atlanta, Georgia DOCUMENT NO.: GEL97063L

GS FORM: CPARýCLE SIZE DISTRIBLMON AND PHYSICAL PROPERTIES ASTM C 136, D 422, D 2487
4PS2 04/17/97 D 3042 AND D 4318

U.S. STANDARD SIEVE SIZES AND NUMBERS
12* 6" 5" 3' 2' I.S"1"314"1/2'3/8" #4 #10 #20 #40 #60 #100 #200

100 0

90 10

80 20

70 .30

S2
LLJ 60 40

M
co uj
Lu 50 50 CD

<Ll- 0
z 40 60 t-Lu zLu
CL LU
30 70 CL

20 80

10
jL 90

100
100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

I COARSE I FINE 1COARSE1 MEDIUM I RNE SILT
COBBLES

GRAVEL SAND RNES

SITE SAMPLE ID LIQUID LIMIT (0/6) 42 GRAVEL (0/6) 0.0

LAB. SAMPLE NO. 97DO4 PLASTIC LIMIT (0/6) 17 z SAND (0/6) 31.3

SAMPLE DEPTH (ft) PLASTICITY INDEX 25 0 FINES M 68.7L) ..........
SOIL CLASSIFICATION: < SIIIýToý)*-*-- 4-3'q: ................................... ......

CL - Sandy Lean Clay U- CLAYM 2 .0

COEFF. UNIFORMITY (Cu)

COEFF. CURVATURE (Cc)

PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER
3- 1 2- 1 1.5- 1- 1 3/4-_ 1 112- 1 3/8- #4 1 #10 1 #20 1 #40 1 #60 1 #100T#200 THAN HYDROMETER

PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (mm)

37.5 25 19 12.5 9.5 4.75 1 2.00 1 0.850 10.425 1 0.250 10.150 1 0.075 0.050 1 0.020 1 0.005 1 0.002 1 0.001

100 100 100 100 100 100 1 100 1 98 1 94 1 87 78 [_ 69 58 41 1 30 1 25

NOTES: *COMPOSITE SOIL



GEO SYNTEC CONSULTANTS r, FIGURE 8

AMMAIIIIIIIII11k PROJECT: Rocky Mountain Arsenal
Geomechanics; and Environmental Laboratory PROJECT NO.: GL0232

Atlanta, Georgia DOCUMENT NO.: GEL97063

GS FORM. RE-DENSITY RELATIONSHIP, COMPAGnON TESTINGA (MOISTU
4MD1 04117197 ASTM D-698-A

135 
1

SITE SAMPLE ID COMPOSITE SOIL

LAB. SAMPLE NO. 97DO4S

130 SAMPLE DEPTH (ft)

SAMPLE DESCRIPTION

MAXIMUM DRY UNIT WEIGHT (pcf) 108.0

125 1 1 1 \ FA OPTIMUM MOISTURE CONTENT (%) 16.8

IN SITU MOISTURE CONTENT

120

NOTES:

K A )

CL

110

Uj CURVES OF 100% SATURATION

# 1 X FOR SPECIFIC GRAVITY EQUAL TO:
z
:D 105 2.80
>- I I I I I y I I N 1'ý
(mr
0 1 1 2.70

I I y I I I I N I\ I 2.60

100 y 11 1 i II A !I

95 NA

1 NIN N
90

I I I NI\
I I N 1\ N

85 1 1 I\j \ N

IN

80

0 5 10 15 20 25 30 35 40

WATER CONTENT (PERCENT OF DRY WEIGHT)



FIGURE 9
GEO SYNTEC CONSULTANTS PROJECT: Rocky Mountain Arsenal
Geomechanics and Environmental Laboratory PROJECT NO.: GL0232

Atlanta, Georgia DOCUMENT'ýO.: GEL97063

GS FORM- 
D-698-A+ Low energy4MD1 04/17/97 Fmo-ls- 7ruRE-DENSITY RELATIONSHIP, COMPACnON TESTING ) FA

135

SITE SAMPLE ID COMPOSITE SOIL
LAB. SAMPLE NO. 97DO4R

130 SAMPLE DEPTH (ft)
SAMPLE DESCRIPTION

L

MAXIMUM DRY UNIT WEIGHT (pcf) 104.8
125 OPTIMUM MOISTURE CONTENT M) 19.01 1 N A

IN SITU MOISTURE CONTENT I%)

120

NOTES: Reduced energy; 3 layers, 15 blows/layers.

115

1 1 1 A
CL 

110

CURVES OF 100% SATURATION
FOR SPECIFIC GRAVITY EaUAL TO:

z
D 105 2.80>- I LON

2.70

2.60

100 IN \1 A I
I I I I V I i i I N N 11

I I \L 1ý

95 AAA
-:E=I I I I I A I I I I I I I I N 1 "4

I I I I I 'le i I I I I I

90

I N I'\
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\1 LN
80
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GEO SYNTEC CONSULTANTS FIGURE 10
PROJECT: Rocky Mountain Arsenal

eornechanics and Environmental Laboratory PROJECT NO.: GL0232
Atlanta, Georgia DOCUMENT NO.: GEL97063

GS FORM: 7- __ýRE43ENSITY RELATIONSHIP, COMPACTION I ES I NG ASTM D 1557 A4NID1 04117/97 FMOIS

135

SITE SAMPLE ID COMPOSITE SOIL

LAB. SAMPLE NO. 97DO4M

130 SAMPLE DEPTH (ft)

SAMPLE DESCRIPTION

MAXIMUM DRY UNIT WEIGHT (pcf) 116.5

125 - - - OPTIMUM MOISTURE CONTENT 14.2

IN SITU MOISTURE CONTENT (%)

120
#\

I N 1\1 NOTES:

115

I A I I I A

CL
110

Lu CURVES OF 100% SATURA71ON

FOR SPECIFIC GRAVITY EQUAL TO:
z
D 105 2.80

2.70

2.60

100

LI
95 1 NA

N \ N
I I I I I I I N I\

90

85

Li Li- # -L. I -L I

E1 Z! p -- 
-

80 =ý -
0 5 lo 15 20 25 30 35 40

WATER CONTENT (PERCENT OF DRY WEIGHT)



ATTACHMENT A

Sample Identification, Handling, Storage and Disposal

Laboratory Test Standards

Application of Test Results



SAMPLE IDENTIFICATION, HANDLING. STORAGE AND DISPOSAL

Test materials were sent to GeoSyntec Consultants (GeoSyntec) Geomechanic% and Environmental Laboratory in Atlanta.
Georgia by the client or its representative(s). Samples delivered to the laboratory were identilled by client sample identification
(ID) numbers which had been assirned by representative(s) of the client Upon being received at the laboratory, each sample was
.i%,;ti!ncd a laboratory sample number to facilitate tracking and documentation.

Based on the information provided to GeoSyntec by the client or its representative(.%) and. when applicable. procedural

,,utdclincs recommended by an industrial hygiene consultant, the following Occupational Safety and Health Administration (OSHA)
level of personal protection was adopted for handling and testing of the test material,.,-

[X] test materials were not contaminated. no special protection measures were taken:

level D
level C
level B

In accordance with the health and safety guidelines of GeoSyntec. contaminated rnalcrials are stored in a designated

containment area in the laboratory Non-contaminated materials are stored in a general storage area in the laboratory

GcoSyntec Geomechanics and Environmental Laboratory will return contaminaied material,. it) the client or designated

repre%entative(s). at the clients' cost, 30 days following the completion of the resting program. unlc%s %pccial arrangements tor

proper disposal have been made with the laboratory. Materials which are not contaminated will be di%carded 90 days atter they

were received at the laboratory. unless long-term storage arrangements are specifically made with GeoSyntec Geomechanics and
Environmental Laboratory

LABORATORY TEST STANDARDS

At the request of the client. the laboratory resting pro-ram was performed utilizing the guideline, provided in the tollowins!
tc%t ,tandards

1XI moisture content - American Society for Testing and Materials (ASTM) D 2216 "Standard Methodfor Laboratorr

Detennination of Water (Moisture) Content of Soil. Rock. and Soil -A,-.-regate Miwnre%".

moisture content - ASTM D 4643 "Standard Test Merhodfor Determination r)r Waler (Moi.%Iure) Content of Soil

hN, the Microwave Method".

1xi particle-size analysis - ASTM 422. "Standard Methodfor Particle-Size Analvýi% or SoIA",

1XI percent passingNo. 200 sieve - ASTM D 1140, "Standard Test Method for Anyouni ofiWaierial in Soil Finer Than

No. 200 (75 inicrons) sieve".

1%] Atterberg, Iiinits - ASTM D 4318. "Standard Test Method for Liquid Linut, Plastic Linw. and Plasticity Index of

Soll%".

1\1 soil classification - ASTM D 2487. "Standard Test Method for Cla.%%iflcafion qfSoiA P)r En.-ineering PurpoTe%".

soil pH - ASTM D 4972. "Standard Test Methodfor pH of Soil%".

GL0232/GEL97063



soil pH - United States Environmental Protection Agency (USEPA) SW-946 Methoci 9045. Revision 1, 1987.
Standard Test Method for Measurement of "Soil pH':

specific gravity - ASTM D 854. "Standard Test Methodfor Specific Gravity of Sod%%

carbonate content - ASTM D 3042. "Standard Method for Imoluble Re%idue in Carhonate Aggregates

soundness - ASTM C 88. "Standard Test Method for Soundne,%,% eff In, ii%c, ej Sodium Sulfate or

Mao,nesitan Suýfate%

loss-on-ignition (1,01) - ASTM D 2974. "Test Methods for Moislitre. A%h. and Orý,,,anic Matterof Pearand Other

Oiý-,anic Soil%".

rxi %t2ndard Proctor compaction -ASTMD698, "Standard Te.% t Method for Moi % rure -Den% in- Relation% of Soils and
Soil-A-gregate Mixtures Using 5.5-lb (2.494g) Ra),raner and 12-in. (305-1jun) Drop".

I X I reduced energy Proctor compaction - modified ASTM D 698. "Standard Tev Wihod for Moiýture-Denviry
Relations of Soils and Soil-Aggregate Mixtures Using 5.5-lb (2.49-Ag) Raminer and 72-in. (305-intn) Drop". using

15 blows.,

I X1 modified Proctor compaction - ASTM D 1557, "Standard Te,ýtMetliodforMoi%ziire-Den.%iti, Relations of Soils and
Soil-Aggregate Waures Using 10-lb (4.544g) Rafniner and 18-in (457-intn) Drop":

maximum relative density - ASTM D 4253, "Standard Test Methodfior Ma-dinifin Index- Density and Unit Weight

of Soilv Using a Vibrator), Table":

minimum relative demsity - ASTM D 4254. "Standard Test Method for Minimum Index Den sitY and Unit Weighr

of Soil% and Calculation of Relative Density".

mass per unit area - ASTM D 3776. "Standard Test Method for Ma%.% Per Unil Area (weighi) of Woven Fabric"

thickness measurement - ASTM D 1777. "Standard Test Method for Meemirin,,,, 77n(.kne% % of Tewile Materzals".

free sivell - United States Pharmacopeia National Formulary (USP-NF) XVIL "Swell Index e,ýf Clav":

fluid loss - American Petroleum Institute (A.PI)-13B. "Scction 4. Benioniie".

mar-sh funnel - API-1313. "Section 4, Field Testing of Oil Mud Viscovn- and Gel Sirength":

pinholedispersion -ASTM D4647. "Standard TestMerhodforldentification and Cla%ýificationqfDispersive Clqy

Soils bv the Pinhole Te5t".

gradient ratio - ASTM D 510L "Standard Te.%t Mcthodjor Measuring the Soil-Geolexii1e System Clogging

Potential by the Gradient Ratio".

hydraulic conductivity ratio - Draft ASTM D 35.03.91 01. "Standard Te%r Methodfor Hývdraulic Conductivio-

Ratio (HCR) Tesim.a":

liNdraulictransmLssivity -ASTM D47l6."StandardTt%zMeihodjor Comiani Head H.ydraulicTransnii%shýily (In-

plane 17ow) of Geore-vtiles and Geoiextile Related Products".

GL0232/GEL97063



one-dimensionaI consolidation - ASTM D 2435. "Standard Tev Method for One-Dimensional Consolidation
Properties of Soil";

one-dimen-cionalqivell/collapse - ASTM D4546. "Standard Teýt Methodlor0ne-Dilnenvonal Swell orSertlement
Potential of Cohesive Soils".

unconfined compressive.strength (UCS) - ASTM D 2166. " Standard Tev Method lor Unconfined Compre%sive
Siren,,-th of Cohesive Soil":

triaxial compressive strength (ICU) - ASTM D 4767. "Standard Teýr Method.for Trimial Compresýion T61 on
Collevive S01W':

triaxial compressive strength (LTU) - ASTM D 2850. "Standard Te%t Method for Une on%olidated, Undrained
Comprevsive Strength of Cohesive Soili in Tria)dal Cotnpre%.%ion":

rigid wall constant head hydraulic conductivity - ASTM D 2434. "Standard Tev Melhod./or Pertneabilitv ey
Granular Sod% (Comzanz Head)".

flexible wall falling head hydraulic conductivity - ASTM D 5084. "Slandard Te%t Method for Measurement of
ffidraulic Conduczivhýr of Saturated Porouv Matenal.ý Using a Flexible Wall Pernicameter".

flexible wall falling head hydraulic conductivity - U S Army Corp of Eiigincerý. ENI- 1 110-2-1906. "Standard
Test Method for Permeabilitv Tert.s. Appendo: V71".

index flux of GCL - proposed ASTM method rough draft # 1. 6/18/94. "Standard Tc,%[ Methodfor Mcamirement
of Inde.i Flay 77?rough Saturated Geoý.ynthetic Cla.v Liner Spectinem Ming a Flewhle Wall Permeameter":

flexible wall falling head hydraulic conductivity - Geosynthetic Research Institute (GRI) GCL-2. "StarzdardTev
A-feihodfor Permeabilin- of Geosvnthetic Clay Liner% (GCL%)"-

permeability/compatibilitN - USEPA Method 9100 SW-846. Revision 1. 1987. Standard Test Method for
Measurement ot "Saturated Hvdraulic Conductivity, Saturated Leachate Conductivilv Uod Intr7tMic Per7neabilitv":

capillary-moisture - ASTM D 2325. "Standard Teit Method for Capillan-Mot vitre Rvlalion.%hipsjor Coarse- and
Mediuin-Te.,aured Soil% bv Porous-Plate Apparatu%". and

capillary-moLsture - ASTM D 3152. "Standard TesrMethodfior Capillan-Moi%lure Relauomhipivfor Fine-Telaured
Soih bv Pressure-Membrane Apparatus".

APPLICATION OF TEST RESULTS

The reported test results apply to the field materials inasmuch as the samplc% %ent to ilic laboratory for testing are
representative of these materials. This report applies only to the materials tested and does not nece,;,-:jrily indicate the quality or
condition of apparently identical or similar Materials. The testing was performed in accordancewith the i!cncral enLineerins!
%landards and conditions reported. The test results are related to the testing condition,: used durin, the tc%ttns: program As a
inutual protection to the client. the public. and GeoSyntec. this report is submittedand accepted for the exclusive use ot'the client
ond upon the condition that this report is not used. in whole or in part. in any,icivertistrig. promotional or publicity matter without
prior writien authorization from GeoSyntec
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Geornechanics & Enviromnental LaboratM
2658 Holcomb Bridge Road - Suite I 10

Alpharetta, Georgia 30201 - USA

EOSYNTEC CONSULTANTS Tel. (770) 645-6575 - Fax (770) 645-6570

2 May 1997
Mr. Brad Coleman, P.E.
Harding Lawson Associates
707 17th Street, Suite 2400
Denver, Colorado 80202

Subject: Laboratory Testing
Report No. 2 - Shelby Tube Sainples
Rocky Mountain Arsenal

Dear Mr. Coleman:

GeoSyntee Consultants (GeoSyntec) in Atlanta, Georgia, is pleased to present the
attached test results (Table I and Figure 1) for the above referenced project. A blank
shown on the table or on the figure indicates that the test was not performed, the
parameter is not applicable, or that the test resulted in insufficient data to report the
designated parameter. Attachment A presents the general information pertinent to the
testing program, and the policy of GeoSyntec regarding the limitations of and the use
of the test results.

GeoSyntec appreciates the opportunity to provide testing services for this project.
Should you have any questions regarding the attached test results or if you require
additional information, please do not hesitate to contact either of the undersigned.

Sincerely,

Cuneyt Gokmen, E.I.T.
Assistant Program Manager
Environmental Testing

/Va/
Nader S. Rad, Ph.D., P.E.
Laboratory Director

Attachment

GLO232/GEL97064

Corporate Office: Regional Offices: Laboratories:

621 NX 53rd Street - Suite 650 Atlanta, GA - Boca Raton, FL - Chicago, IL Atlanta, GA

Boca Raton, Florida 33487 - USA Columbia, MD - Huntington Beach, CA - San Antonio, TX Boca Raton, FL

Tel. (561) 995-0900 - Fax (561) 995-0925 Walnut Creek, CA o Paris, France Huntington Beach. CA

0 RECIM AND RECvCLABLE



TABLE 1

HYDRAULIC CONDUCTIVITY AND INDEX TEST RESULTS
SHELBY TUBE SAMPLES

HARDING LAWSON ASSOCIATES
ROCKY MOUNTAIN ARSENAL

REPORT NO. 2

Flexible Wall

Grain Size Palling Head

Atterburg Limits ASTM D 5094

Moisture ASTM D 4319 specific Test Specimen

Client Lab, Content Percent ASTM D 422 Soil Gessification Gravity Initial Conditions

Sampic Sample ASTM D 2216 Passing ASTIVI D 2497 ASTM Remarks

No #200 Sieve D 854 Consol Hydraulic

ID M ASTM D Sieve flydront Dry Unit Moisture PM4$UrC COOdUCtiVitlY

1140 Figure Figure LL PL Pi Weight Content (psi) (cm/s)

M No. No. M M Oct) M

III 97DII 1126 163 ----------------
10 5 313-9

3 L9E-6
122 97D14 113.8 151 ---------------------------

10 9.8E-7

3 f_20E-5

132 97DI5 1069 157 --- --------------------

10 2 113-6

3 2 013-8
231 97D19 111.1 179 ----------------

3 6 IE-9
312 97D22 

1159 162 -- - - - -- - - - - - - -- - - - -- - - - -10 T-M-9 T

GeciSymee Conal-tuds

GIMZM-1,97*1 AZM"%L Gocirnechanlics and Em*onnmnW Labofatocy



TABLE 1 (continued)

HYDRAULIC CONDUCTIVITY AND INDEX TEST RESULTS
SHELBY TUBE SAMPLES

HARDING LAWSON ASSOCIATES
ROCKY MOUNTAIN ARSENAL

REPORT NO. 2

Flexible Wall
Grain Size Falling Head

Anciburg Limits ASTM D 3084

Moisture ASTM D 4318 Specific Test Specimen

Client Lab Content Percent ASTM D 422 Soil Classification Gravity Initial Conditions

sample Sample ASTM D 2216 P-ing ASTM D 2487 ASTM Consol Hydraulic Remarks

ID No M #200 Sieve Sieve Hydrom D 854 Pressure Conductivity
ASTM D LL Pl, I'l Dry Unit Moisture (psi) (cm/s)

1140 Figure Figure M M Weight Content

M No No (Pcf) M

412 971327 1112 184 -------------------
to 2 312-9

3 1213-8
511 97D32 1094 191 -----------------------------

10 3 713-9

3
611 97D40 220 753 1 47 16 31 CL - Lean Clay with Sand 1048 220 -7 ý";Ecl f - - - -- - - - - - -- - -- -

R 1

GeoSyntec Consultants

GL.0232%GEL97064 ArREAW rkornechwics and ErrArannumall Latio(abory



FIGURE I
GEO SYNTEC CONSULTANTS PROJECT: Rocky Mountain Arsenal
Geornechanics and Environmental Laboratory PROJECT NO.: GL0232

Atlanta, Georgia DOCUMENT NO.: GEL97064

GS FORM: 7ý ASTIVI C 136, D 422, D 2487
4PS2 04/30/97 ) FPAR CLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES D 3042 AND D 4318!:!ý_)

U.S. STANDARD SIEVE SIZES AND NUMBERS

12" 6" 5" 3" 2" 1.5" 1"3/4-112- 3/8- #4 #10 #20 #40 #60 #100 #200 0100

90 10

80 20

70 30

3:
0 ai
uj 60 40

in

Uj 50 50 CD

I I k IU- 0
1-- 0
z
Uj 40 601--z

Lu
Uj

30 70

20 11 ISO

10 90

0 -- 100
100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

M- RNE SILT CUY
COBBLES COARSE FINE ICOARSEI MEDIU I

GRAVEL I SAND RNES

SITE SAMPLE ID 611 LIQUID LIMIT (%) 47 Cn GRAVELM 0.7
LAB. SAMPLE NO. 97D40 PLASTIC LIMIT 16 z SAND 24.0

=ý 0
SAMPLE DEPTH (ft) PLASTICITY INDEX 31 C) 1-- FINES 75.3L) ....... ...................................
SOIL CLASSIFICATION: < SILT (%)cc ...........................................

CL - Lean Clay with Sand u- CLAYM

COEFF. UNIFORMITY (CU)
COEFF. CURVATURE (CC)

PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER

3- 2- 1.5- 1- 1 3/4- 1 112- 1 3/8- 1 #4 1 #10 1 #20 1 #40 1 #60 1 #100 1 #200 THAN HYDROMETER

PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (MM
75 50 37.5 25 1 19 1 12.5 1 9.5 1 4.75 1 2.00 1 0.850 1 0.425 1 0.250 1 0.150 1 0.075 10.050 0.020 0.005 0.002 0.001

100 100 100 1 100 1 100 1_100 1 100 1 99 1 99 1 98 1 95 1 90 1 84 1 75 1

NOTES:



ATTACHMENT A

Sample Identification, Handling, Storage and Disposal

Laboratory Test Standards

Application of Test Results

GL,0232/GEL97064



SAAIPLE IDENTMCATION, HANDLING, STORAGE AND DISPOSAL

Test materials were sent to GeoSyntec Consultants (GeoSyntec) Geornechanics and Environmental Laboratory in Atlant&7
Georgia by the client or its representative(s). Samples delivered to the laboratory were identified by client sample identification
(D)) numbers which had been assigned by representative(s) of the client. Upon being received at the laboratory, each sample was
assigned a laboratory sample number to facilitate trwking and documentation.

Based on the information provided to GeoSyntec by the client or its representative(s) and, when applicable, procedural
guidelines recommended by an industrial hygiene consultant, the following Occupational Safety and Health Administration (OSE[A)
level of personal protection was adopted for handling and testing of the test materials:

Pq test materials were not contaminated, no special protection measures were taken;
level D
level C
level B

In accordance with the health and safety guidelines of GeoSyntec, contarninated materials are stored in a designated
containment area in the laboratory. Non-contaminated materials are stored in a general storage area in the laboratory.

GeoSyntec Geornechanics and Envirom-nental Laboratory will contintie storing the test materials for a period of 30 days
from the date of this report or a year from the time that the samples were received, which ever is shorter. Thereafter: (i)
contaminated materials will be returned to the client or its designated representative(s); and (ii) the materials which am not
contaminated will be discarded unless long-term storage arrangements are specifically made with GeoSyntec Geornechanics and
Environmental Laboratory.

LABORATORY TEST STANDARDS

At the request of the client the laboratory testing program was performed utilizing the guidelines provided in the following
test standards:

moistare content - American Society for Testing and Materials (ASTM) D 2216 "StandardMethodforLaboratory
Detemzination of Water (Moisture) Content of Soil, Rock, and Soil-Aggregate Alixtures";

moisture content - ASTM D 4643 "Standard Test Methodfor Detemdnation of Water (Moisture) Content of Soil
by the Microwave Method";

particle-size Analysis - ASTM 422, 'Standard Method for Particle-Size Analysis of Soils";

percent passing No. 200 sieve - ASTM D 1140, "Standard Test MethodforAmount ofMaterial in Soil Finer Than
No. 200 (75 ndcrons) sieve";

Atterberg limits - ASTM D 4318, "Standard Test Methodfor Liquid Limit, Plastic Li7nit, and Plasticity Index of
Soils";

1XI soil classification - ASTM D 2487, "Standard Test Methodfor aassiftcation of Sollsfor Engineering Purposes";

sofl pH - ASTM D 4972, "Standard Test Method for pH of Soils";

soil pH - United States Environmental Protection Agency (USEPA) SW-846 Method 9045, Revision 1. 1987,
Standard Test Method for Measurement of "Soil pH';

GL02321GEL97064



specific gravity - ASTM D 854, "Standard Test Method for Specific Gravity of Soils";

carbonate content - ASTM D 3042, "Standard Method for Insoluble Residue in Carbonate Aggregates";

soundness - ASTM C 88, "Standard Test Method for Soundness of Aggregates by use of Sodium Sulfate or

Magnesiwn Sulfate";

loss-on-ignition (1,01) - ASTM D 2974, "Test Methodsfor Moisture, Ash, and Organic Matter ofPeat and Other

Organic Soils";

standard Proctor compaction - ASTM D 698, "Standard Test MethodforMaisture-Density Relations ofSoils and

Soil-Aggregate Mixtures Using 5.5-lb (2.49-kg) Rammer and 12-in. (305-mm) Drop";

reduced energy Proctor compaction - modified ASIM D 698, "Standard Test Method for Moisture-Density

Relations of Soils and Soil-Aggregate Mixtures Using 5.5-1b (2.49-kg) Rammer and 12-in. (305-mm) Drop", using

15 blows;

modified Proctor compaction - ASTM D 1557, "Standard TestMethodforMoisture-Density Relations ofSoils and

Soil-Aggregate Mixtures Using 10-lb (4.54-kg) Rammer and 18-in. (457-mm) Drop";

maximum relative density - ASTM D 4253, "Standard Test MethodforMaximum Index Density and Unit Weight

of Soils Using a Tribratory Table";

minimum relative density - ASTM D 4254, "Standard Test Methodfor Minimum Index Density and Unit Weight
of Soils and Calculation of Relative Density";

mass per unit area - ASTM D 3776, "Standard Test Methodfor Mass Per Unit Area (weight) of Woven Fabric";

thickness measurement - ASTM D 1777, "Standard Test Methodfor Measuring Thickness of Textile Materials%

free swell - United States Pharmacopeia National Formulary (USP-NF) XVII, ffSwell Index of Clay";

fluid loss - American Petroleum Institute (API)-13B, "Section 4, Bentonite";

marsh funnel - API- 1313, "Section 4, Feld Testing of Oil Mud Viscosity and Gel Strength";

pinhole dispersion - ASTM D 4647, "Standard Test Methodfor rdentiftation and CLassiftcation ofDispersive Clay

Soils by the Pinhole Test";

gradient ratio - ASTM D 5 101, "Standard Test Method for Measufing the Soil-Geotextile System Clogging
Potential by the Gradient Ratio";

hydraulic conductivity ratio - Draft ASTM D 35.03.91.01, "Standard Test Methodfor Hydraulic Conductivity

Ratio (HCZ?) Testing";

hydraulic transmissivity - ASTM D 4716, "Standard TestMethodfor Constant Head Hydraulic Transmissivity (7n-

plane flow) of Geotextiles and Geotextile Related Products";

one-dimensional consolidation - ASTM D 2435, "Standard Test Methodfor One-Dimensional Consolidation
Properties of Soil";
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one-dimensional swen/conapse - ASTM D 4546, "Standard Test Methodfor one-Dimensional Swell or Settlement
Potential of Cohesive Soils";

unconfined compressive strength (UCS) - ASTM D 2166, " Standard Test Methodfor Unconfined Cdnpressive
Strength of Cohesive Soil";

triaxial compressive strength (ICU) - ASTM D 4767, "Standard Test Methodfor Triaxial CoWression Test on
Cohesive Soils";

triaxial compressive strength (UU) - ASTM D 2850, 'Standard Test Method for Unconsolidated, Undrained
Conpressive Strength of Cohesive Soils in Diaxial Conpression";

rigid wall constant head hydraulic conductivity - ASTM D 2434, 'Standard Test Method for Permeability of
Gwnular Soils (Constant Read)";

flexible wall falling head hydraulic conductivity - ASTM D 5084, "Standard Test Method for Measurement of
Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall Penneameter";

flexible wall failing head hydraulic conductivity - U. S. Army Corp of Engineers; EM- 1110-2-1906, "Standard
Test Method for Permeability Tests, Appendix W";

index flux of GCL - proposed ASTM method rough draft # 1, 6/18/94, "Standard Test Methodfor Measurement
of Index F7ux Yhrough Saturated GeosyWheric CZay Liner Specimens Using a Mexible Wall Permeameter";

flexible wall failing head hydraulic conductivity - Geosynthetic Research Institute (GRI) GCI,2, "Standard Test
Method for Permeability of Geosynthetic Czay Liners (GCZs)";

permeability/compatibility - USEPA Method 9100 SW-846, Revision 1, 1987, Standard Test Method for
Measurement of "Saturated Hydraulic Conductivity, Saturated Leachate Conductivity and Intrinsic Permeability";

capillary-moisture - ASTM D 2325, 'Standard Test Methodfor Capillary-Moisture ReLationshipsfor Coarse- and
Medium-Textured Soils by Porous-Plate Apparatus"; and

capillary-moisture-ASTMD3152, "Standard TestMethodfor CapilLa?y-MoistureRelalionshipsforFine-T&-ctured
Soils by Pressure-Membrane Apparatus".

APPLICATION OF TEST RESULTS

The reported test results apply to the field materials hummch as the samples sent to the laboratory for testing are
representative of these materials. This report applies only to the materials tested and does not necessarily indicate the quality or
condition of apparently identical or similar materials. The testing was performed in a=rdance with the general engineering
standards and conditions reported. The test results are related to the testing conditions used during the testing program. As a
mutual protection to the client, the public, and GeGSyntec, this report is submitted and accepted for the exclusive use of the client
and upon the condition that this report is not used, in whole or in part, in any advertising, promotional or publicity matter without
prior written authorization from GeoSyntec.
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Geornecharfics & Envimurnental Laboratory
2658 Holcomb Bridge Road - Suite 110

Alpharetta, Georgia 30201 - USA
GEoSYNTEc CoNsuLTANTs Tel. (770) 645-6575 - Fax (770) 645-6570

3 June 1997
Mr. Brad Coleman, P.E.
Harding Lawson Associates
707 17th Street, Suite 2400
Denver, Colorado 80202

Subject: Laboratory Testing
Report No. 3 - Block Samples
Rocky Mountain Arsenal

Dear Mr. Coleman:

GeoSyntec Consultants (GeoSyntec) in Atlanta, Georgia, is pleased to present the
attached test results (Table 1 and Figures 1 through 3) for the above referenced project.
A blank shown on the table or any of the figures indicates that the test was not
performed, the parameter is not applicable, or that the test resulted in inmfficient data
to report the designated parameter. Attachment A presents the general information
pertinent to the testing program, and GeoSyntec's policy regarding the Ift-nitations of
and the use of the test results.

GeoSyntec appreciates the opportunity to provide testing services for this project.
Should you have any questions regarding the attached test results or if you require
additional information, please do not hesitate to contact either of the undersigned.

Sincerely,

Cuneyt Gokmen, E.I.T.
Assistant Program Manager
Envirorlmental Testing

Nader S. Rad, Ph.D., P.E.
Laboratory Director

Attachment

GLO232/GEI.97065

Corporate Office: Regional Offices: Laboratories:
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Tel. (561) 995-0900 - Fax (561) 995-0925 Walnut Creek, CA - Paris, France Huntin.aton Beach, CA
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TABLE I

HYDRAULIC CONDUCTIVITY AND INDEX TEST RESULTS
BLOCK SAMPLES

HARDING LAWSON ASSOCIATES
ROCKY MOUNTAIN ARSENAL

REPORT NO. 3

Block Sample - Flexible Wall

Grain Size Filling Head

Atterburg Lfml(s ASTM D 5094

Moisture ASTM D 4318 Specjlic Test Specimen

Client Lab Content Percent ASTM D 422 Soll Classification Gravity Initial Conditions

Sample Sample ASTM D 2216 Passing ASTM D 2487 ASTM Consol Hydraulic Remarks

ID No M #200 Sieve Sieve Hydroni D 954 Pressure Conductivity
ASTM D Dry Unit Molswe

2216 Figure Figure LL PL P1 Weight Consent (psi) (cm/3)

M No No M M 0 (Pco M

3 2.413-8
1211 97D53 147 72.6 1 1 42 15 27 CL - Lem Clay with Sand 2.66 1141 14.7 ----------- ---------

512-9

3 6 713-8
1231 97D55 166 109.4 166 -----------------------------

to 4.6&9

3 f-3.7E-8
3423 97D56 19.8 104.7 199 ---- - -- ------- ------ ------

10 3.46-9

3433 97DSS 209 73.1 2 2 42 15 27 CL - Lein Clay wkh SaW 2.66 1048 209 3 j_69F,8

W 2-0-E-9 ------- ------ ------

3 7 OE-8
5613 97D59 19.5 1064 ------------

195 3 M9 -T---
3 9 4L-g_ t ......

206 74.4 3 3 43T I67 27 CL - Lean C32Y wkh Saw 2 70 105.3 2D6 -- w- -
set 97D60 2 9E-9

GeoSyntec ComititaWs

GLO232%GEL9?065 Goomedwiiics aw Errvirommgftl Loboragory



r FIGURE 1
G EO SYNTEC CONSULTANTS PROJECT: Rocky Mountain Arsenal
Geomechanics; and Environmental Laboratory PROJECT NO.: GL0232

Atlanta, Georgia DOCUMENT NO.: GEL97065

GS FORM: CLE SIZE DISTRIBUTION AND PHYSICAL PROP ASTM C 136, D 422, iZ4987-ý
4PS2 06 --- ý CPA EMES1OW3197 D 3042 AND D 4318

U.S. STANDARD SIEVE SIZES AND NUMBERS

12" 6' 5" 3" 2" 1.5' 1'314"112" 3/8" #4 #10 #20 #40 #60 #100 #200

100 0
1:' 1 1'ý L l I I I r

90 10

80 20

70 30

Id I 1 1:: 1 1 1 1;: 1
Lu

60 40

LU
LU 50 50 CD

zLu 40 601--z
LLI

Mx Cj
a.

30 70

20 80

10 1 1 Liu 90

-1 1 Al

0 Mifl 100
100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

COARSE7- FINE ICOARSEI MEDIUM I RNE SILT CLAY
COBBLES I I - -

GRAVEL SAND RNES

SITE SAMPLE ID 1211 LIQUID LIMIT 42 GRAVEL(%) 0.0
LAB. SAMPLE NO. 97D53 PLASTIC LIMIT M 15 z SAND (%) 27.4-=ý2
SAMPLE DEPTH (ft) PLASTICITY INDEX 27 o ý- FINES (%) 72.6Cn 0 ...........................................
SOIL CLASSIFICATION: < SILT M 42.9= .................................... 

- '* *CL - Lean Clay with Sand u- CLAY(%) 29.7
COEFF. UNIFORMITY (Cu)

COEFF. CURVATURE (Cc)

3 -T- PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS 00 PERCENT FINER

- 2- 1- 1 314- 1 1/2- 1 3/8- 1 #4 1 #10 1 #20 1 #4o #ro #loo

_7 1.5- 1 THAN HYDROMETER
PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (mm)

75 50 1 37.5 25 19 12.5 9.5 1 4.75 2.00 0.850 0.425 0.250 0.150 1 0.075 0.050 0.020 =.0050.002 0.001

100 100 1 100 100 100 100 100 1 100 100 99 96 89 82 1 73 1 63 48 34 1 30

NOTES:



GEO SYNTEC CONSULTANTS r- FIGURE 2
PROJECT: Rocky Mountain Arsenal

Geomechanics and Environmental Laboratory PROJECT NO.: GL0232
Atlanta, Georgia DOCUMENT NO.: GEL97065

L -. 0 L-

GS FORM: CLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES ASTM C 136, D 422, D 2487
4PS2 06/03197 Fplzým- ) 7 0 3042 AND D 4318

U.S. STANDARD SIEVE SIZES AND NUMBERS

12' 6' 5' 3" 2' 1.5' 1"3/4"1/2" 3/8' #4 #10 #20 #40 #60 #100 #200
100 0

90 10

80 20

70 30
N I

Uj 60 40

co

50 50 CnLU
<
0

z 40
LU 601--z

LU
C-)

30 70

20 80

10 90

N U. I-7'T 100100 10 1 0.1 0.01 0.001
GRAIN SIZE (mm)

COBBLES I COARSE I FINE 1COARSE1 mEDIUM I RNE SILT CLAY

GRAVEL SAND RNES

SITE SAMPLE ID 3433 LIQUID LIMIT 42 Cn GRAVEL(%) 0.1
LAB. SAMPLE NO. 97D58 PLASTIC LIMIT (%) 15 z SAND (%) 26.8

- =!2 - ISAMPLE DEPTH (ft) PLASTICITY INDEX 27 01-- FINES (%) 73.1
- ch .......

SOIL CLASSIFICATION: ....... ..........
CL - Lean Clay with Sand U- 29.0

F COEFF. UNIFORMITY (Cu)

I COEFF. CURVATURE (Cc)

PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER

3- 1 2- 1 1.5- 1- 1 314- 1 1/2- 1 3/8- 1 #4 1 #10 1 #20 1 #40 #60 #100 #200 THAN HYDROMETER

PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (mm)

75 50 37.5 25 19 12.5 1 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 0.005 0.002 0011 1

100 100 100 100 100 100 1 100 100 100 99 96 90 _I 83 73 1 64 47 :33 1 2-9

NOTES:



FIGURE 3
GEO SYNTEC CONSULTANTS PROJECT: Rocky Mountain Arsenal

Geomechanics and Environmental Laborartory PROJECT NO.: GL0232
Atlanta, Georgia DOCUMENT NO.: GELS7065

GSFORM: i C 136, D 422,1) 2487
4PS2 06/03/97 PA7CLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES 1ý7ýc 3042 AND D 4318

U.S. STANDARD SIEVE SIZES AND NUMBERS

12" 6" S* 3" 2'1.5*1*3/4-1/2-3/8- #4 #10 #20 #40 #60 #100 #200
100 - 0

-TTF-T-
90 1 11110

so I I HI HUI I Im- 20

I
70 30I I HI i I 1::l N

S2 
40wuJ 60

W

LU 50 50z
U- <0
F- L)
z 40 m 60 z
CC LU

Lu
30 700-

20 80

9010 
jILI

[T 7 T- T: I I I I I HIM-- fft:7" - 11 100100 10 1 0.1 0.01 0.001
GRAIN SIZE (mm)

SE I FINE ICOARSEI MEDIUM I FINE I SILT
COBBLES -Ea2 GRAVEL SAND RNESI ±:!Ld

SITE SAMPLE ID 5621 LIQUID LIMIT 43 Cn GRAVELM 0.3
LAB. SAMPLE NO. 97D60 PLASTIC LIMIT 16 z SAND 25.3- =ý 2
SAMPLE DEPTH (ft) PLASTICITY INDEX 27 o FINES 74.41 Cn ....... ..................................
SOIL CLASSIFICATION: ILT (%) 46.2............................

CL m Lean Clay with Sand U- 28.2

LCOEFF. UNIFORMITY (Cu) -
1_ COEFF. CURVATURE (Cc)

PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER
3- -T-2-7 1.5- 1 1- 1 3/4- 1 1/2- 1 3/8- 1 #4 _I #10 1 #20 1 #40 1 #60_ 1 #100 1 #200 THAN HYDROMETER

PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (mm)
75 1 50 37.5 25 19 12.5 9.5 4.75 2.00 0.850 1 0.425 0.250 1 0.150 1 0.075 E0570:0-020 0.005 0.002 1 0.001

100 1 100 100 100 100 100 100 100 100 99 1 96 91 a4 1 74 65 1 47 34 28

NOTES:



ATTACHMENT A

Sample Identification, Handling, Storage and Disposal

Laboratory Test Standards

Application of Test Results
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SAMPLE IDENTMCATION, HANDLING, STORAGE AND DISPOSAL

Test inaWials were sent to GeoSyntec Consultants (GeoSyntec) Geomechanics and Environmental Laboratory in Atlanta,

Georgia by the client or its representative(s). Samples delivered to the laboratory were identified by client sample identification

(ID) numbers which had been assigned by representative(s) of the client. Upon being received at the laboratory, each sample was

assigned a laboratory sample number to facilitate tracking and documentation.

Based on the information provided to GeoSyntec by the client or its representative(s) and, when applicable, procedural

guidelines recormnended by an industrial hygiene consultant thefollowing Occupational Safety and Health Administration (OSHA)

level of personal protection was adopted for handling and testing of the test materials:

test materials were not conbuninated, no special protection measures were taken;

level D
level C
level B

In accordance with the health and safety guidelines of GeoSyntec, contaminated materials are stored in a designated

containment area in the laboratory. Non-contaminated materials are stored in a general storage a= in the laboratory.

GeoSyntec Geoniechanics and Environmental Laboratory will continue storing the test materials for a period of 30 days

from the date of this report or a year from the time that the samples were received, which ever is shorter. Thereafter: (i)
contaminated materials will be returned to the client or its designated representative(s); and (ii) the materials which are not

contaminated will be discarded unless long-term storage arrangements am specifically made with GeoSyntec Geornechanics and

Environmental Laboratory.

LABORATORY TEST STANDARDS

At the request of the client, the laboratory testing program was performed utilizing the guidelines provided in the following

test standards:

moisture content - American Society for Testing and Materials (ASTM) D 2216 "Standard MethodforLaboratory

Determination of Water (Moisture) Content of Soil, Rock, and Soil-Aggregate Mixtures";

moisture content - ASTM D 4643 "Standard Test Methodfor Deterviination of Water (Moisture) Content of Soil

by theMlicrowave Method";

particle-me analysis - ASTM 422, "Standard Methodfor Particle-Size Analysis of Soils";

percent passing No. 200 sieve - ASTM D 1140, "Standard Test MethodforAmount ofMaterial in Soil Finer Than
No. 200 (75 7nicrons) sieve';

Atterberg limits - ASTM D 43 18, "Standard Test Methodfor Liquid Lindt, Plastic Linfit, and Plasticity Index of

Soils';

soil classification - ASTM D 2487, "Standard Test Methodfor Classiffcation of Soilsfor Engineefing.Pu7poses";

son PH - ASTM D 4972, "Standard Test Methodfor pH of Soils";

soil pH - United States Environmental Protection Agency (USEPA) SW-846 Method 9045, Revision 1, 1987,
Standard Test Method for Measurement of 'Soil pH';
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specific gravity - ASTM D 854, "Standard Test Method for Specific Gravity of Soils";

carbonate content - ASTM D 3042, "Standard Methodfor Insoluble Residue in Carbonate Aggregates";

soundness - ASTM C 88, "Standard Test Method for Soundness of Aggregates by use of Sodium Sulfate or

Magnesizan Suffiate';

loss-on-ignition (L01) - ASTM D 2974, 'Test Methodsfor Moisture, Ash, and Organic Matter ofPeat and Other

Organic Soils";

standard Proctor compaction - ASTM D 698, "Standard Test MethodforMoisture-Density Relations of Soils and

Soil-Aggregate Mixtures Using 5.5-Lb (2.49-kg) Rammer and 12-in. (305-mm) Drop';

reduced energy Proctor compaction - modified ASTM D 698, "Standard Test Method for Moisture-Density

Relations of Soils and Soil-Aggregate Afixtures Using 5.5-1b (2.49-kg) Ranzmer and 12-in. (305-mm) Drop", using
15 blows;

modified Proctor compaction - ASTM D 1557, "Standard TestMethodforMoisture-Density Relations ofSoils and

Soil-Aggregate Mixtures Using 10-1b (4.54-kg) Rammer and.18-in. (457-nvn) Drop";

mayrimum. relative density - ASTM D 4253, "Standard Test Methodfor Maximum Index Density and Unit Weight

of Soils Using a Vibratory Table";

minimum relative density - ASTM D 4254, "Standard Test Methodfor Minimum Index Density and ZWt Weight

of Soils and Calculation of Relative Density";

mass per unit area - ASTM D 3776, "Standard Test Methodfor Mass Per Unit Area (weight) of Woven Fabric";

thickness measurement - ASTM D 1777, "Standard Test Methodfor Measuring Thickness of Textile Materials";

free swell - United States Pharmacopeia National Formulary (USP-NF) XVH, "Swell Index of CZay";

fluld loss - American Petroleum Institute (API)-13B, "Section 4, Bentonite";

marsh funnel - API-13B, "Section 4, Field Testing of Oil Mud Viscosity and Gel Strength";

pinhole dispersion - ASTM D 4647, "Standard TestMethodforldentification and CZassification ofDispersive CZay
Soils by the Pinhole Test";

gradient ratio - ASTM D 5101, "Standard Test Methodfor Measuring the Soil-Geotextile System C7ogging

Potential by the Gradient Ratio";

hydraulic conductivity ratio - Draft ASTM D 35.03.91.01, "Standard Test Methodfor Hydraulic Conductivity

Ratio (HCR) Testing";

hydraulic transmissivity - ASTMD4716, "Standard TestMethodfor ConstantHeadffydraulic Transmissivity (Tn-

plane flow) of Geotextiles and Geotextile Related Products";

one-dimensionaI consolidation - ASTM D 2435, "Standard Test Method for One-Dimensional Consolidation

Properties of Soil";
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one-dimensional swell/collapse - ASTM D 4546, "Standard TestMethodfor One-Dimensional Swell or Settlement

Potential of Cohesive Soils";

unconfined compressive strength (UCS) - ASTM D 2166, " Standard Test Methodfor Uncoriftned Compressive

Strength of Cohesive Soil";

triaxial compressive strength (ICU) - ASTM D 4767, "Standard Test Methodfor Diaxial ConTression Test on

Cohesive Soils";

triaxial compressive strength (UU) - ASTM D 2850, "Standard Test Method for Unconsolidated, Undrained

Compressive Strength of Cohesive Soils in Triaxial Conpression";

rigid wall constant head hydraulic conductivity - ASTM D 2434, "Standard Test Methodfor Permeability of

Ghinular Soils (Constant Read)";

flexible wall falling head hydraulic conductivity - ASTM D 5084, "Standard Test Method for Measurement of

Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall Pcrmeameter";

flexible wan falling head hydraulic conductivity - U. S. Army Corp of Engineers; EM- 1110-2-1906, "Standard

Test Method for Permeability Tests, Appendix V11";

index flux of GCL - proposed ASTM method rough draft # 1, 6118/94, "Standard Test Methodfor Measurement

of Index Flux Through Saturated Geosynthetic Clay Liner Specimens Using a F7axible Wall Permeameter";

flexil)le wall falling head hydraulic conductivity - Geosynthetic Research Institute (GRI) GCL,2, 'Standard Test

Methodfor Pemicability of Geosynthelic Clay Liners (GCZs)";

permeability/compatibility - USEPA Method 9100 SW-846, Revision 1, 1987, Standard Test Method for

Measurement of "Saturated Hydraulic Conductivity, Saturated Leachate Conductiviry and Intrinsic Permeability";

capillary-moisture - ASTM D 2325, "Standard Test Methodfor Capillary-Moisture ReLationshipsfor Coarse- and

Medium-Textured Soils by Porous-Plate Apparatus"; and

capillary-moistwe - ASTM D 3152, "Standard TestMethodfor CapilLary-MoistureRelationshipsfor Fine-Textured

Soils by Pressure-Membrane Apparatus".

APPLICATION OF TEST RESULTS

The reported test results apply to the field materials inasmuch as the samples sent to the laboratory for testing are
representative of these materials. This report applies only to the materials tested and does not necessarily indicate the quality or
condition of apparently identical or similar materials. The testing was performed in accordance with the general engineering

standards and conditions reported. The test results are related to the testing conditions used during the testing program. As a

mutual protection to the client, the public, and GeoSyntec, this report is submitted and accepted for the exclusive use of the client

and upon the condition that this report is not used, in whole or in part, in any advertising, promotional or publicity matter without

prior written authorization from GeoSyntec.
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Appendix H

RESPONSE TO REGULATORY COMMENTS



DEPARTMENT OF THE ARMY
rl= A AM MA NAGM FO R R= y W I 'NTA 1 *4 A ILS MA L

COMMMa OTY. COU)RADO &NIZZ INS 50
September 23, L997

AT T W MIN 0 h

Riernedy'Execution

Ms. Suga Chald
Colorado Department of Public viol,

lyI4=lth and Eavironmcnt
4300 Cherry Creek Drive South
Dmvcr. Colorado go246-1530

D= Ms. ChaU:

Enclosed are the U.S. ArmY's responses to U.S. Environmental Protection Ag"'y (EPA)
and (-Olorado Department of public Health and Envirommeas (CDPR9- July 3, 1997 comments.
on the Rorky Mountain Arsenal Double-Lined Landfill Test Fill Construction Program
summary Rcportý Feasibility Study Soffs Support Program. Thm comments and responses
were discussed with EPA and CDPHE in a working meeting held on July 29,1997. Some
rmWnsm were: modified based on these chscussons.

,fbe Double-Lined Landfill 90 Percent Design Package and Draft Final Construction
Quality Assurance Plan being prepared by the Corps of Engineers have been prepared to be
consist= t with responses to Test FM Report Summary comments. Tbe Anny will set up a
working m=ting wit CDPHE and EPA in approximately two to thme we&s to resolve any

utstand-innog, issues and finalize the Test Fill Report.

if you have any questions the points of contact on this project are Mr. Bruce Huenefeld at
303-289-D240, and Mr. NUrk McClain at 303-853-3943-

Sincerely,

es T. Schwaýrý
RMA Committee Coordinator

Enclosures (4 copil)

11-1/2

Readiness is our Profession 00005414
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-2-

Copies F arnisheck

Major A Weslyn Erickson, Chief Counsel, Program Manager Rocky Mountain Arserml,
Attn:,AMCPM-RMC, Cominerce City, Colorado 80022-1748 (wlencl)

w Rohm I-L Fostcrý U.S. Dep&=mt of Justice, 999-1 8th Strect, Suite 945,
North Tower, Denverý Colorado 80202 Wencl)

Mr. Stephen 0. Hamel, Attorney Generars Officcý CERCIA Litigation Unit,
1525 Sherman Street, 5th Floor, Denver, Colorado 80203 (Wenel)

1W. Martin Kosco, Creotram I=,. 4888 Pearl E= Circle, Suite 300-E,
BoWder, Colorado 80301 (w/encl 2 copies)

Mr. Michael T. Anderson. Shell Oil Company, P.O. Box 539,
Commerce City, Colorado 80037 (wlencl)

Mr. Mmmas Cope, Holme Robem and Owen, Suite 4100,
1700 Lincoln Str=t, Denvex, Colorado $0203 (w/cncl)

W L. Ronel Finley, Coordinator, U.S. fish and Wildlife Service, Rocky Mountain ArsermL
Building I 11, Commerce City, Colorado 80022-1749 (wlencl)

Mr. John Hartley, Corps of Engineers, Omaha District, 215 North 17th St=L
Onuha, Nebra*a 68102-4979 (w/encl)

ýIIjIIIIIIII&IWounWn Arsenal, AUn: AMCPM-P.Nfl-D, Documcnt Tracking
C=w, Commcrcc City, Colorado 80022-1748 (Wencl)
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DEPARTMENT OF THE ARMY
PROGRAM MANAOFX FOR Ký-CKY MOLIZ-47AIN AR.ANAL 50MMMERCE CrrY. CCLORACK).W12-17,48

September 23,1997

REFLYTO
Arm-KnON OF.

RcmedyExecution

Ms-La=Williams
U.S. Environmental Protection Agency

Region VIH
Mail Code SIEPR-F
999-18th Street, Suite 500
Denver, Colorado 80202-2466

Dear Ms- William :

Enclosed are the U.S. Army's responses to U.S. Environmental Protection Agency (EPA)
and Colorado Department of Public. Health and Environments (CDPHF,) July 3, 1997 comments,
on the Rocky Mountain Arsenal Double-Lined LandiM Test Fill Construction Program
Summary Report, Feasibility Study Soils Support Program. Ilese comments and responses
were discussed with EPA and CDPHF, in aworldng meeting held on July 29,1997. Some
response-s were modified based on these discussions.

The Double-Lined Landfill 90 Percent Design Package and Draft FirW Construction
Quality Assurance Plan being prepared by the Corps of Engineers have been prepared to be
comsist=t with responses to Test Fill Report Summaxy comments. The Army will set up a
working meeting with CDPHE and EPA in approximately two to three weeks to resolve any
outstanding issues and finalize the Test Fill ReporL

Ifyou have any questions the points of contact on this project arc Mr. Brace Ilacriefeld at
303-289-0240, and W. Mark McClain at 303-853-3943.

Sincerely,

14"ý'-C es T. Scb;2!ý ý
RMA Committee Coordinator

Enclosures (3 copies)

972GO11-M
Readiness is our Profession
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-2-

Copies Furnished:

Major M. Weslyn Erickson. Chief Counscl, Program Manager Rocky Mountain Arsenal,
Attn: AMCPM-RMC, Comm= City, Colorado 80022-1748 (w/o end)
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U.S. Army's Responses to Colorado Department of Public Health
And Environment (CDPHE) July 3, 1"7, Comments on

Draft Final Test Flill Construction Program Summary Report
Feasibility Study Soils Support Program

Rocky Mountain Arsen2l (RMA)
Dated June 6,1997

In a lcttev dated July 3, 1997, the CI)PPE provided 44 comments to the Draft Final Test Fill
Construction Program Summary Repcwt (Summary Report) submitted by the Army for regulatory
review o a June 6, 1997. In the lette:4 CDPBE requested that they Army provide a written
response to the comments within 30 days of the date of the letter (July 3, 1997). On July 29,
1997, the Army met with regulatory (including CDPHE) representatives to disamus the test fill
comments along with other issues related to the design of the double-lined landfill. cell at the
Rocky Mountain Arsenal (RMA). A written response to the comments was given at the meeting
to the CDPAE representatives and representatives of the Environmental Protection Agency
(EPA) and Tri-County HeWth Dcpartment- The Army discussed the response to comments with
the regulatory r%==tativcs.

The response to comments given below has been revised based on the discussion held at the
July 29, 1997 meeting and the contents of the 90 Percent Design Package. Ile 90 Percent
Design ftckage includes the 90 Per=t Design Drawings, the Draft Final 90 Percent Design
Analysis, the Draft Final 90 Percent Design Specifications (Specifications) and the Draft Final 90
Percent Construction Quality Assurance (CQA) Plan. This revised comment response is
intended to be reviewed concurrently with the 90 Percent Design Package, particularly the
Specifications and CQA Plan. The res:ponses given below have been incorporated into the
Specifications and CQA Plan.

RESPONSES TO GENERAL COM31ENTS

As pad of the scope of the test fiU program, -recommended edits were given in the Summary
Report ta the Draft Final 30 Percent Design Specifications for compacted clay linen (CCL)
(Section 02443) and for the soil CQA section (Section II) of the Draft Final 30 Percent Design
CQA Plan. The intent of the recommended edits was to present only those changes necessitated
by the restdts of the tea fill prograrn. However, CDPHE gave many valid comments to these
documeat sections that w= unrelated to the test fill program. Additionally, both CDPHE and
EPA comments correctly pointed out that modification of the EarthworldCmding specification
(Section 02210) was necessary as a result of the test fill program. no U-S. Army Corp of
Engineers (USACE) has revised thesc three docuracnt sections based on the comments and the
design progression fi-om. the 30 percent stage to the 90 percent stage.

.,.9726611-111-A
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The 44 comments given by CDPHE can be divided into six groups of comments:

I . Final Specification and CQA Plan Requirements
2. Rome Disc Acceptability
3. Hydraulic ConducLivity Testing and Results
4. Construction Quality Assurance and Constr=ion Quality Control (CQC)

Relationship
51 Borrow Area Evaluation and Screening
6. Nfiscellaneous Comments

To expedite the discussion of the comments at the July 29,1997 meeting, the first five comment
groups listed above were discussed in detail prior to discussing the 44 individual comm n .
Group 6 cvvem comments not applicable to the first five groups. The Group 6 comments were
discussed individually. ne response to the first five groups of conunents is presented below.
The Final Summary Report will be prepared after resolution of the regulatory comments.

RESPONSE TO COMMENT GROUP 1; FintJ Specification 2nd CQA Pl2n Requirements

Many of the comments dealt with detailed requirements for CCL construction that may or may
not have been pan of the Test Fill Program In an effort to streamline the rCgulaWry TeVieW and
approwal process, the Army proposed to the regulatory representatives at the July 29, 1997
meeting, that the September 1993, EPA guidance document entitled "Technical Guidancc
Documeat (TOD): Quality Assurance and Quality Central (QA/QC) for Wage Containment
Facffitici" (EPA 1993 TGD) be used as the base reference for finalizing the details of the CCL
(e.g., freezingtdcsiccation requirements, surface tolerances, etc.) specifications and CQA
procedures. The rugulatory representatives agreed to the use of the EPA 1993 TGD as the base
reference for this work The revised specifications and CQA requirements included in the 90
Percent Design Package have incorporated the guidance given in the EPA 1993 TGD.

RESPONSE TO COMMENT GROUP 2: Rome Disc Acceptability

During the July 29, 1997 meeting, the Army agreed to delete the specification that the Rome disc
could be: used fbr processing clay up to the standard Proctor optimum moisture content This
specific;Won was replaced with a requirement that the Rome disc could be used to assist in
moisture conditioning but the CCL material must be processed with a minimum two passes of
the soil stabilizer regardle= if the disc is used. The enclosed revised CCL specification
incorpozates this modification-

RESPONSE TO COMMNT GROUP 3: Hydrauric, Conductivity Testing 2nd Result3

A number of comments were made in reference to the two Shelby tube samples (No. 122 and
132) that failed to achieve the target hydraulic conductivity. Much discussion and speculation as
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to why die two samples failed was made at the July 29,1997 meeting with no consensus reachedL
'Me potential reasons for the failures include inadequate construction procedures or cquipment,
accidental sampling of the underlying foundation layer, hurnan error during sampling, shipping,
or testing, or a combination of these factors.

During the Test Fill Program, a total of 14 undisturbed (8 Shelby tube and 6 block) samples worc
tested tD ;)btwn their hydraulic conductivity values at both 3 per square inch (psi) and 10 psi
consolidation pressures. Of these 14 samples, five (3 Shelby tubes and 2 block samples) were
obtained from lift 1. The two samples that failed to obtain a hydraulic conductivity value of I x
10'7 cmIs or Iess were both obtained fmm. the slope section of lift 1. Sample No. 122 was
obtained from lane 2 of lift 1 and No. 132 was obtained from lane 3 of lift 1. To further evaluate
the hydraulic conductivity of lift 1. two additional ShcIby tubes were tested; one from the slope
section of lane I (No. 112) and one from the base section of lane 2 (No. 121). Both easily
achieved the required hydraulic conductivity. Sample No. 112 exhibited a hydraulic conductivity
of 5 x 10-9 cni/s at a 3 psi consolidation pressure. Sample No. 121 exhibited a hydraulic
conducti-.ity of 8 x 10'9 cm/s at a 3 psi consolidation pressure. The laboratory results for Sample
Nos- 112 and 121 will be included in the Final Summary Report.

The A=y has concluded that the two failing Shelby tube test results (Mos. 122 and 132) from
die slope section of UR I are outliers whose results have no bearing on the Azwy's ability to
adequately construct the full-scale CCLs based on the equipment, materials, and procedures used
to construct Test Fill 3. This conclusion is based on:

The hydraulic conductivity results of the two additional Shelby tubc samples
(Samples Nos. 112 and 121) obtained from lift 1.

The previously obtained passing results obtained from three other samples
obtained from lift I (Sample Nos. 111 [Shelby tube), 1211 [block], and 123
[block]).

No other results came close to failing the target hydraulic conductivity value.

EPA guidance statirig that the subgýzdc should be "knifteC into the fmt lift of
CCL nwerid on sidelopes (see response to Comment No. 20)-

Additionally, CDPDE requested in one comment that undisturbed samples be obtained from the
full-scale CCL during construction. Section 2.8.4 (p.83) of the EPA 1993 TOD states that
... that QA program for the actual soil liner should focus on establishing that the actual liner is

built of similar materials and to equal or better standards compared to the test pad - laboratory
hydraulic conductivity testing & nor necessmy to cstablish this." Regardless, since CDPHE fbeLs
the tests are neczssary, the Army will commit to obtaining undisturbed samples for hydraulic
conductivity testing, using Shelby tubes. at a fi-equency of I per 10,000 cubic yards. To account
for potcatial mixing of subgrade soil with the first lift of the secondary CCL. it was agmed at the

3
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meeting tliatý for the first: lift of the secondary CCL, no hydraulic conductivity testing would be
performed on samples obtained from this lift, but that the moisture/density test frequency would
be doubled. OutHner limitations for the hydraulic conductivity tests (along with the outliner
limitations for number of passes, dry density7and moisrure content) are now specified in Table 4
of Section 02443-

RESPONSE TO COAE%UM GROUP 4: CQA Ind CQC ReIxtiouship

A numbe: of comments were related to testing frequencies, 2pproval authorities, and the
contrzactual relationship of both the CQA and CQC parties. During the July 29, 1997 meeting, it
was clarified that the QA and QC parties are separate parties with separate contr=tual
relationships during the LindfM construction. The CQC firm will contract with and report to the
landfiU construction contractor and the CQA firm will contract with the Program Management
Contractor (PMC). Ilic Spa;ifications set forth the QC test frequencies and other QC
requirenicnts while the CQA Plan sets fba the QA test frequencies and other QA rcquircments.
The im frequencies given in both of these documents are not intended to bc the same. The tests
and other inspection activities pcrfbrmed by the CQA firm wiU be done in addition to the tests
and other inspection activitic3 pcrformed by the CQC firm.

Based on internal dLwussions subsequent to the July 29, 1997 meeting, it was dctemnined that the
CQA finn cannot commit govmnment funds and, thus cannot have final approval authority of the
construction. Therefore, the CQA firm wiH implentent the require:ments of the CQA Plan and
make approval/disapproval recommendations to the Conu-xting Officer via the PMC. The
Contracting Officer will be a govcrrunent employee of the Remediation Ven=c Office (RVO)
and will have fi:nal appwval responsibiEty for the lazidfill construction.

RESPO NSE TO COM31M GROUP 5: Horraw Area Evaluation smd Screening

The last group of comments were related to the evaluation of the borrow areas and the screening
of unacceptable materials out of clayey soil to be excavated for CCL construction. During the
July 29, 1997 meeting, the Army committed to continuous monitoring by CQC personnel of the
Soil L oved from the borrow excavation by cithpr observing the soil being phtced on the
pmcessing table or by observing the 3oil being excavated from the borrow source (as was done
during the rest f[II construction). In addition to the CQC rnonitoriugCQA personnel will also
periodically monitor the excwration and pracm area to verify that only CL or CH material is
being axcavated fi-orn the borrow area. As a final quality precairtim the specifications require
that mmVies obtained from the constructed CCL must classify as CL or CH malmial and meet
the other requirements of Specification 02443. Clayey soils (and also caliche, organics, sandy
soils, gravel pockets) are emily identified in the field by competent field persounel.

Based on the discussion summarized above, the Amy ftwd= stated that tbc determining the
exact pmentage and cd=t of unacceptable soU within the borrow arm is irrelevant to ensuring
that the CCLs are built in accordance with the design documents provided; (a) sufficicut material

4
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meeting the CCL material specifications is pmsent (which there is - See Scction 3.5 of the Work
Plan); and (b) the material meeting the CCZ material specifications is sufficiently similar to that
used for die test fill C'similar" is quantified in the response to Comment No. 10 below).

RESPONSES TO SPECIFIC COMN[ENTS

Comment No. I

The Drali Compacted Clay Liner Material specification and the Draft Soils Construction Qualify
Assurance document are incomplete, inconsistent and do not adequately incorporate the results
ofthe Test Rill 3 program As an example the list andfrequency ofborrowsoil testing is not the
samefor both documents, compaction testing isproposed at once per 5, 000 and 10, 000 cubic
yard intervalfrequencies respectively 7"he documena also donor specg& thefrequency and type
of hydraulic conductivity testing which is necessazy to document that the construction has met
applicable regulatory standards. Thefrequency of compacted clay testing is also inadequate
considering the variability of the source borrow areas.

Response

S= responscs to Comment Groups 1, 3, 4, and 5.

Comment No. 2

The 300-91 version ofthe specificationfor ConTacied Clay Liner Material t3ýpeciflcation 02443)
does noe have suffldent detailforfull scale operation. Addidonal delails used dig7ng
constr=txon of the Yest Fill should be added 7he additions to the specifleation shouldfocus on
practices used during construction of Test Fill 3.

Response
The contents of the 90 Pment Design Packagc, the responscs to the group comments above, and
the responses to the specific comme= below will hopefully address this swernent. If not,
CDPHF, is requested to supply additional sp=i:Qc comments as to how this perccived
shortooming can be addressed.

Comment No- 3

it appears that not all of the restfrequencies within Specification 02443 are consistent with those
used diaing construction of Test F-111 3. Any deviations should be clearly identifted and an
explanation provided

5
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Response

See response to Group Comment No. 1. The test frequencies given in the Specifications are
clearly not consistent with those used dudng the test fill construction nor wcre they intendcd to
be. Section 2.10.6 of the EPA 1993 TGD stue, "The same types of CQA tests that arc planned
for the aeftal liner arc usually performed on the test pad. However, the frequency of testing is
usually somewhat greater for the test pad. Material tests such as liquid limit, plastic limit and
percent fines arc often performed at the rate of one per lifL Several wmr content-density teuts
are usually performed per lift on the compacted soil." Based on CDPHE's comments to the test

fill Work Plan, the Army reduced the test fill testing frequency to a level acccptable to CDPHE
but dwwould still allow the landfill design team to coffcct sufficient data to finalize the landfill
design. Howem, no commitment to incorporating the test frequencies from the: test fill into full-
qcale CCL construction was made nor would it be practical.

Commemt No. 4

It is unclear whether lift one meets the hydraulic conductivity standard throughout 11 may be
prudent to collect aMidanal samples to verify the hydraulic conductivity and to ideni6
problems which may have resulted in the lower h)*aulic conductivity of the initial tests-

Response

See response to Comment Group 3.

Comment No. 5

Please provide a comprehensive table which includes categories such as. tke specificationT,
references, procedures, standardt, QA and QC)requeneres CQA observations and

requirements, and CQC requirements for construction

Response

The laaffill design tem has prepared a CQAICQC matrix table to addmq this commeuL This
table vrill be submitted with the 90 Percent Design in tho CQA Plan documents for regulatory

review.

Cominent No. 6

The Q,4, document does not specz& that the R VO/owwer shall employ an qualified thirdparty to

act as im independent construction quality assurance engineer. An indTendew thirdparty
would not include any current members ofthc RVO or its subcontractors. 77ieoverall

construction quality assurance document when completed must identified the registered

6
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professional engineerfunctioning as the Design Engineer, the R VO Is owners representative, the
number and qualifications ofthe construction contractors construction quality assurance
personne.1, and the independent cert6ing engineer

lbmponse

See response to Comment Group 4. The name of the design engineer, owner's representative,
CQA Engineer, and the number and qualifications of the CQA personnel will'be provided to
CDPHF by the PMC, once the PMC is selected.

SPECEFIC COMMENTS

Comrnent No. 7, Section 2.2 - Borrow Area Evaluation

77je locarion andftequency of unacceptable material in the borrow pit area and the derails of the
specifications and CQA procedures that will be implemented to ensure an acceptable CCL
commucdon remain unclear. V1he 79% af acceptable soils is not a statistically valid estimate
then the Xrmy shouldprovide an estimate of the extent of unacceptable borrow source area
mareriaL

Respon3a

See reTonsc to Comment Group 5. It is estimated that less than 40 percent of the alluvial soil
located -within the borrow arcs will be una ceptable for CCL construction.

Comment No- 8, Section 2.2 - Borrnw Area Evaluation

Page 2--', paragraph I- In adBfion to the Table I indexpraperfy criteridfur raw borrowsoils
the specifications in Appendix H aLro include standards to be determinedfor minimum liquid
limit, mi.-timum plasticity index and maximum plasticity index. These values should be specified
along with the recommended specification modifications in Section 7.3 and a revised draft
Table I providedfor review.

Responsc

The Amiy has now included requirements for CCL soil to contdn a minimurn liquid limit of 30,
a minimum plasticity index of 10, and a maximum plasticity index of 40 in Specification 02443.
These vdues arc consistent with guidance given by Dr. David Daniels in his CCL short course.

Comnicut No. 9, Scetion 2.2 - Borrow Area Evaluation

Page 2 -3, bullet I - The soils also contain caliche or calcium carbonate precipitation zones
which require excavation segregation-

7
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Responst

Comment noted. Both borrow areas contain these deposits. These zones wiU be segregated
during v.-cavation.

Comment No- 10, Section 2.2 - Borrow Area Evaluation

Page 2 -. 1, bullet 3 - Pleare quwofy "similar" using existing data-

Response

"Similar" is quantified to mean that Borrow Area 5's average values for percent fines, liquid
limit, and plasticity index values arc each less tim 10 points different from those of the
Corrective Action Management Unit Area, as shown on Table 5 of the Tcst FiU Work Plan.

Comment No. 11, Section 2-2 - Borrow Area Evaluation

Page 2-3, bullet 4 - A bane goal ofany Test FY11 program is to define the extent of w=ceptable
material in a proposed borrow source area Ifthe available data is not astaristically valid basky
to make this estimate then the Test Fill prograrns to date have afimdamentalflaw and Gddifional
characterization ofthe borrow source area is required Please review the ccisfing data and
provide an estimate of the percentage volume of acceptable soils meeting Table I requirements-
VIthe exating data are Inadequate then the required characrermahon effortshould be propayed

in a workplanformar.

Response

See response to Comment Group 5 and Specific Commem No. 7.

Comment No. M Section 2.2 - Borrow Area Evaluation

Page 2.3, bullet 6 - Please specify if the addition ofpowdered bentonite will be used to meet the
raw borrow soilpk;sicalproperfies requirments.

Response

T1= addition of powdered bentonite will not be USAA

Conimcnt No. 13, Section 3.0 - Preconstruction Laboratory Data Testing and Data
interpretation

Generel - The acceptable zone (AZ) plot developedfor the Test Fill 3 program is applicable as
long as all of the sails in the footprint of tim double lined landfill are identical to the sandy lean
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clgy characterized As shown infigure 7 the acceptable zone can drift as the soilproperties of
the raw borrow soils change- Given that approximately 380, 000 cubic yardr ofsoi& will require
ewavatio2; the specifications should allow 1he design engineer or the construction quality
assurance engineer theflexibility to generate another AZ ifa significant change in soil material
is observed

Response

This requirement is given in Pan 3.4.3 of Specification 02443.

Comment No. 14, Section 4.1.1 - Ordnance Removal

General - Will LIXOscreening be requiredprior to all borrow area excavation since it was
conducted as part ofthe Test Fill 3 program? ffso this should be added to the spectflcation in
Appendb; H or in the general Landfill Construction specifications

Response

No. Unexplodcd Ordnance (LTXO) screening will not be requirrA RMA had previously cleared
the area for UXO. Harding Iawsen Associates only screened the surface as an additional internal
safety precaution.

Comment No. 15, Section 433 - Surface Preparation and Protection

CCLY must be immediately covered and kept mairt to prevent volume stability and desiccadom
Desieweed,sections should he removed broken up. re-wetted and recompacred 1fdamage
occw-s, rhe affected soil must be removed or reconditioned as &rected by the Construction
Quahty 4ssurance Engineer, not the contracting officer The basic pracedurm used to prevent
freezing and desiccation of the CCL need to be included as part of this specification and not
delegated to the contractor's Materials HandZing Plan.

Response

See reqonse to Comment Group I and 4. TILis section of the document refers to the activities
that occurred during the test fill construction, not the CQA Plan or -1,pacifications. The USACE,
bas, incorporated basic procedum to prevent fteezing and desiccation Specification 02443.

Comment No. 16, Section 53.1 Borrow and Process Area Monitoring

The resalts ofihe Test Fill 3 program indfcate that continuous rather than periodic construction
oversight of the borrow andpracess area wilt be reqwed 77ie construction quality assurance
engineer will monitor the work to help ensure that the required specificationsfor the Raw
Borrow Sods are met-

9
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Response

See respcmse to Commew Group 5.

Comment No. 17, Section 5-3.1 Borrow and Process Area Monitoring

Page 5-3. paragraph 2 - 77ze text clearly states the soil disc was unable to process the raw
borrow soil material to the amdmwa cW size of2 hickes as required by the Work Plan,
However, the recommended specification in Section 7-3 states "A Rome disc may be used in lieu
of the so -14 stabilkerfor conditioning up to the slandard Proctor optimum mo isture content

Response

See rcspmse to Comnxnt Group 2.

Comment No. 18, Section 5.3.1 Borrow and Procan Area Monitoring

To avoid confusion in the, specifications, it is recommended that in additional section on soil
processing be added to PxT 1.3 of the specifkations- Soilprocessing by a CaterpilLar SS250
Soil stabilizer or its equivalent will be required ofall raw borrow zoils and a minimum 2 passes
xpvc$ed Ifadditional processing is requiredfor moisturEcontent it may be done with a Rome
&sc. However. this would be done In adfition to and not in substitution ofthe required two
passes ofthe soil stabilizer. This change is necessaryfor the specifications to reflect the results
of the Test Fill 3 program.

Rapause

See reWonse to Comment Group 2.

Comment No. 19, Section 6.0 - Post Construction Testing

One halfof the hy&aulic conductivity testf conducted on samplesfrom lift onefailed to meet the
hydrmdjc conductivity standard Although two ofthefailed tesft uere at a 3 psi consolidanon
pressurr, it is of concern that each ofthe other lifts te-ved at 3 psi easily met the stand2rd Ae 3
ps; restv provide usetfid information on the hydraulic, conductivity of the varzcw Ys and should
notbeignored 7he hjdraulic conductivirymust meet the I X 10-? cm1sec standard as measured
uyzburdw.d

Response

See rcsponse to Group Conunent 3.

10
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Comment No. 20, Section 7.2 Conclusions, First Bullet

It is likely that non-cohesivesods in the landfill subgrade will be encounrered and the
consequemes are serious enough to require proper attention to moisture control, depth, and
stability tfcorrectedsubgrade soils.

In section, 6 0, third paragraph referring to shelby rest # 132, the text states the samples
"inadýerlrnrly contained some of thefoundvion lajvr nzaterial'ý Also, in Appendix E, firstpage
ofthe Section; the moisture test results are shownfor the imporred.vubgrade preparation
materiaL All tests were several percentage points below optimum and 50% of the tests on
subgrade soilsfailed theirfirst test.

Ms suggests:

1) clover tolerances are needed on moisture control ofthesubgrade prep material to
piwent moisture reduction in thefirst layers of the CCL;

2) g7vater depths ofsubgrade preparation are needed when non cohesivesorls are
encoumered, to prevent midng and contamination to the CCL layer. and

3) specific procedures are needed when non-cohesive soils are found on the slopes of the
subgrade mcavation.

Response

See response to Group CommcaL 3. The Army disagrees with CDPRE's first two infemces,
from the two fAing Shelby tubes and structural fill test results and agrees with the third
inference. Procedures for when non-cohesive soils arc found on the slopes of the subgrade
excavation have been incorporated into Paft 3-2-1 .1 of Specification 02210. The acceptable Zone
(AZ) moisture content range for the test fill was from 121/6 to approxhnately 23% (See Figure 6).
The s=dard Proctor optimum moisture content was 16.61/1a and the rangc of passing moisture
content results was 13.8% to 16.801c, which were well within the AZ and not several percentage
points below the optimum moisture contmt. The moisture content of the two fiffmg Shelby
tubes was between 15% and 16% (See Figure 9). Block sample 1211 was also takca from the
first IM contained a dryer moisture content than the two failing Shelby tubes, and was nearly an
order of magnitude under the required hydraulic conductivity.

As stated in the text of the summary repoM both of the failing Shelby tubes werc; located on the
slope section (See Figure 3). Pcr Section 2.9.1 of the EPA 1993 TGD, "For soils compacted in
lifts par.diel to the slope, the first: lift of clay should be "knitte&' into the existing subgrade to
minim; e a preferential flow path along the interfhce and to minimize development of a pot=fial
slip plam." It is unclear what a deqp" depth of subgrade preparation (ftoin that used in Test Fill
3) would do to prevent this. Ilie only reason samples were taken from the first lift was because
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of CDPRE's insisteuce that they be taken and tested- As stated in the response to Group
Comment 3, it was agreed at the meeting to not require hydraulic conductivity testing and to
double the moistureldensity test frequency for the first lift of the secondary CCL.

Comment No. 21, Section 7.2 - Conclusions, Second Bullet

Rocla are potential pathwaysfor hydrauliefailure in the CCL and corrective action must be
taken to remove all ofthem.

Response

See msponse to Group Comment 1. The Large size rocks that were observed dming construction
of the te 5t EU were removed by hand. However, not aU of them were obsm-ved and removed as 2
or 3 ave rsi= rocks were observed in the excavation pits for block samples. Requirements have
been incorporawd into the Specifications to remove the ov=ized matmials.

Comment No. A Section 7.2 - Conclusions, Third Bullet

This carxlusion is not substantiated Please delete or modify based on thefollowing:

1) (ribe three Lwes and sewn Iffly only one lane ofone fifr uw developed uldaing the
Rome discforprocessing. This is a very small amount of soil with onty one moisture test
ivred to produce such a broad concimion;

M addido?& proper tesfing controls on the m&-ing and processingpad were not discussed
-n detaiL It is therefore difficult to definitively conclude that soil m d by the disc
awthod wav adequately separazedfrom that soil mixed by the soil stabilizer,

2) 77ze fiftprocessed by the Rome disk was at a moistwe content of22% (Shelby test
vo 611)- 7his is siS*ficantly above optimum. It therefore has not been demonstrated that
the Romw disk can effectively process marerial between the modified and the standard
uroctor optimum; and

3) According to the Construction Quality Assurance A ctiviftes, Section 5 3. 1, second
paragrap& 'The duc was IeLaklk to process the material to the marimum clod sue of 2
inches as required by the Work Plan..-'ý

Response

See respome to Group Comment No. I

12
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Comment No. 23, Section 7.2 - Conclusions, Sixth Bullet

The text -,.-uggests sample 132 may have been disturbed duringAipping and ha-uffing and that
this can he seen by comparing the difference between thefield moisture and density rest results,
However. several ofthe samples listed on Figure 8 and 9 show similar variations betweenfield
moisture content and density and laboratory moisture content and densioA, Pleare clarify what is
unique about the variations in sample 132 and how this eVlainj the higher hydraulic
conducrMly-

Response

See response to Group Comment 3. The Army agrees that other samples shows similar
variations. However, the other biamplcs easily met the target value. As stated in the sixth bullet,
this difference was not intended as the only reason why the sample fOed but was added as
additional support that the sample was somehow disturbed.

Comment No. 24, Section 7.3 - Recommended Full-Scale Construction Speeification
Modifications: Part 13.1 - Compaction Equipment

77;e compaction equJpment specifications should also include a minimum weight, min&wmfoot
length c!nd minimum number ofpasses, Should the compaction specijkWon ipecifyfully
penetratingfeet? Please &scuss

Response

The number of passes are specified in Part 3.2.3 of Specification 02443. The other requirements
have been incorporated into Part 1-2-1 of Specification 02443.

Comment No. 25, Section 7.3 - Recommended Full-Scale Coustruction Specification
Modifications: Part 3-3-3 - Compaction

Replace the JMDJ with '16"

Response

CDPM,. agreed at the July 29, 1997 mwdng, that a minimirm of 4 passes was acceptable.
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Comment No. 26, Section 7.3 - Recommended Full-Scale Construction Specification
Modific2tions: Part J. 3.2 - Scarification Equipment

Please irclude 11=1 prior to placement ofa lift of material over an cristing pre io lit
shall be noroughly searifled to a nominal depth of no less than 2- Inches to provide good
bondIng herween lifts ne traffWang ofa scarified surface by truckv or other equipment shall
not be Pa.-mitted during the period between scarificadon andplacement of thefollowing lift.

Response

See response to Comment Group I . Section 2.7.1 of the EPA 1993 TGD states "When soil is
scarified it is uswffly roughened to a depth of about 25 miWmetm (I inch)." No basis is given
fbr doubling the required depth. The specification does not need amendment-

Comment No. 27, Section 7.3 - Recommended Full-Scale Construction Specification
Modifications: Part 1.3-5 - Processing Equipment

77w second sentence indicates an acceptance ofa Rome disc to process soil up to optimum
moisture content. A Rome disc cannot be used in lieu ofa soil stabilizer. Please delete that
sentence. This usage was nof demonstrated because material processed with a Rome Disc in the
testfill was placed at moisture contents significantly higher than oprimum (see Appendix F, Tests
No. 611 and 612). Also, maximurn clod size was not achieved and demonstrated with the Rome
duc, which is a requirement ofthe processingvoilfor CCL la)vry- This is referenced in Section
5-3.1 of rhe Construction Quality Assurance AdMties.

Response

See response to Group Comment No. 2.

Comnicut No. 28, Section 7-3 - Recommended Full-Scale Construction Specification
Modifications: Part 2- Products

Please idenafy the water source to be wedfor moisture content conditioning.

Response

Tlxc RMA potable water systenL

Comm*.-ut No. 29, Section 7.3 - Recommended Full-Scale Construction Specification
Modifications: Part 3.3.1 - Clay Placement

This sertion should also include details relating to compaction of inacemible areas such as
comers and other areas inaccessible to &1ven compaction equipment.
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Response

Specification 02443 (Puts 1.2.4 and 3.2.3) has been modified to address this.

Coinmeut No. 30, Section 7.3 - Recommended FuU-Scale Construction Specification
Modification= Part 3.31 - Moisture Control

This section should be modified w include clad size reduction as a requirementfor adequate
moisture control and adfustment. Also, this has not been achieved with a Rome disc alone.
Please modify and delete the reference to sole usage of a Rome disc.

Response

The changes have been made to Specification 02443.

Comment No. 31, Section 7.3 - Recommended FuMcalt Constraction Specification
ModificAtions: Part 3-5.2 - Moisturv Content and Density Tests

Vie 300% specification state. 'rf any of the retestsfall, the lift ofsoil shall be repaired out to the
1knits defined bypassing testsfor thatparameter "Please clanfy Does this imply the entire
10,000 squarefoot area will he repaired? Is this consistent withpirocedures iaed during
construvion of Test P-111 3?

Response

When a failing tcst is encountered, additional tests in the arm of the ffling location wfll be
perfonncd to delineate the extent of ft failing arm This is vibat vias done on the one fidling
test encounter-ed in the test fill. The criteria for delineation of fidling areas is included in Table 4
of Specification 02443.

Comment No. 32, Section 7-3 - Recommendell Full-Sede Constmetion Speeffiention
Modificatioxm: Part 3.6.1 - Weather Conditions

Clay li,-xr material shall not be placed during periods ofprecipftwion or other periods of
unfavo,rable weather condfdons as jdaniqft-ed bX the COA &=eer

Respomse

See rcTonse to Group Comment No. 4.
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Comment No. 33, Section 7.3 - Recommended FuMcalc Construction Specification
- Modifications: Part 3.6.3 - Frce2ing and Desiccation

The daily work area shall extend a sufficient &slawe so as to maintain soil moisture conditions
within,wi acceptable range to allow continuous o1mrations. Desiccation and crusang ofthe Iffit
surface shag be avoided

Response

Sce ParL- 3.5.4 and 3.5.5 of Specification 02443.

Comment No. 34, Section 7.3 - Recommended FnU-Sc*le Construction Specification
Modifications! Part 3.6.3 - Freezing and Desiccation

Please.ýveco a mirdmum depth that shall be removed or reconditioned tf freezing or desiccation
OCCWS.

Response

See Paes 3.5.4 and 3.5.5 of Specification 02443.

Comment No. 35, Section 7.3 - Recommended FuUScale Construction Specification
Modifications: Part 3.6.3 - Freezing and Desiccation

Please dejine the acceptable measures that the Contractor may use to proteciftnished CCL work
to prevent desiccation orfreezing.

Response

S= Parts 3.5A and 3.5.5 of Spccificafion 02443.

Comment No. 36, Section 7-4 - Recommended CQA Plan Modifications: Part 2-3.2.4 -
Scarifh2tion

Amenchnenis to this section regarding nuinber ofpasses ofthesotoorh dwn railer ingy be
szifficient, howver, the criteria as to suitability, cannot be left up to the geonwmbrane installer.
The surface ofthe CCL is eritical to the performance of the CCL as noted in the regulatory
guidelines, referring to the 11iraimate contact" between the CCL and the Vwhetic geomembrane
Imer a,. a composite layer Tolerance limits and specy1cationsfor thcflnished surface of the
CCL and the maintenance of it until covered by the synthenc h*w, should be specified in the
CQA documents Also, critertafor determining the smoothness of the CCL need to be
eirabl1rhedfor CQA and CQC usage-
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Response

Specifications are included in the Specifications only. The plupose of the CQA Plan is to
provide the procedures to be used to assure that the Specifications are meL Surface tolerances
for the CCL are given in Part 32.4 of Specification 02443.

Comment No. 37, Section 7.4 - Recommended CQA Plan Modifications! Figure 3

Test -9 53 1 is shown in two locations Please correct.

Response

Fig= 3 will be corructed.

Commen No. 38, Appendix A

Response to F-PA and CDPHE comments on the Draft Knal Work Phmfor the Test FM
Construdion Program are presented in Appendix G which is a subappendix ofAppendir A. The
Appendir A Final Work Planfor the Test Fill Construction must be revived to incorporate all
[subj.4pjqendix G comments and aff Appendix 8 (CDPHE conditional approval) comments,

Response

CDPME previously stated flat this is unnecessary. The Work Plan will not be rewrittem

Comment No. 39., Appendix H - Table 2

Table 2 - Me min imum testingfrequgncyfor percentfines, percent gravel and liquid & plastic
limit moy need to he revised based on the heterogeneity ofthe borrow areas. Confinuout
construction oversight by observation should be ad*d to the specificationfor borrow soil

wtmg-

Response

See respom to Group Comment Nos. I and 5.

Comment No. 40, Appendix R - Tablt 3

Table 3 - Please insert "2,500 squarefeet" in place of "10, 000 squarefeet in the table to be
more consistent with testfill restingfrequendes
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Response

See respouse to Comment No.3.

Commen No. 41, Appendix H - Table 3

"wspecifications do not contain a* recommended modm=percentage offailingmaterial
twis and m=ntm allowabk magnitude of any one outlier. For ewmple, ff 3% -of the hydraulic
conaluc"ify samples are allowed tufaiL they cannot be concentrated in one lift or one area, and
no sample can have a hydraulic conducavity greater than ane-hedf order of magnitude above the
target m=mum value, no matter howfew outlier there are Guidame on developing such a
tables may be found in EPA's Ady 1993 'Technical Guidance Document Quality Assurance and
Quality Cantrolfor Waste Containment Facilities.

Response

See nsponse to Comment Group I

Comment No. 42, Appendix I - Section 2.1.4

Please insert "I per 5, 000 squarefteLffift" inplace of " I per 2 acres4ift" in the table. Appendix
Ishould also-sure that CQA personnel may check any CQC tesr at any time,

Response

See rtsponn to Group Comment No. 4 and S=fion 11 of the CQA Plan.

Comment No. 43, Appendix I - Section 2.1.4

Appenalk I should state that CH mill nor bg placed on the landfill sideslopes.

Response

No bas is for this cmmexft is given or otherwise known. However, the USACE has proposed an
upper I indt on the phisticity index Oft rewonse to Specific Comment No. 9).
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Comment No. 44, Appendix I - Section 2.1.4

M lastbullet under Section 2.3.3. 1 on page 11-5 ofAppend& I states, ff the borrow source is
highly vcriable, the Contracting Officer has the option ofrequiring a CQA Engineer be
permane Pitlyassigned to observe all e=avarlon of borrow soil in (he borrow pit " Appendix I
should be revised to reflect that Me CO is not in charge of CQA personnel. It is the
owner'sloperator's respowibility to ensure that suitable borrow inwerials are excavatedfor CCL
processing. Please mac* text accorcUngly

Response

See respom to Group Comment No. 4.
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U.S. Army's Responses to U.S. Environmental Proteetion Agency (EPA)
July 9,1997, Comments on Draft Final Test Fill

Consftuction Program Summary Report
Feasibility Study Soils Support Program

Rodgr Mountain Arsenal
Dated June 6,1997

The response to comments given below has been revised based on the discussion held at the
July 29, 1997, landfill design meeting and the contents of the 90 Percent Design Package. The
90 Percent Dedga Package includes the Draft Final 90 Percent Design Spccifications
(Spe(4fications) and the Draft Final 90 Percent Cons4ruction Quality Assurance (CQA) Plan.
This revised comment response is intended to be rcvk%ý concurrently with the Specifications
and CQk Plan- 'Mese documents have been revised to include the responses described below to
the regulatory comments given to the Draft Final Test FBI Construction Program Summary

Report-

Comment

Section 7 2. Lq= 7-3. FYW &d[g-1- This paragraph concluded that a cohesive soil subgrade or
fowmiation layer way be required on 15H. I Vsloppw because the conWctors's wheelsspun and
damaged slopes without a cohesive soilfoundazon layer However, recommended construction
specification modfications do not reflect this key conclusion. Consirswilon-Vmcificationsshould

be modfied appropriately to reflect potential constructibifity concerns identified in this

paragraph.

Response

Specification 02210 has been modified accordingly (Pad 3.2. 1. 1).

Cowm,mt

Sgedon 7 2. pq= 7-4 Last &&,f This paragraph rqftrs to direct shear testing currently

ongohý,, and indicates that no mo&jkadon of the acceptable zone is necessmy to ensure slope

stabilitv and bearing capacity Howwver, no direct shear test results support this statement
Direct Mwar test results should be presented and discussed if conclusions are presented

concerning the use ofthese results in assessing slope VabilitY and bearing capaco

Response

The but bullet item will be modified to reflect this. The direct shear test results have been
completed and rVorted in a report entitled "Draft Final Report, Direct Shear Testing,'

9726611-1/l.El
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Revigon B- by GCOSyntec Consultants, dated June 1197. 11e results of the test have been used
to analyz-_ the slope sWility of the JandfiR. The analysis and a discussion of any required
modifications to ffic aemptable zone based on the analysis have been incorpomed into the
USACE 90 Percent Design Analysis.
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Test Pad 3, Lane 1, Lift 5

4.3.2-5 ELF Test Pads Nuclear Moisture-Density/Hydraullc Conductivity Test Results -
Test Pad 3, Lane 2, Lift 2

4.3.2-6 ELF Test Pads Nuclear Moisture-Density/Hydraulic Conductivity Test Results -
Test Pad 3, Lane 2, Lift 3

4.3.2-7 ELF Test Pads Nuclear Moisture-Density/Hydraulic Conductivity Test Results -
Test Pad 3, Lane 2, Lift 4

4.3.2-8 ELF Test Pads Nuclear Moisture-Density/Hydraulic Conductivity Test Results -
Test Pad 3, Lane 2, Lift 5

4.4-1 Sample Locations Test Pad 1 (Sheet I of 2)

4.4-2 Sample Locations Test Pad I (Sheet 2 of 2)

4.4-3 Sample Locations Test Pad 2 (Sheet I of 2)

4.4-4 Sample Locations Test Pad 2 (Sheet 2 of 2)

4,4-5 Sample Locations Test Pad 3 (Sheet I of 2)

4.4-6 Sample Locations Test Pad 3 (Sheet 2 of 2)

4.5.4-1 ELF Test Pads Nuclear Density Test Results - Overall

4.5.5-1 ELF Test Pads Shelby Tube Passing Hydraulic Conductivity Test Results -
Overall

4.5.5-2 ELF Test Pads Shelby Tube Failing Hydraulic Conductivity Test Results -
Overall

5.2-1 ELF Test Pads Shelby Tube Hydraulic Conductivity Test Results - Overall
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ACRONYMS

ASTM American Society for Testing and Materials

AZ Acceptable Hydraulic Conductivity Zone

BA5 Borrow Area 5

CCL Compacted Clay Liner

cm centimeter

CQA Construction Quality Assurance

CQAE Construction Quality Assurance Engineer

CQC Construction Quality Control

ELF Enhanced Hazardous Waste Landfill

EPA U.S. Environmental Protection Agency

HDPE High Density Polyethylene

HWL Hazardous Waste Landfill

m 3 cubic meter

PI Plasticity Index

RFI Request for Information

sec second

USCS Unified Soil Classification System

yd 3 cubic yard
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1.0 INTRODUCTION
The Enhanced Hazardous Waste Landfill (ELF) Test Pads Program Summary Report has been
prepared in support of the ELF Design currently being prepared by the Program Management
Contractor as part of the remedy for cleanup of the Rocky Mountain Arsenal. The purpose of the
ELF Test Pads Program is to provide information regarding the hydraulic conductivity and
compaction characteristics of the soil that will be used for the construction of three compacted
clay liners (CCLs) for the ELF. This report summarizes the equipment and procedures used for
the construction and testing of the Test Pads, summarizes the data, provides data evaluations,
summarizes field observations, and provides suggestions for a path for-ward. The results of the
ELF Test Pads Program will be used as input to the CCL Specification Section of the ELF
Design and the ELF Construction Quality Assurance Plan,

As part of this test pad program, a borrow area Geotechnical Study (ELF Borrow Material
Characterization Study) was conducted for both the northwest section of Borrow Area 5 (BA 5)
and the ELF footprint (Figure 1.0-1, Site Layout). The information collected during the
geotechnical study was used to select representative material for the construction of three
separate test pads. The data from the geotechnical study will be included as part of the
Construction Quality Assurance Engineer (CQAE) and Construction Quality Control (CQC)
testing for the borrow material characterization during the ELF construction, and will be in the
Certification Reports, as appropriate. This Test Pads Program Summary Report presents the
borrow material geotechnical study data in summary tables,

1.1 Background

During the construction of the Hazardous Waste Landfill (HVvL), it was observed that the clay
material in BA 5 varied in color. In particular, large quantities of "white clay" were identified
along the western boundary of the borrow area designated for HVýTL construction. The HWL
design specification for clay liner material stated that "The CQA Engineer shall monitor clay
excavation using visual-manual procedures to prevent white caliche soils from being used as clay
liner materials." A Request for Information (RFI) was generated and clarified that the term
'Gwhite caliche" meant white hardpan soil. Also, upon a review of the report for the Final Test
Fill Construction Program Summary Report (HLA 1997), it was deterrnined that "white clay"
material was not specifically identified as being used during the construction of the HWL test
fills. Consequently, white clay material could not be used for the HWL CCL construction. Since
there was a range of material colors, another RFI was generated to use the Munsell Color Chart
designation for unacceptable white clay material. As a result, some of the clay material in BA 5
was precluded from use in the CCL construction for the HWL Cell 2.

During the construction of the HWL it was also observed that the compaction equipment
specified for the construction of the HWL CCL did not allow the use of a range of compaction
equipment. One of the goals of the ELF Test Pads Program is to evaluate alternative compaction
equipment in an effort to improve efficiency.

Data from the ELF Borrow Material Characterization Study were used and evaluated for this test
pad program, and three test pads were constructed from these materials. Two test pads were
constructed in BA 5 using the two color-based soil types found in BA 5, and one test pad was
constructed in the ELF footprint from soils within the planned ELF excavation. The material
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selected was representative of the range of geotechnical properties for all CCL borrow material
in BA 5 and ELF Footprint, including the clay material under the topsoil stockpile within the
ELF footprint. The representative characteristics of the soil were determined from the data
collected during the ELF Borrow Material Characterization Study, summarized in Section 2 of
this report.

1.2 Objectives and Scope
The primary objectives of the ELF Test Pad Program are as follows:

" Demonstrate the construction suitability of the ELF CCL for all the clay borrow material
in BA 5 and ELF footprint that meet the CL and CH soil classification and the required
soil index properties, regardless of color.

" Establish the design requirements for the ELF CCL.

" Finalize the CQC and CQAE construction testing requirements.

Define a design basis by using equipment and procedures for CCL processing, placement,
and compaction to develop construction specifications with controls to consistently
construct CCL to meet the I X 10-7 centimeter (cm)/second (sec) hydraulic conductivity
requirements while allowing more flexibility with compaction equipment.

Evaluate field and laboratory hydraulic conductivities, interlift bonding, and general
constructability of the borrow soils.

Define any additional test fill data needs for the future ELF construction that exist after
the construction and testing of the ELF test pads.

The scope of this test pad program included the following:
" Preparing, submitting, and obtaining approval of the final test pad work plan

" Performing any preconstruction field testing and laboratory testing of the borrow material
to obtain additional geotechnical data that will enhance borrow material processing and
material placement

" Tabulating and analyzing the geotechnical data of the borrow material used in
constructing the test pads

" Constructing the test pad using the equipment, procedures, and specifications necessary
to obtain a hydraulic conductivity of I X 10-7 cm/sec or less

" Performing CQAE monitoring and testing during test pad construction

" Evaluating the performance of the borrow material by performing post-test pad
construction field and laboratory testing to verify that a hydraulic conductivity of I X 10-'
cm/sec or less was achieved

" Reviewing data and identifying potential future data needs

" Preparing and submitting a summary report

1.3 Program Requirements
Basic procedural requirements were established for the ELF Test Pads Program, including the
following:
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" Submit a draft test pad work plan for review by the Remediation Venture Office and
Regulatory Agencies.

" Incorporate the review comments in the draft test pad work plan.

" Issue the final test pad work plan and include as part of the subcontract Statement of
Work prior to construction of the test pads.

" Perform field and laboratory testing prior to and during construction of the test pads, and
evaluate the test pads results.

" Prepare and submit a final ELF Test Pads Program Summary Report in conjunction with
the 95 percent ELF design package.

The ELF Test Pads Program was performed, and this summary report prepared, in accordance
with the approved test pad work plan, titled "Enhanced Hazardous Waste Landfill Test Pad
Program Work Plan (FWENC 200 1)."

1.4 Report Organization

This summary report is divided into six sections, as follows:

0 Section I presents an introduction and overview of the ELF Test Pads Prograrn and
summary report.

* Section 2 describes the ELF Borrow Material Characterization Study (Borrow Area 5 -
ELF Geotechnical Study) activities, testing, and data interpretation.

0 Section 3 discusses the test pad construction and Construction Quality Assurance (CQA)
activities.

0 Section 4 summarizes field and laboratory results.

0 Section 5 contains the summary and recommendations,

0 Section 6 contains references.

2.0 ELF BORROW MATERIAL CHARACTERIZATION STUDY

This section discusses the borrow material characterization conducted for the borrow material
proposed for the construction of the ELF Test Pads and the material proposed for constructing
the ELF CCLs.

2.1 Introduction
The ELF Borrow Material Characterization Study (Borrow Area 5 - ELF Geoteclinical Study)
was initiated in the northwest section of BA 5 in November of 2000 and completed in March
2001. This activity included the excavation of soils in test pits from BA 5 and the proposed ELF
footprint, and testing the soils collected from the test pits in an on-site geotechnical laboratory.
The data from this study were reviewed as part of the preconstruction sampling and laboratory
testing for the ELF Test Pads Program. The data will be incorporated into the CQC database and
the ELF CQAE Certification Report.

A review of the test pit and boring data from the United States Army Corps of Engineers Final
Geotechnical Investigation Report, HWL (USACE 1997), and the ELF Geotechnical Study
Report was initially conducted as part of the planning for the borrow material characterization.
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Also, test pits were previously excavated in other areas of BA 5, and the information gathered
from the test pits was used to determine the suitability of materials for use in the HWL
construction. The information obtained from these test pits, the experience gained during the
construction of the HWL, and the aforementioned investigation and reports assisted in defining
the ELF Borrow Material Characterization Study,The objectives for this study were as follows:

" Collect geotechnical data for determining soil engineering properties.

" Determine soil types and distribution.

" Quantify the volume of acceptable soil available for constructing the ELF CCL.
" Establish quality control measures for future ELF construction.

" Identify the topsoil thickness,

2.2 Implementation
2.2.1 Borrow Area 5
The borrow material characterization in BA 5 included excavation of approximately two test pits
for each of the 24 grids identified in Figure 2.2. 1 -1 (the grids were laid out with an alpha-
numeric designation) to a depth of approximately 7 feet. To derive the test pit depth of 7 feet it
was estimated that approximately 300,000 bank cubic yards of soil is needed for the ELF CCL,
that an estimate of 40 percent of the borrow material in BA 5 will not meet the material
classification requirements for CCL construction, and that 1.5 feet of topsoil will be removed
from the borrow area. The configuration of the test pits shown on Figure 2.2. 1 -1 provided
adequate spatial distribution for the geotechnical samples. The grid configuration was selected
by estimating the side dimensions required to obtain approximately 5,000 cubic yards (yd 3) of

soil (the U.S. Envirorimental Protection Agency (EPA)-reconimended testing frequency for
Borrow Area evaluation) with an 18-inch excavation depth (the maximum processing depth for a
Caterpillar SS250). Prior to the investigation, a survey was performed to stake and number the
center points for each test pit and the comers of each grid.

A backhoe was used to excavate the test pits. Each bucket load was placed next to the pit prior

to collecting the geotechnical soil samples. A representative geotechnical sample for each 18-
inch-depth interval was collected from the soil that was placed next to the pit. The samples were
stored in sealable 5-gallon buckets. Once excavation and sampling was completed, the test pits
were backfilled with the excavated material.

The test pits were continuously logged to a nominal depth of 7 feet, with an emphasis on
identifying soil types and soil variability. The soil logs contain a physical description of the soil
and include the Munsell Color Chart number designations. The approximate thickness of the
topsoil was also identified.

The collected samples were delivered to the on-site geotechnical laboratory for testing, which
was completed in March of 2001. Each sample was split with a sample splitter in accordance
with manufacturer's specifications. One of the split samples was archived for possible future
laboratory analysis. The following tests were performed on the other split sample:

" ASTM D422 Particle Size Analysis of Soils (sieve only)

" ASTM D4318 Liquid Limit, Plastic Limit and Plasticity Index of Soils
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* ASTM D2487 Classification of Soils for Engineering Purposes

0 ASTM D854 Specific Gravity of Soils

These tests established whether the soil is potentially suitable for use in CCLs, assisted in

estimating the quantity of suitable clay material, and determined the engineering properties of the

soil.

To gain additional information on the soil engineering properties for Acceptable Hydraulic

Conductivity Zone (AZ) development, and to aid in establishing quality control measures, the

following tests were conducted:

0 ASTMD1557 Laboratory Compaction Characteristics of Soil Using Modified Effort

a ASTM D698 Laboratory Compaction Characteristics of Soil Using Standard Effort

a ASTM D698 Laboratory Compaction Characteristics of Soil Using Reduced Standard

Effort (15 blows per lift)

2.2.2 ELF Footprint

The test pit excavation for the ELF footprint included 11 test pits to an approximate depth of 11

feet. The depth of I I feet was selected by reviewing the available data in the area of the

proposed test pit activity. The data indicated that the average maximum depth for clay in the

area should be I I feet. The configuration of the test pits shown on Figure 2.2. 1 -1 provides

adequate spatial distribution for the geotechnical samples. The surveying, excavation methods,
logging, sampling, and testing of the test pits in the ELF footprint were the same as those

described in Section 2.2. 1, above. A sampling interval of 30 inches was used instead of 18

inches as in BA 5.

2.3 Borrow Areas Description

2.3.1 Borrow Area 5

Borrow Area 5 is located within the southern and southwestern portion of Section 24. The

material for the ELF CCL construction will be excavated from the western portion of BA 5,
Figure 1.0- 1. The borrow material in this area is a combination of clays, silts, and fine-to-

medium-grained sand of eolian and alluvium origin.

The eolian deposits are windblown deposits of silts, clays and fine-to-medium-grained sands

which overly the alluvial deposits and have an average thickness of 3.5 to 4 feet in the western

portion of BA 5. These deposits contain the greatest percentage of clays and silts and apparently

have the lowest carbonate content. Since this material has a lower carbonate content, the color

ranges from a Munsell I OYR6/3 to I OYR3/6 (pale brown to a dark yellowish brown,
respectively), which is designated as color Type 1 for BA 5.

The alluvial deposits are eroded silts, clays and sands from the Denver Formation with

approximately 10 percent less clay and silt than the overlying eolian deposits. The sands for the

alluvial deposits are coarser and more angular than for the eolian deposits. The alluvial deposits

appear to have a higher calcium carbonate content, giving the soil a lighter color. The color

ranges from I OYR8/2 to I OYR4/6, however, the color range of I OYR8/2 to I OYR7/6 is color

Type 2 for BA 5.
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2.3.2 ELF Footprint

The ELF footprint is located within the south central portion of Section 25, south of the HWL
(Figure 1.0-1). The potential CCL material within the footprint is comprised of eolian and
alluvial deposits, and the eolian deposits have an average thickness of approximately 7 feet. The
color of the soil in the ELF footprint ranged from 1 OYR6/6 to I OYR4/6.

2.4 Test Data Summary

Samples were collected and analyzed in accordance with Sections 2.2.1 and 2.2.2. The data for
these samples were compiled and summarized in the following sections.

2.4.1 Data Summary for Borrow Area 5
There were 178 geotechnical samples collected from the test pits in Borrow Area 5 which are
tabulated on Table 2.4. 1 -1 and summarized as follows:

Range of fines passing the #200 sieve (%) 32 to 92
Average percentage of fines passing #200 sieve 70.5
Number of samples with <50% fines passing #200 sieve 8
Number of samples with ý!50% fines passing #200 sieve 170
Average percentage of fines passing #200 sieve for samples ý!50% fines 72.1%
Range of Plasticity Index (PI) 6 to 28
Average PI 18.6
Range for Maximum Dry Density (Standard Proctor)(pcf) 92.5 to

120.5
Average Maximum Dry Density (Standard Proctor)(pco 108.8
Range for Optimum Moisture Content (Standard Proctor)(%) 11.5 to 26.5
Average Optimum Moisture Content (Standard Proctor)(%) 17.6
Range for In Situ Sample Moisture Content N 5.7 to 15.8
Average In Situ Sample Moisture Content (%) 9.7
Number of Specific Gravity Samples 24
Range of Specific Gravity 2.70 to 2.73
Average Specific Gravity 2.71
Munsell Color Chart Range I OYR3/6 to

10YR8/3

The test pit numbering for BA 5 was developed using an alphanumeric grid system (e.g., TP I A-
I A), Table 2.4. 1 -1. The first two letters, TP, identify the sample location as a test pit. The next
two numbers identify the grid number. The number immediately after the dash identifies the pit
number within the designated grid. Since there was a maximum of two pits per grid, the pit
number is either a I or a 2 for each grid. The letter at the end of the test pit numbering
designates the depth interval. For instance, an A designates the first interval of I foot to 2.5 feet,
a B 2.5 feet to 4 feet, and so forth. (Note: the first foot of each pit was not sampled since it was
considered topsoil). The sample numbers were developed from the test pit numbers (e.g., I A-1-
AS), Table 2.4. 1 -1. The first two characters identify the test pit grid, the third the test pit within
the grid, the fourth, the depth interval, and the last digit, the type of Proctor test conducted, e.g.,
S for Standard Proctor, M for Modified Proctor, and R for Reduced Proctor.

2.4.2 Data Summary for ELF Footprint

There were 44 geotechnical samples collected from the test pits in the ELF footprint, which are
tabulated on Table 2.4.2-1 and surnmarized as follows:
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Range of fines passing the #200 sieve (%) 44 to 83

Average percentage of fines passing #200 sieve (%) 63

Number of samples with <50% fines passing #200 sieve 3

Number of samples with-L50% fines passing #200 sieve 41

Average percentage of fines passing #200 sieve for samples 2:50% fines 64.3

Range of PI 4 to 23

Average PI 14.7

Range for Maximum Dry Density (Standard Proctor)(pcf) 105 to

116.5

Average Maximum Dry Density (Standard Proctor)(pef) 110

Range for Optimum Moisture Content (Standard Proctor)(%) 11.5 to 19.5

Average Optimum Moisture Content (Standard Proctor)(%) 16.2

Range for Sample Moisture Content 6.1 to 14.6

Average Sample Moisture Content (%) 10.1

Number of Specific Gravity Samples 6

Range of Specific Gravity 2.71 to 2.72

Average Specific Gravity 2.71

Munsell Color Chart Range I OYR5/6 to

10YR6/4

The test pit numbering for ELF footprint was developed using a one-up numbering system (e.g.,

TP- I -A), Table 2.4.2-1. The first two characters, TP, identify the sample location as a test pit, the

next character identifies the test pit, and the last character the depth (i.e., A indicates the depth

interval of I foot to 3.5 feet, B indicates 3.5 feet to 6 feet, and so forth. Note: the first foot of

each pit was not sampled since it was considered topsoil). The sample numbers were developed

from the test pit numbers (e.g., TP- I -AS), Table 2.4.2-1. The first two characters, TP, identify

the sample as a test sample, the third the test pit number, the fourth the depth interval, and the

last character the type of Proctor test conducted, e.g., S for Standard Proctor, M for Modified

Proctor, and R for Reduced Proctor.

2.5 Data Evaluation for Borrow Area 5

Data for the following four soil parameters were evaluated to determine potential acceptability of

material for CCL construction and to determine what material would require further evaluation

as part of an ELF Test Pads Program:

Soil Classification/Grain Size Distribution. The grain size distribution, which is

determined by using methods prescribed in ASTM D 422, assisted in classifying the soil

type in accordance with ASTM D2487. The soil classification is necessary since the

material used in the construction of a CCL must classify as a CL (lean clay, i.e., liquid

limit less than 50) or CH (fat clay, i.e., liquid limit greater than or equal to 50). Of 178

laboratory samples, only 9 (5 percent) did not meet the soil classification requirement.

Percent fines passing the #200 sieve. Fifty percent or greater ofthe fines for a soil

material must pass the #200 sieve in order for it to be used as CCL material. This

particular parameter was useful in delineating areas within BA 5 as potentially acceptable

or unacceptable for CCL. The delineation of these areas is discussed in detail below.

0 Plasticity Index (PI). The PI is the range of water content over which a soil behaves as a

plastic material. Numerically, it is the difference between the liquid limit and the plastic

limit. Methods prescribed in ASTM D 4318 were used to determine the PI. which must

be between 10 and 40 to meet the CCL requirements. The PI was also used to further
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delineate areas in BA 5 with potentially acceptable CCL material. The delineation of
areas using PI is discussed in detail below.

Soil Color. This parameter was determined using the Munsell Color Chart. The soil
colors for BA 5 were separated into two groups. One ranged from I OYR 8/3 to I OYR 7/4,
which is the "white clay." The other soils ranged from 10YR 6/4 to 10YR 3/6 nonwhite
clay. Borrow Area 5 was delineated into areas of white clay and nonwhite clays, and this
delineation is discussed in detail below. Both of the colors in BA 5 had approximately the
same geotechnical index properties.

The data for soil color, Pl, and percent passing the #200, discussed in Section 2.5. 1, were used to
create contours for every 1.5-foot-depth sampling interval. The Surfer 7.0 software was used to
develop these contours, as described below.

2.5.1 Soil Color

As discussed above, there are two primary colors for clay material in BA 5, white clay and
nonwhite clay. Both colors are in the Munsell Color Chart HUE I OYR and have a range of
values and chroma. The white clay value and chroma range is I OYR 8/3 to I OYR 7/4, and the
nonwhite is I OYR 6/3 to I OYR 3/6 with some 2. SYR6/4 to 2.5YR4/4. To contour the colors, the
white clay was assigned a contouring value of 2 and the nonwhite clay a contouring value of 1.
The contouring interval was 1.5.

The distribution of material color is shown on Figures 2.5. 1 A through 2.5.1 D. The nonwhite
clay, for the interval 1.0 to 2.5 feet below the surface, makes up 100 percent of the material.
White clay starts to appear in the 2.5-foot to 4.0-foot interval, and makes up less than 5 percent
of the material. The white clay progressively makes up a larger percentage of the material as the
depth increases. This is evident in the 4.0-foot to 5.5-foot and 5.5-foot to 7.0-foot intervals, in
which the white clay makes up approximately 15 percent and 25 percent of the material,
respectively.

2.5.2 Plasticity Index

The PI was contoured for the range of PI values and for each depth interval on Figures 2.5.2A
through 2.5.2D. The amount of material with a plasticity index less than 20, appears to be
increasing with depth. This may be due to a decrease in the clay fraction with depth, which
correlates to the decrease in the percent passing the #200 sieve (Section 2.5.3).

2.5.3 Percent Passing the #200 Sieve

The percent fines passing the #200 sieve were contoured for each depth interval on Figures
2.5.3A through 2.5.3D. The percentages of the fines decrease with depth. The I -foot to 2.5-foot
interval has a very high volume of material with 80 percent or more fines passing the #200 sieve,
and all but approximately 2 percent having less than 50 percent passing the #200 sieve. The
volume of material with 80 percent or greater fines passing the #200 sieve decreases with depth,
and the volume of material with less than 50 percent fines increases with depth. This is very
evident on Figure 2.5.3D, which indicates that the depth interval of 5.5 to 7.0 feet has no material
with a fines percentage of 80 percent or greater and has approximately 30 percent of the material
with fines less than 50 percent.
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2.6 Data Evaluation for ELF Footprint

The four soil parameters discussed in Section 2.5 were evaluated for the ELF Footprint material
to determine acceptability as CCL material. Further evaluation of this material was conducted as
part of the ELF Test Pads Program.

The data for PI and percent passing the #200 sieve were used to create contours for every 2.5-
foot-depth sampling interval starting at 1.0 foot below the surface. These contours were
developed using the Surfer 7.0 program. Color for the ELF Footprint was not contoured because
the color of the material in the ELF Footprint is considered as being uniform and ranges from
I OYR 6/4 to I OYR 4/6. Below is a discussion and description of the contours that were
developed.

2.6.1 ELF Footprint Plasticity Index

The plasticity index for each depth interval was contoured for the ELF Footprint and is presented
on Figures 2.6. 1 A through 2.6. 1 D. The plasticity index increases to the northeast for each depth
interval.

2.6.2 Percent Passing the #200 Sieve, ELF Footprint

The percent fines passing the #200 sieve were contoured for each depth interval on Figures
2.6.2A through 2.6.21). The percent fines for each interval increases to the north and northeast.

2.7 Acceptable Hydraulic Conductivity Zone Development

During the Borrow Material Characterization Study, initial consideration was made in
developing AZs using the same method implemented during the construction of the HWL Cell 2.
However, the material designated for use in the construction of the ELF CCL has enough
variability from material used for Cell 2 CCL construction that a different AZ method was
implemented during the test pads construction.

The AZ developed for the ELF materials (BA 5 and ELF Footprint) was formulated by
establishing the lower left boundary at 85 percent saturation with an average specific gravity of
2.71, which is the average specific gravity for the ELF CCL borrow material (Figure 2.7-1). The
upper left boundary was determined using the optimum moisture content for the Modified
Proctor. The right boundary is the zero air voids line for a material with an average specific
gravity of 2.7 1. The lower boundary was established at 90% of the maximum dry density for the
Modified Proctor or 100 pef, whichever was greater, This lower boundary was reestablished by
conducting Modified Proctor tests for each identifiable borrow material change. The method of
using the degree of saturation and a minimum dry density in reference to a modified Proctor is
agreement with the method presented by Lahti et al, (Lahti 1987). Working the material so that
the nuclear dry density and the moisture content fall within the AZ will increase the level of
confidence in achieving passing permeabilities (I X 10 -7 Cm/sec) when confirmatory hydraulic
conductivity testing is conducted. One of the primary objectives for the ELF Test Pads Program
was to define a final AZ for the ELF CCL material.
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3.0 TEST PADS CONSTRUCTION AND CONSTRUCTION QUALITY ASSURANCE
(CQA) ACTIVITIES

This section presents the construction activities and the associated CQA activities for the test
Pads. The CQA activities included the following:

" Observing and documenting construction and CCL placement methods and activities

" Perfon-ning calibration tests to determine the accuracy of test equipment (e.g., laboratory
soil moisture contents and sand cone density tests)

" Repairing test holes and sample pit locations and evaluating the repair methods for
effectiveness

" Conducting field density and moisture tests on borrow source material, prepared subgrade
material, and placed CCL material

" Collecting Shelby Tube samples for undisturbed hydraulic conductivity tests

" Collecting large block hydraulic conductivity samples

" Conducting other activities identified in the QA Matrix, Table 3.0-1

Construction activities included the construction of 3 test pads, each having a minimum 3-foot-
thick CCL, to simulate compacted CCL procedures. Test Pads I and 2 were constructed in BA 5
and Test Pad 3 in the ELF Footprint. Figures 3.0-1 and 3.0-2 display the locations of each test
pad and borrow source within BA 5 and the ELF Footprint areas. Test Pad I was constructed of
material that is representative of the "nonwhite" clay material in BA 5 (Borrow Source 1). Test
Pad 2 was constructed of material that is representative of the "white" clay material in BA 5
(Borrow Source 2) (Note: the index properties for both the "white" and "nonwhite" clay material
in BA 5 are approximately the same). Test Pad 3 was constructed of clay material that is
representative of the ELF Footprint material (Borrow Source 3), which is considered the same
color range,

Test Pad construction for Test Pads 1 and 2, in BA 5, was initiated on August 6, 2001 and
completed on September 14, 2001. Construction of Test Pad 3 within the ELF Footprint began
on August 24, 2001 with the transfer of site preparation equipment (scraper and water truck)
from BA 5 to the Elf Footprint. Test Pads construction and demobilization were completed on
October 12, 2001.

3.1 Site Preparation

Site preparation included the initial inspection of processing, placement and compaction
equipment; preconstruction survey of the test pads and borrow sources; establishment of the
construction zone borders; the development of the entrance and parking areas; site clearing and
grubbing; borrow source preparation; and test pads subgrade preparation. Additionally, after
construction was initiated, the subcontractor laid plastic irrigation piping from the fire hydrant
east of the Submerged Quench Incinerator on D Street to the BA 5 construction area. Also, the
subcontractor laid an irrigation fire hose from the northwest comer of 8 th and D Street to a
readily accessed area southwest of the ELF footprint.

The CQA personnel observed and documented that site preparation activities were done in
accordance with the Test Pads Program Work Plan. The CQA personnel also ensured
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compliance with Subcontractor health and safety requirements, dust control management, and
general housekeeping of the project area.

3.1.1 Clearing and Grubbing

The initial earthwork activity included clearing and grubbing'the top I foot of topsoil from test
pad and borrow source locations. This ensured that no organic materials were used during the
construction of the test pads. The I -foot thickness for the topsoil was determined during the
Borrow Materials Characterization Study, where measurements and observations were made to
estimate the thickness of the topsoil layer over both BA 5 and ELF Footprint areas. The results
of this survey indicated the thickness of the topsoil did not exceed I foot in either area.

Prior to and during the removal of the topsoil, water was continuously applied for dust control.
Also, to prevent vegetation from being picked up on the tracks and wheels of the placement
equipment, surface vegetation was removed along haul routes and from a 25-foot-wide strip
around the penimeter of all borrow sources.

3.1.2 Borrow Source Activities

3.1.2.1 Borrow Source Preparation

Topsoil removed from Borrow Sources 1, 2 and 3 was temporarily stockpiled immediately north
of each Borrow Source. Borrow Source 2 also required the removal of approximately 3 to 4 feet
of overburden materials to get to the borrow material. A portion of the overburden materials
from Borrow Source 2 was used as prepared subgrade materials for Test Pad 1 and 2. The
majority of the overburden materials were temporarily stockpiled immediately west of Borrow
Source 2.

During the Borrow Material Characterization Study, sample moisture contents were collected for
both BA 5 and the ELF Footprint at all depths. The results of this study indicated that the natural
moisture content of clay liner materials within BA 5 ranged from 5.7 to 15.8 percent with an
average of 9.7 percent, and the ELF Footprint moisture content ranged from 6.1 to 14.6 percent
with an average of 10. 1 percent. The average optimum moisture content (Standard Proctor) for
BA 5 and the ELF Footprint was 17.6 and 16.2 percent, respectively. To attain the average
maximum dry density for BA 5 and the ELF Footprint, the moisture content needed to be
increased approximately 7.9 and 6.1 percent, respectively.

In accordance with the ELF Test Pads Program Work Plan, the borrow sources were cros's-ripped
to a depth of 1.5 feet and hydrated for a minimum of 48 hours. To hydrate the borrow material,
the subcontractor used two different watering systems, a water truck for Borrow Sources I and 3,
and a sprinkler system for Borrow Source 2. After the minimum hydration time was met, the
borrow material was processed using a CAT SS250 stabilizer with a minimum of 2 passes.

During the construction of Test Pad 1, the observation was made that the nuclear density test
results were not falling within the AZ, regardless of the number of passes made with either the
CAT 8 15 or the CAT 825 compactors. Therefore, the hydration time for the borrow sources was
increased to a minimum of 96 hours, which allowed the material to attain the desired nuclear
density test results with only 4 passes of either compactor. The extended hydration time also
provided a more even moisture distribution in the clay. The borrow material also became easier
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to work and would more readily meet the AZ requirements when the material was hydrated and
allowed to dry back to the desired moisture range.

3.1.2.2 Testing Preprocessed Borrow Material

Borrow material was tested after processing with the stabilizer and prior to test pad placement to
confirm that the material had approximately the same index properties and Modified Proctor
values that were initially identified for the borrow source from which they were collected. Three
samples were collected from each borrow source. Sample locations were selected to be
representative of the borrow source material,

The testing performed on each sample included Soils classification (ASTM D2487), Atterberg
Limits (ASTM D4318), Particle Size Analysis (ASTM D 422), moisture content (ASTM
D2216), and Modified Proctor (ASTM D1557). In addition, three samples were collected fTom

each borrow source to conduct remolded hydraulic conductivity tests (ASTM D5084).

3.1.2.3 Monitoring Borrow Material Processing and Testing Processed Borrow Material

The CQA personnel monitored ripping of the material, hydration time, and the number of passes
of the processing equipment. A SS-250 soil stabilizer was used to process the clay materials.
Soil is processed so a more even grain size distribution is obtained by the breakup and mixing of
soil. A minimum of two passes of the SS-250 was sufficient to ensure proper mixing, and the
clod sizes were no larger than 2 inches. If the processed material was not used the same day as
processed, clods larger than 2 inches began to form. Using material with clod sizes larger than 2
inches in CCL construction resulted in nuclear density tests falling outside the AZ. Therefore,
material with clod sizes larger than 2 inches required reprocessing.

The borrow material was hydrated by using a water truck or a sprinkler system. Borrow Sources
I and 3 were hydrated using a water truck only, and Borrow Source 2 was primarily hydrated
using a sprinkler system. It was observed that the water truck did not apply water evenly,
whereas the sprinkler system provided a more even distribution of water.

To confirm whether the borrow material was at the Modified Proctor optimum moisture content,
two daily representative laboratory moisture content samples were collected, along with a
variable number of nuclear density tests. These tests were conducted after the material hydrated
for at least 48 hours. From this testing it was observed that the moisture distribution was uneven.
Also, when the material was used to construct the CCL after the 48-hour hydration time, the
nuclear density tests did not fall within the AZ Therefore, the hydration time was increased to
96 hours, which attained more acceptable test results.

3.1.3 Test Pads Subgrade Preparation

The test pads subgrade preparation included the survey layout of each test pad and the removal
of I foot of topsoil from each test pad location. The standard dimensions for each test pad were
approximately 180 feet by 78 feet. From within this area, the I foot of topsoil was removed and
placed immediately north of Borrow Sources I and 2, respectively. The topsoil removed from
the Test Pad 3 area was placed to the west of Borrow Source 3.
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After the removal of the topsoil, the subgrade area was moisture conditioned and compacted with
at least three passes of the tamping foot compactor. The subgrade areas were checked for soft
spots, and spot nuclear density/moisture tests were conducted to ensure that a reasonable density
for the subgrade materials was achieved.

Once the foundation had been checked for acceptability, the test pads subgrade was graded to
attain at least a 2 percent drainage grade in the longitudinal, lateral, and diagonal directions,
depending upon the topog-raphy. Additional material to attain the proper grade for drainage was
installed with lift thickness not exceeding 10 inches. The additional material was moisture
conditioned and compacted with at least three passes of the compactor.

Approximately 1.5 feet of additional material was placed on the east side of the subgrade for
Test Pads I and 2 to obtain a 2 percent east to west grade. After clearing and grubbing for Test
Pad 3, the subgrade topography had a natural grade greater than 2 percent from south to north.
Consequently, adding material to the Test Pad 3 subgrade was not necessary.

Two types of tests were performed on the completed subgrades; a proof roll test and
density/moisture test. Each test pad subgrade was proof rolled with three passes of a filled
4000-gallon water truck with a tire pressure above 100 psi. The subgrades were considered
acceptable since the surface deflections, during proof rolling, were less than I inch. Two nuclear
density/moisture tests were conducted for each test pad-preparcd subgrade. The subgrade was
considered acceptable when the nuclear density/moisture tests indicated that the material had a
density equal to or greater than 90 percent of the maximum dry density for the Modified Proctor
and +/- 3 percent of optimum moisture content. After acceptance, the subgrade surface was
s an'fled and moisture conditioned prior to the placement of clay liner material.

3.2 Test Pads CCL Construction

3.2.1 Placement and Compaction

Each test pad was divided into two lanes - one lane was compacted with a CAT 815 compactor
and the other lane was compacted with a CAT 825 compactor. All of the test pads were built to a
final thickness of 3 feet. The loose lift thickness for the first lift was 10 inches, then 8 inches for
all subsequent lifts. Test Pad I consisted of 5 lifts, Test Pads 2 and 3 consisted of 6 lifts each.
(Note: The Work Plan prescribed 7 lifts per test pad, however, the initial lifts for each test pad
were placed thicker than anticipated - a maximum of six lifts was attained to maintain a 3-foot
thickness.)

Prior to the placement of a subsequent lift, scarification and moisture conditioning were
perfon-ned on the preceding lift to ensure proper interlift bonding. Scarification of sealed and
subgrade surfaces was approximately I to 2 inches in depth. The 8 15 and 825 tamping-foot
compactors were used to perform scarification within respective lanes. Near the end of each
workday, a smooth drum roller was used to seal and protect clay materials from desiccation by
reducing the surface exposed to the elements.

Placement equipment used for test pad construction consisted of a Caterpiller (CAT) 613C
Paddlewheel Scraper and a John Deere JD-550 bulldozer with less than 7 pounds per square inch
ground pressure. The CAT scraper was used to excavate and haul materials from the Borrow
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Source to the Test Pad. The JD-550 bulldozer was used to spread materials into loose lifts.
Compaction was achieved with 4 to 6 passes of the CAT 815 or CAT 825 for Test Pad I and
with 4 passes on Test Pads 2 and 3. A pass is defined as the front and rear rollers of the
compactor passing over a referenced point on the ground.

Initially, the CCL was placed after the material was hydrated for 48 hours and processed.
However, during the construction of Test Pad 1, the A7- requirements were not being met
regardless of the number of passes with the compactors. Consequently, the hydration time was
increased to 96 hours, which attained favorable AZ results with only 4 passes. The 96-hour
hydration time was implemented for the remaining test pads.

The measured length of the tarnping feet of both compactors is 7.5 inches, which permitted the
use of an 8-inch loose lift. During construction, lifts 2 and 3 of Test Pad I were placed slightly
thicker than specified due to measurement error. Later observations of the excavation wall
during large block samples removal displayed laminations caused by exceeding the loose lift
requirement of 0.5 inch past the tamping foot. These laminations were only present in the first
three lifts. The lifts for Test Pads 2 and 3 were placed as specified,

3.2.2 CCL Testing

The testing requirements for the CCL material were stated in the ELF Test Pads Program Work
Plan and are listed in Table 3.2.2-1, Lifts 2 and subsequent lifts for each test pad were tested and
sampled for all the tests listed in Table 3.2.2-1. Lift I was only checked for moisture content.
All sample locations, excluding those for Lift 1, were selected using a random method (Section
4.0). All of the CCL testing was performed in accordance with the Work Plan.

Since the tamping foot of the compactor almost penetrated the entire lift, the lift could not be
tested until a subsequent lift was placed. For example, Lift 2 could not be tested until Lift 3 was
placed and compacted, and so forth. Sampling of a lift was accomplished by excavating a
sampling pit through the upper compacted lift to the lift to be tested by using a bulldozer or
compactor blade. Excavation of the test pit permitted the observation of the interlift bonding, the
distribution of moisture, and material texture. Observations were also made to determine
whether voids or fractures were present. Also noted during sample pit excavations was that
materials with higher plasticity were more difficult to work than those with lower plasticity,
since the higher plasticity material would stick to the blades of the heavy equipment, causing
tension fractures and voids.

3.2.2.1 Field Moisture and Density

Field moisture and density measurements were collected using a nuclear gauge, Troxler Model
Number 3440. Daily measurements of the field moisture content and dry density were made for
borrow source material. These measurements assisted in determining whether the borrow
material was properly hydrated. To determine proper hydration, the results were compared to the
optimum moisture content of the AZ. If the moisture content of the material was below the A-Z
limits, additional water was added to the borrow source and reprocessed until the moisture
content met the AZ requirement. Also, six nuclear density and moisture content tests were taken
per lift per lane per test pad (except for the first lift) of the placed and compacted CCL material.
The results of these tests were plotted on the AZ, and are discussed in Section 5.
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3.2.2.2 Sand Cones and Laboratory Moistures

Sand Cone Test ASTM D 1556 was performed to provide a primary source measurement of soil
density to correlate and compare with the accuracy and reliability of the nuclear moisture/density
gauge. An initial five sand cone/nuclear density correlations were performed at the beginning of
test pad construction on Test Pad 1 - Lane 2. These tests were used to establish the wet density
offset of the nuclear gauge. Afterwards, additional sand cone density tests were performed at the
rate of one per lane per Test Pad.

Laboratory oven moisture contents (ASTM D2216) were performed as a primary source of soil
isture content information. At the beginning of construction, 10 oven moisture content and

nuclear gauge moisture correlations tests were completed to ensure accuracy of the gauge and
moestablish the moisture offset (K-factor) for the gauge. Once the K-factor was established for the
nuclear gauge, oven moisture contents laboratory samples were collected during every nuclear
moisture/density test to continue updating the K-factor.

3.2.2.3 Shelby Tube Hydraulic Conductivity Sampling

Shelby Tube samples were collected for undisturbed hydraulic conductivity tests in accordance
with ASTM D 1587. Two samples were collected per lane per lift. The samples were collected
using a I 0-inch-long by 3-inch-diameter Shelby Tube, which was continuously pushed with a
dozer blade into the CCL material using a specially designed attachment for the Shelby Tube.
The tubes were sealed with paraffin wax prior to shipment to the laboratory.

3.2.2.4 Large Block Samples

Large block samples were collected at a frequency of 2 per lane per test pad. The samples were
collected using specially fabricated wooden boxes with dimensions to hold a 14-inch by 14-inch
by 14-inch soil sample. The samples were excavated using a Case 580 Super L backhoe, which
cut a trench around the outside of the sample to a predeten-nined depth. Additional soil was
removed with knives and shovels until the sampling box could slide over the block. The base of
the sample was freed from the test fill with a flat shovel. Once the bottom was trimmed, the
entire sample was sealed inside the box with paraffin wax to maintain the soil moisture content.

After the block sample was removed, the exposed walls of the excavation were inspected for lift
bonding, voids, and the homogeneity of the material. From this inspection the following
observations were made:

0 In some instances, the material exhibited voids and fractures where previous tests and
samples had been collected, indicating inadequate repair of sample locations.

0 Some of the test pits might have been deeper than 8 inches. This would also result in a
nonuniforrn compaction effort, which might leave voids, cracks, and laminations within
the material.

3.2.3 Final Surface Preparation and Protection

Final surface preparation was performed by grading with a bulldozer and sealing with a smooth-
drum roller after completion of all testing and sample collection. Moisture conditioning of the
final surface occurred as required to prevent desiccation until the test pads were covered with a
high-density polyethylene (HDPE) geomembrane. Prior to covering the test pads with the
HDPE, the final surfaces were surveyed.
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4.0 FIELD AND LABORATORY TEST RESULTS
This section presents the surveyed sample locations and a summary of the test data collected
during the Test Pads construction. The data are discussed separately for each test pad, then
summarized at the end of this section.

Field tests were performed, at a minimum, in accordance with Table 3.2.2-I.The following field
tests were performed on Lifts 2 through 5 or 6 depending upon the Test Pad. Field tests include
the Nuclear Gauge Moisture/Density tests ASTM-D3017 and D-2922 and Sand Cone Density
test ASTM-D 15 5 6.

Laboratory testing included Soil Classification Test (ASTM D 2487), Specific Gravity Test
(ASTM D 854), Particle Size Distribution (ASTM D 422), Atterberg Limits (ASTM D 4318),
Soil Moisture Content test (ASTM D2216), Modified Proctor (ASTM D 1557) and three separate
types of hydraulic conductivity testing (ASTM D 5084). The conductivity testing was performed
on samples obtained from Shelby Tubes, by remolding samples to specified moistures and
densities, and from samples obtained ftom large blocks. These tests provided information that
shall be used for acceptability criteria for clay liner material.

Sampling and test location were selected through a random nurnber generator within Microsoft
Excel. An example of a sample location selection sheet is shown as Table 4.0- 1. This sheet
displays the lane, lift and grid system of the testing area for the test pad. Random locations
(grids or lifts) were generated depending upon the test within the specified lane. The testing area
dimension of each test pad is 150 feet long by 64 feet wide. The test pad is divided into two 30-
foot-wide lanes with I foot of operational space on both sides of each lane. Each lane consists of
20 testing grids with each testing grid having a dimension of 15 feet by 15 feet. The details of
the test pad plan and grid systems are illustrated on Figure 4.0-1.

4.1 Test Pad 1
Test Pad I was constructed of material that was representative of all material in BA 5 considered
to be nonwhite clay (Munsell Color I OYR6/3 to I OYR4/6). The test results for Test Pad I
construction are presented below.

4.1.1 Modified Proctor, Soil Classification, and Specific Gravity Test Results
Table 4. 1. 1 -1 presents the soil data for Test Pad 1, Lanes I and 2. There were 19 Modified
Proctor tests with soil classification testing, 1 soil classification test, and 9 specific gravity tests
(7 conducted as part of the Modified Proctor tests). The results of these tests are summarized as
follows:

" Percent Passing the 94- Sieve All samples 100%

" Range of Percent Passing #200 Sieve 59 to 85

" Average Passing #200 Sieve (%) 73.6

" Range of PI 16 to 24

" Average PI 20.7

" Range of Maximum Dry Density (pcf) 118.5 to 126.5
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a Average Maximum Dry Density (pcf) 123.1

0 Range of Optimum Moisture Content 10.5 to 13.9

0 Average Optimum Moisture Content (%) 12.3

0 Range of Specific Gravity 2.70 to 2.72

0 Average Specific Gravity 2.71

0 Soil Classification CL

a Range of Sample Moisture Content 7.4 to 18.9

0 Average Sample Moisture Content 14.9

a Range of Munsell Color 1 OYR6/4 to I OYR4/4

4.1.2 Nuclear Density and Shelby Tube Hydraulic Conductivity Test Data

The nuclear density test data are presented on Tables 4,1.2-1 (Lane 1, 8 15 Compactor) and 4.1.2-

2 (Lane 2, 825 Compactor), by lift. The Shelby Tube hydraulic conductivity test data for Lanes

I and 2 are presented on Table 4.1.2-3. The data for both the nuclear density tests and the

Shelby Tube hydraulic conductivity tests are summarized on Table 4.1.2-4 by lift.

The combined moisture content and dry density data for both lanes for the nuclear density and

the Shelby Tube hydraulic conductivity tests are summarized as follows:

0 Range of moisture content N 11.6 to 21.0

* Average moisture content N 14.7

6 Range of dry density (pef) 101.7 to 121.3

0 Average dry density (pcf) 111.7

The dry densities versus moisture contents for each lane per lift are plotted on Figures 4.1.2-1

through 4.1.2-8. These figures include the respective AZs and the plots indicate whether a

sample point was within the AZ. The number of density and hydraulic conductivity tests in or

out of the AZ is sun-imarized on Table 4.1.2-4 and as follows:

0 Total number of tests in AZ 42

0 Total number of tests out of AZ 
38 7 Cm/See'There were 17 Shelby Tube hydraulic conductivity tests with k values less than I x 10-

and 3 tests with k values greater than I X 10-7 cm/sec (failing tests). As stated in the Comments

column, the 3 failing tests were noted as having poor sample quality or low moisture.

4.1.3 Large Block Hydraulic Conductivity Test Data

The large block hydraulic conductivity test data for Test Pad 1 are shown on Tables 4.13-1 and

4.1.3-2 for Lane 2, and Tables 4.1.3-3 and 4.1.3-4 for Lane 1. There were 4 large block samples

collected from Test Pad 1. Large block sample number TPl-BS-001 was collected from lane 2,
grid 7, lifts 2, 3, and 4; sample number TP I -B S-002 ftom lane 2, grid 2, lifts 2 and 3; sample

number TP I -BS-003 from lane 1, grid 8, lifts 2 and 3: and sample number TP 1 -BS-004 from

lane 1, grid 12, lifts 2 and 3 (Figures 4.4-1 and 4.4-2). Sample TPI-BS-001 had an 8-inch
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Shelby Tube sample (TP I -ST-012) collected from the same location in lift 4, lane 2, grid 7
(Figure 4.4-2). The results of the large block hydraulic conductivity tests are summarized as
follows:

" Range of Initial Water Content (%) 13.5 to 17.2
" Range of Final Water Content (%) 16.6 to 19.8
" Range of Maximum Effective Stress (psi) 5 to 8
" Range of Minimum Effective Stress (psi) 2 to 5
" Average Effective Stress (psi) 5
" Range of Initial B Value 0.95 to 0.98
" Range of Final B Value 0.95 to 0.99
" Range of Hydraulic Conductivity (Average Last 4)(cm/s) 9.64E-09 to 9.49E-08

4.2 Test Pad 2
Test Pad 2 was constructed of material that was representative of all material in BA 5 considered
to be white clay (Munsell Color I OYR8/3 to I OYR6/4). The test results for Test Pad 2
construction are presented below.

4.2.1 Modified Proctor, Soil Classification, and Specific Gravity Test Results
Table 4.2. 1 -1 presents the soil data for Test Pad 2, Lanes I and 2. There were 22 Modified
Proctor tests with soil classification testing, 3 soil classification tests, and 2 specific gravity tests
(conducted with the Modified Proctor tests). The results of these tests are summarized as
follows:

" Percent passing the #4 Sieve- All samples 100%
" Range of percent passing #200 Sieve (%) 62 to 71
" Average Passing #200 Sieve (%) 65.5
" Range of PI 13 to 27
" Average PI 21.7
" Range of Maximum Dry Density (pcf) 113.5 to 124

" Average Maximum Dry Density (pcf) 120.8

" Range of Optimum Moisture Content 11.5 to 16
" Average Optimum Moisture Content (%) 13.2

" Range of Specific Gravity 2.71 to 2.72
" Average Specific Gravity 2.71
" Soil Classification CL

" Range of Sample Moisture Content (%) 9.1 to 23.8
" Average Sample Moisture Content (%) 16.8
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0 Range of Munsell Color 10YR8/3 to I OYR6/4

4.2.2 Nuclear Density and Shelby Tube Hydraulic Conductivity Test Data

The nuclear density test data for Test Pad 2 are presented on Tables 4.2.2-1 (Lane 1, 815

Compactor) and 4.2.2-2 (Lane 2, 825 Compactor), by lift. The Shelby Tube hydraulic

conductivity test data for Lanes I and 2 are presented on Table 4.2.2-3. The data for both the

nuclear density tests and the Shelby Tube hydraulic conductivity tests are summarized on Table

4.2.2-4 by lift.

The combined moisture content and dry density data for both lanes for the nuclear density and

the Shelby Tube hydraulic conductivity tests are as follows:

0 Range of moisture content 14.0 to 24.0

0 Average moisture content 18.5

0 Range of dry density (pcf) 102.1 to 124.3

a Average dry density (pef) 108.2

The dry densities versus moisture contents for each lane per lift are plotted on Figures 4.2.2-1

through 4.2.2- 10. These figures include the respective AZs and the plots indicate whether a

sainple point was within the AZ The number of density and hydraulic conductivity tests in or

out of the AZ is summarized on Table 4.2.2-4 and as follows:

0 Total number of tests in AZ 46

0 Total number of tests out of AZ 

38

There were 20 Shelby Tube hydraulic conductivity tests with k values less than I X 10-7 cm/SeC,

and 4 tests with k values greater than 1 X 10-7 cm/sec (failing tests). As stated in the comments

column, the 4 failing tests were noted as having poor sample quality or voids in the sample.

4.2.3 Large Block Hydraulic Conductivity Test Data

The large block hydraulic conductivity test data for Test Pad 2 are shown on Tables 4.2.3-1 and

4.2.3-2 for Lane 2, and Tables 4.2.3-3 and 4.2.3-4 for Lane 1. There were 4 large block samples

collected from Test Pad 2. Large block sample number TP2-BS-001 was collected from lane 2,
grid 19, lifts 2, 3, and 4; sample number TP2-BS-002 from lane 2, grid 7, lifts 2, 3 and 4; sample

number TP2-BS-003 ftom lane 1, grid 1, lifts 2 and 3: and sample number TP2-BS-004 from

lane 1, grid 4, lifts 2 and 3 (Figure 4.4-3). The results of the large block hydraulic conductivity

tests are summarized as follows:

0 Range of Initial Water Content (%) 17.1 to 18.7

0 Range of Final Water Content N 17.9 to 19.5

0 Range of Maximum Effective Stress (psi) 5 to 8

0 Range of Minimum Effective Stress (psi) 2 to 5

0 Average Effective Stress (psi) 5

0 Range of Initial B Value 0.95 to 0.97
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" Range of Final B Value 0.9 to 1.00

" Range of Hydraulic Conductivity (Average Last 4)(cm/s) 2.32E-08 to 7.10E-08

4.3 Test Pad 3

Test Pad 3 was constructed of material that was representative of all the clay material in the ELF
Footprint. The test results for Test Pad 3 construction are presented below.

4.3.1 Modified Proctor, Soil Classification, and Specific Gravity Test Results

Table 4.3. 1 -1 presents the soil data for Test Pad 3, Lanes 1 and 2. There were 18 Modified
Proctor tests with soil classification testing, 2 soil classification tests, and 6 specific gravity tests
(conducted with the Modified Proctor tests). The results of these tests are summarized as
follows:

" Percent Passing the #4 Sieve- All samples 100%

" Range of percent passing #200 Sieve (%) 44 to 86

" Average Passing #200 Sieve (%) 76.3

" Range of PI 7 to 21

" Average PI 15.6

" Range of Maximum Dry Density (pcf) 122.0 to 125.5

" Average Maximum Dry Density (pcf) 123,1

" Range of Optimum Moisture Content (%) 11.0 to 13

" Average Optimum Moisture Content (%) 12.2

" Range of Specific Gravity 2.70 to 2.72

" Average Specific Gravity 2.71

" Soil Classification CL

" Range of Sample Moisture Content (%) 8. 1 to 2 1.2

" Average Sample Moisture Content (%) 17.4

4.3.2 Nuclear Density and Shelby Tube Hydraulic Conductivity Test Data

The nuclear density test data are presented on Tables 4.3.2-1 (Lane 1, 815 Compactor) and 4.3.2-
2 (Lane 2, 825 Compactor), by lift. The Shelby Tube hydraulic conductivity test data for Lanes
I and 2 is presented on Table 4.3.2-3. The data for both the nuclear density tests and the Shelby
Tube hydraulic conductivity tests are summarized on Table 4.3.2-4 by lift.

The combined summary of the moisture content and dry density data for both lanes for the
nuclear density and the Shelby Tube hydraulic conductivity tests are as follows:

" Range of moisture content (%) 14.0 to 20.9

" Average moisture content (%) 17.7

" Range of dry density (pef) 102.1 to 115.0
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Average dry density (pcf) 110.2

The dry densities versus moisture contents for each lane per lift are plotted on Figures 4.3.2-1

through 4.3.2-8. These figures include the respective AZs and the plots indicate whether a

sample point was within the AZ. The number of density and hydraulic conductivity tests in or

out of the AZ is summarized on Table 4.3.2-4 and as follows:

0 Total number of tests in AZ 39

* Total number of tests out of AZ 28

There were 18 Shelby Tube hydraulic conductivity tests with results less than I X 10-7 Cm/See'

and I test with results greater than 1 x 10-7 cm/sec.

4.3.3 Large Block Hydraulic Conductivity Test Data

The large block hydraulic conductivity test data for Test Pad 3 are shown on Tables 4.3.3-1 and

4.3.3-2 for Lane 2, and Tables 4.3.3-3 and 4.3.3-4 for Lane 1. There were 4 large block samples

collected from Test Pad 3. Large block sample number TP3-BS-001 was collected from lane 2,
grid 16, lifts 2, 3, and 4; sample number TP3-BS-002 from lane 2, grid 5, lifts 2, 3 and 4; sample

number TP3-BS-003 from lane 1, grid 17, lifts 2, 3, and 4: and sample number TP3-BS-004 from

lane 1, grid 16, lifts 2, 3, and 4 (Figures 4.4-5 and 4.4-6). The results of the large block

hydraulic conductivity tests are summarized as follows:

0 Range of Initial Water Content 14.3 to 17.9

0 Range of Final Water Content (%) 16.7 to 19.4

0 Range of Maximum Effective Stress (psi) 8 to 8

0 Range of Minimum Effective Stress (psi) 2 to 2

0 Average Effective Stress (psi) 5

0 Range of Initial B Value 0.96 to 0.99

0 Range of Final B Value 0.98 to 0.99

0 Range of Hydraulic Conductivity (Average Last 4)(cn-i/s) 4.04E-09 to 6.85E-09

4.4 Sampling and Testing Locations

Sampling and testing locations were selected using the random method described at the

beginning of this section. After a sample or test was taken, the location was surveyed. The

survey data were used to plot the sampling and testing locations onto figures. Figures 4.4-1

through 4.4-6 show the plan view of the sampling and testing locations per lift for each test pad.

The grid numbers are in the lower left comer of each grid. (Note: large block hydraulic

conductivity sample TP I -BS-001, Lane 2, Grid 7, Figures 4.4-1 and 4.4-2 has a Shelby Tube

hydraulic conductivity test and nuclear density test in the same location.)

4.5 Data Summary for Test Pads 1, 2, and 3

This section summarized the data for Test Pads 1, 2, and 3.
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4.5.1 Soil Classification and Index Properties

The ELF Test Pads Program Work Plan identified soil index property criteria that needed to be
met for CCL material used in the construction of the Test Pads. These criteria are as follows:

0 Maximum Particle Size, excluding the top lift - I inch. (Section 3).

0 Maximum Particle Size for the top lift - 0.5 inch (Section 3)

0 Minimum Percent Passing No. 4 Sieve - 95%

a Minimum Percent Passing No. 200 Sieve - 50%

a Range of Plasticity Index - 10 to 40

a Unified Classification System Classification - CL, CH

0 No organic or deleterious material (Section 3)

As indicated on Tables 4.1.1-1, 4.2. 1 -1, and 4.3. 1-1 the percent passing the No. 4 sieve was 100
for all of the samples from the three test pads, meeting the minimum of 95 percent passing the
No. 4 sieve requirement.

The material used for the construction of Test Pads I and 2 met the minimum requirement of 50
percent or more passing the No. 200 sieve, as the range for all of Test Pad I and 2 was 50
percent to 85 percent passing the No. 200 sieve. All of the samples for Test Pad 3 met the 50
percent criterion except I sample, TP3-PR-002, which was a subgrade sample and not part of the
CCL (Table 4.3. 1 -1).

The plasticity index range for both Test Pads I and 2 was 13 to 27, which meet the minimum
requirement PI of 10 and the maximum requirement PI of 40. The plasticity indices for Test Pad
3 met the minimum and maximum PI requirements except for 2 samples, TP3-PR-001 and TP3-
RP-002 (Table 4.3. 1 - 1), which were subgrade samples and not a part of the CCL material.

The material used in the construction of the CCL for the three test pads met the Unified Soil
Classification System (USCS) Classification of CL, CH. Every sample classified as a CL except
TP3-PR-002, which classified as an SC-SM and was a subgrade sample (Table 4.3.1-1).

4.5.2 Modified Proctor Tests

The Modified Proctor tests were conducted to assist in deter-mining the lower density limit of the
AZ at 90 percent of the maximum dry of the Modified Proctor, and the optimum moisture
content. The average Modified Proctor maximum dry density for the soil used in constructing
the three test pads is 113.5 to 126.5 pcf, with an average of 122.3 pcf The 90 percent density
range is 102.1 to 113.8 pcf, with an average of 110. 1 pef. The optimum moisture range of the
CCL material for the 3 test pads is 10.5 percent to 16 percent, with an average of 12.6 percent.

4.5.3 Specific Gravity Tests

The specific gravity is used to establish the right boundary for the AZ, which is also known as
the zero voids curve. The zero voids curve is used to establish the lower left boundary, degree of
saturation curve, which was initially established at the 85 percent saturation curve (Section 2.7
Acceptable Hydraulic Conductivity Zone Development). The range of specific gravity for the
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test pads was 2.70 to 2.72, with an average of 2.7 1. The average was used to establish the right

boundary,

4.5.4 Nuclear Density Tests

The nuclear density tests were used to measured the in situ density and moisture content of the

CCL, borrow source, and subgrade materials. In particular, the CCL density and moisture

content measurement were used to detertnine whether the material met the AZ requirements. In

accordance with the Test Pads work plan, the material was to be compacted until the AZ

requirernents were met, however, during the program it was deten-nined to allow some of the

material not meeting the requirements to be tested for hydraulic conductivity to assist in

establishing a final AZ. The nuclear density test results for the three test pads were plotted on

the AZs with the respective 90 percent of Modified Proctor maximum dry densities and optimum

moisture contents (Figures 4.1.2-1 through 4.1.2-8, Figures 4.2.2-1 through 4.2.2- 10, and Figures

4.3.2-1 through 4.3.2-8). One hundred and two of the nuclear density tests fell into the AZ and

67 tests fell outside of the AZ (Figure 4.5.4-1).

4.5.5 Shelby Tube Hydraulic Conductivity Tests

Shelby Tube samples were collected from lifts 2 through 5 on Test Pads 1 and 3, and lifts 2

through 6 on Test Pad 2. These samples were used to conduct undisturbed sample hydraulic

conductivity tests to determine whether the material and methods used to construct the CCL

would have acceptable permeabilities (k values). Acceptable k values are those of 1.0 x 10-7

cm/sec or less. Sixty-two hydraulic conductivity tests were conducted for the test pads and 54

had acceptable k values. When the hydraulic conductivity sample dry densities and moisture

contents were plotted on the AZ, using the average 90 percent maximum dry density as the

lowest density value and the average optimum moisture content as the lowest moisture value

(Figures 4.5.5-1 and 4.5.5-2), all of the failing hydraulic conductivity test results (k< 1.0 x 10-'

cm/sec) fall outside of the AZ. All of the acceptable hydraulic conductivity results, inside the

AZ, had acceptable k values.

5.0 SUMMARY AND RECOMMENDATIONS

5.1 ELF Borrow Material Characterization Study

The objectives of the ELF Borrow Material Characterization Study were to characterize the

borrow material for the area designated in BA 5 for ELF construction, and determine whether the

ELF footprint had clay material acceptable for CCL construction. These objectives were

accomplished by the following activities:

0 Collecting geotechnical data for determining soil engineering properties

0 Determining soil types and distribution

0 Quantifying the volume of acceptable soil available for constructing the ELF CCL

a Establish quality control measures for future ELF construction

0 Identifying 
the topsoil thickness

The U.S. Environmental Protection Agency (EPA) technical guidance document, Quality

Assurance and Quality Control for Waste Containment Facilities (EPA 1993) recommends that

the following minimum testing frequencies be met to adequately characterize a borrow source:
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0 Water Content I Test per 2000 cubic meters (in 3) (2616 yd')

0 Atterberg Limits I Test per 5000 in' (6540 yd')

0 Percentage Fines I Test per 5000 in' (6540 yd')

0 Percent Gravel I Test per 5000 in 3 (6540 yd')

0 Compaction Curve I Test per 5000 in 3 (6540 yd')

a Hydraulic Conductivity 1 Test per 10000 m' (13080 yd 3)

The above-recommended testing frequencies, except the hydraulic conductivity, were met for
BA 5 since the ELF Borrow Material Characterization Study had a testing frequency of I test for
every 2500 yd 3 . Therefore, additional characterization testing of BA 5 is not necessary, except
for the hydraulic conductivity tests. The hydraulic conductivity frequency will be met during the
construction of the ELF. The complete laboratory and field test data for BA 5 collected during
the characterization study will be included in the ELF certification report.

The ELF Borrow Material Characterization Study determined that material suitable for CCL
construction existed in the ELF Footprint. The EPA-recommended testing frequency for the
material in the ELF footprint was not met. The material for CCL construction, including the clay
material under the existing topsoil stockpile within the ELF Footprint, will be stockpiled during
the excavation of the ELF and will be tested at the above-recommended testing frequencies
during CCL construction.

5.2 ELF Test Pads Program

The primary objectives of the ELF Test Pad Program were as follows:
" Demonstrate the construction suitability for the ELF CCL of all the clay borrow material

in BA 5 and ELF footprint that meet the CL and CH soil classification and the required
soil index properties, regardless of color,

" Establish the design requirements for the ELF CCL.

" Finalize the CQC and CQA construction testing requirements.

" Define a design basis by using equipment and procedures for CCL processing, placement,
and compaction to develop construction specifications that will provide the flexibility to
construct full-scale CCLs and allow more effective construction.

" Evaluate field and laboratory hydraulic conductivities, interlift bonding, surface
desiccation, and general constructability of the borrow soils.

" Define any additional test fill data needs for the future ELF construction that exist after
the construction and testing of the ELF test pads.

The BA 5 and ELF Footprint borrow materials used during the construction of the test pads were
representative of the materials in BA 5 and the ELF Footprint, including the clay material under
the existing topsoil stockpile in the ELF Footprint. It has been demonstrated that the clay
materials in BA 5 and the ELF Footprint are suitable for construction of the ELF CCL since they
meet the CL and CH soil classification, the plasticity indices were between 10 and 40, the
percent passing the No. 4 was 100 percent, and the percent passing the No. 200 sieve was 50
percent and higher (Section 4.5. 1). Observations were made of the borrow materials
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constructability, interlift bonding, and surface desiccation (Section 3.0). It was determined that

both a CAT 815 and CAT 825, or equivalent, can be used to meet the compaction requirements

for CCL construction for the designated borrow materials.

The borrow material met the minimum hydraulic conductivity of 1.0 x 10-7 cm/sec, The

hydraulic conductivity was met 100 percent of the time when the material was compacted to fall

within the AZ (Section 4.5.5), and was above 105 pcf. The nuclear density tests demonstrated

that the material could be compacted to fall within the AZ when the soil is adequately hydrated

(Section 4.5.4). When all of the hydraulic conductivity test results are plotted together, an area

can be defined where 100 percent of the hydraulic conductivity tests have acceptable k values

(Figure 5.2-1). This area should become the AZ for ELF construction, is shown on Figure 5.2-1

and described as follows:
" The right boundary (Zero Air Voids) is the curve represented by the average specific

gravity of 2.71.

" The lowest boundary for the AZ is 106 pcf.

0 The lower left boundary is the 85 percent saturation line, defined by using the average

specific gravity of 2.7 1.

" The upper left boundary of 12.6 percent is the Average Modified Proctor Optimum

Moisture Content.

The primary objectives have been met by the aforementioned and by establishing design

requirements described below. The design requirements, which include some CQA and CQC
testing requirements, are recommended as the following:

0 Include the following in the CCL specification:

I . USCS Classification of CL, CH

2. Minimum Percent Passing the No. 4 Sieve - 95

3. Minimum Percent Passing the No. 200 Sieve - 50

4. Minimum PI - 10

5. Maximum PI - 40 (Note: This is subject to change depending upon the results of
the Chemical Compatibility Testing Program.)

6, Maximum Particle Size - I inch

7. Maximum Particle Size for the Top Lift - 0.5 inch

8. No organic or deleterious material

9. A CAT 8 15 or 825, or equivalent, can be used for compaction with a minimum
number of 4 passes.

10. Compact CCL material until AZ requirements are met.
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0 Borrow material from BA 5 has met the suggested minimum EPA testing requirements,
therefore, only some confirmatory CQA testing will be conducted during the ELF CCL
construction.

0 Borrow material from BA 5 will not contain clod sizes larger than 2 inches. If clod sizes
are larger than 2 inches, the material will be reprocessed.

0 Add the following to the Construction Quality Assurance Plan CQA and CQC testing
requirements:

1. The CCL material excavated from the ELF footprint and stockpiled will be tested in
the stockpile as borrow activities take place during ELF CCL construction, at the
following frequencies:

Water Content I Test per 2000 m' (2616 yd')

Atterberg Limits I Test per 5000 m' (6540 yd')

Percentage Fines I Test per 5000 m' (6540 yd')

Percent Gravel I Test per 5000 m' (6540 yd')

Compaction Curve I Test per 5000 m' (6540 yd')

Hydraulic Conductivity I Test per 10000 in' (13080 yd 3)

2. Nuclear density testing will be conducted to ensure that the requirements for the AZ
presented on Figure 5.2-1 are met.

3. Nuclear density test holes and Shelby Tube holes will be repaired by placing clay
material in approximate 2-inch lifts and compacting with a tamping rod. The upper
half of the hole will be backfilled and compacted in the same manner but a
sledgehammer may be used in place of the tamping rod.

4. Excavated test pits will be repaired by backfilling the material in approximate 6-inch
lifts and compacting with a compactor with a minimum of four passes. Prior to test
pit excavation, the test pit location will be surveyed for elevation. After the test pit
has been excavated, the test location will be surveyed to confirm the depth of the test.
The surveying will ensure that the desired lift is being tested.

All data summarized in this report and used during the ELF CCL construction will be included in
the ELF Certification Report,

6.0 REFERENCES

EPA (U.S. Environmental Protection Agency)
1993 (Sept) Quality Assurance and Quality Controlfor Waste Containment

Facilities

FWENC (Foster Wheeler Environmental Corporation)
2001 (May 4) Enhanced Hazardous Waste Landfill Test Pads Program Work

Plan
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USACE (U.S. Army Corps of Engineers)
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Landfill
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Figure 2.6.11A - ELF Footprint Plasticity Index Distribution Layer A (1.0 to 3.5 ft. below surface)
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Figure 2.6.1 B - ELF Footprint Plasticity Index Distribution Layer B (3.5 to 6.0 ft. below surface)
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Figure 2.6.1C - ELF Footprint Plasticity Index Distribution Layer C (6.0 to 8.5 ft. below surface)
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Figure 2.6.1 D - ELF Footprint Plasticity Index Distribution Layer D (8.5 to 11.0 ft. below surface)
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Figure 2.6.2A - ELF Footprint Percent 200 Distribution Layer A 0.0 to 3.5 ft. below surface)
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Figure 2.6.213 - ELF Footprint Percent 200 Distribution Layer A (3.5 to 6.0 ft. below surface)
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Figure 2.6.2C - ELF Footprint Percent 200 Distribution Layer C (6.0 to 8.5 ft. below surface)
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Figure 2-6.21) - ELF Footprint Percent 200 Distribution Layer D (8.5 to 11.0 ft. below surface)
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Figure 4.1.2-1
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVIY TESTS-TEST PAD 1, LANE 1, LIFT 2
Test Pad: I Lane Number: 1

Hydration 2 days Lift Number: 2 Compaction Equip: 815-F Compactor
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Figure 4.1.2-2
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 1, LANE 1, LIFT 3

Test Pad: 1 Lane Number: 1
Hydration 4 days Lift Number: 3 Compaction Equip: 81 5-F Compactor
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Figure 4.1.2-3
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 1, LANE 1, LIFT 4
Test Pad: 1 Lane Number; 1
Hydration 4 days Lift Number: 4 Compaction Equip: 815-F Compactor
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Figure 4.1.2-4
ELF TEST PADS NUCLEAR MOISTURE-DENSITY11HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 1, LANE 1, LIFT 5
Test Pad; 1 Lane Number: 1
Hydration 4 days Lift Number: 5 Compaction Equip. M-F Compactor
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Figure 4.1.2-5A
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 1, LANE 2, LIFT 2

Test Pad: 1 Lane Number: 2
Hydration 2 days Lift Number: 2 Compaction Equip, 825-G Compactor
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Figure 4.1.2-5B
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 1, LANE 2, LIFT 2

TestPad: I Lane Number; 2
Hydration 2 days Lift Number; 2 Compaction Equip: 82 -G Compactor
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Figure 4.1.2-6
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 1, LANE 2, LIFT 3
TestPad: 1 Lane Number; 2
Hydration 4 days Lift Number; 3 Compaction Equip: -825-G Compactor
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Figure 4.1.2-7
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 1, LANE 2, LIFT 4
TestPad: I Lane Number; 2
Hydration 4 days Lift Number: 4 Compaction Equip: ___ompactor
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Figure 4.1.2-8
ELF TEST PADS NUCLEAR MOISTURE-DENSITY1HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 1, LANE 2, LIFT 5

Test Pad; 1 Lane Number: 2
Hydration: 4 days Lift Number: 5 Compaction Equip; 825-G Compactor
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Figure 4.2.2-1
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2, LANE 1, LIFT 2
Test Pad: 2 Lane Number: 1
Hydration 4 days Lift Number: 2 Compaction Equip: 815-F Compactor
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Figure 4.2.2-2A
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2. LANE 1. LIFT 3

Test Pad: 2 Lane Number: I

Hydration 4 days Lift Number: 3 Compaction Equip: 815-F Comeactor
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Figure 4.2.2-2B

ELF TEST PADS NUCLEAR MOISTURE-DENSITYIHYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2, LANE 1. LIFT 3

Test Pad: 2 Lane Number: I

Hydration 4 d Lift Number: 3 Compaction Equip. 815-F Compactor
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Figure 4.2.2-3
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2. LANE 1, LIFT 4

Test Pad: 2 Lane Number; I
Hydration 4 days Lift Number; 4 Compaction Equip: 8 1 5-F Comector

125,0

1240

123.0

1220

121,0 1 NNI - - - - --

f I N
120,0

1180 - - - - - - --

117.0

1160 Modified Optimum Moisture Average
Content Zero Air Voids
1-13 %@ 1178pcf1150 G, 2.71

140

130

un -.- ýJ-- I .--- - IN,
w
a - -- -A>-I 11.0

1100

1090

1080

107.0

1060

105,0

104.0 %ofModifiedP CtOF

90% of 117.8 p
1010 106 pcf

LEGEND

102.0 Square$ Nuclear Field Density Tests

101.0 Triangles Passing Hydraulic Conductivity Tests
Circles Failing Hydraulic Conductivity Tests

100,0

99.0 - - - - - LLU

10.0 11.0 12,0 13,0 14.0 15,0 160 170 180 10,0 20.0 21.0 22,0 230 240 25,0 26,0
MOISTURE CONTENT



Figure 4.2.2-4

ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS -TEST PAD 2. LANE 1, LIFT 5

Test Pad: 2 Lane Number: 1

Hydration Lift Number: 5 Compaction Equip; 815-F Compactor_
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Figure 4.2.2-5
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2, LANE 1, LIFT 6

Test Pad; 2 Lane Number: I

Hydration 2 days Lift Number: a Compaction Equip; 815-F Compactor
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Figure 4.2.2-6
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2, LANE 2, LIFT 2
Test Pad; 2 Lane Number: 2
Hydration 4 days Lift Number; 2 Compaction Equip: 825-G Compactor
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Figure 4.2.2-7A
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2, LANE 2, LIFT 3
TestPad; 2 Lane Number- 2
Hydration 4 days Lift Number: 3 Compaction Equip; 825-G ompactor
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Figure 4.2.2-713
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2. LANE 2, LIFT 3

Test Pad: 2 Lane Number: 2
Hydration 4 days Lift Number: 3 Compaction Equip: 825-G Compactor
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Figure 4.2.2-8A
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2, LANE 2, LIFT 41
Test Pad: 2 Lane Number; 2
Hydration 4 days Lift Number. 4 Compaction Equip: 825-G Compactor
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Figure 4.2.2-813
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS, TEST PAD 2, LANE 2, LIFT 4
TestPad: 2 Lane Number; 2

Hydration 4 days Lift Number. 4 Compaction Equip: 825-G Compactor
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Figure 4.2.2-9
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2, LANE 2. LIFT 5
TestPad: 2 Lane Number: 2
Hydration 4 days Lift Number. 5 Compaction Equipt 825- Compactor
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Figure 4.2.2-10
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 2, LANE 2, LIFT 6
Test Pad: 2 Lane Number: 2
Hydration 2 days Lift Number: 6 Compaction Equip: 825-G Compactor
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Figure 4.3.2-1
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 3, LANE 1, LIFT 2

Test Pad: 3 Lane Number: 1
Hydration: 4 days Lift Number; 2 Compaction Equip: 81 5F Compactor

126.0 -

1240

1230

1220

1210 1 IN I I I I I I I I I I I

1200 Modified Optimum Moisture Contentr. 4C.ntent

119.0 12.3% @ 121.1 pcf his I

1180 1 1 1 1

1170 1 1 IU 11H A 111N H U M 11
Average

11 6o 
ero, ir oi

115 .0 Gý 2.71 -7-117
140 10

;ýl 13 0

Z I 12 0 I I 1 1 1 1 1 1
Lu
n I I i I I I ý Y
>-ill 0
X

1100

1090

108,0 =1 I I KMI

1070 
ýýO% of Modified Proctor

90% of 121.1 pcf

106,0 
109 jxf

1050

104.0

103,0 tit
LEGEND

102.0 Squares = Nuclear Field Density Tests I T-

Triangles = Passing Hydraulic Conductivity Tests
1()',() Circles Failing Hydraulic Conductivity Tests

100.0

990

10,0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 220 230 240 25.0 26.0
MOISTURE CONTENT



Figure 4.3.2-2
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 3. LANE 1, LIFT 3

Test Pad: 3 Lane Number: I
Hydration: 4 days Lift Number: 3 Compaction Equip: 815-FCompactor
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Figure 4.3.2-3
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 3, LANE 1, LIFT 4

Test Pad: 3 Lane Number: 1
Hydration; 4 days Lift Number: 4 Compaction Equip: 815-F Compactor
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Figure 4.3.2-4
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 3, LANE 1, LIFT 5

Test Pad: 3 Lane Number:
Hydration; 4 days Lift Number: Compaction Equip: 815-F Compactor

125.0 - 1

124.0 11 I I N I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
123 0 : I I 1 1 N , 1 1 1 1 1 ý I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1

122,0

121,0

1200 11 TFI-
i ie Optimum Moisture Content

1190 - - - 1 3 % @ 121.1 Pcf

1180

117 0 N I I 1 1 1 1 1 1 1 , 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
116,0 Aver-agle....

J I I I I I N I I I I 1 11 ...

1150 
Zero Air Voids

2.ýIN I G, = 71
140

113,0 1 N I "K 1

ZI 1210

0111o I.-I-EITT
>- F777
0110.0 WHIP I!ýý

109,0 H I I I FRI I i i IIH

1080 1 1 1 1 1 N I I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1
90% of Modified Proctor

1070 90% of 121.1 pcf 0ý17 1 1 1 11 1 11
1060 

109 Pcf

105,0 11 1 1 L

104.0

1030) -IN I 111111
LEGEND

102.0 - Squares Nuclear Field Density Tests
Triangles Passing Hydraulic Conduedvity Tests

- Circles = Failing Hydraulic Conductivity Tests

100,0- t11111T
.0[-L 1jI-III IM M M IM111 I I-- -- I F1

10.0 110 12.0 130 14.0 15,0 16.0 17.0 18,0 19.0 20.0 21,0 220 23,0 24.0 25,0 26,0
MOISTURE CONTENT



Figure 4.3.2-5
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 3, LANE 2, LIFT 2
Test Pad; 3 Lane Number: 2
Hydration: 4 days Lift Number: 2 Compaction Equip: 825-G Compactor
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Figure 4.3.2-6
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 3, LANE 2, LIFT 3

Test Pad: 3 Lane Number: 2
Hydration: 4 days Lift Number; 3 Compaction Equip;_. 825-G Compactor
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Figure 4.3.2-7
ELF TEST PADS NUCLEAR MOISTURE-DENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS -TEST PAD 3. LANE 2. LIFT 4
Test Pad: 3 Lane Number: 2

Hydration: 4 days Lift Number: 4 Compaction Equip,. 82&G Compactor
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Figure 4.3.2-8
ELF TEST PADS NUCLEAR MOISTURETDENSITY/HYDRAULIC CONDUCTIVITY TEST RESULTS - TEST PAD 3, LANE 2, LIFT 5

Test Pad: 3 Lane Number; 2

Hydration; 4 days Lift Number: 5 Compaction Equip: 825-G Compactor
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Figure 4.5.4-1
ELF TEST PADS NUCLEAR DENSITY TEST RESULTS - OVERALL

TestPad: Overall Lift Number: All
Lane Number: All Compaction Equip: All
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Figure 4.5.6-1
ELF TEST PADS SHELBY TUBE PASSING HYDRAULIC CONDUCTIVITY TEST RESULTS - OVERALL
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Figure 4.5-5-2
ELF TEST PADS SHELBY TUBE FAILING HYDRAULIC CONDUCTIVITY TEST RESULTS - OVERALL
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Figure 5.2-1
ELF TEST PADS SHELBY TUBE HYDRAULIC CONDUCTIVITY TEST RESULTS -OVERALL
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Lane Number: All Compaction Equip: All
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TABLE 2.4.1 -1 BORROW AREA 5 TEST RESULTS

BORROW AREA 5
LOCATION GRAIN SI ATTERBERG LIMITS Optimum USCS Classification

DISTRIBUTION Max Dry Specifi In Situ

TEST PIT % Finer Density Moisture specill % MC Munsell LABORATORY VISUAL SOIL

NORTHING EASTING ELEVATION SAMPLE DEPTH % Finer #200 LL PL PI (Pcf) Content Gravity Field Lab Hue DESCRIPTION
NUMBER NUMBER #4 Move Sieve 0/6)

.........
[PIA-IA 19:ý7f,0.26 718'i6ýil W bja6ý0ý$tf)4.5 1 A- I --XS 100 01 39 19, M I 04:T 18.0 C, L C L

1PIA-1A 1"700,28 218:ý681.50 5 ja,04164,5 IA-1-AM Z C1 1qYR4/6
I MCTF11A-1A 19:)76(-).217, 218 368 1 1W). 5 4 64, 4, 5 164 5 1A 1-AR 1 01-2 5' 4-'tT[ " ut_

TPIA-113 193760.26 2183681,50 5164 5-5163-0 IA-1-BS 25-440' 100 75 35 18 17 108.0 17.0 CL CL 14.4

TP1A-1B 193760.26 2183681.50 5164.5-5163.0 IA-1-13M 2 V-4 0' CL 10YR5/6 Moist. yellowish brown lean clay with sand

TP1A-IB 193760.26 2183681.50 5164.5-5163.0 IA-1-BR 2,5'-4.0' CL

TP I A I C 413760.26 2183681-$0 1A-1-CS 4,4Y-55' 100 t-ý' 47 19 2s 1w 210 C1 C1. 14

io,3760.215 2183(>81.SD 5163.6716i,; 1AýI,CM 4,01,5 5' CL 10YRW4 Molst, fighl yG&mftN'br0VA) iBAR

TP1A-IC 103760ý26 2183081.50 51 1A I-CR 4,0'-55- CL

TPIA-11) 193760,26 2183681.50 5161,5-5160,0 IA-I-DS 5 5'-7 0' 100 67 36 16 20 1 1085 1 105 CL I CL 126

TP1A-1D 193760.26 2183681.50 5161,5-5160.0 1A-1-DM 5,5'.7 0' CL IOYR714 Moist. very pale brown sandy lean clay

TPIA-1D 193760.26 2183681.50 5161.5-6160.0 1A-1-DR 5.5'-7.0' CL

TP2A 1A 10,1.46&2C, 21 8-ý1-131.40 51671 51656 2A I AS ..1.0' 2 5' too 86 39 18 21 102 5 20.5 ýýL 01- 14 2

TF'2A-JA 103460.26 2183681 40 5167.1ý5165 6 2A-1 AIJ 1 10YRA/6 mrw&t. dark

TFIý'A,iA 1034W16 21ti,ii381,40 51f37 1ý5165 6 2A i AR 1.0'-2,5' L

TP2A-1B 193460,26 2JB3681,40 61656 -51641 2A-1-BS 2 5'-4 0' 100 89 34 19 1 is 1060 16.5 CL CL 98

TP2A-IB 193460 26 218368140 5165,6-5164 1 2A-1-13M 2 5'-4 0' CL 10YR5/6 Moist, yellowish brown lean clay

TP2A-IB 193460,26 2183MI,401 516513-5164 1 2A.1-BR 25'.40- CL

TTP2A I Gr 193460.26 2163681.40151641 '6162,6 2A-1-CS 4 0'-5,51 'J()Q 64 34 _17 17 1100 16's CL CL 10 .811,

TP2A-iC 193460,ý6 2183681.40151"1-5162,15 2A-IýGFA 4 0'-5 5' CL 10YR5/6 Moist, yeljow"11 t)(4mil ýjm-ty lealt Jdy

TP2A-IC 19:3460.26 21"68140 5164,1-5162,6 2A-1-CR 4,0'-b 51 GL

TP2A-ID 193460.26 2183681.40 6162.6-5161.1 2A-i-DS 5,61-701 WO 78 40 1 26 14 92,5 1 26.5 CL ML 112

TP2A-11) 19346026 218368140 5162,6-6161A 2A-1-DM 5 5'-7-0' CL 1 OYR813 Moist. very pale brown silt with sand

TP2A- I D _193460 26 2 18368140 5162 6-5161 1 2A-1-DR 55'-70- CL

-rp2A-2A 193560.26 2183781.40 5167 3-5 1 fVl ký 2A--'-Aý-,' 1 ý9-2.5* 1GO 89 37 18 0 470

TF12A-2A 193,50026 2183781AG 5167 ýý-5165ý4 ZA Z AM 1.0'-2ý5' (;L 10YR5ý4 Moist yHlowýsh lwoý leirl (ýWy

TP2A-2A 193560 26 2183781.4015167 3-5165.8 2A 2 AR 1,U-2.5' E

TP2A-2B 193560,26 2183781,40 5165,8-5164,3 2A-2-BS 2 5'-4 0' 100 67 34 17 17 1085 16,5 270 CL cl- 97

TP2A-2B 193560,26 218378140 5165 B-5164 3 2A-2-BM 2 5'-4 0' 1180 13,0 CL 10YR7/3 Moist. very pale brown sandy lean clay

TP2A-2B 193560.26 2183781,40 5165 B-5164 3 2A-2-BR 2,5'-4,0' 1055 180 CL

TP2A 2C, 193560.26 2183781ý46 !ýJr>4.3-5162.8 2A 24ýý3 4.Cr'5.5' 100' -5t, .11 19 2 2 1040 18 5 2.70 G L C L )'4
TP2A 2C I'A C f. JOYR5/4 ýA t, yetl an clay

193560.26 218W6.46'

TP2A 2C 193560 26 21837bi,40 ýA 6-1 3-5162 6 2A-2-CN 4.9-6.' b'

TP2A-2D 193560.26 2183781.4015162.8-5161,3 2A-2-DS 1 5,5'-7.01 100 66 38 17 21 1075 1 175 271 CL CL 9,6

TP2A-21) 19356026 2183781.4015162.8-5161.3 2A-2-OM 1 6.5'-7,0' CL 10YR7/3 Moist, very pale brown sandy lean clay

TP2A-213 193560,26 2183781.40 5162,8-5161,3 2A-2-DR 5 6-7 0' CL

-TP28ýiA '193460.26, m3q8i 60 5168 1-51&6 6 2B-1,AS 1.9-2 5' 100 89 41 18 23 1 QJ' 5 19,5 C, L CIL 1ý7
ýIwqa I C'o FIm 1 41 br(Yffii klv (kay

5 168 1 51 ().t, 6 2B-I-AM 1 0'-2 F,' ("I 10YR4/4 m9ký qcýj "Tff
1ý2 ý 2B-1-AR 1.0'-2 5-

1PMj3-tAA'P. §0ý261 OL

TP28-18 193460,26 2183981,60 6166,6-5166 1 2B-1-BS 2 6'-4,0' 100 as 38 19 19 104.5 19.0 CL CL 108

TP213-16 193460.26 2183981.60 5166.6-5166.1 2B-1-BM 2,5'-4.0' CL 10YR516 Moist, yellowish brown lean clay

TP2B-1B 19346026 2183981,6016166,6-6165.1 28-1-BR 1 2 5'-4.0' 1 CL

TP26-IC 193460,26 2183981.60 5165.1ý51658 2B-1-CS 4 U-5 5' Im 70 44 20 24 CL C, 1 12 8 1

YP2B-lr- 1 193460.26 2183961.60 213-1-CM 4 U-5.5ý CL 10YRN6 WW. ya5GW&h bfmnqart0y lean cisy

TP20-iG 1934ý0.26 215 31M I V) 5 16, 5. 1 -5 1 ý3 6 ý6-1-Cfi 4 5' 0. L 77ý I
TP2B-1D 193460.26 2183981,60 5163 6-5162-1 213-1 -DS 5-5'-7-0' 100 60 35 17 18 109,5 17.0 CL I CL 1 8,2 1
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TABLE 2.4.1 -1 BORROW AREA 5 TEST RESULTS

BORROW AREA 5
LOCATION GRAIN S ATTERBERG LIMITS Optimum USCS Classification In SituDISTRIBUTION max Dry Moisture Specific LABORATORY VISUAL SOIL

TEST PIT SAMPLE DEPTH % Finer % Finer Density Content Gravity % MC Munsell DESCRIPTION
NUMBER NORTHING EASTING ELEVATION NUMBER #4 Sieve #200 LL PL PI (Pcf) Field Lab Hue

Sieve

TP2B-ID 193460,26 2183981,60 5163.6-5162.1 28-1-DM 55-7 0* CL 10YR6/4 Moist, light yellowish brown sandy lean clay

TP213-11D 193460,26 2183981,60 5163,6-5162,1 213-11-DR 5,5'-7.0' CL
TP28-2Aý 19ýýW.26 i104081ý50. 5iCa.0,51W5 213-2-AS , 1 & 2 5' 1 Ný 67 37 17 20 '109.5 16(l CL CL 10.0.1
TP25 Z& '210408f.,961 51M,0ýý166.5 2B-2ýAM 1 ()'-2 5' 1 LG; L IOYR5ý4 , FAýst, yvllawýih brown sa;ý "n day

TP28ý* 2Ei-2-,kR 1 1.1'-2 5'

TP213-28 193560.26 2184081.50 5166.5-5165.0 213-2-13S 2.5'-4.0* 100 65 33 17 16 113.0 145 CL CL 8.5

TP213-2B 193560..26 2184081.50 5166,5-5165.0 213-2-13M 2-5'-4 0' CL 10YR4/6 Moist, dark yellowish brown sandy lean clay

TP2B-20 19356026 2184081 Sn 51AA5.5165 0 26-2-BR 2 5'-4 n' CL

TP28-2C I .19M%0.70 2lU4G6j_&0 1W 60 1 31 115 z5 _1140 14 0 c1t 8ý

'TP28-2C 193560.26 2184081-6016165 0ý6163_5 ZB-2-CR 1 4 0'-5 U CL

T T!12BýýC 1935W 26 ý164081ý50 5165 Oý5163 5 ?H-2-CM 4 0'-5ý5' 

ct-

TP213-20 19356026 2184081-50 5163 5-5162,0 213-2-DS 55-7,0' 100 59 34 16 18 1 109.0 1 17.0 CL CL 8.1

rTP2B-20 19356026 2184081,50 5163,5-5162.0 2B-2-DM 5.5'-7,0' CL 10YR6/4 Moist, light yellowish brown sandy lean day

TP213-21) 193560,26 2184081.50 5163.5-5162.0 213-2-DR 6.61-7.ol CL,

TP21C- I A 193460ý26 218428t.50 5167 4-5165,9 2( 1 1 0' 2 5' 11ýý 6 35 17 1 110.0 16.0 CL C1 5

T P112C-IA 19346026 2184281ý50 61ý 4ý6166,9 CL f0yR'W6 Mýmsj, Vellowjgt4 bn)wn ýý3nclý Jý,an c.jay

TPZC-IA 193460 26 2184261,50 5116T4-5165,9 2t- I AR 5' CL
TP2C-iB 193460,26 2184281.50. 6165.9-5164A 2C-1-138 2,5'-4.0' 100 60 35 1 18 1090 155 CL L U 7

TP2C-1B 1 193460.26 2184281,5015165.9-5 164.4 2C-1-BM 2.6'-4.0' CL IOYR',,Lý t yellowish brown sandy lean Lidy

TP2C-1B 193460,26 2184281.60 5166.9-5164.4 2C-1-SR 2,5'-4 0' CL
TP2C-1i3 10460 26 2184281 r5O 5164 4-5162,9 2C-1-CS 4r(i._5ý5. 100 60 35 17 iiý 1080 17 Q CL ýýL 2

TF12CAC 193460.26 2184281.50 5164.4-5162.9 2C-1-CtA 4,0'5ý51 CL 10YR5/8 r'iolst' yellovvio broym 8widy le.in day

TJ?2CýIC 1 .34%.6 21184281.ýO 5164r4-516Z.9 2G-1-r_R 4rO'-5'5' CL

TP2C-iD 193460.26 2184281.50 5162.9-5161.4 2C-1-DS 5,5'-7,0' 100 58 34 17 17 1095 116's CL CL 9.3

TP213-11) 193460.26 2184281.50 5162.9-6161.4 2C-1-I)M 5.5'-7 0' CL 10YR5/6 Moist, yellowish brown sandy loan clay

TP2C-ID 1 19346026 2184281 50 1 5162 9-5161 4 2C-1-DR 5 5'-7 0' CL

TP3AAA 19316026 2183681 501 5169 a-5167 8 3A-l-AS 1 0'-2 5' 100 82 39 is 21 10616 17,5 CL 2

TP3A-IA 193160-2G 2183A581 50 5169 3ý51657_8 3A, I -AM 1 0'-25- C L 2-5YRS/4 Moiýt, light olivs t)rQvfi itýri with dnd

TP3A-1A 193100,26 2183641,50 5169,3-5167,6 3A-1-AR I U'-2.&' CL

TP3A-1B 193160,26 218368150 5167 8-5166 3 3A-1-BS 2 5'-4-0' 100 82 34 19 is 109.0 16.5 CL CL 9,9

TP3A-IB .19316026 218366150 5167 B-5166 3 3A-1-BM 2 5'-4-0' CL 10YR5/6 Moist. yellowish brown loan clay with sand

TP3A-jB ý193160 26 2183681.60 5167,8-5166 3 3A-1-BR 2 T-4-0- CL

rP3A IC 11931W.26 218368t,50 5166.3-5164,8 3A-1-(:s 4,9-5,5' 100. 61 36 18 16 lo6o 1 lb'o CL CL 10.6

TP;ý;- I C IW160.26L Z83M'ý$Oj :3A_1'CM ý41(Y_S 6 lQYRW6 M,* yelkwtif,'h biawo l-t;,*) dr4y with n;yfvJ

_TPýA-jC_ ji931ý6,26 M36ýf56 3A-1-CR 4,9-55

TP3A-1D 193160.26 2183681.50 5164 B-51633 3A-1-DS 55'-7,0' 100 70 43 18 25 103,5 20.5 CL CL 13.1

TP3A-10 193160.26 2183681.50 5164.8-5163,3 3A-1-DM 5.5'-7,V CL 10YR5/6 Moist, Yellowish brown sandy law day

193160.26TP3A.1D '193160.26 2183681 ý50 5164 8-5163.3 3A-I-DR 5-5'-70- CL
118370W . 66- ýj67.4 '3A-2-AS 1,9ý2. iý too- '137 1050 190

TP,'.ýA-2A 1W26Q.25 39' %-15 CL CL I I C,

rP3A,ZA il &j7j, -'5168ý 67A 3A-2-AM I-V,2,6 110YR414

CL 

ýýJ, oark yoilowjýýh ýroý,M ý@an 6ay

1 .316. 

26 

21.3ý1ý 

60

T ýýa ?Mn IM68 q167,4 3A-2-AR JiV-2ý51 C L

TP3A-28 1193260-26 2183781,60 5167,4-5165,9 3A-2-BS 2 5'-4 0' 100 87 36 '16 18 106.5 18.6 CL CL 101

TP3A-2B 1193260-26 2163781,60 5167,4-5165,91 aA-2-BM 25'-40- CL 10YR5/6 Moist, yellowish brown loan day

TPaA_2B ý193260.26 2183781-60 5167.4-5165ý9 3A'2-BIR 2 V-4 0'

7-6-, 3.8-- -1-8 2-0 1- 0 0 (,L CL 11.3TP3A-2C I U32N) 20 2183781 60151ý5.9-5164.4 3A-2-C.S - 5.- L- Mol3t. dý0,` ýýA " fq ýy win
1',tP3A-.,?G 193260 26 2103781 2ýIL5ý65.? ý104.4 3A 2 CM 5 5'.1 10YR416

T-2,4.1-1 1211912001
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TABLE 2.4.1 -1 BORROW AREA 5 TEST RESULTS

BORROW AREA 5

LOCATION GRAIN SIZE ATTER13ERG LIMITS Optimum USCS Classification
DISTRIBUTION Max Dry In Situ

TEST PIT % Finer Density Moisture Specific % MC Munsell LABORATORY VISUAL SOIL

NORTHING EASTING ELEVATION SAMPLE DEPTH % Finer #200 L-L K PI (Pcf) Content Gravity Field Lab Hue DESCRIPTION

NUMBER NUMBER 84 Sieve Sieve

Tl-'ýýA 21i-ý t93260 26 21837HI-00 5165.19-5164,4 3A-2-CR 4ro'-5 6. CL

TP3A-2D 193260.26 2183781 60 5164 4-5162 9 3A-2-DS 5.5'-7,0' 100 72 39 20 19 99.0 22.5 CL CL

TP3A-20 193260.26 2183781,60 5164-4-5162,9 3A-2-OM 5.5'-7.0- Cl- 110YR7/4 Moist, very pale brown lean clay with sand

TP3A-2D 193260.26 2183781,60 5164 4-5162 9 3A-2-DR 5.5'-7.0' CL I

TPa5-11 A 1031W.213 21a ýqatý50 51M 4-5164ý.9 I o' 100 89 40 20 20 105,0 18 5 CL CL 125

TP38-IA 193160.26 21331;3 1 50 516ti.4-5166,9 3R-IýAM I ý0%2 5- 10YR5/6 Moist, yellowish brown lf,-ari kjrjy

TP36ý1A 1931%2f, &) 5168,4-51Mý9 ýQýI-AR I 0'-ýý

TP3B-IB 19316026 2183981 50 15166.9-5165.4 3B-1-BS .2 6-4 0' 100 75 39 20 19 wi -I ý" C 1, ý 3

TP3B-1B 193160.26 218398150 5166 9-5165A 38-1 -BM 2.5'-4.0' IOYR714 Moist, very pale brovn 1-ii L s,iml

TP38-18 193160.26 2183981,50 5166 9-5165 4 313-i-SR 2.6'-4,0' CL

TP3B-IC 193160,26 2183081,50 5165.4-5163,9 3B-1-CS 4 0'-5.5' 100 1 60 33 1 19 14 1 1 ý1' u CL C I Tl

TP3a-1C 193160,26 2183981 50 5165.4ý5163.9 30-1-CM 4.U-5 5' CL 10YR714 Moist. vevy palee broym,-anily Je3ri day

TP313-10 N3160.26 21"981ýW 5165 Lýý 38-1-CR 4 0!-5,5'

TP38-1 D 193160.26 218398150 5163 9-5162 4 3B-1-DS 5.5'-7.0' 100 34 29 17 12 1200 12,0 Sc Sc 53

TP3B-1D 193160,26 218398150 5163 9-5162 4 3B-1-DM 5.6'-7,0' SIC 10YR5/6 Moist. yellowish brown clayey sand

TP38-1 D 19316026 21839FIl 50 5163 9-5162 4 313-1-DR 5 5'-7,0' SC

TP3Q-2A 193260ý26 2184081 40 f) 1 (38 1-5166 6 313-2-Al, iff-2,5' 100, 'lf6' 43 is 25 1 101.0 19.5 CL CL 12.9

TP3B-2A 193260.26 2184081 40 5165 1,5166 6 3B-2 AM I,U-2,5' CL 10YR41F) Moist, dark yellowish brown k-,an cloy

TP313-2A 193260,26 218408140 5168 1ý6166,6 313-2-AR 1.0ý-2,5' CL

TP3B-213 193260.26 2184061 40 5166 6-5165 1 36-2-BS 2 5'-4 0' 100 88 37 19 18 1075 17.0 1 CL CL 106

TP313-28 193260,20 2184081 40 1 5166 6-5165 1 3B-2-BM 2.5-4 0' CL 10YR416 Moist, dark yellowish brown lean clay

TP313-213 193260.26 2154081 40 15166 6-5165 1 313-2-13R 25-40' CL

TP3B-2C 193260ý26 2184081,401 5165A -5 163 6 38-2-CS 4 0'-5 5' 1 100 73 36 18 18 1080 175 CL cl- 95

Tp3a-20 19326026 2184()BJA015165.1ý5163 C, 313-2-CM -4 0--5 5' CL 10YRQ46 Mo4st, browni5b yellow lean day Wth sand

TF3B-?C 19326026 2154081 ý401 5165.1-51616 3E3-2-CR 4 0'-5-5' CL

TP313-20, 19326026 2184081,4015163,6-5162.1 3B-2-DS 5 5'-7 0' 100 68 37 18 19 109's 175 CL CL 97

TP313-21) 19326026 2184081 40 5163,6-5162.1 3B-2-DM 5 5'-7 0' CL 10YR6/4 Moist, light yellowish brown sandy lean clay

TP3.B-2D 19326026 2184081 40 5163 6-5162,1 3B-2-DR 5.6-70 CL

TP3C-lA 193160,26 21R4281 So 516B 2-516r, 7 3C-1-AS 1,0'-2ý5' 100 90 42 20 22 1 105,5 1 170 GL Ct- 13 3

TP3C-1A 19316D 26 2184al.50 516&2-5166.7 X-1-AM 1 0'-2 5' 0 -R4"'l Moist dorl, yehowi4h bi UYM ký7111 day

41`3q,4 19316016 21808t.50 516&2-5166.7 3C-I-AR

TP3C-1B 193160,26 218428150 5166,7-5165,2 3C-1-BS 2,5'-4 0' 100 83 37 20 17 106.5 18.o CL CL 101 1

TP3C-18 193160.26 2184281.50 516_6,7-5165 2 3C-I-BM 2 5-4 W CL 2.5YR6/4 Moist. light yellowish brown lean clay with sanc

TP3C-1B 19316026 2184281.50 5166 7-5165,2 3C.1-BR 25-40- CL

TP3C-lC 193160.26 2184281 50 5165 2-5163.7 3C-1-CS 4.0'-5ý5' 100 41 2ý4 16 18 t15's m5

TP3C-IC 193,160.26 2184281.L-,(ý '2-ý,jo'i 7 3C-1-CM 4ý0'-5,5' 5C 10yký/3 Moist. very palo brown CJUYýY Y-01KI

IP3(>lC 193 160 26 2194281.ýKj 5165 2-51b,, 3CýI-CR 40-5 5' Sic

TP3C-1D 193160,26 2184281 1,0 1,1,,3 5 1 ýC-1-[)S 5 5-7 0' 100 ý'l I 1 1 Sc Sic 61

TP3C-1D 193160.26 2184281 ý,G 163 b 16 -'..c 3C-1-DM 5 V-7ro' SC 10', ýý 7,4 Mc,ist, ery palp brown dayey sand

TP3C-1D 193160.26 2184281 1,o 16 1 I-L, 1h2 2 3C-1-r)R 6 5'-7,0' Sc

TP':ýC-Zk ýQýý60ý213 271,54331.50 5163 1-516tiýQ 3C-2-AS 10-2 5' 100 87 -4 1 19 22 1013 0 18 5 C1 CL 12()

TP3C-?A 193260115 2184381.50 15168 3C-2-AM I s)--2 6. 10YR4/4 M(xso. (Jai k yelloMsh brovAi ýaan cýay'

TP3C-ZA 193260 2iý 2184381,50 $168.1-5166.6 3(ý-2-AR 10-2ý5! C I

TP3C-2B 193260.26 2184381,50 5166 5-5166,1 3C-2-BS 2.5'-4.0' 100 86 38 19 19 108.0 17.0 CL 9.5

TP3C-2B 193260.26 2184381,50 5166 5-5165 1 3C-2-BM 2,6'-4.0' CL 2.5YR5/4 Moist, light olive brown lean clay

TP3C-2B 193260-26 12184381.50 5166,5-5165.1 3C-2-BR 2-5'-4-0- CL
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TABLE 2.4.1 -1 BORROW AREA 5 TEST RESULTS

BORROW AREA 5
LOCATION GRAIN SIZE ATTERBERG LIMITS Optimum USCS Classification

DISTRIBUTION Max Pry Moisture Specific In Situ LABORATORY VISUAL SOIL
TEST PIT SAMPLE % riner *A riner Density Content Gravity % MC munsell DESCRIPTION

NORTHING EASTING ELEVATION DEPTH #200 LL PL PI (Pcf) Field Lab Hue
NUMBER NUMBER #4 Sieve Sieve N

fFýG-2Q 193260ý26 2164ý81.50 5165 1-51ti3rC 3C-2-CS 4-0'-55- 100 48 31 16 15 _1 I,, CL

TP3C-2C 19326016 2184381.50 5165A_51616 3C-2-CM 4 0'-5-5- CL IOYR6/4 Moist, light yellowish brown clayey sand

TPKýK , 19326026 2184181ý50, 5165 1-5163,6 3C-2-CR 4.0'-5.5- CL

TP3C-2D 1 19326026 2184381 50 5163 6-5162,1 3C-2-DS 5.5'-7.0- 100 37 28 is 10 1180 125 Sc Sc 63

TP3C-2D 19326026 218438150 5163 6-5162 1 3C-2-DM 5 5'-7 0' sc IOYR5/6 Moist, yellowish brown clayey sand

TP3C-20 193260.26 2184381 50 5163 6-5162 1 3C-2-DR 5 5W 0' sc

TP3D- I A 193160,26 2184581.60 5168.9-5167A 3D-1-AS 1,0'-2,5' 100 90 4ý' 7 ( -Is- 20.5 2,70 CL CL 15.1

TP3f)-1A 193160,26 2184-SBI 60 5168 9-5167A 313-1-AM 1.0'-2.5! 1130 160 C L I OYR414 Moist, dark yellowish brown lean day

TP3D-IA 19316026 2184581 6(j 5168 9-5167 4 313-1-AR 9s 5 21,5 CL

TP3D-113 19316026 2184581 601 5167 4-5165 9 3D-1-BS 25-40' 100 78 40 20 20 102,0 190 271 CL CL 114

TP3D-iB 193160 26 2184581 60 5167 4-5165 9 3D-1-BM 2 5'-4 0' CL 1 OYR614 Moist, light yellowish brown lean clay with sand

'TP30-IB 19316026 218458160 5167 4-5165 9 3D-1-BR 2 5'-4 0' CL

TP3D-lC 193160.26 2184581.60 5165,9-5164,4 3D-1-CS 4 0'-5-5' 100 63 36 18 18 110,5 15,0 2,70 CL (ýL.

TP3D-IG 193160ý26 21845816,0 5165 9-5164A 3D-1-CM 40'-5,5' CL I0YR6/4 Lljy

TP3D-I(; 1931 6U,26 2184581,60 5166 9-5164 4 3D-1-CR 4 U-5 5ý (;L t I I

TP3D-10 193160.26 2184681,60 6164,4-5162 9 30-1-DS 5 5'-7 0' 100 32 30 16 14 121 0 120 2,71 SC Sc 59

TP3D-1D 19316026 2184581,60 5164 4-5162.9 3D-1-DM S,S'-7 0' SC 10YR6/4 Moistý light yellowish brown clayey sand

TP3D-ID 19316026 2184581 601 5164 4-5162 9 3D-I -DR 55'-7.0- SC

TP30-M 1 19326026 '2184681 40 5169 0-5167.5 3D-2-AS 1,0'-2,5' 100 88 40 17 23 103 5' 195 CL CL 114

TP3D-2A 193260,ý6 2184681 40 51690-51675 3D-2-AM 1 1 0'-2 5' 1 L 10YR4;6 Moist, dark yellowish brown lean day

TP3D,.2A 19326026 2184681 40 5169 0-5167 5 3D-2-AR 1 0'-2 5' CL

T P3D-2B 193260,26 2184681,40 5167 5-516B 0 3D-2-BS 2 5'-4 0' 100 75 39 19 20 1025 190 CL CL 99

TP3D-2B 19326026 218468140 5167 5-5166 0 3D-2-BM 2 5'-4.0' CL IOYR6/4 Moist, light yellowish brown lean clay with sanc

TP3D-2B 19326026 21B4661 40 5167 5-5166 0 3D-2-BR 2 5'-4 0' CL

TP3D-2C 193260 26 2184681,40 51615-0-5116A 5 30-2ýCS 4 O'ý5 5' 100 65 35 1 19 16 109.5 17.5 CL CL 7.5

TP3D-2C 193260 26 216468140 5166,0-5164 5 3D.2-CM 4 0'-5 5' UL 10YR7/4 Morz;t, very pale brown sandy lean clay

TP3E)-2C 193260 26 1 2184681 40 5160 0-5164 5 3D-2-CR 4,Q'-5,5' CL

TP3D-2D 193260 26 12184681 40 5164 5-5163 0 3D-2-DS 5 5'-7.0' 100 :38 29 17 12 1165 130 SC SC 59

TP3D-2D 19326026 2184681 40 5164 5-5163 0 3D-2-DM 5 5'-7,0' SC 10YR5/6 Moist. yellowish brown clayey sand

TP3D-2D 193260,26 2184681.40 6164,5-5163 0 3D-2-DR 5 5',7 0' Sc

TP3F-IA 193160,26 'il-84MI 50 169.0-5168.4 3E.1-AS 1 0'ý25' IGO 88 40 2,0 20 103,0 20,5 CL CL 12.3

TP3F-IA 193160 26 2184881.50 5169 9-5168,4 3E-1-AM I U-2 5' CL I OYR414 Moist, dark yellowish brovii lý-an day

TP3E-1A 193160-26 2184881-50 Sir,9,9-5168 4 3E-1-AR C L

TP3E-IB 193160,26 2184881 50 5168 4-5166 9 3E-1-BS 2.5'-4.0' 100 52 38 is 20 1070 17.0 G L C L 102

TP3E-1B 193160.26 2184881.50 5168.4-5166,9 3E-1-BM 2 5'-4 0' CL 10YR5/6 Moist, yellowish brown lean clay with sand

TP3F,IB 19316026 2184881 50 5168 4-5166 9 3E-1-BR 254,0' CL

TP3E-IC 193160ý26 21841381.50 5166ý9-5165.4 3ý-l-CS 1 4 0'-5 5' 100 1 68 36 1 19 17 1 109ý5 1 17ý5 CL ý'L 'j. 2

TP3EAG 193160.26 2184881.501 5166ý9-5165,4 3L-1-GM 4-045' 1 O'l K 64 Kluiýl liýhl Ykdlowiý'tl hfowil ezill djy

TP3E-IC i93IW2B 2184881,50 5166,9-5165 4 3E-1-CR 4.0'-5.5' CL

TP3E-iD 19310026 218488150 5165,4-5163 9 3E-1-DS 5,5'-7,0' 100 57 33 17 16 108.0 17.5 CL CL 7.8

TP`3E-iD 193160.26 2184801.60 6165.4-51o1o 3E-i-DM 5 F-7 0' CL Most, light yellowish brown sandy lean clay

TP3E-1D 193160.26 21848al,50 5165,4-5163 9 3E-1-DR 6 W-7 0' 
CL ...... ý 10YR6/4

1TP4A-1A 192860.26 2153681.50 5169.8-516B.3 4A-IýAS 1ý0%2ý6 100 7 ýl 17 1 14

TP4A- 1 A 19280 26 31"22 1 ý50 5169,8-5168,3 4A-1-AM 1.0'-2.6 yellnwsb brown lean cl3y with sand

TP4A-1A i9286Oý2612IZ3681,5015169,0-5168. 4A-1-AR lff-2,5'

B ýIiTP4A-1 192860 26 12183684 90 1 5168 5166. ý 1
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TABLE 2.4.1 -1 BORROW AREA 5 TEST RESULTS

BORROW AREA 5
LOCATION GRAIN SIZE ATTERBERG IMITS Optimum USCS Classification

DISTRIBUTION Max Dry Moisture Specific In Situ LABORATORY VISUAL SOIL

TEST PIT % Finer 'A Finer Density Content Gravity %MC Munsell DESCRIPTION
NORTHING EASTING ELEVATION SAMPLE DEPTH #200 LL PL pi (pCf) Field Lab Hue

NUMBER NUMBER #4 Slave Sieve N

TP4A-lB 192860,26 218368150 5168 3-5166 8 4A-1-BM 2 6'-4 0' CL IOYR5/6 Moist, yellowish brown sandy lean clay

TP4A-lB 19286026 2183681,50 6168 3-5166 8 4A-1-BR 2 5'-4,0' CL

TP,IAýlC 19286026 2183681 50 516-5 3ý-5165.3 4A.1-CS 4 CY-5 5' 100 80 33 18 15 1105 150 2172 CL CL -9,8

TP4A-IC 192660,26 2183681.5U 516C)ý8-5165 3 4A-1-CM 4.0'-5,5' CL 1 OYR5/0 bruvol ýand3ý-.-.ith ý-ind

TP4A-lC 192860,26 2153681.50 5166,8-5165 3 4A-I-CIR 4 0'-5 5' CL

TP4A-ID 19286026 2183681,50 5165.3-5163 B 4A-I-DS 5 5'-7 0' 71 36 17 19 1075 ISO 2,72 CL CL 11 7 Moist, dark yellowish brown lean clay with
TP4A-lD 19286026 2183681 50 5165 3-5163,8 4A-1-DM 5 5'-7 0' 1160 1 140 CL I OYR4/6 sand
TP4A-lD 192860.26 2183681.50 5165 3-5163 8 4A-1-DR 5 5ý-7 0' 103ý6 19.5 CL

TP4A-2A '192960 26 2183761 50 5170ýa-5168,e 4Aý2-AS 1 0'-2 51 iot) 78 39 is 21 lo8 160 CIL CL 13,0

odTP4A-2A 1 19296026 2483781.50 5170.3-51 C8 8 4A-2-Ar',l 1 U-2 5' CL 1 OYR3/6 Mai st. dai d 1, wi brown lean clay, with

TF14A-2A 192ý60 26 2183781.50 5170,3-5168 8 4A-2-AR 1.01-2.51 CL I

TP4A-2B 19296026 21837811.50 5168,8-5167 3 4A-2-BS 2 5'-4 0' 100 90 38 18 20 1065 180 Ct. CL 110

TP4A-2B 19296026 2183781,50 5160.8-6167 3 4A-2-13M 2 5'-4 0' CL I OYR4/6 Moist, dark yellowish brown lean clay

TP4A-28 `192960 26 2183781.50 5168 B-5167 3 4A-2-BR 2 U-4 0" CL

TP4A-2C 19206026 21 a3781.50 5167.3-5165 8 4A-2-CS 4,0'-5,V 100 66 38 1 17 1 21 109,0 16 5 CL CIL 10'0

TP4A-2C 19296026 2183781.50 5167 3-5165 8 4A-2-CM 4 U-55 CL 10YR+n (.111; bwwri ýwrdy lean clay

TP4A-2C 192960-26 2183781,50 516Ta-5165 8 4A-2,CR 40'-55- CL

TP4A-2D 192960 ý% 2183781 50. 5165 B-5164 3 4A-2-DS 5 5'.7 O'_ 100 56 37 19 18 105'0 113,5 CL CL 81

TP4A-2D 192960 26 2183781 50 5165 8-5164 3 4A-2-DM 5,6'-7 0' CL 10YR6/4 Moist, light yellowish brown sandy lean clay

TP4A-2D 19296026 2183781 60 $165 8-5164 3 4A-2-DR 5 5'-7 0' CL

TP413-1A 192a6O 26 21 B3981 50 5169 8-5168 3 46-1-AS 1 0'-25- 100 69 41 18 2 105,Q 18.5 C L C L 116

TP4B-lA i9286(j,26 2183981,50 5169 8.5168 3 46-1-AM 1,0'-2,5' C L 2 5YR414 Moist, olive brown sandy lean clay

TP4B-IA 192860,26 2183981.50 5169-8-5166 3 4B-1-AR 1,0'-2,5' CL

TP4B-IB 19286026 2183981 50 5168 a-5166 8 4B-1-BS 2 5'-4 0' 100 60 35 17 18 1115 155 CL CL 9A

TP4B-1B 19286026 2163981 501 5168,3-5166,8 4B-1-BM 2 5'-4 0' CL 10YR5/8 Most, yellowish brown sandy lean clay

TP413-113 19286026 2183981 50 5168 3-5166 8 413-1-BR 2 5'-4 0' CL

TP4B-IC 19286026 5 1 Qr, B-5165 3 4B,1-CS, 4 0'-,5,5' 100 60 38 17 21 1120, 16,0 -F71 -- 77A 9- 8

TP4B-IC 19286026 2183981,50 5166 8-5 165 3 48-1-CM 4 0'-6 5' Cl- IGYR5/6 Moist, yellowish brown,5andy lýan clay

TP48-IC 19286026 2183981--0 5 1 Qti 8-5165 3 413-1-CR 4 U-5 5' CL2183K

TP413-ID 19286026 2183981,50 51653-5163 8 413-1-DS 5 5'-7 0' 100 61 37 17 20 ill 0 160 CL CL 85

"S'9*1 

'

2183981

2 1, t'81 
'02 " 51TP4B-ID 192860,26 2183981 50 5165.3-5163,8 4B-I-DM 5 5'-7 0' CL 1 OYR5/6 Moist, yellowish brown sandy lean clay

TP4B-ID 192560,26 2183981,50 15165.3-5163,8 413-1-DIR 55'-70- CL2 3111'9 "

Molst. dai YýAowish bro,,,ri ,,jn 0,jy wilhTP4B-2A 19Z960.26 2184CS1,50 5169 5-5168 0 413-2-AS 1.0'-2,5' 100 83 38 18 20 105ýO 19.0 CIL cl- 11 6

TP46-2A 192960.ý6 2184081 50 5169 5-5165.0 45-2-AM 1 -0'.2 5' CL 10YR 416

TP4B 2A 192MO 26 21640$1ý50 5169 5-5168,0 413-2-AR 1.0'-2,5' CL

TP413-213 19296026 2184OB1,50 5168.0-5166,5 413-2-135 2 5'-4 0' 100 73 37 17 20 1 1085 165 CL CL 9.5

TP4B-2B 192960.26 2184081,50 51680-5166 5 48-2-BM 2.6-40 CL 10YR 5/6 Moist, yellowish brown lean clay with sand

TP4B-2B 19296026 2184081.50 5168 0-5166 5 4B-2-BR 2 5'-4 0' CL

TP4B-2r, 192960,2f) 2184081.5015166,5-5165.0 4B-2-CS 4,0'-5 6' 100 65 36 R 7 20 106 0 1ýi 0 CL LýL 9.3

TP413-2C 192960.26 21 K4081 501 5166,5-5165.0 413-2ýClvl 4,0-ýfi 5' CL iQYR 516 blov'11 sandý It'kin ckly

TP4H-2C 1929W.26 2184081 50 5166.5-5165 0 4B 2-CR 4.0',5,5' CL

TP413-2D 19296026 2184081.50 5165 0-5163 5 413-2-13S 5 5'-7,0' 100 58 34 16 18 109.0 16.5 CL CL

TP48-2D 19296026 2184081.60 6166,0.5163 5 41]1ý2ý13M 55'-70- CL 10YR 6/4 Moist, light yellowish brown sandy lean cla

TP4B-2D 192!)60 26 2184081 50 5165.0-5163.5 413-2-1313 5 5'.7 0 CL

I F4 14 92aW 26 2184281',50 5170,8-5169.3 4C-1-AS 1,(01'-2 5' 100 68 36 1 17 109.6 ý7 _6 CL CIL 9.5

TP4C-IA 192?60ý26 2184281 50 5170,a-51%3 4C- 1 -AM 1.0'-2.5' CL IOYRt,ý4 M,,ibt. lighi yellovish brown sandy lean clay
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TABLE 2.4.1-1 BORROW AREA 5 TEST RESULTS

BORROW AREA 5

LOCATION GRAIN SIZE ATTERBERG LIMITS optimum USCS Classification
DISTRIBUTION "' Dry moisture specific In Situ LABORATORY VISUAL SOIL

TEST PIT SAMPLE % Finer % Finer Density Content Gravity % MC Munsell DESCRIPTION

NUMBER NORTHING EASTING ELEVATION NUMBER DEPTH #4 Sieve #200 LL PL Pi (Pcf) N Field Lab Hue
Sleve I

:LP4CýIA 19286026 218420,50 5170,8-5169.3 4C-1-AR 1 0'-2 5' CL

TP4C-113 192B60 26 2184281 50 5169 3-5167,8 4C-1-BS 25-4 0' 100 51 35 16 19 1120 140 CL CL 76

TP4C-113 192860.26 2184281,50, 5169 3-5167 8 4C,1-BM 2 5'-4 0' CL 10YR6/4 Moist, light yellowish brown sandy loan clay

TP4C-1B 19286026 2184281.6015169,3-5167 9 4C-1-BR 25-40' CL

TP4C-1C IQý60 26 218428150 51678 51663 4C-1-CS _4 U-6 5- 100, 61 20 1135 136 CL CL 78

TP4C-IC 19286026 2184281 '10 5167 5166,3 40-1-GN4 4,0'-6,5' CL I I-)ý P516 Moist, yellowish brown sandy lean (I.iy

TP4C-IC i9286016 2184281 50 5167 8-5166r3 4C-1-CR 4 U-5,5' CL

TP4C-1D 19286026 2184281 50 51t,6 3-5164 8 4C-1-DS 5 5W 0' 100 56 35 is 20 1150 140 CL CL 'a

TP4C-ID 19286026 2184261 50 5166 3-5164 8 4C;-l-DM 5 SW 0' CL 10YRS/6 Moist, yellowish brown sandy lean clay

TP4C-1D 19286026 2184281 50 5166 ':3-5164 8 4C-,l-0R 5 5'-7 0' CL

TP4C-2A 1929602 2184-3H1 50 1 0 -11 1 4C-2-AS 10-25- 100 8

TP4C-2A 1929%26 2184381 50 5470 2-5168 7 4C-2-AM I 0YR 516 Morst, yellowish brown lean clay

TP4C-2A 19296026 21843BI.50 5170-2-516ý 7 4C-2-AR I rO'-2 5ý CL

TP4C-2B 19296026 2184381 50 5168 7-5167,2 4C-2-B,5 2,5'-4.0' 100 62 38 20 18 1100's 206 CL CL 109

TP4C-2B 192960,26 21843al 50 5168 7-5167 2 4C-2-BM 2 5'-4,0' CL 10YR 7/4 Moist, very pale brown sandy lean clay

TF`4C-2B 192960,26 21134381,50 6168 7-5167 2 4C-2-BR 2 5'-4 0' CL

TP4C-2C 19296026 2104381 50, 5167ý2-5165,7 4C--"-CS 40'-55- 100 61 36 18 18 1040 195 CL CL 85

'TP4C-2C 19296026 2184381 50 5167 2-5165,7 4C-2-CM 40-5 5' 1 CL 10YR614 Moist, light yellowish brown gandy lean clay

TP4C-2C, 192966 ý6 2184381 M 5167 2-516,5,7 4G-2-C;R 4,0'-515' GL

TF`4C-2D 19296026 2184381 50 5165 7-5164 2 4C-2-DS 5 5'-7,0' 1 100 50 31 17 14 1155 14 5 CL CL 6.809

TF`4C-2D 19296026 2164381,50 516S -ý-5164 2 4C-2-DM 5 5'-7 0' C L 10YR 6/4 Moist, light yellowish brown sandy lean clay

TP4C-2D 19296026 21843al,50 5166,7-5164 2 4C-2-DR 5 5'-7 0' CL

7rP4D-lA 19266026 .1184581,50 5171.5-5170 0 4D-l.AS 1 0'-2 S' I CJO 63 42 18 24 1090 16 ? 5 CL CL 1111

TP4D-JA 192860 26 2184581 50 5171,5-5170.0 4D-1-At,,l 1 U-2-5 CL 110YR4/6 Moist, darý ý%i,J i brown sandy lean clay

TP4D-1A 19286026 2134501 50 517 1 ý5-5170 0 41-i-l-AR 1 0'-2,5' CL

TP4D-1B 19286026 2184581 50, 5170 0-5168 5 4D-1-BS 26'-4,0' 100 71 42 21 21 985 220 CL CL 125

TP4D-1B 192860,26 2184S81 So 5 170 0,5168 5 4D--l-BM 2 5'-4 0' CL I OYR6/6 Moist, brownish yellow lean clay with sand

TP4D-1B 19286026 2184581 50 5170 0-5168.5 4D-1-SR 2 5'-4 0' CL

tP4D-1C 19286026 2184581 50 5168 5-51670 4D-l-(,S 4,0'-5 5' 100 71 42 21 21 100,0 2.1. CL CL 107

TP41)-iC 192660.26 2184581,50 5168 5.5167 0 4D-1,CM 4,U-5 5ý CL I OYR514 Murst, light yellowish brown sandy lean clay

TP4D-IC 192B60 26 2134531.50 5168.5-5167,0 -4D-1-CP 4 U-5 S' CL

TP4D-ID 1921360,26 2184581 50 5167 0-5165 5 4D-1-DS 5 5'-7 0' 100 56 1 40 17 23 113.5 16,0 CL CL 94

TP40-ID 19286026 2184581,50 1 5167.0-5165 5 4D-1-DM 55'-70- CL JOYR5/6 Moist. yellowish brown sandy lean clay

TP4D-1D 19286026 2184581 50 5167 0-5165.5 4D-1-DR 5 5'-7 0' CL

TP4D-2A 192960.26 2184681,50 5171 G-Si6g 5 4D-2-AS 1.0--215' 100 C, 17 22 108,0 18.0 _I 'Cl 1-1

TP4D-2A 192960.213 2184681 50 5171,0-5169,5 4D-2-AM G1 i U'y R516 Moi5t, yellowish brown s,ýi dy ýai i,, lay

TP4D-2A 1920GO 26 21846al,50 51171,0-5169ý5 4()-2-AR 1 0'-2,5' UL E CLI-1 N

TP4D-2B 19296026 2184681,50 5169,5-5168 0 4D-2-BS 2 5'-4 0' 100 73 45 21 24 1000 220 1 CL CL 10,6

TP4D-2S 19296026 2184681 50 5169,5-5168 0 4D-2-BM 25-40' CL 10YR8/3 Moist. very pale brown lean clay with sand

TP4D-2B 19296026 2184681 501 5169 5-5 168 0 4D-2-SR 2.5'-4,0' -CL

TP4D-2C 192960,26 21840,0_501 516Z.0-5166,r, 4D-2-r-S 4 U-5,5' 100 &-11 3.11 19 19 990 2z'o

JP4D-2C 1929bG 26 2184681ý50 -5168,o-5166.5 4D-2-CM 4,0'-5ý5' 0 1 0YK L' 3 Moiýl v&iy pale biom) sandy lean clay

TP4D-2C 192960 26 2164681,50 5168.0-5166.5 4L).2.CR 4 O'ý!i 5!

TP4D-2D 192960.26 2184681,50 5166 5-5165 0 4D-2-DS 55-70 100 45 29 15 14 115.0 14.5 CL Sc 77

TP4D-2D 192960.26 2184681ý50 5166,5-5165 0 4D-2-DM 5.6-7.0' JOYR8/3 Moist. very pale brown clayey sand

TP413-213 19296026 218468150 5166.5-5165,01 4D-2-DR 1 55'-70" SC ýL F
T-2.4.1-1 12119/2001
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TABLE 2.4.1 -1 BORROW AREA 5 TEST RES U LTS

BORROW AREA 5

LOCATION GRAIN SIZE ATTERSERG LIMITS 0 timum USCS ClassificationDISTRIBUTION "" Dry Moisture Specific In Situ LABORATORY VISUAL SOIL
TEST PIT SAMPLE %Finer %Finer PI Density Content Gravity %MC Mul DESCRIPTIONNORTHING EASTING ELEVATION DEPTH #200 L-L PIL (Pcf) b HueIIFPTH F..I1 LabNUMBER NUMBER #4 Sievc N

, '._2 
"

1 0,_2' 
5'

TP4E-IA 192bW.26 2184651,50 5172 5-5171 1 0 4Fz-1-AS 1 O',2,ý' 100 80 36 18" "18' 106.5 18,0 CL CL 10.9 Moist, dark yellowish brown lean clay ýýjth
TP4F-lA 192860 26 2184881 50 5172.5-5171 0 4E-1-AM 101-25, cl- 10YR4!4 Sand
TP4L-1A VJ2860,26 2184881,50, 5172 5-5171 0 4E-1-AR 1.0'-2.5' CL
TP4E-1B 192860,26 2184881 50 5171 0-5169 5 4E-1-BS 2 5'-4,0' 100 67 33 17 16 110.5 15.5 cl- CL 09
1P4E-1B 19286026 2184881 50 51710-5169 5 4E-1-BM 2 5'-4 0' CL 10YR5/8 Moist, yellowish brown sandy lean clay
TP4F-1B 19286026 21848811 50 5171,0-5169,5 4E-1-BR 2 5'-4 0' CIL
TP4E-IC 19286026 2184881 50 5169 5-5168,0 4E-1-CS 4,0'-5 5' 100 63 33 18 15 J0b,0 18 5 CL CL 83
TP4F,lC 19-186026 2184881 5,C) 5169 5-5168,0 4E-I-CM 410',5.,51 CL 10YR714 verypaie brown -Ifl Clay
TP4E-1 C 19266026 2184681 50 516U f-510.0 4E-I-CR 4,0'-5,5' CL

-TP4E-1D 19286026 2-184881 50 5168 0-5166 5 4t7-j-(-)S 5 5'-ý 0' 100 S3 33 17 16 1110 150 CL CIL 78
TP4E-1D 19286026 21 84881,50 5168.0-5166 5 4E.1-DM 5 5'.? 0' CL 10YR6/4 Dry, light yellowish brown sandy lean clay
TP4E-1D 19286026 2184881,50 5168.0-5166 S 4E-1-DR S 5'.7 0' CL
TP4E-2A 19296026 218498150 f171 3-5161-8 4L-2-AS 1,L)'-2 5' 100 88 41 19 22 1035 195 CIL C L 1'9
TP4E-2A 19296026 2154981 50 5171 4E-2-AM -1 0'-2,5' C!, 10YR4/6 Moist. dark yýllciwislr brown lean dýy
TP4E-2A 192960,26 2184981 50 5171 3-51 t-le 8 4L-2-AR 1 01-2,5, CIL
I P4E-2B 19296026 2184981,50 6169 8-5168 3 4&2-BS 2 5'-4 0' 100 1 78 37 17 20 1 1070 1 180 CL CL 94 Moist, dark yellowish Drown lean clay with

-TP4E-2B 19296026 218498150 5169 8-5168 3 4E-2-BM 2 &A 0' CL IQYR4/4 sand
TP4E-2B 19296026 2184981 50 5169 8-5168 3 41-2-13R 2 5'-4,0' Cl
TP4E-2C 192960,26 2184981,50 5168 3-5166 8 4E-2 C,$ 4 0'-5 5' 100 60 37 20 17 104 5' 11`10 CL CL 89
TP4E-2C 19296026 2184981,50 516B,3-5166 8 4E-2-CM 4 0'-5 5' CL JOYR7/4 Moist, very pale Drown sýjndy lean clay
I P4L-2C 19296026 2184981,50 5168 3-51C)6,8 4E-2-CR 4 0' 5 5' CL
TF4E-2D 192960 26 2164981 50 5166 B-5165 3 4L--2-I)S 5 5'-7 0' 100 36 33 is 18 119,5 125 'SC, 011, 64
TP4E-2D 19296026 2184981 50 5166 8-5165 3 4L-2-DM 5 5'-7 0' SIC 10YR5/6 Moist, yellowish brown clayey sand
TP4E-2D 19296026 2184981 501 5166 8-5165 3 4E-2-DR 5 5'-7 0' SIC
TF5A-1A 192560,26 21836EII 501 5171 3-5169 8 5A-1-AS 1 U-2 5' 100 1 63 28 1 18' 10 1 ll"1.0 I 15,Q CIL CL 90
TIPSA)A 19256626 2183681 50 5171 3.5169 8 5A-1-AM 1 0'-2 5' CIL 10YR4161 Moist. dark yell9wi§hp
TP5A-1A 19256028 21836EIl 50 71-7 1 3 -516 0 8 5A- 1 -AR 1 Y-2,5ý cl - q rpwn sandy lean clay

IP5A-li3 19256026 2183681 b0 5 169 B-516B 3 5A-1-BS 25-40' 100 76 30 18 12 1100 150 CL CL 93 Moist, dark yellowish brown lean clay with
TP5A-1B 19256026 2183681 50 5169 8.6168 3 bA-I-BM 2 5'-4 0' CL 10YR4/6 sand
TP5A--lB 19256026 2183681 50 5169,8-5168 3 !,A-1-BR 2 5'-4 0' CL
TP5A. 1 C 19256026 2183681 50 5166 3-5166 ý 5A-I-CS 4.0'-5-1T 100 68 33 17 16 112,0 15,0 CL, CL 93
TP5A-1G 192560,2b ýV,3681,50 51 bb 3-516,, 8 1 SA-11-CM 4 0'-5.5' CL 10YR5/6 Moist, yellowish Drown sandy lean clay
TP5A-lC 192660.26 5168 3-5166 8 5A. 1 -CR 40'-55-1 CL
TP5A-1D 192560 26 12183681 50 5166 B-5165 3 SA-I-DS 5.5'-70- 100 57 33 16 17 1140 14 5 CL CIL 94
TPSA-11) '192560,26 2183681 50 5166 8-5165 3 5A-1-L)M 55'-7,0' ct 10YR518 Moist. yellowish brown sandy lean clay
I P5A-1D 19256026 2183681 50 5166 8-5165 3 5A-1-DR 5 5'-7 0' CIL
TP5A 2A 19ý660ý20 21837B1,50 5171 3-6169 8 5A-2-AS 1 U-2 5' 100 87 38 19 19 1060 180 CIL CL 133
TP5A-M 19266,026 21837ý1,50 51713-5169,8 5A-2-AM 1 -0'-2 5' CL 1QYR414 Moist, dark yellowish brown lean clay
TF5A-2A JD26bfir26 2183781 50 51713-5160 8 5A-2-AR 1 1 -0',2 5' CL
TP5A-2B 192660.26 2183781.50 5169.8-5168 3 SA-2-BS 2 5'-4 0' 100 86 34 18 16 1075 -175 CL CL 11,8
TP6A-2B 192660,26 2183781 50 5169 8-5168 3 5A-2-BM 25-40' CL 10YR5/6 Moist, dark yellowish brown lean clay
1 P5A-2B 192660.26 2183181 50 5169 B-5168 3 5A-2-8R 2 5-40' CL
TP5A-2G 192660ý26 2183781.50 5168.3-5166,8 5A-2-CS 4.0'-5,5' IGO< ý17 1B 19 1045 19,5 CL CL 12ý9
TP5A-2C 192660.26 218:378150 5168ý3-5166 8 5A-2-CM 4.0'-5,5' CL I OYR416 Moi$t, dark yellowish brown lean clay with

TP5A 2C 192660.26 2183781.501 5168,3,6166,8 5Aý2-CR 4 0'-5-5' CL
ýtý j 20 1 101 5 1 205 CLTP5A-20 19266026 21837131.50 1.5166,8-5165.3 SA-2-DS 5 5--7 0' 100 71
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GRAIN SIZE BORROW AREA 5

LOCATION DISTRIBUTION ATTERBERG LIMITS ax Dry Optimum USCS Classification In Situ

-ST PIT iner M Moisture Spoclfk; -- F7d L. %MC Munsell LABORATORY VISUAL SOIL
E. SAMPLL Density Content Gravity I eT DESCRIPTION
NUMBER NORTHING EASTING ELEVATION NUMBER DEPTH 00 LL PL PI (Pcf) N b Hue

SieveSk

TP5A-2D 192660,26 2183781 50 5166 8-5165 3 5A-2-DM 5 5'-7 0' CL 1 0YR614 Moist. yellowish brown loan clay with sand

TP5A-2D 19266026 2183'181 50 516B 8.5165 3 5A-2-DR 5 5'-7.0' CL
TP5BýJA 19256026 2183981 50 5171.9-5170A 5B-1-AS 1 0'-2,5' 100 90 3 9 10 20 104,5 .18.5 G L rx 12,9

TPSB-lA 19256026 2183981.5015171,9-5170,4 56-1-AM 10--25- Ct 10YR4/6 Mo i, t, Ji i k, ,.;I ...... i,ý h t i Dwn lean clay

TP513-1A 192560 218398150 5171-9-5170 4 513-1-AR 1 0'-2-5'
7P5B-1B 192560,26 ;ý 183981 50 5170 4-5168 9 5B-1-BS 2 5'-4 0' 100 69 39 18 21 1065 175 CL Gi. 116

TP5B-1B 192560.26 2183981 50 5170 4-5168 9 513-1-13M 2,5'-4.0' CL JOYRS/S Moist, yellowish brown sandy lean clay

TP5B-1B 19256026 2183981 50 5170 4-E;168 9 SB-1-BR 2 5'-4,0' CL

TP5B-1C 192560.26 21839ý1,5U 5168.9-5167,4 5B-IýCS 4 U-5 100 70 39 22 17 'A-5 5 ýý2 5 CL CL 122

TP5B-1r- 19256U.26 2 1 Ki W 1 50 5168.9-5167 4 513ý1-CM 4 GT_5,5' CL 10YR7/4 Moist, very pale brown lean ctay with sand

TP56-JC jfi255f) 26 21831,481,501 5168 9-51167A 5B-1-CR 4 0`5 5' Cl.

11`51i-lf) 192S6026 2183981 50 5167 4-5165 9 513-1-OS 5 51.10' 1 36 18 18 1055 1 185 C L 88

TP5B-ID 19256026 2183981 50 5167 4-5165 9 5B-14)M 5 6'-7 0' CL OL IGYR714 Moist, very pale brown sandy lean clay

TP5B-1D 19256026 2183981,50 $167 4-5165 9 5B-1-DR 5 5'-7 0' CL

TP'536-2A 192c(,0.26 2184081,50 5172,5,5171,0 513,2ýAS 1 OT_2,5' 100 77 37 18 19 i 05.6 18,0 2.71 C L C L it i

TP513-ýA lgý(%D 26 2184081 50 5172 5-5171,0 513-2-XA 1 U-2 S' C L 10YR514 Mafst, y2tfovash brown lean clay with sand

TP55-2A 192t,(;U ý6 2184081 50 51725-5171 0 5B-2-AR J,U-2 5' CL

1 P513-28 19266026 2184081 501 5171 0-5169 5 5B-2-BS 2 5'-4 0' 100 59 34 17 17 ill 5 IS6 2 13 CL CL 8(32

1 P513-26 192660 76 2184OB1 50 5-171 0-5169 5 5B-2-13M 2 5'-4 0' 1225 12 0_ CL JOYR5ý6 Moist, yellowish brown sandy lean clay

I P5t3-2B 19266026 2184081 50 5171 0-5169 5 5B-2-[3R 2 S' 4 0' 1100 16 0 CL

TP5B-2C 19266026 2184081 50 5169 5-51 " 0 51:1-2-CS 4 U-5 5' 99 57 33 JE3 17 1140 145 270 CL CL a'a270
TP513-2C 19266026 2184081 50 5169 ý--5168 0 5B-2-CM 4 0'-5 5- CL IQYR5/6 Moist, yellowish bruwn sandy [pan clay

TP5B-2C 19266026 2154QSJ 50 sluq ý5-51ozo 5B-2-CR 4,01,5 5' CL

I P5B-2D 19266026 21B4081 50 5168 0-5166 5 5B-2-DS 5 5'-( 0' 100 56 32 16 16 1135 14,C) 2 73 CL CL 69

TP5B-2D 19266026 2184081 50 5168 0-5166 5 5B-2-DM 5 5'-7 0' CL JOYR5/4 Moist, yellowish brown sandy lean clay

TP6B-2D 19266026 2184081 50 5168 0-5166 5 5B-2-f)R 5 5'-7 0' CL

TP5C-1A 19256026 2164281 SO 51 7ý 6-5172 1 5C- 1 -AS 1 0' 2 5' 1 100 89 41 20 21 1050 190 Ct- CL 127

TP5C-lA 19256026 2184281 50 5173 6,5172 1 5C-1-AM 1 0'-2 6' CL 10YR414 Moist, dark yellQ00 brown lean clay

TP5C-1A 19256026 2184281,ýb 5173,6-5172 1 5C-1-AR 1 U-2,5' Cl-

TPSC-18 192S60,26 2184281 50 5172 1-5170 6 6C-1-BS 2 5'-4 0' 100 1 91 36 19 17 1055 180 CL CL 102

IP5C-18 192560,26 2184281 50 5172 1-5170 6 5C-1-BM 2 5'-4 0' CL 2 SYRS/4 Moist, light olive brown lean clay with sand

TP5C-IB 192560,26 2184281 50 5172 1-5170 6 5C-1-BR 2 5'-4 0' CL

TP5C-jG 192560,26 21ý42ý1 50 5 170 6-5169 1 5C-1-CS 40'---,5' 100 68 34 17 17 111ý5 '15 5 CL CL 8 7

THC-IC 192560 26 2184281 50 5170,6-5169 1 5C-J-Cý,l 4 0'-5,5' CL 10YR7/4 Moist, very pale brown sandy lean clay

'Fflb(--l C 19256026 2 1 b4281,50 5170 6.51 Gy 1 5C-1-CR 4.0'-5.5' C L

TP5C-iD 19256026 2184281,50 5160.1-5167 6 50-1-DS 55'-7,0' 100 61 34 17 1 17 1090 17.0 CL CL 75

TP5C-10 192560,26 21134281 50 5169 1-5167 6 5C-1-DM 5,5'-7 0' 1 CL 10YR8/3 Moist, very pale brown sandy lean clay

TP5C-1D 19256026 2184281.50 5169.1-5167 6 5C-1-DR 5 5'-7.0' 1 CL ti I
TP5C-2A 1192660ý26 2184381 50 5173,9-5172 4 5C-2-AS 1 or-2 5' 100 86 40 19 21 1050 190 61- CL 12,2

TPSC-2A 19266026 2184381.50 5173,9-6172 4 5C-2-AIA 1,01-2,5' CL 5, R414 Mýýiýl

TP5C-2A 192U60.26 2154381,50 5173 9-5172 4 5C-2 AR Iff-2,5' CL

TP5C-2B 19266026 2184381,60 5172.4-5170 9 5C-2-BS 2 6-4,0' 100 72 41 18 23 101.5 18,0 CL CL

TP5C-2B 19266026 2184381.50 5172.4-5170 9 SC-2-13M 25'-40- CL 10YR5/6 Moist, yellowish brown lean clay with sand

TP5C-2B 192660 26 2184381 501 5172 4-5170.9 5C.2-BR 2 5ý'-,l 02' CL

TP5C-2C 19266026 21843811 501 5170 9-5169 A 5C-2-CS 1 40'-56 100 ji 78 40 22 18 96-5 230 271

TP5C-2C 192660-26 2184391 6015170 9-5169 41 5C-2-CM 1 4 0'-'5,5' 1 105-0 19,0 CL
I Ct 10YR714 Moist, verylpalle brown lean clýiy with s I and

T-2.4.1 -1 12/19/2001
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BORROW AREA 5
GRAIN SIZE

LOCATION DISTR IBUTION ATTERBERG LIMITS M Optimum USCS Classification in Situ

Finer Density oisture Specific % MC Mansell LABORATORY VISUAL SOIL

TEST PIT NORTHING EA7-9TING ILIVATION SAMPLE DEPTH % Finer #200 LL PIL PI (Pcf) Content Gravity Field Lab Hue DESCRIPTION

NUMBER NUMBER #4 sieve Sieve N

TP5C-2C 192660ý'6 2184381 50 5170.9,5169 4 5C-2-OR 4.0',55- 915 25rn CL A

TP5Q-2D 19266026 2184381,60 5169,4-5167 9 5C-2-DS 5 5'-7 0' 100 65 33 19 14 106 5 180 CL CL 8.0

TP5C-2D 19266026 2184381,50 5169 4-516-t 9 5C-2-DM 55'-7,0' CL 1OYR7/4 Moist. very pale brown sandy loan clay

19266026 2184381,50 6169,4-516-19 5C-2-DR 5 5'-7 0' CIL

TP5D-1A 19256026 2184581 50 5 174 5-5171, 0 5[j-l-Aý 1,0'-2 5' 100 91 39 20 19 105ý5 180 CL CL 11 a

TP5D-JA 192560-26 2184581,50 5174 ý,5173 G 5D-1-AM 1 0'.2,5' CL 1 OYR614 lvjhtyelfowishbrown lean clýýj

F 
T 

'C-2D

TP5D-1A 192560-26,12,1.64591,50 5174.5-5173,0 5D-1-AR 1,0'-2 5' CLPPFTP5D A

Tp"_, B M1512560 2TP5D-IB 1!)2560 26 2184581 50 5173 0-5171,5 51)-l-BS 2 S'-4 0' 100 74 40 19 21 100,0 1,10 CL CL 104

19 5,_
TP5D-1B 19266026 2184581 50 5173 0-5171 5 5D-1-BM 2 5'-4 Q' Cl. Jowi5h brown lean clay with sandTP,D_, 

, 
9 2,60 

26

TP5D-1B 19256026 21134581,50 5113 0-5171 5 5D-1-BR 2 5'-4 0' 1 1 1 CL

TP5D,,lC 192560 2b 2184.'ýý'l 50 5171.5-5170.0 5D-1-CS 4 O'ý5-5' 100 76 40 1 22 is 100,5 21,0 ýL CL 93

TP5171ýIC 925bfjý26 2184581 60 5171 5-5170.0 $D-1-CM 4.0'-5 5- CL I OYR8/' , Nloist. very pale Orown lean clay with sand2 21,6

TP5D-1C 2184591 50 5171 5-5170 0 SD-1-CR 4.Q'-5r5' C L

TF`5D-1D 19256026 21 84681 60 5170 0-5168 5 5D-1-DS 5 5'-7 0' 100 70 313 19 19 1070 1 CL CL 89

TP5D-ID 19256026 2184581.50 5170,0-5168 5 5D-1-DM 5 5'-7 0' CL IOYR8/3 Moist, very pale brown sandy lean clay

TP5D-ID 19256026 2184581 50 5170 0-5168 5 5D-1-DR b 5'-7 0' CL

TP5D-2A 19266026 2184681 501 5173,6-5172,1 5D-2-AS 1 0',2 5' 100 1 85 414 20 24 1 105 0 19() cl- CL 124

TF`5D-2A 19266026 2184681 501 5 17 3 6-517'ý', 1 5D-2-AM 1 0' 2 5' CL 2.5YR414 Moist. alive brown lean clay With san d

TP5D-2A 19266026 2164661.50 5113 B-5172 1 5D-2-AR 1 0'.2 5' CL

TP5D-2B 192660 26 2184681 SO 51 ?2 1.5170 b 5D-2-BS 2 5'-4 0' 100 85 3q 19 20 1060 190 CL CL 11 5

TP5D-2B 19266026 2184681 50 51f2 I-S1106 SD 2-BM 2 5',4 0' CL 10YRS/6 Moist, yellowish brown lean clay with sand

TPSD-2B 19266026 2184681 50 5172 1-5170 6 5D-2-FiR 2 5'-4 0' (" I

TP5D-2C 192660,26 2194681 50 6 1 70.o- 5 1 U9, i SD-2-CS 4.0'-5 5' 100 70 41 22 19 99A 21,5 Cl. CL 10,3

TP5D-2C 192660 2h 2184n8l 50 5 17 0 6-5169 1 50-2-CM 4 0'-5,5' CL 10YR714 Moist, very p I ale brown sandy lean ulay with

TP51)-2C 192660,276 2134681 5U 5170 B-5169 1 5D-2-CR 4 0'-5 5' CL

TP5D-2D 19266026 2184681 501 5169.1-5176 6 bD-7-D' J 5 t.',7 0' 100 57 40 1 18 22 109,5 1 TO Cl- CL 88

I P5D-2D 192660 ;ý6 5169 1-5176 6 5D-2-DM 5 6'-7 0' CL 1GYRB/3 Moist, very pale brown sandy lean clay

TP5D-2D 192660,26 2184b8l 50 5169 1-5176 6 513-2-DR -5 5'-7 0' 
CL Molst, c(ark yellowish brown lean clay withTP6A-1A 1192260,26 2i826RI 50 5172 4-5170 9 6A-1-AS 1 0'-2 5' 100 82 35 17 18 1085 165 272 CL CL 11 6

TP6A,lA vaZ260r2lb 218"16131 50 5172 4-5170 9 6A-JAM 1 0'-2 5' CL 10YR4/4 sand
21 a3681,50 2,4-51709TP6A-jA 1922602G E n 517 6A-1ýAR 1 1 01-2 5ý, CL

TP6A-iB 19226026 2183681 50 5170 9-SJ69 4 6A.1-BS 2 5'-4 0' 100 84 33 17 16 1085 165 271 CL CL 105 Moist. dark yellowish brown loan clay with
TP6A-1B 19226026 2183681 50 5170.9-5169 4 6A-1-BM 2 5-4 0' CL 10YR4/4 sand
TP6A-1B 19226026 2183681 50 5170 9-5169 4 6A-1-BR 2 5'-4 0' CL ± 1
TP6A- I C 192260,26 2183681.50 5166 4-5167 9 BA-1-CS 4 Oý-.9,5' 1()0 65 36 17 19 1100 1 16 5 2 71 C L C L 10.5

TP6A-IC 192260 26 2183681 501 5169.4-5167,9 6A-l-CM 4 0'- 5 5 C L - 1 OYFZ4,6 Moist, dark yellowish brown lean cAay with
sand

TPQA-1 C 19??60 ?6 2183681501 5 1 (;q 4-516,7. 9 6A-1-CP 4 0--5ý5' Cý

TP6A-ID 192260,26 2183681.50 5167 9-5166 4 6A-1-DS 5 5'-7 0' 100 65 38 is 20 1095 17 0 2 72 CL (--L

TP6A-iD 1!)2260 26 2183681 50 5167 9-5166 4 6A-1-DM 5,5'-7.0' L IQYR7/4 Moist, very pale brown sandy loan clay

TP6A-lD 19226026 2183681.50 6167.9-5166,4 6A-1-DR 5 5'-7 0' (-L

TF6A 2A 1923Wýýb 210781 50 5172-7-5171 2 6A 2-AS 1 U-2 5' 100 71 32 17 15 112,0 155 CL CL 10rD Molst, dark yeRowlsh brown lean clay with
TP45A 2A 1923W.2f) 2183781-50 5172 7-5171 2 6A-2-Afl 1,0'-2ý5' rL - IOYR41Q sand
TP6A 2A 192360.26 2183781,50 5172 7-5171 2 6A-2-AR lff-2,5 CL

TP6A-2B 19236026 2183781.50 5171,2-5169 7 6A-2-BS 2 T-4 0' 100 62 35 17 18 1100 160 1 CL CL 83

TP6A-2B 92360 2' 6171 2-5169 71 6A-2-13M 25-40' CL I OYR5/6 Moist, yellowish brown sandy lean clay

)6 ClTPGA-213 19236026 2183781.50 5171,2-5169,7 1 GA-2-BR 25-40'
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BORROW AREA 5
LOCATION GRAIN SIZE ATTERBERG LIMITS Optimum USCS Classification

DISTRIBUTION Max Dry Moisture Specific In Situ LABORATORY VISUAL SOIL
TEST PIT SAMPLE *A Finer % Finer Density Content Gravity % MC Munsell DESCRIPTION
NUMBER NORTHING EASTING ELEVATION NUMBER DEPTH #4 Sievc #200 M PL PI (pcf) Field Lab Hue

Sieve

TP6A-2(' , 192ý60 216 21837ý31154J 51691-51 Gb 2 6A-21-CS 4 0'-5,5' 100 54 31 16 15 115,0 130 CL CL T6

TP6A-2C 192360 26 2183781 50 5 1 b9 7-5168 2 6A 2-CM 4 0'-5 5' CL 10YR5/6 Moist, yellowish brown sandy lean clay

TP6A-2C. 19236.0 2.6. 2183781 50 5169 7-11 % 2 6A-2-CR 4 0'-5 5- CL

TP6A-2D 1 19236026 2183781 501 5168 2-5166 7 6A-2-DS 5 5'-7 0' i0o 53 35 16 19 1150 130 CL. CL 8.6

'rP6A-2D 19236026 2183781 501.5168 2-51663 GA-2-DM SSW 0' CL 10YR5/6 Moist, yellowish brown sandy lean clay

TP6A-2D 192360,26 2153781,50 5168 2-5166 7 6A-2-DR 5 5'-7 D' CL

TP6B-lA 192260.26 2183981.50 5176,7-5177 4 0-1-AS 1 0'-2.5' 100 85 39 18 11 1013,0 17,C) CLý CL 11,6

TP6B-lA 19226026 2183981.50 5176 7-5177-4 613- 1 -AM 1 U-2 5' CL 10YR414 Moist, dark yellowish anown lean clay

TP6B-IA 19226026 2183981 50 51787-5177 4 61]1,1ýAR 1-0'-2 5' 1 FX

TP613-113 19226026 2183981 So 5177 4-5176 9 6B-1-BS_ 2 6'-4 0' 100 92 38 20 18 1035 18,5 CL CL 104

TP613-113 19226026 2183981 50 51 t7 4.51 ýb 9 6B-1-BM 2 5'-4 0' CL 10YR6/4 Moist, light yellowish brown lean clay

TPGB-lB 192260 ý?6 2183981 50 617 t 4-5175 9 6B-1-RR 2.5'-4 0- CL
TP613-1C 19ý26U 2b 2183981 501 5175 9-5174 4 BB-1-CS 1 4 0'-5 5' 100 1 68 38 1 19 1 -1gr 10916 tL CL I 1 0

TP613-IC 192260 26 2183981 50 5175-9-5174 4 6B-1-CM 4 0'-5 5' (--ý L IQYR5/6 Moist, yellowish brown sandy I, iiday

Tr`613-IC 192260-26 2183951 5Q 51759 5174 4 6B,1,CR 4 U-5 5' CL

I P68-1 D 1922GO 26 2183981 50 5174 4-5172 9 GBýI-DS_ 5 5'-7 0' 100 73 37 21 16 1000 21 5 CL CL 109

TP68-ID 192260 ;?6 2183981 50 5174 4,6112,9 13B-1-DM 5 5'-1,0' CL. 10YRr/4 Moist, very pale brown lean clay with sand

TP6R-lD 19226026 2183981 50 5174 4-5172 9 6B-1-DR 5 5'-7 0' CL
TP6B-2A 19236026 2164081,50 5174 6-5173 1 68-2-AS 16-2 5' 100 68 33 17 16 1050 185 CL CL 8ý2

TP6B-2A 19236026 2164061 50 5174 6-5173 1 6B-2-AM 1 U-2 5' CL 2 5YR6/4 Moist, light yellowish brown sandy lean clay

I'P6B-2A 19236D,26 2184081,50 5174,6-5173,1 OB-2-AR 1.0'-2,5' CL

TP66-2B 19236026 2184081 50 5173 1-5171 6 6B-2-BS 25'-40- 100 67 36 17 19 1100 165 CL CL 9 1

-TP68-2B 19236026 2184081 50 5173 1-5171 6 6B,2.BM 2 5-4 0' - CL 10YR5/6 Moist, yellowish brown sandy lean clay

Tl`bBý2B 19ý1360 26 2184081 ý,O S173 1-5171,6 6B-2-6R 2 5-4 (Y CIL

TP6B-2C 192360 26 2184(-),91 '1 (1 5171 t--5170 I BB-2-GS 4,0'-5,5' 100 59 38 17 21 111.5 160 CL Cl- 105

TP6B-2G 192360,26 21ý,4681 50, 5171,b-517u,j OB-2-CM -4 U-5 5' CL 11 0Y W5/6 M0"tT yell.wish br-in sandv lean Clay

TPOBý2C 19236026 2164081 50 5171 6.51701 6B-2-CR 4 0%5 5' CL
TPGB-2D 19236026 2184081 50 6170 1.5168 6 6B-2ýDS 5 6'-7 0' 100 72 39 19 20 99 5 220 CL CL 11 2

TI`613ý2[) 19236026 2184081 50 b17 0 1-51686 68-2-DM 5 S'./ 0' CL ::ý ý 10YR714 Moist. very pale brown clay with sand

TPbB-2D 19236026 2184081 50 51 ý 0 1-5 168 6 6B-2-DR 5 5'-7 0' CL

TP6C-lA 192260.26 2184281,50 5176.9-5175,4 6C-1-AS I V-2 5? 100 35 25 19 6 117.5 13.0 55

TP6C-lA 19226026 2184281 50 5176 9-5175 4 6C-1-AM 1.0'-2.5- ýýc I QYR5/6 Moist, yellowish brown'silty, clayey sand

TP6C-lA 192260-26 2184281 50 5176-9-5175 4 6C-1-AR 1 0'-2 5' S(--

TP6C-16 192260,26 2184281,60 6176.4-5173 9 6C-I-BS 2 5-4,0' 100 75 29 is 11 ill 0 160 CL CL 79

IP6C-lB 19226026 2184281 50 517 54-51739 6C-1-BM 2 T-4 0' CL 10YR6/6 Moist, brownish, yellow lean clay with sand

TPGC-IB 19226026 2184281 50 5175 4-5173 9 6C-1-BR 2 5'-4 0' CL

TP6C-IC 19226026 2184261 50 5173,9-5172 4 6C-1-CS 4 O--5.5ý IOU 57 32 16 14 100 5 165 CL CL 7J

18 1

TP6C-lC 192260-26 2184281 50 5173-9-6172,4 6C-1-CM 4 0'-5 5' 14 CL

TP6C-lC 192260.26 2184281.50 5173.9-5172.4 6C-I-CR 4.0'-5,5' 
CL 10YR518 Moist, ý,-11 ).%ish brown sandy liý!an c

TPGC-lD 19226026 2184281 501 5172 4-5170 9 6C-1-DS 5 T-7.0' 1 100 1 55 36 17 19 1140 140 CL CL 8.3

TF`6C-lD 19226026 2184281 50 5172 4-5170 9 6C-l-DM 5 5'-7 0' CL 10YR516 Moist, yellowish brown sandy lean clay

TP6C-lD 19226026 2184281,60 5172.4-6170,9 6C-1-DR 55-70 CL r
TP6C-2A 192360ý26 ZIB4331.50 517518-5174.3 6C-2-AS 1.0'-2.5' 100 61 30 17 '[3 109.5 16,5 CL (71- 9,9

TP6C-2A 192360.26 2184381.50 5175.8-5174.3 6C-2-AM .0'-2,5' t CL 10YR4/6 Moist, datk h bruwn sanýjy lean r1ny

13

TP6G-2A 1923r;,0,26 2184381.50 5175 8-5174,ý 6C-2 AR 1.(Jr-2 5' CL

TP6C-2B 19236026 2184381 50 5174 3-5172 8 1 6C-2-BS 1 2 5'4 0' 100 73 31 3 1 1100 16,5 CL OL 9,2
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TABLE 2.4.1 -1 BORROW AREA 5 TEST RESULTS

GRAIN SIZE BORROW AREA 5

LOCATION ATTERBERG LIMITS Optimum USCS ClassificationDISTRIBUTION Max Dry Moisture Specific In Situ LABORATORY VISUAL SOIL
TEST PIT NORTHING EASTING ELEVATION SAMPLE %Finer %Finer C'ensity Content Gravity % MC Munsell DESCRIPTION
NUMBER NUMBER DEPTH #4 Sieve #200 LL (Pcf) N Lab HueSieve ILI P, ".." T
TP6C-2B 19236026 2164381 50 5174,3-5172 8 6C-2-BM 2 5'-4 0' CL 10YR5/6 MojSj, yellowish brown lean clay with sand

TP6('_2B 1!)2360 26 2184381 50 5174 3-5172 8 6C-2-SR 2 V-4 0' CL
TP6C-2C 192360.26 2184381,50 5172 8,51713 6C-2-CS- 4 U-5 5ý 1 ()(1 65 34 17 1 1080 17,5 C L CL 87_
TP6C-2C, 192360.26 2181 M 1 50, 5172 8 -5171 ý 6C-2-CM 4,0'-5 5' CL 10YR714 Moist, very pate brvwn sandv lean clay

TP6C-2C 19236026 21Wi3l 50 5172 B-6171 3 6C-2-CR 4 U-5 5' CIL
TPGC-2D 19236026 2184381,50 5171,3-6169.5 QC-2-DS 5 5'.7 0' 100 67 41 18 23 106.5 185 CL CL 92
TP6C-2D 19236026 2184361 50 5171 3-5169,8 6C-2-DM 5,5'-10' CL 10YRS/6 Moist. yellowish brown sandy lean clay

TP6C-2n 192360 2r 2184381 50 5171 3-5169 6 6C-2-DR 5 5'-7 0' CL
TF16D-IA 19226026 2164581 40 5177,7-.5176 2 F3D-l-AS 1 or-2 51 to() 82 42 is 24 1 104,0 1 195 271 C L G L 12,2
TP6U-JA 19226G 26 21845al 40 5177 7-5176 2 hD-1-AfA 1 U-2 113 0 14LF' C, L 10YR4i4 NlQfst, dark yellowish brown lean clay with

sand
TPBD-IA 19226026 211814'el 4- 5171 7-5517ý, 2 rDD-1-AR Iff-25 1 100,5, 21,0 (-;L
TP6D-lB 19226026 2 '451 1 41 1176 2-5174,7 60-1-13S 2 5'-4 0' io() 61 30 16 14 1135 82
TP6D-lB 19226026 2184581 401 5176 2-5174 7 6D-1-BM 2 5--4,W CL 10YR4/4 Moist, dark yellowish brown sandy loan clay
TP6D-18 192260.26 2184ý,81 4015176 2-5174 7 GD--IýBR 25'-40- CL
TP6D-IC 192ý1.60.2.6 2184681,40 15174 7-5173 2 6D-1-CS 4 0%5 5' 1130 6F 29 17 12 114,0 14,0 2,71 Cl, CL 80
TP6D-IC 192260 T6 2184581.401 5174,7-51732 6D-1-CM _4 0'-5 120,5 11'0 CIL 10YRS/6 Moist, yellovAsh bFciwn sandy ean clay
tP6P-jC l9Z26026 2184581 40 5174 7-5173 2 6D-1-CR 4 ill 0 155 CL
TP(3D-lD 19;ý260 26 218458140 5173 2-5171 7 6D-1-DS 5 5'-7 01 100 67 35 16 19 1100 160 271 CL CL 103
TP6D-lD 19226026 2184b8l 40 61 ýýl ?.-Si? 1 7 6D-J-J)M 5 5'-7 0' CL l0YR4/6 Moist, dark yellowish brown Sandy lean Clay
TPGD-ID 19226026 2184581 40 5173 2-5171 7 60-1 -I)R 5 S'-7 0' CL
I PGD-2A 192360,26 2184681 50 51764 51749 6D 2,AS 1 0' 2 5' 100 67 29 16 13 109 165 (L. C L 95
TPW-ýA 19236026 2184681 50 5176 4-5174 9 6D-2ýAlvl I Q-2 5' CL 10YR316 Moist, dark yelfowiýh brown sandy lean Clay

TPBD-2A 19236026 2184681 5Q 1 5176-4-6174 9 6D-2-AR i U-2 5' CL
___jL+_LjL2ý5+ 14 5 CL CL 96

P6Dý2B 19236026 2184681 50 5174 9-5-173 4 GD-2-BS 2 5'-4 0' 100 66 31 17 4
TP6D-2B 19236026 2184681 50 5174 9-5 173 4 6r)-2-13M 2 5'-4 0' CL IQYR4/6 Moist. dark yellowish brown sandy lean clay
TP6D-2B 19236o 26 2184681 50 5-174 9-5173 4 6D-2-BR 2 5'-4 0' CL
TP6D-2C 19236026 2184681 50 5173 4-5171 9 6D-2-CS' 4 U-5 5' 100 (57 35 17 Is iloo 16,5 CL CL' -93
IP6D-2C 19236026 2184681 50 5173.4-5171 9 GD-2-CM 4,0'-5 5' CL 10YR5/0 Nlolst, yell9vash brown sandy lean clay
TP6D-2C 19236026 2184681 50 5173 4-5171 9 6D-2-CR 40-55 CL
TP6D-2D 192360 ý?6 2184681 50 5171 9-5170 4 GD-2-DS 5 5'-7 0' 100 :.35 17 1 B 1105 160 CL CL 76
TP6D-2D 19236026 21 B4681.50 1 5171,9-5170,4 6D-2-DM 55'-70- CL 10YR5/6 Moist, yellowish brown sandy lean clay

TP6D-2D 19236026 2184681 501 5171 9-5170 4 6D-2-DR 55'-70- CL
TP7A-lA 191b60 26 2183tý81 L50 fil 751-51716 7A-1-AS 1,0'-? 5' 100 91 41 20 21 102,0 19 5 CL CL 11,2
TP7A-lA' 191060 26 2-laWl,50 5175,1-5173L6 7A-1-AM 10-25' CL 1 QYR5/6 Moist, yellowish brown lean clay

TP7A-1A 19196026 21B36B1 10 5175 1-5173 6 7A-1-AR Iff-2.5' CL
TP7A-lB 191960,26 2183681 50 5173 6-5172 1 7A-1,BS 2 5'-4 0' 100 72 40_ 19 21 1030 180 CL CL 103
TP7A-lB 19196026 2183681 50 5173 6-5172 1 ?A-IýBlvl 2 5'-4 0' CL 10YR5/6 Moist, yellowish brown lean clay with sand
TP7A-lB 19196026 2183681 50 5173 6-5172 1 7A-1-BR 2 5*-4 0' CL
TP7A-IC 1191960.26 2183681,50 5172 1-5 170 6 7A-1ýCS 4 0'-5 5' 100 77 40 21 19 1 1010 21 6 CL CL 96-
TP7A-lC 191960 26 2183681.5015172,11-5170.6 7A-I-CM 4.0'-5.5! CL 10YRb vt,F, [:,Lilý, bf:,,vin lo:m dkiywithsand

03TP7A-IC 191960,26 218368150 5172-1-5170 6 7A-1-CR 4,0' 5 5' CL
TP7A-lD 191960,26 2183681 50 5170 6-5169 1 7AýI-DS 55'-70- 100 66 37 19 18 1060 180 CL CL 80
TP7A-lD 19196026 21S3681 50 5170 6-5169 1 7A-l-DM 5 5W 0' CL 10YR8/3 Moist, very pale brown sandy lean clay
TP7A-lD 19196026 2183681 50 5170 6-5169 1 7A-1-DR 5,5'-7.0' CL
TP7A-7-A 19206D,26 2183781 50 5175 1-5173 6 7A-2-AS 1-()'-2.5- 100 89 42. 19 23 105'a. 18.0 CL CL 128
TP7A ZA 19206U.2C, 2183781,50 5175-1-5173,6 7A-2-ARA 1,0'-2,5' CL 10YR414 Moist. dark yellowish brown lean clay
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TABLE 2.4.1 -1 BORROW AREA 5 TEST RESULTS

BORROW AREA 5
LOCATION GRAIN SIZE ATTERBERG LIMITS Optimum USCS Classification

DISTRIBUTION. M"X Dry Moisture Specific In Situ LABORATORY VISUAL SOIL
TEST PIT NORTHING EAS SAMPLE % Finer % Finer Density Content Gravity % MC Munsell DESCRIPTION
NUMBER TING ELEVATION iDEPTH #200 LL PL PI (pCf) Field Lab Hue

NUMBER #4 Sieve Sieve N

TP7A-2A 19206026 2183781 50 5175,11,5173 6 7A-2-AR 10-2.5; CL

TP7A-2B 19206026 218378150 5173 6-5172 1 7A-2-BS 2 5'-4 0' 100 76 35 17 18 1080 170 CL CL 8,8

TP7A-2B 192060,26 2103781.50 5173.6-5172 1 7A-2-BM 2,5'-4 V CL I OYR516 Moist, yellowish brown loan clay with sand

1 P7A-28 19206026 2183781501 5173 6-5172A 7A-2-BR 25--40- 1 CL

TP7A-2C 19206026 2183781.50151721,5170 6 7A-2,CS 1 40'-5.5- 100 1 64 37 1 19 18 163 0" 190 CL CL 95

TP7A-2C 192060-26 2183781,50 5172 1-5170 6 7A-2-CM 4 0'-5-5' cl- loype'l ý'I' "1 11,10 yellowl5rl bjowfl!ý;Ilwy lean day

TP7A-2C 192060.26 2183781.50 5172.1-5170.6 7A-2-CR 4,0'-5 5' CL I I
TP7A-21) 192060,26 2183781,50 5170.6-5169,1 7A-2-DS 55--7 0' 100 57 34 19 15 1 1060 180 1 CL CL 72

IP7A-2D 19206026 2183781 50 5170 6-5169 1 7A-2-DM 5 5'-7 0' CL IOYR7/4 Moist, very pate brown sandy lean clay

TP7A-2D 19206026 2183781 50 5170 6-5169 1 7A-2-DR 5 5'-7 0' 
CL -77-- 7---TP7B-1A 191960.26 21 B3081.50 5175.8-5174.3 7B-1-AS 1,0'-2,5' 100 86 42 20 22 72 o 161 c L L 7 8

TP7B-1A 191960.26 12183981 50 5175.8-5174.3 7B-1-AM 1,01-251 CL 1 OYR4/4 Niaist, dark yellowish brown lean clay

TP7B-IA 19196026 2183981,50 5175,8-5174 3 78-1 -AR 1,0ý2,5' C L

TP7B-1B 19196026 218398150 5174 3-5172 8 1 7B-l-BS 2 5'-4 0' 100 86 39 19 20 1060 175 CL CL 92

TP7B-1B 19196026 2183981 50 5174 3-5172 8ý 7B-1-BM 2 5'-4 0' CL 10YR5/4 Moist, yellowish brown lean clay

TP7B-1B 19196026 2183981 50 5174 3-5172 8 ?B-1-BR 2 5'-4 0' CL

TF713-1 G I,,, 190, 20 21"98l 50 5 172 ý1-5171 3 713-1-C,ý 4 U 5 5' 100 71 40 16 1 22 1 1035 185 1 CL CL 96

TP713-IC 19*60 26 2 133981 50 5172 U-5171 3 78-1-Cr.1 4 U-5 5 cl, 1 QYR614 Moist, light yeflDwish brown lean clay with sand

TP?B-IC 19106026 2 18 -ý ýjd 1 50 5172 8-5171 3 -e B I -,-'R 4 U -5 5' CL
TP71]1ý1() 19196L) 26 2183981 50 5169 8-5168 3 7B,,l.DS 5 5'-7 0' 100 57 37 1 t 20 1100 170 C-L C L. 7 9

TP7B-ID 1919602(, 2183981 50 5169 8-5168 3 7B-1-DM 5 5'-7 0' 10YR813 Moist, very pale brown sandy loan clay

TP7B-lD 19196026 218398150 5169 8-5168 3 7B-1-DR 5 5'-7 0'

TP78,2A 192060 26 2184081 50 5175 9-5 174 4 7B-2 AS '1 0'-2 5' 100 90 42 19 ?3 106,0 190 CL CL 14.7

TP713-2A 1 92101-,U 26 2 184081 50 5175 9-5174 4 7B-2-At,1 1,0'ý2 5' CL I OYR4,14 Moist, darl, yelluv,;ý;h btovvn loan day

TP76 2Aý 192Q6Oýý16 2184081 5u 5175 9-bl74 4 7B-2-AP, 1 1 0'ý25 F I C L I

IP7B-26 19206026 2184081,50, 5174 4-9172 9 711-2-135 2 1'-4,1' 100 87 39 20 19 107 5 17 5 CL CL 94

I P713-2B 19206026 2184081 50 5174 4-51729 713-2-11M 2 5'-4 G' CL IOYR614 Moist, dark yellowish brown lean clay

1P7B-2B 19206026 2184061 50 5174 4-5172 9 78-2-BR 2 5'-4 0' CL

IP?B-2C 19206026 .2184081 50 5172 9-5171 4 7B-2-CS 4 U-5 5' 100 1 71 42 19 23 1030 195 Cl- CL 10,3

TP7F3-2G 192060,26 2184081 50 5172 9-5171 4 78-2ýClvi 4 U-5 5' CL 10YR7/4 Moist,, very pale brown lean clay with sand

'TP7B-2C. 192060.26 2184081.50 5172.9-5171.4 78-2-CR 4.0'-5 5' CL

T 7B-2D 1 192060,26 2184081,50 5171 4-5169 9 7B-2-DS 5 V-70 100 14 37 20 17 1030 200 CL CL

TP7B-2D 19206026 218408152 ý171 4-5169 9 7B-2-DM 5 T-7 0' CL l0YR8/3 Moist, very pale brown loan clay with sand

1[§P7B-2D 192060 26 2113408 'l 71 4-516991 7B-2-DR 1 95'-70- CL

I Average 1100.0169.8136.51 18.1118.41107.71 17.4 2.71 9.9
1 Minimum 1100.01 32 1 25 1 15 1 6 1 92.51 11.5 2.70 5.5
1 Maximum 1100.01 92 1 47 1 26 1 28 1120.51 23.0 1 2.73 15.8
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ELF FOOTPRINT
GRAI SIZELOCATION ATTERBERG LIMITS OptimumDISTRIBUTION max Dry Moisture Specific USCS Classillication In Situ

TEST PIT SAMPLE % Fýn- % Fin.r Density Content Gravity %MC Munsall LABORATORY VISUAL SOIL IDECRIPTION

NUMBER NORTHING DEPTH 11200 PI (pCf) (%) Field Lab HueEASTING ELEVATION NUMBER 94 S .ý. Steve LL PL

TP-l-A 1879ýtu 70 2184724,70 4, C Q TP-l-AS 1 0*-3 S' 100 62 S6 17 18 10ý)'o 16 5
TP-1 A W99i 70 21$472ti 70 5--14960 TP-1 ANI 101-35, (71- 146 1 OYR 5/6 MOi$t,yý4
TP-l-A 187992.70 2184726,70 5249.60 TP-1-AR 1 (T-3 5'
TP-1-B 18799370 218472770 5247 10 TP-1-55 351-60, IOQ 66 35 18 17 105,0 190
TP-1-13 18799470 218472870 5247 10 TP-l-BM 3 5'.6 0' CL CL 146 10YR 5/6 Moist, yellowish brown sandy lean clay

TP-I-B 18799570 218472970 5247 10 I'P,I-BR 3 5'-6 0'

TP-l-C 18-99(170 218472470 524460 TP-l-CS 6 Q'-8 5, 99 60 32 14 it 1110 15,U
TP-1-C 187991,70 21b4T25 70 524460 TP-11-01M 60-.85' ct CL '105 10 YR 5,18 Moist, yellowish brown sandy lean day

TP-l-C 18799270 218472670 5244 §Q TP-1-C-R 6 Q -8 S'

TP-l-D 18799370 218472770 5242 10 TPýl,DS 8 5'-l 1 0' 100 70 34 15 19 1110 160

TP-I-D 18799470 218472870 5242 10 TP-1 -DM 851-11 0' CL CL 108 10YR 6/4 Moist, light yellowish brown sandy lean clay

IP-1-D 187995 70 218472970 5242 If) TP-1-DR 8 5'-11 0' 1

TP-'-'-A 188o05 au "1841422 20 524480 TP-2,AS 10'- 3 5' 100 $0 33 18 15 1055 155

TP-2,1, 166001ý 80 216442226 524480 TP-2-AM 101-35, CL CL 04 10YRO/4 Mqýý!, light yellowish brown lean day with sand

TP-2-i,, I ebb05 8Q -'I 8ý422 20 524480 TP-2-AR 1 0' - 3

TP-2-B 18800580 218442220 5244 80 TP-2-ES 35'-601 100 67 36 1 17 19 1085 170

TP-ý-B 18800580 218442220 524480 TP-2,BM 3 5ý6 0' CL CL 99 IOYR 516 Moist, Yellowish brown sandy lean clay

It- 2 B 18800580 218442220 524480 TP-2-BR 3 51-6 ill

TP-2-C 18800580 218442220 524480 TP-2-CS 60'-851 100 61 40 17 23 iD6'5 190

rP-2-C 188005 BG 218442220 524480 TP-2 CM 1 601-85, CL CL 108 JOYR 516 Moist, yellowish brown sandy lean clay

TP-2-C 18800580 218442220 524450 TP-'CR 6,01-85,

TP-2-D 18800580 218442220 824480 TP-2-DS 8 5' 11 0 100 66 ý38 is 23 1035 185 272

r P-2-L) 1 8RO01, 80 218442220 8?44 80 TP-2-DM 851-11 1 1120 14 f1i CL CL 10 5 1 QYR 6/4 Moist. light yellowish brown sandy lean clay

TP-2-Q 188001,80 218442220 8244 80 TP-2-DR 8 S'-I 1 2 100S 195

I`P-3-A 188001 80 ý184100 70 523760 TP 3 AS 1 0' 3 5' 100 69 29 18 1 12 1125 150

TP-3-A' 188bOl 80 218410070 523760 TP-3-AM 101-35, CL CL 105 10 YR 4/6 Moist, da,k ydiom,h brown sandy lean doy

TP-3-A 188001,80 21$4100,70 523760 TP-S-AR 1 0'- 3 5'

TP-3-5 188001 80 218410070 5237 60 Tf!"3 BS 3 5'.6 (J' 99 60 33 16 16 Ill 5 165 2 71
.111 3 B 188001 80 218410070 5237 60 TP-3-13M 3 1' - 6 " CL CL 12 5 10YR 4/6 Moist, dark yellowish brown sandy lean clay

TP-3-B 188001 80 2184100 '70 b23/ 60 TP-3-51R 3 S' - 6 0'

TP-3-C 10800280 2184101 70 523760 TP-3-CS 6 01-8 t' 99 57 36 16 20 111 5 165

I P--4-c lQ8003 80 2 194 10-^ 70 52ý17 r') TP-3-CM 601-851 CL CL 144 IOYR 416 Moist, daflk veflo-h b,- sandy Jýan clay

TP-3-C_ 1 W114 80 '1 P4103 ýQ '_ýý7 E,0 7P-3-CR 601-85, 1

TP-3-D 188001 80 2184100 70 523760 1-FI-3-DS 8 t)1_1 1 0' 99 59 3b I'll 20 1096 ISO

TP-3-D 188001 80 2184100 70 5237 6D TP-3-DM 851-11 01 CL CL 1159 10YR 5/6 Moist. yellowish brown sandy lean clay

TP-3-D 188001 80 218410070 523760 TP-3-DR 8 111- 11 0'

TP4-A 18787730 218392670 54130 611 TP-4-AS 1 Q'_3 5' 1 or) 44 ýR 22 4 11:3 0 145

TP-4-A 18787730 218392670 IPA-AM 1 0'-3"' CL sc-Sm b 8 10 YR 516 Y.,ist,yellomshlbnawn silty :ýf,d

TP-4-A 18787730 218392670 523660 TP-4-AR 1 0' -1 ý' I I I

TP-4-B 18787730 2163926 70 523560 TP-4-13S 3 5'-6 U 100 56 26 22 4 1135 140

TP-4-B 187677 30 2183926.70 523660 TP-4-BM 35'-60' CL CL-ML 76 10YR 5/6 Moist, yellowish brown sandy silty clay

TP-4-8 18787730 21B3926 70 523fi 61) TP-4-8R 3 s,-6 (),

TP-4-C , 187877.30 2la3926.70 52ýý6 60 TP-4-CS 60-01, 100 1 76 32 16 14 1090 175

TP-4-f- 1 FI-18-77 30 218392670 523660 TP-4-r-M r, 9-8 5' CL CL 14.3 1 OYR W6 Moist, yellowish brown lean clay with santl

TP-4 C 187877 '30 21830%670 523660 TP.4..CR 6 Y-0 5' 1 1 1

TP4_D 18787730 218392670 523660 TP-4-DS 8 b1_1 1 0' 100 64 31 is 13 1 111 5 160

TP-4-D 187877,30 218392670 523660 TP-4-DM 8 5'-11 0' CL CL 13 1 10YR 516 Moist, yellowish brown sandy lean clay

TP-4-D 187877320 218392670 523 660 TP-4-DR I I I

187741 30 21 U4 __5?41 50 TP-5-AS 1 9-3 5' 100 50 1 6 1 22 4 + 1150 1 125
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TABLE 2.4.2-1 ELF FOOTPRINT TEST RESULTS Shoot 2 of 3

ELF FOOTPRINT
GRAIN SIZE

LOCATION DISTRI UTION ATTERBERG LIMITS Optimum
B Max Dry Moisture Specific USCSClasslflcation in Sit

TEST PIT NORTHING EASTING ELEVATION SAMPLE Finor % Finer D-ity Content Gravity %MC Munsell LABORATORY VISUAL SOIL DECRIPTION

NUMBER DEPTH % #200 (Peo Hue

I NUMBER #4 Sieve Sieve LL Pl- Pi (%) Field Lab

- lf`-ý,-A 187741 30 2184165 20 5241 50 TP-5-AM 1 0'.3 5' Sc 88 jciýp

TP-5 A 187741 3U 2164116ý 20 5241 50 TP-5-AR 1 0'-3 5'

TP-5-B 187741 30 218416520 5241 50 TP 5 BS 3 5'-6 0' 100 69 30 18 12 1125 155

- TP-6-B 167741 30 218416520 6241 50 TP-5-BM 3 V-6 0' CL CL 109 10YR 516 Moist, yellowish brown sandy lean clay

TP-5-B 167741 30 2184165,20 5241 50 TP-5-BR 3 6-6 (y

TP-5-C 187741 30 2 18 4 16 S ý 0 TP 5-(.5 C, t)- - 8 , 100 !51 29 19 10 1165 135

TP-51:; 187742 30 1 21841F6 5241 50 TP-5-CM 6 0 - a 5' CL CL 83 10YR 516 Moist, Yellowish brown sandy lean clay

TP-5-C 16774130 2184167,20 5241,50 TP-1,IR 601-85'

TP,5-0 18774330 218416720 5241 50 TP-5-DS 8 5'- 11 01 JOD 54 35 17 18 1100 1 165

TP-5-D W143 30 218416720 5241 50 1 P-5-DM 8 5'. 11 0' CL CL 106 10YR 5/6 Moist, yellowsh brown sandy lean clay

TP-5-1) 18774330 218416ý 20 6241 50 1 P-5-DR 8 5'- 11 0', 1

TP-6-A 18773730 218448270 524800 TP-6-AS 1 Q'-3 5' 100 83 34 18 16 10ý 0 17 0' 2 T'-'

TP-6-A 1ý97737 ýO 21844B3 70 E24P 00 TP-6-AM 1 01-35, 1160 140 CL VL 10 1 110'(P. 516 Morst, yullomsh brown lean clay ýivh send

TP-6-11 1077ý7, 30 ?1844ý4 70 1 ý2413,00 TP-6-AR 1,01-:3 51 lot U 186

TP-6 8 18773830 218448570 524800 TP-6-BS 35'-60' 100 68 30 15 is 1105 155

TP-13-B 18773930 218448670 524800 TP 6-BM 3 l,'-6 0' CL CL 82 10YR 5/6 Moist. yellowish brown lean C12Y with sand

TP,,6 6 18774030 218448770 524800 TP-6-BR 351-60,

TP-6-C 18774030 218448770 524800 TP-6 CS 6 0'-8 5' 99 60 S4 16 1 a i 13 0 It 5

TP-4-10 187740,30 2184487,70 524800 TP-6-CM 601-851 92 1 OYR 5/6 Moist. yellowish brovin sairdy lean clay

TP-6,0 16774Q 30 2184487 70 524Q Q0 TP-6-CR 60'-85'

TP-6-D 18774030 218448t 70 1)24800 rP-6-DS a bl- 11 01 100 62 39 1 b 23 1050 195

I P-6 D 18774U 30 2184487 70 1 5248 00 TP-6-r)M 8 51-11 01 CL CL 10 1 10YR 6/4 Most, light yellowish brown sandy lean day

TP-()-[) 181740 30 2184487 70 524800 111 6 DR 8 5' 11 0'

TP-7-A 18774480 21847ý5 20 525ý,90 TP-7-AS I o-35. 756 8-2 3-3 1-8 15 1055 1 165

TP-7-A 18774580 2184756,20 543 9Q TP-7-AM 1,()'-3 5' cl_ CL 103 10YR,614 Moisrhghtýellm6sh I rm,n le.lmi Clay with Sand'

TP-7-A 18774680 218475720 525390 TP-7-AR 1 0'-3 5'

TP-7-B 18774780 218475820 525390 TP-7-GS 3 5'-6 0' 100 68 36 17 19 1060 180

TP-7-B 1 18774880 218475020 525390 TP-7-13M 3 5'-6 0' CL CL CL 1 0YR 5/8 Moist, yellowish brown Sandy lean clay

TP-ý-B 181ý4980 2164760 20 525390 1 F 7-BR :3 1111-6 01

TP-7.,C 18774480 216475520 525390 TP-7-CS 60'-851 100 58 38 15 23 166 5 180

TP-7-C 18774480 218476520 1 525390 TPý7-Clyll J 0'-8 5' CL CL 96 10YR 6/6 Moist, brownish yellow sandy leaq clay

'TP-7-C 18774480 218475520 525390 TP-7-CR 6o.-85.

TP-7-D 18774480 218475520 525390 111 7 DS 8 5'-11 0' 99 58 36 15 .21. 1130 150 2 71

TP-7-D 187744 BO 218475520 525390 TP-7-DM 8 5'-11 0' 121 5 11 5 CL CL 87 IOYR 6/6 Moist. browilish yellow sandy lean clay

TP-7 D 18774480 218475520 5253 9U TF-7-DR 8 5'-11 0' 1085 170

'TO-B:ýý" 18750680 218475870 5254.5() TP-8-AS I(Y-351 100 78' ý2 -ý'-iB 14 1 If) 16 01 2 71

TP-8-A 18750780 218475970 5254 50 TP-S-AM 101-35, L C L 10YR 5X Moist, yellowish brown lean clay with San I

TP-8-A 18750880 2 184760,70 ý254 5n TP-8-AR 1,01-35

TP-8-13 16760660 218475870 525450 1 Pý8-BS 3 5'ý6 0' 100 1 69 30 18 12 1110 160

TP-8-13 187607 60 218476970 525450 TP-8-13M 361-60, C, L CL 9 1 10YR 5/6 Moist, yellowish brown sandy lean clay

TP-8-5 187508 fir 218476070 625460 TP-8-BR 3 5'-6 0'

TP-8-0 1675()g 8u 2VA761 70 5'5ý 50 TFj-S-Cb 60'-8'5' 100 o6 39 17 22 1665 190 271

TP4I-C 1137510 80 21ýWQIQ 5254.50 TP-8-cm 6 0'-ý 5' CL CL i I %loisk, brownish yellow sandy lean clay

TP-8-C 187,1180 21ý47,a3,70 5ýý 5c, TP-8-CR Q 0ý-s 5'

TP-8-1) 18751280 218476470 525450 1 TP-6-DS 6 5'-11 0' 99 67 35 15 20 110 5 155

TP-8-D 18751380 218476570 525450 1P-8-DM 851-110, CL CL 99 10YR 5/6 Moist, yellowish brown sand

F _TP8-6 18751480 218476670 526450 TP-8-DR 851-110,

TP 9 A 18751830 2134467,70 524880 TP-9-AS 10 -3 5' 100 ',4 27 22 1 5 113,5 14,0

P ýPll 18751ýQ.Q 21§4406,10 5248 00 TP-9-AM 1,01'.3 5, 1 J I ML 1.1 0 T I' ý13 M-sý ý61IOW0 brown sa
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TABLE 2.4.2-1 ELF FOOTPRINT TEST RESULTS Shoot 3 Of 3

ELF FOOTPRINT

LOCATION GRAIN SIZE

DISTRIBUTION ATTERBERG LIMITS Max Dry Optinturn USCS Classification In situ
- Den5it Moisture Specific %MC Munsell LABORATORY VISUAL SOIL DECRIPTIONTEST PIT SAMPLENUMBER DEPTH % Finer % Finer y Content Gravity#200 IPA HueNORTHING EASTING ELEVATION NUMBER #4 Sieve (%)

Sieve LL PL Pi Field Lab

TP-q-A, 1 ý7ýý.() 30 2 1 5446ýr7O 5248 bQ TP-9-AR 10'-3 5'

TP-9-6 18752130 218447070 524880 TP-9-BS 35-60. 1 100 79 31 is 13 1060 18,0

TP-9-13 18752230 2184471 70 5ý48 80 TP-9-13M 3 5'- 6 0' CIL CIL 9 10YR 6/6 Moist. yellowish brown lean clay will) sand

TP-9-13 18752330 218447270 524880 TP-9-BR 361-60,

TP.9-C 18752430 218447370 524880 TP-9-CS 6 O'-S, 51 101) 73 17 12 112 15 5

TP-11-C I P75ý1,li 30 2IR4474r7() 524880 TP-9-CM 6 0'-8 5' CL CL 87 1 )YR 5/6 Mci,t ýI'nwish brown lean clay with sand

TP-9-C 187526 ý0 218447570 524880 TP-D-(ýR 6,01-85,

TP-9-D 18762630 218447570 624880 1 H-9-DS 8 5'.11 0' 99 54 37 is 22 1080 ISO
184475 79 524880 TP-9-DM

TP-9-D 18752630 21 8.,,'-Ij 0' CL CL 11 1 IOYR 5/6 Moist. yellowish brown sandy lean clay

I P-9-D 18752630 218447570 524880 TP-9-DR 851-11 01
, , I u(j 5'3 1 2 5 1145 14,0

TP-10-A 187533,30 2184157,70 524300 TP-In-AS I I ", 'ý

TP-10-A 18753430 210415870 524390 TP-10-AM 1 0'-3 SC CL-ML 77 JOYR 5/6 Mo,st,yetloAisht, n SInd.ý S,Jty clay

TP-IQ-A 167535,30 2184159,70 524390 Tl`ý`IO,AR I O'ýý

TP-10-5 1871,3030 218416070 524390 TP-10-BS 35',60- 100 4,9 Non-Pla5tic 1150 125

TP1110-6 18753730 218416170 5243 E0 TP-10-BM '31._101 ML SM 61 10 YR 6/61 Moist. yellowish brown silty sand

TP-iO-B 18763830 2184162 70 524390 PT-10-BR 3 5'-(3 0'

TP-11-)-(, ld7ý1ý 30 -'1 F14 1 Q 7Q 524,90 TP-10,CS 6 0' 8 5' 100 71 2a 2Q lQ7 0 1130

TFý10 C 187,40 ',0 218416,4 70 5243 9,j Cl- CL 9 1 1 UYR 116 Moist, yellowish brown lean clay with san J

TP-1 O-C 187541,30 21841Cý io 5ý!4 3 7P-10 '-R 6'0'.5 5' 1
TP-10-D 18754230 218416670 524390 TP-10-DS 6 &,'-11 0' too 74 31 19 12 109S ISO

TP-10-D 187,54330 216416770 524390 TP 10-DM 8 5'-Il 0' CL CIL 10 5 10YR 518 Moist, yellowish brown lean LIdy with sand

TP-10-D 187544 3 218,; 1 6a 70 6243 qO TP-10 L)R 85' 11 0'

TP-11-A 187632 ,, 218431840 524560 TP-1 1 -AS 101-351 100 74 31 18 113 Wa 0 165

TP-11-A I d7632 Fj,ý 218431840 524560 TP-1 1 -AM 1 0'-3 5' Cl CL 107 10YR 6/4 Moist. light yellowish brotri lean Clay With sand

TP-1 I -A 18-ib3.ý SO _21E431b_40 5245,61) ' TP-11-AR 10'-3 5'
, -61. 100 62 29 19 10 1120 145

TP-1 1,B 18763260 218431840 5245 So TP-11-BS 31.

TP-I 1-13 18163260 218431840 524560 TP-I I-BM 3 5'-6 0' CL CL 82 10YR 5/6 Moi-.t yellowish bruwn sandy lean clay

TP-11-B 18763260 218431840 524b 60 If, 11 BR 3 5' 6 0'

TPýl I -C 18763260 218431 840 4 ý56 j TP-1 1-CS 6 0',6 5' 100 44 27 1 19 5 1150 141,

TP-1 1 -C 18763260 218431840 524560 TP 11-ým 60'-85' CIL Sc 69 10YR 5/6 yAo,,,ah bra,,ýn clayey sand

TP-1 1 -C 18763260 218431840 624660 1 P'ýi 1 -uF 6 C) -8 5.

TP-I 1 -D 18763' SO 218431840 524660 TP-1 t_r)S 81. 1,11 100 57 38 16 , 22 105 U 195

TP-11-D 18/63 60 218431840 1 (,L CL 11 2 10YR 6/4 Moist, light yellowish brown sandy lean clay

TP-11-1) 1876,3260 218431840 524560 TP 11 DR 1 85' 11 2

T-2-4 2-1 12/19/2001



TABLE 3.0-1 QA MATRIX

Quality Control Item Test Procedure Testing Frequency Testing Performance

I I I Criteria

TEST PAD CONSTRUCTION ACTIEVITIES

Borrow Area and Test Visual Inspection As Needed Not Applicable
Pads Layout

Test pad survey Visual Inspection As Needed Not Applicable

Survey of CCL Thickness Review of Survey Data After Survey Completed CCL thickness of 3 feet
Submitted (- 0. 1 to ý0.2 foot)

Subgrade Preparation Section 5.1 of Test Pad Continuous durina Verify that the subgrade is
Work Plan preparation prepared in accordance

with Section 5.1 of the
Test Pads Work Plan

Number of compactor Section 5.3 of Test Pad ontinuous during Verify that the soil

passes ork Plan compaction ompactor makes the
minimum number of
passes required in Section
5.3 of the Test Pads Work
Plan prior to nuclear

ensity tests. Document
the number of passes to
obtain acceptable
densities, after failing
tests.

Nuclear density ASTM D 2922 and 3017 6 tests per lift per lane Verify that the moisture
content and density are
within the selected AZ.

Loose lift thickness Section 5.3 of theTest Pad Continuous duringg Verify that the loose lift
Work Plan placement thickness is not greater

than 1/2 inch less than the
lenath of the compactor's
pad-foot.

ý pe per lift per Verify that the sampl

Sample grid layout Section 6.2.2 of the Test Every test ty in
Pad Work Plan lane grids are layed out in 15-

foot by 15-foot a d
.1ri

sections.

Sample location selection Section 6.2.2 of the Test Every time testing of the Verify that random sample
for the placed CCL Pad Work Plan CCL material is required location selection has been
material done in accordance with

Section 6.2.2 of the Test
Pads Work Plan.

Laboratory moisture ASTM D 2216 or 4643 6 per lift per lane Confirmation of nuclear

-content moisture tests

Laboratory hydraulic ASTM D 15 8 7/D5 084 2 per lift per lane Verify that the hydraulic

conductivity tests conductivity is less than I
x 10-' cm/sec

Sand Cone Tests ASTM D1556 I per lift per lane To calibrate nuclear
density tests

00973132-Summary Reporl_Rcv 0-1.doc Paget of3



Quality Control Item Test Procedure Testing Frequency Testing Performance
Criteria

density tests

Large Scale Block ASTM D5084 I per top I foot per lane Verify that hydraulic

Samples and I per middle I foot per conductivity is less than I
lane X 10-7 CMISeC

BORROW ACTIVITIES

Borrow Area Preparation Section 5.2 of Test Pad Continuous during Verify that the borrow

Activities Work Plan processing material is processed in
accordance with Section
5.2 of the Test Pads Work
Plan.

Confirmatory index STM D422, AST-M D 3 index property tests per Verify that material is

property testing 431 18, ASTM D43 18 test pad borrow source within the soil index
properties criteria listed in
Section 4.2 of the Test Pad
Work Plan.

Type of borrow material Visual Inspection using As Needed Verify that the borrow
Munsell color chart and material meets the soil

index properties (ASTM group color designation.

D2488). BA 5 Color TYýpe I -
l0YR7s and 10YR8s; BA
5 color Type 2 - I OYR 6s
through I 0YR3 s; ELF all
colors encountered and is
visually classified to be
within the range of index

roperties.

Distribution of process Visual Inspection As Required
water Not Applicable

Soil stabilizer passes Section 5.2 of Test Pad Continuous during Verify that the soil

Work Plan compaction stabilizer makes the
minimum number of

asses required in Section
5.' ) of the Test Pads Work
Plan prior to nuclear
density tests. Verify
processing depth and clod
size.

In situ moisture content ASTM D,46433 andlor 22162 per day on material from To venify adequate
proposed borrow source hydration.

Page 2 of 3 00973132-Sumrnary Rqort-Rev 0-1.doc



Quality Control Item Test Procedure Testing Frequency Testing Performance

I Criteria

Remolded Triaxial Shear ASTM D4767 1 per AZ developed during For use in Final
Strength Tests BA 5 - ELF Geotechnical Design/Specification

Study

Remolded Hydraulic ASTM D5084 3 per test pad borrow Verify that hydraulic
conductivity Test source Fnductivity is less than I

0 -7 cm/sec

ASTM= American Society for Testing and Materials
AZ= Acceptable Hydraulic Conductivity Zone
BA 5= Borrow Area 5
CCL= Compacted Clay Liner
ELF= Enhanced Hazardous Waste Landfill

00973132-Summary ReNq_Rev 0-1.doc Page 3 of 3



TABLE 3.2.2-1 TESTS PER LIFT PER LANE

Lift Minimum Number of Tests, Samples, and Observations per Lane (32-foot
width)

Lift 1, 10-inch loose lift Check for subgrade nuxing, I laboratory moisture sample

Lifts 2 through 6, 8-inch loose Per Lift: 6 nuclear densitv tests (ASTM D 2922 and 3017), 2 Standard
lift Proctors (ASTM D 698), 6 laboratory moistures (ASTM D 2216 or 4643). 2

Shelby Tubes for 2 taboratorv hvdraialic conductivity tests (ASTM D 1587), 1
sand cone (ASTM D 1556).

Once graded to 3-foot thickness 6 nuclear density tests (ASTM D 2922 and 3017), 2 Standard Proctors
and smooth drum rolling (ASTM D 698)ý 6 laboratory moistures (ASTM D 2216 or 4643), 2 Shelby

Tubes for 2 laboratory hydraulic conductivity tests (ASTM D 15 87), 1 sand
cone (ASTM D 1556).

Upper 14 inches and Middle 14 1 block sample taken from the upper foot and I block sample taken from the
inches middle foot of each lane of each test pad

Note: One sand cone test was conducted per lane only for a total of 2 sand cone tests per test pad. Prior to
construction of the test pads, 5 sand cone tests will be conducted for density correlation. The total
number of sand cone tests for the test pad program was 11.

ASTM= American Society for Testing and Materials

0091, xxxx-Summary Report-Rev A-2 Page I of I



TABLE 4.0-1 RANDOM SAMPLE SELECTION SHEET EXAMPLE

ELF Test Pads (Borrow Area 5) Color Type I
Sampling Random Number Generation Sheet

Lift Lift
Grids Lane I Lane 2

1 Test Grid Location Test Grid Location
2 Density Test #1 13 Density Test #1 13
3 Density Test #2 4 Density Test #2 17
4 Density Test #3 4 Density Test #3 13
5 Density Test #4 j 13 Density Test #4 6
6 Density Test #H5 18 Density Test #5 9

Density Test #6 20 Density Test #6
8
9 Test Grid Location Test Grid Location
10 Lab Moisture 11 Lab Moisture 2
11 Lab Moisture 8 Lab Moisture 14
12 Lab Moisture 18 Lab Moisture 2
13 Lab Moisture 7 Lab Moisture 18
14 Lab Moisture 7 Lab Moisture 4

Lab Moisture 7 Lab Moisture 10
16
17 Test Grid Location Test Grid Location
18 Proctor 2 Proctor 14
19 Proctor 12 Proctor -3
20

Test Grid LoC2tion Test ----- r-Grid Location
Shelby Perm 20 Shelby Perm 18
Shelby Perm-d 7 1 Shelby Perm 7

Test Grid Location Test Grid Location
Block Perm 5 Block Perm 17
Block Perm 14 Block Perm 12

Lift Minimum Number of Tests, Samples and Observations per Lane (32
foot width)

Lift 1, 1 0-inch loose lift Check for subgrade mixing, 1 laboratory moisture sample

Per lift: 6 nuclear density tests (ASTM D 2922 and 3017), 2 Modified

Lift 2 through 7, 8-inch loose Proctors (ASTM D 1557). 6 Laboratory moistures (ASTM D 2216 or
4643), 2 Shelby Tubes for 2 Laboratory permeability tests (ASTM D

5084). 1 Sand Cone (ASTM 1556)

Per lift: 6 n uclear de nsity tests (ASTM D 2922 and 3017), 2 Modif ied
Once graded to 3-foot thickness and Proctors (ASTM D 1557), 6 Laboratory moistures (ASTM D 2216 or

smooth drum rolled 4643), 2 Shelby Tubes for 2 Laboratory permeability tests (ASTM D

1 5084), 1 Sand Cone (ASTM 1556)

Top and Bottom 18 inches I block sample taken from the upper half and 1 block sample taken
from the bottom half of each lane of each test pad

ASTM = American Society for Testing and Materials

12/19/2001 10:37 AM Rocky Mountain Arsenal T-4.0-1 BA5Type1



TABLE 4.1.1-1 ELF TEST PAD I TEST DATA FOR SOIL CLASSIFICATION, MODIFIED PROCTOR AND SPECIFIC GRAVITY

ELF TEST PAD 1
Lo(;ation Grain Size Att berg Limits Maximum Optimum Sample

% Finer Dry Moisture Specific LISCS Moisture Munsell
Sample Northing E'asting Elevation % Finer #200 LL PL I pl Density, Content Gravity classification Content Color Laboroupry Visual Soil De I scription
Number #4 Sieve

I Sieve (Pcf) (1/-) N
*TPI-PR-001 192,28830 2,183,801 18 51729 100 76 34 18 16 118,5 130 CL 74 10YR6/4 Dry, Light Yellowish Brown lean Clay with Sand
*TPJ-CL-001 192,28830 2,183,8011 18 51729 100 76 34 18 16 CL 74 10YR6/4 Dry, Light Yellowish Brown lean Clay with Sand
'TPI-PR-002 192.39141 2,183,700,81 5171.9 100 63 34 18 16 121,0 12,5 1 CL 99 10YR4/3 Moist, Dark Yellowish Brown sandy lean Clay
-rPi-CL-002 192,39141 2.183,700 81 51719 100 63 34 18 16 CL 9.9 1 OYR4/3 Moist, Dark Yellowish Brown sandy lean Clay
*TPl-CL-003 192.33927 2,183,756 23 51729 100 72 36 18 18 CL 106 1()YR4/3 Moist. Dark Yellowish Brown lean Clay with Sand
IPJ-PR-003 192,27272 2,184,112 66 51772 100 74 38 17 21 121,5 12.5 CL_ 144 10YR4/4 Moist, Dark Yellowish Brown lean Clay with Sand
TPl-PR-004 192,22428 2.184,128.99 5178.0 100 85 40 17 23 1200 139 CL 145 10YR4/4 Moist, Dark Yellowish Brown lean Clay with Sand
TPI-PR-005 192,18310 2,184,074 89 51765 100 86 42 18 24 121 5 135 271 (L 15,6 10YR4/4 Moist, Dark Yellowish Brown lean Clay with Sand
I P1 -PR-006 192,253,00 2,184,097 00 51765 100 79 41 17 24 1211,0 13.0 2,70 CL 153 1 OYR4/4 Moist, Dark Yellowish Brown lean Clay with Sand

TPI-PR-007 192.242,10 2,184.094 23 51774 100 83 42 18 24 121 0 135 270 CL 15,9 10YR4/4 Moist, Dark Yellowish Brown lean Clay with Sand
TPI-PR-008 192,19547 2,184,130 95 51788 100 69 37 16 21 1235 120 CL 179 10YR4/4, Moist, Dark Yellowish Brown sandy lean Clay

lPi-PR-009 192,271,95 2.184,130,C,6 5178.3 100 73 38 16 22 1255 11 5 CL 17.o loYR4/4 Moist, Dark Yellowish Brown lean Clay with Sand

TPi-PR-010 192,27274 2,184,082 45 51776 100 77 38 is 20 123,0 12.5 CL 163 1 OYR4/4 Moist. Dark Yellowish Brown lean Clay with Sand

Tl`i-PR-011 192.211.32 2,184.094,61 5177.9 100 63 33 17 16 1250 105 CL 14.3 10YR4/4 Moist, Dark Yellowish Brown sandy lean Clay

TPI-PR-012 192,167 10 2,184,115 44 51790 100 80 39 17 22 1240 120 2.70 CL 178 10YR4/4 Moist, Dark Yellowish Brown lean Clay with Sand

TPI-PR-013 192,24087 2,184,129 79 51794 100 77 38 is 20 123.0 125 272 CL 167 1 QYR4/4 Moist, Dark Yellowish Brown lean Clay with Sand

TPI-PR-014 192,300,77 2,184.Q84 29 51775 100 83 41 18 23 122 5_ _12 Cl- 18,3 10YR4/4 Moist, Dark Yellowish Brown lean Clay with Sand

TPi-PR-015 192,19301 2,184,098 91 51783 100 72 38 17 21 1245 11,5 CL 189 10YR4/41 Moist, Dark Yellowish Brown lean Clay with Sand
-I Pl-PR-016 192,181 04 2,184,100 99 5178 7 1 C)o 59 37 16 21 124 5 120 2 72 CL 156 10YR4/01 Moist, Dark Yellowish Brown sandy lean Clay

TPl-PR-017 192,196,45 2.184 ý 126 73 51795 100 65 37 16 21 126 5 11 -0 2 71 Cl. 133 10YR4/61 Moist, Dark Yellowish Brown sandy lear) Clay

TPi-PR-018 1 -92,225 10 2,184,082 14 51790 100 75 36 17 19 126,0 11,5 CL 13 7 10YR4/6 WfSt, Dark Yellowish Brown lean Clay with Sand

TPI-PR-019 t192.20875 2,184,10029 51791 100 63 39 17 22 126 5 11 5 CL 14.1 10YR4/6 Moist, Dark Yellowish 1ý3rown sandy lean Clay

TPI-SG-001 2,71

TPi-SG-002 272

Borrow Source location

SG = Specific Gravity

CL = Classification
PR = Modified Proctor

USCS Unified Soil Classification System

Test Pad SoH Summary 12121120011



TABLE 4.1.2-1 NUCLEAR DENSITY TEST RESULTS FOR ELF TEST PAD 1, LANE 1 (815 COMPACTOR)

MOISTURE/DENSITY TEST VALUES PERCENT NUMBEROF

TEST NUMBER DATE LIFT GRID MOISTURE DRY COMPACTION DEGREE OF HYQRATIO14 COMPACTION WITHIN COMMLN I S
TEST TYPE CONTENT DENSITY TO MODIFIED SATURATION TIME (DAYS) EQUIPMENT AZ

(PCF) PROCTOR PASSr=A--
FLý TP1 DT 1,,z 8/16/01 0 3 NUCLEAR 13,3 1147 97% 7589. NA NA NA "I H, I)E

ELF-TPl-DT-019 8/21/01 2 10 NUCLEAR 14.1 115A 9 6 1116 813% 2 4 N

ELF-TPI-DT-019A 6/22/01 2 10 NUCLEAR 166 1110 96"'. 90 4'ý 2 6

FLF-TPl-DT-020 8121101 2 9 NUCLEAR 15.2 1149 98% 87.3p,/Q 4 Y

ELF-TPl-DT-021 8121 M 1 2 11 NUCLEAR 17.4 107,2 91 81.6% 2 4 N

ELF-TP1-DT-021A 8/22/01 2 11 NUCLEAR 115 1099 93% 577% 2 6 N

ELF-TPl-DT-022 8121/01 2 16 NUCLEAR 153 1017 8 6 62,5'/Q 2 4 N

ELF-TPI-DT-022,A 8/22/01 2 16 NUCLEAR 17.1 105.7 qm,ý 77 2 6 N

ELFJPI-DTý023 812 1/0 1 2 18 NUCLEAR 173 111ý0 g 4 89 4ýý, 2 4 y

ELF-TPI-DT-024 8121101 2 19 NUCLEAR 16,1 1098 9 3 80 7,'ý 2 4 N

ELF-TPl-DT-024A 8/22/lDl 2 19 NUCLEAR 14 8 107 8 92% 7 0 5 N

ELF-TP1-DT-025 8/21/01 2 20 NUCLEAR 189 1051 891/0 8 4 1 2 4 N

ELF TP I -DT-025A 8/22/01 2 20 NUCLEAR 178 1102 94% go 1-ý 2 6 y

F-LF-TPI-DT-026 8/22/01 2 1 NUCLEAR 15,6 1079 92% 74,4% , 2 4 N

ELF-TPI-DT-033 8/28/01 3 11 NUCLEAR 167 1138 93% 930% 4 6 Y

ELF-TPI-DT-034 8/28/01 3 20 NUCL A 15 4 1141 93% 865% 4 6 y

ELF-TPl-OT-035 8/28/01 3 2 NUCLEAR 157 1150 94% 90,2% 4 6 Y

ELF-TPl-DT-036 8128/01 3 19 NUCLEAR 190 1076 88% 901% 4 6 N

ELF-TPl-DT-037 8/28/01 3 12 NUCLEAR 133 1207 99% 898% 4 6 Y

ELF-TPl-DT-038 8/28/01 3 14 NUCLEAR 125 1213 99% 859% 4 6 Y

ELF-TI'l-I)Tý045 8/29/01 4 11 NUCLEAR 186 1100 90% 9 3 8/. 4 6 N

ELF-TPl-DT-046 8/219/01 4 17 NUCLEAR 178 111 1 917. 925% 4 6 y

ELF-TP1-DT-047 8129/01 4 1 NUCLEAR 208 107 2 89% 97.5% 4 6 N

ELF-TP17DT-048 8/29/01 4 9 NUCLEAR 198 105,8 88% 897% 4 6 N

ELF-TPI-DT-049 6/29/01 4 16 NUCLEAR '19.8 107-d 89% 94 3% 4 6 N
FLF-TPl-DT-050 8J29i0l 4 14 NUCLEAR 185 106.8 891/4 85 9111ý 4 6 N

ELF-TPl-DT-058 8/30/01 5 18 NUCLEAR 180 1117 91% 94.8% 4 4 Y

EI-F-TP1-DT-D59 8130/01 5 19 NUCLEAR 18.1 1120 91% 96.1% 4 4 Y

ELF-TPl-DT-060 8/30/01 5 16 NUCLEAR 17,1 1101 90% 863% 4 4 N

ELF-TPl-DT-061 8/30/01 5 17 NUCLEAR 210 1058 86% 950% 4 4 N
- - 062 8/30/01 5 12 NUCLEAR 168 1146 94% 95.7% 4 4 Y

ELF-TPl-DT-063 8/30/01 5 20 NUCLEAR- 180 110 ý3 90% 92.5% 1 4 4 Y

Average$ I ýý , I - I -- ---- t 16.9, 110.5 91.9% 86.3%

AZ = Acceptable Hydraulic Conductivity Zone

Density Spreadsheet\TP 1, LANE 1 FOSTER WHEELER ENVIRONMENTAL CORPORATION 12/21/2001



TABLE 4.1.2-2 NUCLEAR DENSITY TEST RESULTS FOR ELF TEST PAD 1, LANE 2 (825 COMPACTOR)

MOISTURE/DENSITY TEST VALUES PERCENT I "NUMBEROF
MOISTURE nRY COMPACTION DEGREE OF HYDRATION "COMPAtTION WITHINTEST NUMBER DATE LIFT GRID COMMENTS

TT117PE CONTENT DENSITY TO MODIFIED SATURATION TIME (DAYS,) EQUIPMENT AZ
(%30`17t- (PCF) PROCTOR PASSES..

ELF-TP I -DT-001 8/16/01 0 11 NUCLEAR 139 106.5 90% 640% N/A NA HA SUBGRADE

ELF-TPI-DT-013 8/20101 2 11 NUCLEAR, 14.0 109.7 93% 70.0% 2 N

ELF-TPI-DT-013A 8120/01 2 11 NUCLEAR 17,2 1108 94% 883% 2 Y

ELF TPl-DT-014 8120i0l 2 8 NUCLEAR 15,6 111.4 95% 81'5ý1 2 4 N

ELF-TPI-DT-014A 8/20/01 2 a NUCLEAR 15,2 1139 97'% 84ý8% 2 6 N

ELF-TPl-DT-015 8120101 2 15 NUCLEAR 158 109.7 93% 78,9ý,, 2 4 N

ELFJP1ýDT-015A $120,101 2 15 NUCLEAR 163 107,9 9ý1% 77 8% 2 6 N

ELF-TPl-DT-015B &20101 2 15 NUCLEAR 17,6 111.1 94% 91.1% 2 8 Y

ELF-TPI-DT-016 8/20/01 2 5 NUCLEAR 147 113 H 5ý1ý 4

E1-F-TP1-DT-U16A 8/20/01 2 5 NUCLEAR 15,5 1117 95". 81 6 11; 2 6 N

ELF-TPl-DT-016B 8120101 2 5 NUCLEAR 16,6 1133 96% 9 1 ý 2','ý 2 a Y

ELF-TPl-DT-017 8120101 2 16 NUCLEAR 15,4 114.0 97% 2 4 Y

EI-F-TPI-DT-018 &20101 2 3 NUCLEAR 145 115 9 95% 85 Sul. 4 Y

ELF-TPl-DT-027 8/27/01 3 7 NUCLEAR 156 112J3 92% 846% 4 6 N

ELF-TPl-DT-028 8/27/01 3 17 NUCLEAR 153 1146 94% 87,0% 4 6 Y

ELF-TP1-DT-029 8/27/01 3 14 NUCLEAR 174 1118 91% 918% 4 6 Y

ELF-I'Pl-L)T-030 8/27/01 3 15 NUCLEAR 171 1130 92% 932% 4 6 Y

ELF-TPl-DT-031 8127/01 3 1 2 NUCLEAR 1 168 1128 92% 910% 4 6 Y

ELF-TPl-DT-032 8/27/01 3 1 9 NUCLEAR 158 1104 90% 805% 4 6 N

ELF-TPl-DT-039 8128iOl 4 10 NUCLEAR 17.8 110.3 90% 90,30/6 4 4
ELF-TPl-DT-040 8/28101 4 11 NUCLEAR 155 1165 95% 928% 4 1
ELF-TPl-DT-041 8128/01 4 20 NUCLEAR 159 1127 92% 859% 4 4 Y

ELF-TPl-DT-042 8128101 4 4, NUCLEAR 16,2 112.7 92% 87,5% 4 4 Y

ELF-TPI-DT-043 8/28/01 4 16 NUCLEAR 163 1137 904% 4 4 Y

ELr-TP1-DT-044 B/28/01 4 '3 NUCLEAR 16,6, 114.3 93111ý 88 01" 4 4 Y

ELF-TPI-DT-051 8/29/01 5 8 NUCLEAR 156 115A 94% 907% 4 4 Y

ELF-TP 1 -DT-052 8/29/01 5 13 NUCLEAR 158 1137 93% 87,8% 4 4 Y

ELF-TPl-DT-053 8/29/01 5 14 NUCLEAR 13.5 116.9 95% 81,8% 4 4 N

'ELF-TPl-ST-015 8/29/01 5 14 SHELBY 171 1116 91% 90,0% 4 4 Y

ELF-TPl-DT-054 8/29/01 5 15 NUCLEAR 155 1148 94% 887% 4 4 Y
- 1- -055 8/29/01 5 1 NUCLEA 1 113,6 93% 887% 4 1 4 Y

ELF-TPl-DT-056 8/29/01 5 20 NUCLEAR 13.2 118.5 97% 83.5% 4 4 N

Averages 15.8 113.0 93.5%,, 8612%
AZ = Acceptable Hydraulic Conductivity Zone

Density Spre2dsheehTP 1, LANE 2 FOSTER WHEELER ENVIRONMENTAL CORPORATION 12/21/2001



TABLE 4.1.2-3 SHELBY TUBE HYDRAULIC CONDUCTIVITY TEST RESULTS FOR ELF TEST PAD 1

LANE 1, 815 COMPACTOR
MOISTUREIDFNSITY TEST HYDRATION BER OF PERMEABILITY'l

TEST NUMBER DATE LIFT GRID MOISTURE DRY PERCENT DEGRFE OF TIME COMPACTION WITHIN ASSOCIATED COMMENTSTESTTYPE CONTENT DENSITY COMPACTION SATURATION EQUIPMENT AZ
(%3017) (PCF) (DAYS) PASSES TESTING

* ELF-TPI-ST-003 8/21/01 2 18 SHELBY 15.7 1118 95% 83 0% 4 N K - X 10'9

* ELF-TPl-ST-004 8/22/01 2 1 SHELBY ,,, 15.8 109,6 93% 78.7% 2 4 N K 3ý5 X 10-1 i-ow mc)lstufc-

* ELF-TPI-ST-005 8/221011 2 19ý SHELBY 16.3 105.0 89% 72.2% 2 6 N K 3.9 X 10-8

* ELF-TPl-ST-009 8/28/011 3 8 SHELBY 15.8 114.3 93% 89,3% 4 6 Y K 41 X 10--q

* ELF-TPl-ST-010 8/28/01 3 9 SHELBY 15.9 1145 93% 902% 4 6 Y K 3-7 X 10-9

ELF-TP 1 -ST-0 1 " 8/29/01 4 9 SHELBY 160 ill 1 92% 8ýJ% 4 6 N K 1,6 X 10-' Poor Sample
ELO-TPl-ST-014 8/29/01 4 12 SHELBY 17.5 109.5 91% 87.1% 4 6 K 5,2 X 10-9
ELF-TPl-ST-019 8/30/01 5 16 SHELBY 14.1 113"1 92% 77.2% 4 4 N K 3.4 X 10-Q

ELF-TPI-ST-020 8/30/011 5 17 SHELBY 18.1 108.8 89% 88,4% 4 4 N K 1-9 X 10-9

Oven Moisture

'Averages HEE -- 16,11 110,9 92.0% 83.2%

LANE 2,825 COMPACTOR
MOISTURE/DENSITY TEST HY NUMBER OF PERMEABILITY/MOISTURE DRY PERCENT, DEGREE OF COMPACTION WITHINTEST NUMBER DATE LIFT GRID I E ASSOCIATED COMMENTSTESTTYPE CONTENT DENSITY COMPACTION SATURATION EQUIPMENT AZ

(%3017) (PCF) YS) PASSES TESTING

*ELF-TPl-ST-001 8120/01 2 3 SHELBY 14,8 116.1 95% 87-8% 2 4 y Ký20X 10"'
*ELF-TPI-ST-002 8120/01 1 2 15 SHELBY 13.4 115,9 98% 789% 2 8 N K=55X 10-'
*EL-F-TPl-ST-006 8127/01-1-3 12 SHELBY 158 107-6 88% 74 ..8% 4 6 N K = 1,6 X 10-6 Poor Sample
*ELF-TPl-ST-007 8127/01 3 1 SHELBY 16.4 112.4 1 92% 882% 4 6 Y K = 1 2 X 10-8
*ELF-TPl-ST-008 8/27/01 3 9 SHELBY 15A 112-8 92% 83,5% 4 6 N K = 3.3 X 10-8

*ELFJP1-ST-011 8/28/01 4ý 9 SHELBY 19A 88% 92.7-/. 4 4 N K'= 1 -ý'X 1
*ELF- TPI -ST-012 8/28/01 4 7 SHELBY 17.6 11 1ý.4 91 'Xý 91,9% 4 4 Y K ý 4A X 10-
*ELF-TPI-ST-015 8/29/01 5 14 SHELBY 17.1 111.6 91% 90,0% 4 4 Y K = 7.7 X 10-9
*ELF-TPl-ST-016 8129/01 5 20 SHELBY 13.8 116.8 95% 83,3% 4 4 N K = 2,8 X 10-8

ELF-TPl-ST-017 8/29/011 5 1 19 1 SHELBY 17,0 111.9 91% 89.9% 4 4 Y K = 2.4 X 10-"
*ELF-TPl-ST-018 8129/01 5 6 SHELBY 15-3 115A 94% 89.1% 4 4 Y K = 3.7 X 10-8

Oven Moisture
Averages 16.1 112.4 9 2.1

AZ = Acceptable Hydraulic Conductivity Zone

Shelby Spreadsheet\TP 1 FOSTER WHEELER ENVIRONMENTAL CORPORATION 112/2002



Table 4.1.2-4
Summary of Nuclear

Density and Hydraulic Conductivity Tests

Summary of Nuclear Density Tests
Test Pad 1, Lane 1 Test Pad 1, Lane 2

Lift # 2 3 4 5 All Lane 1 2 3 4 5 All Lane 2 All Test Pad
I

Range of moisture 11.5-18.9 12.5-19 17.8-208 16,8-21.0 11.5-21.0 14.0-176 15,3-17-1 15,5-17.8 13,2-16-0 13.2-17.8 11.6-21.0content (%)
Range of Dry 101.7 - 115,1 107.6 - 121.3 106.8 - 111.2 1101 - 114-6 101.7 - 121.3 107.9 - 115.9 110.4 - 114.6 110.3 - 116,5 113.6 - 118.5 107.9 - 118-5 101.7 - 121.3Density (p f) I I I
Number of tests in 4 (Figure 5 (Figure 2 (Figure 4 (Figure 15 5 (Figure 4 (Figure 6 (ri gu-r -e 4 (Figure 19 34AZ 5.1,1-1) 51 1-2 5-1,1-3) 5.1.1-4) 5-1,1-5) 5.1 1-6) 5.1.1 -7) 5.1 1-8)
Number of tests 9 (Figure 1 (Figure 4 (Figue 5.1.1 2 (Figure 7 (Figure 2 (Figure 0 (Figure 2 (Figure16 5. 1. 1 -qLA 5.1.1 5 11 11 27

lout of AZ - 51 1-1) 5,11-2) 3) _7 5.1.1-8)
ISummary of Shelby Tube Hydrualic ConductivityTeýý

Test Pad 1. Lane I Test Pad 1, Lane 2

Lift # 2 3 4 5 All Lane 1 2 3 4 5 All Lane 2 All Test Pad
1

Range of moisture 15.7-16.3 15.8-159 160-17-5 14,1 -18.1 14.1 -18.1 13-4-14-8 15-4-164 17.6-194 138-17,0 13.4-19.4 134-19,4content (%)
Range of Dry 1050-111 8 114 3 - 114 5 109 5 - 111.1 108.8 - 113.1 105 0 - 113 1 115,9 - 116A 107,6 - 112.8 108 0 - 111 4 111.9 - 116,8 107 6 - 116 81105,0 - 116.8Density (pcf)
Number of tests in 0 (Figure 2 (Figure 1 (Figure 0 (Figure 3 1 (Figure I (Figure 1 (FIgUre 2 (Figure 5AZ 5.1.1-1) 5.1.1-2) 5 1 1-3) 5.1,1-4ý 51-1-5) 5,1-1-6) 5.1.1-7) 5.1.1-8)
Number of tests 3 (Figure 0 (Figure 1 (Figure 2 (Figure 6 1 (Figure 2 (Figure 1 (Figure 1 (Figure 5 11out of AZ 5 1-1-1) 5,11-2) 5.1.1-3) 5 1 1-4) 5.1.1-5) 5,1.1-6) 5 1,1-7) -5.1 1-8)

Number of 2 (Figure 2 (Figure 1 (Figure 2 (Figure 2 (Figure 2 (Figure 2 (Figure 3 (FigurePassing 5 1,11-1) 51 1-2) 5.1.1-3) 51 1-4) 7 5.1,1-5) 5.1.1-6) 51 1-7) 5.1.1-8) 9 16
Permeability Tests 

A
AZ = Acceptable Hydraulic Conductivity Zone

Table 4.1.2-4 1/2/2002



Table 4.1.3-1
Large Block Hydraulic Conductivity Data, Test Pad 1, TPl-BS-001

Sample No.: ELF-TPi-SS-001

Initial Conditions Prior to Permeation
Avg Length m 155 CM initial Water Content, w 150 %
Avg Diameter 305 On
Length/Dianieter 051
Area M 7322 CM'
Vol, e 1136a Crn' 6 value 095

Final Conditions After Permeation
Frnol W.er Content, w 166 % Pore Volume, PV 3559 CM'
Degree of Saturation, S 1000 % (Assumed) B value w 095

Test Specific tion
Cell Pressure ý 85 p5i Max Effective Stress 5 p5i
Inflow Pressure 80 psi Min Effective 51ress 5 psi
Wil.. A,.a = 435 irn' Avg Effective Stress 5 psi
O.Itl.w Pf.ssu'e 00 psi Avg Gradient 12
Outflow A- = 4 3B i:rn'
Press.,@ Difference 0 riýi

ýnfiow Su ette area z 08744 Gin' Outflow Burette Area 08741 GM'
rifln. Anuhis Facto, 3,972 Outflow Anulus P aLtor 4015

Date &Thn. At Ft Inflow Reading Outflow Reading Q.. a.. z Q.. Ij PV Q-4. B-Value EI-Value Comment
Start I na Endino daisL tartm2 Ending Starting Endlno (crn') (C'n) jcm) cmisl at HW at TW

9/221200 , 21 33 9123/2001 7 52 10 1900 to ig 00 043 0111 837 24 36 1650 39 1 3U 4 394 0011 1 01 1, 34E-06
9/2312UO1 7 S5 9/23/2001 1900 11 0500 2 TBT 8 21 379 380 t7 4 0022 1 00 1 16Eý66

-ýg 0,1 8 437 121 1 0034 1 10 1 20F;-069123/2001 1902 9/24/2001 7 3ý) 1237 00 34 01 00 1 42 0 6ý 24iý'
9/24/2001 742 9/24/2001 lb 22 104000 44 41 00 1 0 42 ?4 52 17 19 37 9 37 0 156 1 0044 098 1 17r-06

9/24/2001 1824 U/25121301 843 14 1900 590000 2 46 8 QO 24 53 1642 41 2 407 1087 056 099 -6a
9/2512001 845 9/25/2001 21 48 130300 7201 On 300 q,4L.- 7 91 24 33 1666 37 2 385 237 2 0 GG7 2 LOE-q711 1000 - 73-66 - ý 4i 0 1ý29/25/2001 21 52 9/26/2001 9 02 83. -- 742 2450 17 47 34 3 353 2725 0 GL7_ __L03_. E:qCI ýRL _
9/26/2001 9 03 1 9126/2001 22 06 1303 00 96 1500 4 01 D 7 68 2448 17 26 358 3b 2 3087 0087 1 1 01 9 05E-07

q/26/2001 22 Ott 9ý2712001 13 28 152000 -TF1 1 -- 3600 T65 056 a 2L- 384 38 1 3468 0097 099 -- TF3E--DT
9/27/2001 13 32 9/28/2001 725 1ý 53 00 1202900 540 0 49 -T6ý' ý4 So IF, 10 41 4 42 1 350 8 0099 1 02 8 58E-07
912ROP01 7 ?7 cW?ý/2091 0_ 14252 00 5 05 042 7 59 24 51 IMF~ 36 5 387 3 0109 1 02 a Bot"-o?

9/2812001 2052 9/29/2001 17 06 00 159 56 o(i b (J? (I ýI d 30 24 32 1621 33 7 40 7 _42R !2p 1 0-S 6 28E W
912012001 14 01 9f3012001 7 38 17 37 00 M 31, 06 0 52 8 bb 24 56 1b(57 406 390 407 S 0 131 98 8 04E 07
9/3012001 7 40 913012001 21 36 135600 Iql m 60 7 qA 9 r1i 7 48 24 64 17 56 J4 1 355 503 1 --- D -1-41

913012001 21 37 10/112001 15 13 17-36.0-0 ý09 67-66 A 71 046 8 16 24 42 1685 563 380 541 0 ----o -152- 099 7 41E-07.... 
-E7-g-a 6'Z' 166 6 97E-0710/1/2001 15 16 10/2/2001 1043 19 27 .2313 34 29_ 9,52 060 819 24 42 16 159 367 388

10/2/200 1 24 203900 249 1300 1038 052 .9i 1ý§l ý9 5 39 1 6189 0 174 099 6 GOE-07
1013120"l 7 2b 10/4/2001 0 10 2544 00 274 5700 11 46 029 _8 4ý 2ý1-- 40 4 40 1 6596 0 185 1 01 5 59E-07
10W2001 U 12 1015/2001 9 24 24 1200 2990900 12 46 047 7 fIS 24 49 17 18 368 3b 7 b9b 2 o im- 1 00 5 04E-07

26 W/W2001 851 2331 00 3224000 13 44 0-62 N-43-- 14 8 ý4 9 731 1 0205 1 00 4 82E-07
W/h/20:21i 9854 1o/7/2()Q1 11 27 262800 3490800 5 036 7 59 24 45 17 31 35 9 a 7669 0215 1 00 4 4111-07

14 5 2 37 a 804 7 0226 099 3 95E 07IN772-9-_9 I" _29 WR/200 1 11) 56 3227 00 Ul is 00 6 ý)u 021 ý 96 24 40 1686
101612001 1 c) 58 10110/20019 21 37 2100 418 5d 00 17 46 041 8 11 24 43 1684 383 38 1 842 6 0 237 099 3 48E-07
Q/10/L0ý)t 9 Ll !ýIj2ý2001 7 32 4b 09 00 465 07 00 19 35 029 8 71 -- N-62 ýi 6 -- -- 4 1'.7 ---. 0249 1 (to i 24E ()7
101121?001 7 34 1011412001 5 59 46 16 0() 511 23 I)n 21 31 024 628 24 52 1663 400 392. 02 2 97E 07
10114/2001 10/15/2001 00 40 08 00 551 31 00 22 98 Q 33 7 46 24 61 It 5t 35 5 35 3 9594 0 L70

10/15/2001 2201 10/17/2001 2204 480300 59934 00 24 98 0 41 810 2458 1702 382 37 9 997 3 0280 0 99 __MTý-07
10/17/2001 2206 10/1912001-2020 -645-480-0 "0' 3-1 748 24 56 17 49 356 355 10327 1 0290 009 2 4GE-077 4 9
1011912001 21 P3 10/2112001 2 21 475800 3 600 2891 0 15 7 14 8 35 3 106B 0 0300 1 02 2 30E-07

'i ;

io/2112001 21'23 10/24/2001 11 22 61 5900 7554500 31 49 020 797 24 51 LGW - 86 378 11059 0311 098 2055-07
10/24/2001 11 24 If)/27(2001 823 6B 59 00 824 44 00 34 36 037 802 24 46 1686 38 1 11440 0321 1 00 1 87E-070
10127/2001 8,25 10/30/2001 13 1g 7754 00 9023800 37 31 024 a 18 2443 16 U 5 1182 9 0332 099 1 73E-o7 1 00 098

10/31/200120 49 11/4/20ul 905 84 1600 9865400 41 12 027 804 24 1668 6 385 1221 4 0343 1 00 1 5bE-07
11/4/2001 ý) 07 11/f/2001 2325 861800 1073 1200 44 72 022 HýL2- 4 4 1677 388 390 12604 0354 1 00 1 52E-o7

1 117/2001 21 38 11/10/2001 21 36 71 5800 1145 10 00 47 72 038 704 2439 1771 33 1 335 12g3 U 0364 1 01 1 455-07
11110/2001 21 38 11/14/2001 726 _122.2 5q.Cýq- -- ýj 2 0ý0 i19 2462 1732 362 35 6 13305 0374 1 01 1 41ýt-07
11/1412001 7 28 11117/2001 20Z4 845600 Iý 11 54 00 54 06 037 751 2460 1748 355 357 13662 0384 1 01 1 34Z-07

_11/IL/2001 2026 1 112f/2WI U 02 ---- 287-i36--0-(') --- 13-99 36'65'-' - 36'71- '- 0 3r- 7 36 2457 17 56 35 1 3S 2 1 4023 0394 1 03 1 30E.07
1112112001 1203 11/2512001 1030 942700 14gJ 57 00 6225 0 ý15 7 3 24 30 17 30- 350 35 1 1437 4 0404 1 00 1 20E-07
11125/2001 1031 11IM2001 21 54 832300 15772000 6572 040 657 ý4 39 m2o -3o77- 310 14685 0413 1 01 1 12E-07
11/2812001 21 56 12/2/2001 la 25 138 29 00 ifla3i, 900 5933 0 ý!l 647 2467 1841 31 1 314 14999 0421 101 1,,o7e-o7

2D! '3 1522 985600 17624500 7345 042 670 2440 1800 31 2 32 1 15320 0430 1 03 978E-08
111611001 i S 31! 1ý110!2001 2044 1012000 18640500 77 67 020 655 2460 1811 31 6 , 32 5 1574'3 440 1 W 9 4SE-08
1211012001 ýO 46 JklSIL001 911 1090500 19731000 8222 020 674 77 ff:5ý 3ý1 -1 196-F 0449 1 03 9 28E-08
12/15/2001 9 54 1&11912001228 953401) 20664400 8620 9 17 6 ý12 1 74.651 1 Is,- 1628 7 45B 190 9m43E-O§ 11 00 095 Termina

Avg Jast 4, _!,40E-08
ower .0mit -L12E-08 75%

Upper Limit I ISE-07 125%



Table 4.1.3-2
Sarnplo No: ELFýTPII-13S-002 Large Block Hydraulic Conductivity Data, Test Pad 1, TPl-BS-002
Initial Conditions Prior to Permeation
Avg Length = 15 1 Gin Initial Water Content, w 172 %
Avg Diameter JO 4 Cm
Length/Diameter 050
Area m 7258 cm,
Volume 10978 effl, B value = 098

Final Conditions After Permeation
F Inal water Content, w 1895 1/. Pore VUlUrne, PV ý1335 C.,
Degree of Saturation, S 1000 % (A55umed) 8 value 099

Test Specification
Cell Pre sure= 65 psi Max Effective stress a ps,

: nflo Pressure 83 psi Min Effective Stress 2 psi
na.W Area 4 B7 cm, Avg EffeCtIVO Shags 5 psi

Outfln. p,e55,,,e 77 psi Avg Gradient 2815
outflow Area = 462 cm,
Pressure Difference 6 psi
l"fl-w " area - 08775 crn' Quill- Burette Area 08606 Gm'
Inflow A ulus FaLlor 4 550 Outtlow Anulu5 Factor 4364

flow sading la-Value S-Value CommentDate Vime At .7-1 ii- as i577 Q- Q- 7 Q.ýý I PV Q.,.,Q..(days)"" EndinO St.rtin. Endin at HW at TW
Start Ing 10 li;m)

9122/200121 34 9/2412001 7 43 34 00 00 340900 1 42 050 1639 24 33 847 8B 2 RS 1- 85 1 3 40E-08
9/2412001 7 45 0/25/20012118 380300 72 12 00 301 go 17 19 _2 4 61 04 676 1727 0045 097 3 14E-08

9/2512001 2152 9127/2001 13 213 393600 111 4800 465 048 1643 ý!4 38 829 885 863 2590 0068 097 2 96E-08
91270001 1332 B/2912001 13 58 482600 160 14 00 868 049 18 d2 - ;F4 75 587 101 7 1002 J59 2 0094 098 2 Blrt-00
9129/2001 1 4 0ý 415 11 F 20925.00 8 73 0 49 2 24 30 652 973 g5 4 4546 0119 D 9B 2 64E-08
10/112001 15 17 101312001 19 42 -- i5-H-56 -- 7GH,-5Eo- -7617i-- 18 ýT, 2452 639 987 972 551 8 0 144 099 2 52E-08
101312001 19 44 1015/2001 T2 5-5 - 511 -Ioo,-" ýi3 oi oo 51 1727 2452 7 38 930 91 9 543 8 0 16a 099 2 43E-08
10/512001 22 57 1018120017 23 56 2a 00 369 ý7,00 15 3c,) cFTC;a 18-3-1-- 2451 658 978 962 1399 0 193 098 ?. L2ý-L8
10/g/2DO1 725 10/1012001 ý?O 25 _ja() ý790_._ 1794 06.3 1852 2457 632 gq 3 979 537 8 (1218 099 2 IBE-OB

1011012DO1 2027 10113P2001 9 10 604300 __4aljQ 00 _2047 04g_._j 24-52 7 17 940 g3 1 93G 9 0243 099 2 07E-08
10/1312001 9 12 10/15/2001 2202 605000 5520000 23 00 052 1678 24 51 789 902 89 1 1020 1 0266 009 1 DaE-08
1011ý12001 2203 1011b/2001 20 0 45 00 6224500 25 95 033 15 15 4 iO 6 i 989 976 1117 7 0291 099 1 87E-08
10/18/2001 20SO 10121/2001 21 1A 72 26 00 Egý 0 uO dB.97 0.48_. lb I)i W 1 213 a 0317 099 1 SOE-06
1012V2001 21 20 10/24/2001 23 30 74 1000 7692300 32 06 0111 17 79 24 36 671 ý5 d 04 7 13085 0 34 1 099 1 73E-08-- -- T42--- - -- R5-- -- ---- -- - - -- -- --
10124/2001 23 32 10128/2001 8 T4 I On 1 05, CTO 3rý 46 q 12 _18 48 24 40 584 100 b 90 5 1408 1 0 367 099 1 U51E-M
10/26/21)1)1 816 10/31/2001 2029 94 1300 935 1800 3897 034 IS 44--- It)() 5 ýrd G 15W 0 030 098 1 6GE-08 1 00 0 99

I'll, 1"Oul 2050 11/4/2001 905 64 1500 10193300 42 48 062 1826 24 25 G 42_ _25 t 1602 6 0418 098 1 5511-08
11/412001 908 11/7/200123 27 bb 1U 00 11055200 4b 08 0 37 17 50 24 46 6 82 956 946 1697 1 0.443 0 9U I 48E 08
jgýLqýjl 2329 11/1012001 21 38_ 700900 117601 00 4900 049 1436 2442 1010 770 76 8 17L41,_ q -1 of) I 46E 08

11110/2001 21 40 4LQgl 7,29. 5ý 4! '603 24 3b 633 512 ad 1 18602 0485 099 1 42E-08
11/14/2001 7 30 11117/2001 20 26 845600 UT2 43 00 5595 0 46 1625 2451 832 876 ad U 1947 0 0505 099 1 3BE-08- - --- -T --j Q 9 G 6 0 44-i3626-T- -- -' - i626 245411117/2001 2028 JM/2V?201.jýH ST3 05 809 680 1352 2035 2 0531 1 00 1 EZ8
ii/ý11ý001 1?. od I q -00 l1,24 46 Oý 63 51 05ý) 1751 24 49 7 10 gi 9 93 3 21285 0555 099 1 33-ýý08
11125/2001 1033 11/28/2001 21 5G_ 832300 1608 09 OD 67 01 949 14 51 24 25 931 800 80 1 2205 7 0576 166
11/2872 1 2158 im2imam ile SG 30 00 1694 39 00 7061 0 30 14 89 24.- - Hý ---. 81 60 1 22855 0597 G 90 1 4E-0B
12/2/2001 1? 29 1216121101 15 N 1155011 1713 11 01) 74 73 025 1G ý4 24 70 8 lg,,. 887 886 2377 4 0520 1 00 1 20E-OB12/b/2001 1 i2'J.'2C)C), 2o 4ý 101 la 00 IE 020

9'5ý' 877 874 2464 8 0643 1 00 1 16E-ob

_8ý 50, 1111 do 2451) 748 216 91 3 2556 1 0666 1 00 1 12F-oa
2ý dý 82 7 2638 7 0688 1 00 1 15E-08L3 HO UO 748 37 1

Aye Last 4, 1 1811 00
Lovve 75%
Uppe 125%



Table 4.1.3-3

Sample No - ELF-TPI-BS-003 Large Block Hydraulic Conductivity Data, Test Pad 1, TP1 -BS-003
Initial Conditions Prior to Permeation
Avg Length = 15 1 cM Initial Water Q tent, w 169 %
Avg Diameter 304 cm
1-Qngfl`/D1aFneIef 050
Area = 725 8 Gin,

Volume 10960 CM' B value m 095

Final Condition5 After Permeation

Final Water Content, w 198 % Pure Volume, PV 4004 cm,
Degree of Saturautin, S 1000 % (Assumed) B value 096

Test specification
Gell Pressure w go psi max Effective Stress 8 psi

:nflow Pre5swe Be psi Min Effective Stress 2 psi
nflo. Area = 4 30 cm, Avg Effective sitres. 6 PSI

Ci.tflow Pressure 82 psi Avg (3.0writ 234

Outflow Area w 428 effl,
Press' ii-e D,ff.rer,.. a psi
Inflow 8urette area = 06744 CM' OtJtt]QW BUrette Area 0 8?44 cm,
Inflow Anulus Factor 3920 (73kittin. AnUIU5 Foý tr 3 B95

Date &Time At 7t Inflow Radinq _ 2-utflow Ný g_ 01" a- IL Q k S-Value B-Value comment

Starting Endina (days) Startina EridinQ Starliflit Endina lem") CM tern I T PV (crills) at HW at TW
9/2912001 20 10 10/1/2001 15 18 43 08 05" 4 3 8 ToG 1 80 040 1937 24 52 506 qj 0 953 95 3 D 024 1 02 2 95E-08
1011/2Wl 1520 10/3/2001 IT28 44 C7T6 00 364 061 1822 2434 757 866 82 1 1773 0044 095 2 57E 08
io/ý/2001 11 30 10/S/2001 YTG 45,56'Sr 133 1200 555 052 is Os 24 40 699 864 852 2626 0066 0 9G 2 52E-08
10/5/2001 928 10/7/2061 11 29 50 01 GO 183 1300 7 e3 038 1873 2434 6 1$ Q2.3 889 351 5 0 OBB He _j 42E-08

10/712001 11 31 101912001 1246 491500 2322800 969 055 18 11 4 3ý 7ý 64 5 59 109. ga -OB
101912001 1248 1011112001 1534 50 46 GU 263 1400 11 60 __17 86 24 47 7 20 Be 9 84 5 5205 0130 0 ga 2 -67s

0111/2001 15 36 10113/2001 2221 544500 , 1 8 051 Is 67 2445 646 903 Be 1 60B 5 0152 007 2 20E-08
Lqý12ý2%j 2,gý. 011ý120101 g5 00 3980100 1650 050 1937 2450 Soo 926 91 0 6996 0175 096 2 14E-08
10/1712001 11 43 10/19/2001 20 18 5835 00 4523600 , 1866 040 18 33 24 19 660 882 861 7857 2 OSE-08.
10/19/2001 2020 10/21/2001 2 758 14 splo 1 0 215 a 98 2 OSE-0820 MIN 1 5 84 923 9,A E5 W lb5 1 2. 20594110/2112001 21 25 10/24/2001 1 ý ?2 ýO 612 ý4 ZI 12 §24 4 ii
10/24/2001 11 22 10/26/2001 21 34 58 1200 621 4600 1 25 ý)l 1121 7 B' 24 32 G 99 Be 6 841--F 02S9 0 as I 98F-08 095__T
10/26/2001 22 11 10/2W2001 7 19 580600 679 540ý_ 2§,_ýý 'B_ 24 31 660 'is 1 867 11225 2 210/29/2001 7 21 10/31/2f)Ol 2034 61 13 00 1 74107 On _--I() 68 G 4ý is no 2 6 39 694 87 8 1210 2 ?2"2' G TO' 1 .5.-0. 1 00 0 96 T.,mulart.al

Avg Last 4 1 99E-00
Lower Limit 1 49Eý08 75-/.
Upper Limit. 2 49E-1311 125-Y.



Figure 4.1.3-4
Sample No,: ELF-TPIýB$-01)4 Large Block Hydraulic Conductivity Data, Test Pad 1, TPl-BS-004
Initial Conditions Prior to Permeation

Avg Length = 15 1 C. lndiýl Water Conteril, w 135 %
Avg Diameter 304 Cm

Lerigm/Djameter 050

,ea ý 7258 cm,

Volume 10960 "n' B ýalue ý 095

Final Conditions After Permeation

Final Water Content, w 189 % Pore Volume. PV 3679 cm,
Degree of Saturation, S 1000 % (Assumed) 8 value 099

Test Specification

Cell Press.(. = 90 psi M.. Eflehve Stress 0 P.,
flo Pressure Be psi M,.. Elf.,Arve Stress 2 PSI

nnIluww Area = 455 CM' Avg Effective Stress 5 P51
O.tfiu. Pre55u,e w 1:12 ps. A,g Gradient - 28 5

Outflow Area -, 471 'M

Pressure Difference 6 psi

:nflow Elureffia area w 0 bbbi On, Outflow Burette Area 08720 cm,
.Ow A I.S Fact 4240 Outflow AnulUs Factor 4403

Date &Time At Inflow Reading Outflow Reading Q., I, Q BIN;ilu. 1ý.%/Jalu.
----------- Startin. Endina (cm'l (cm I in 7 PV I.. at HW at TW

SMr_tm9_'__ Ending St.n... Fridin9129/200120 10 10/2(2001 21 45 73 35 0 733500 laid-6 j 07 050 4 2457 725 94 0 935 ý3 5 0024 0 9ý 1 72E-08
IQZ2001 2147 10/612001 23 27 97 4000 --- fit 15 00 7 14 052 18'ý 2451 7 19 923 93 a IR 1 6048 1 01 1 2BE-08-ig 12-429 N 46-76 1 ýOD 10111/2001 15 ý14 1120500 2133 ýO 17 85 27B3 0072 101061 759 903 91 1 1 OgE-081. _ T4-4iF 7,3- T Fig 12603,00 4092300 046 1802 371 0 a OggToll 1/20C;475 1011612001 21 39 __1796 920 92 7 9 86EmOO
IM712001 11 44 10/LIL292121,23 1053900 5150200 2146 ... ... 036 15 72 2428 962 805 792 4502 a 115 1 01E.08
10/21/2001 21 ý!B 1612612001 21,34 1200600 635 looo 2647 0 67 16 7b 24 413 8 7F 843 85 3 5354 0 138 1 9.46Erog 0 gg
10/2612001 22 12 10/31/200! 29 jj'_ 119 22 00 ?54 32 00 31 44 OM 1589 2446 933 -- Rra 81 7 617 2 0 159 001- _9 16E 09 1 00 099 Týerminated

I 64E.09

7 23E,91. 75%

Upp., L it I 21FýOft 12 b,/.



TABLE 4.2.1-1 ELF TEST PAD 2 TEST DATA FOR SOIL CLASSIFICATION, MODIFIED PROCTOR AND SPECIFIC GRAVITY

ELF TEST PAD 2
Graiii Size Atterberg Limits Maximum Optin-fum Sample

Sample % Finer 1/. Finer P1 Dry Moisture Specific USCS Moisture Munsell Laboratory Visual Soil DcscrlptlonNorthing Easting Elevation #200 LL PL Density Content Gravity ClasSification Content ColorNumber #4 Sieve
Sieve (PCO N

'TP2-CL-001 192,58030 2,184,529,98 51702 100 65 35 19 16 CL 91 10YR7/4 Moist Very Pale Brown sandy lean Clay
*TP2-CL-002 192,642.36 2,184,491 57 51702 100 69 39 26 13 ML 108 10YR8/3 Moist Very Pale Brown sandy stit
*TP2-CL-003 192,70556 2,184,425 95 5170,3 100 68 36 22 14 CL 11.9 10YR7/4 Moist Very Pale Brown sandy lean Clay
*TP2-PR-001 192,690,74 2,184,537 10 51696 100 67 33 18 15 114.5 15.5 CL 11 0 10YR7/4 Moist Very Pale Brown sandy lean Clay*TP2-PR-002 192,581 46 2,184,429 00 51695 100 6 113.5 160 CL 10335 18 17 10YR7/4 Moist Very Pale Brown sandy lean Clay
TP2-PR-003 192,22558 2,184,267 98 51797 1 71 41 20 21 120.0 130 271 CL 226 10YR7/4 Moist Very P81e Brown lean Clay with Sand
TP2-PR-004 192,20049 2,184.267,69 5179.4 100 68 41 20 21 1185 140 2.72 CL 175 10YR7/4 Moist Very Pate Brown sandy lean Clay
TP2-PR-005 192,291.77 2,184,245 40 51784 100 67 41 19 22 121.0 135 CL 198 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-006. 192,170,59 2,184,245 17 51788 100 69 42 19 23 119.5 140 CL 238 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-007 192,28470 2,184,266 30 51792 100 68 43 20 23 120.5 13,5 CL 196 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-008 192,13800 2,184,270 64 51801 100 64 39 17 22 1225 13,0 CL 181 10YR6/4. Moist Light Yellowish Brown sandy lean Clay
TP2-PR-009 192,20049 2,184,248,61 5179.0 100 65 41 19 22 121 0 135 CL 197 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-010 192,227,64 2.184.248 57 51794 100 68 39 18 21 121,5 12,5 ....... CL 187 1 OYR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-01 1 192,201 01 2.184.266,65 51805 100 60 44 17 27 124,0 11.5 CL 177 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-012. 192,25848 2,184,265 89 51807 100 63 40 17 23 1205 130 C L 172 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-013 192,25375 2,184,232 85 179 7 100 63 40 17 23 121 0 130 C L 184 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-014 192,24071 2,184.246 99 51799 100 63 40 17 23 1205 135 CL 174 10YR6/4. Moist Light Yellowish Brown sandy lean Clay
TP2-PR-015 192,27520 2,184,280 71 5181 0 1QO 64 41 17 24 1230 125 CL 168 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-016 192,254 49 2,184,266 04 51809 100 67 41 17 24 1230 125 CL 176 10YR6 vish Brown sandy lean Clay
TP2-PR-017 192.30011 2,184,238 49 5179 6 100 41 17 24 1225 130 CL 170 10YR6/41 Moist Light Yellowish Brown sandy le8n Clay
TP2-PR-018 . 192,17981 2.184,236 76 5180 1 100 65 41 18 23 1225 130 CL 17.8 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-019 192.241 52 2,184,283 33 5181 8 100 64 43 17 26 121 130 CL 168 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-020 192,26738 2,184,269 48 5181 4 100 62 42 17 25 122,0 125 CL 166 10YR6/4 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-021 192.241 74 2,184,251 78 51809 .100 64 42 17 25 1230 120 CL 180 10YR614 Moist Light Yellowish Brown sandy lean Clay
TP2-PR-022 192,183 86 . 2,184,250 23 51806 100 63 42 17 25 1225 125 CL 162 10YR6/4 Moist Light Yellowish Brown sandy lean Clay

Borrow So rce location

CL = Classification
PR = Modified Proctor
USCS ý Unified Soil Classification System

Test Pad Soil Summary 12/21120011



TABLE 4.2.2-1 NUCLEAR DENSITY TEST RESULTS FOR ELF TEST PAD 2, LANE 1 (815 COMPACTOR)

MOISTURE/DEN$ITY TEST VALUES PERCENT NUMB-EROF
MOISTURE DRY COMPACTION DEGREE OF HYDRATION COMPACTION WITHINTEST NUMBER DATE LIFT GRID TEST TYPE CONTENT DENSITY TO MODIFIED 'SATURATION TIME (DAYS) EQUIPMENT AZ COMMENTS

(%3017) (PCF) PROCTOR PASSES
ELF-TP2-DT-002 8/29/01 0 NUCLEAR 17,4 103,9 93,2% 75.10/c N/A N/A N/A SUBGRADF
ELF-TP2-DT-009 9/10/01 2 4 NUCLEAR 18.2 110.7 94.0% 935% 4 4 Y
ELF-TP2-DT-010 9110/01 2 15 NUCLEAR 19.6 109.3 9 2. 8 0". 96-91/0 4 4 Y
ELF-TP2-DT-01 1 9/10/01 2 19 NUCLEAR 20,0 1081 91.8% 95ý9% 4 4 Y
ELF-TP2-DT-012 9/10101 2 18 NUCLEAR 211 103.1 87.5% 89ý1% 4 4 N

-.L-LF-TP2-DT-013 9/10/01 2 5 NUCLLAR 21.8 104A 88.7% 95ý3% 4 4 N
ELF-TP2-DT-014 9/10/01 2,, NUCLEAR 183 1091 92 6% 4 4 y
ELF-TP2-DT-021 9111/01 3 3 NUCLEAR 17.2 107.2 91-0% 80.6% 4 4 N
ELF-TP2-DT-022 9/11/01 3 14 NUCLEAR 20-8 106,1 88,1% 94,9% 4 4 N
ELF-TP2-DT-023 9/11/01 3 11 NUCLEAR 17.4 108.6 90.1% 84.5% 4 4 N
ELF-TP2-DT-024 9/11/01 3 6 NUCLEAR 20,2 107.4 912% 95.2% 4 4 Y
ELF-TP2-DT-025 9/11/01 3 20 NUCLEAR 19.4 107.3 89.0% 91,1% 4 4 N
ELF-TP2-DT-026 9/11/01 3 10 NUCLEAR 20,7 106A 88.1% 944% 4 4 N
ELF-TP2-DT-035 9/112/01 4 16 NUCLEAR 18.0 .,108,1 917% 86,2A 4 4 Y
ELF-TP2-DT-036 9/12/01 4 2 NUCLEAR 191 '107 0 4 4 y
ELF-TP2-DT-037 9/12/01 4 7 NUCLEAR 171 109ý2 927% 844% 4 4 N
ELF-TP2-DT-038 9/12/01 4, 15 NUCLEAR 17.5 110.0 9ý3% 88.0% 4 4 Y
ELF-TP2-DT-039 9112/01 4 4 NUCLEAR 19.0 107A 910% 88.9% 4 4 Y
ELF-TP2-DT-040 9i,!ý,101, 4 17 NUCLEAR 17,2 110 5 933% 87.8% 4 4 Y
ELF-TP2-DT-047 9/13/01 1 5 12 NUCLEAR 140 107,5 89.2% 662% 4 4 N
ELF-TP2-DT-048 9/13/01 5 14 NUCLEAR 16-9 111.5 92.6% 886% 4 4 Y
ELF-TP2-DT-049 9/13/01 5 10 NUCLEAR 16.8 109.8 91,2% 84.3% 4 4 N
ELF-TP2-DT-050 9/13/01 5 9 1 NUCLEAR 17,8 109.4 90.8% 88.3% 4 4 Y
ELF-TP2-DT-051 9/13101 5 18 NUCLEAR 16.1 112.7 93-6% 87.2% 4 4 Y
ELF-TP2-DT-052 9/13/01 5 2 NUCLEAR 160 1128 93.6% 86.8% 4 4 Y
ELF-TP2-DT-059 9/14/01 1 6 5 NUCLEAR 19.5 108.0 89,7% 914% 4 4 N
ELF-TP2-DT-060 9/14/01 6 10 NUCLEAR 166 113ý6 94.3% 92-0% 4 4 Y
ELF-TP2-DT-061 9/14101 6 15 NUCLLAR 1&9 111.7 92,7% 89.0% 4 4 Y
ELF-TP2-DT-062 9/14/0i 6 13 NUCLEAR 15ý8 113.2 94.0% 86.6% 4 4 Y-
ELF-TP2-DT-063 9/14/01 6 7 NUCLEAR 17.0 1119 92ý8% 89ý9% 4 4 Y
ELF-TP2-DT-064 9/14/01 4 NUCLEAR 18.1 108ý8 90.3% 88,4% 4 4 Y

Averages 18.8 107,7 91.4%, 88,9%
AZ = Acceptable Hydraulic Conductivity Zone

Density Spreadsheet\TP 2, LANE 1 FOSTER WHEELER ENVIRONMENTAL CORPORATION 12/21/2001



TABLE 4.2.2-2 NUCLEAR DENSITY TEST RESULTS FOR ELF TEST PAD 2, LANE 2 (825 COMPACTOR)

MOISTURE/DENSITY TEST VALUES PERCENT NUMBER OF
MOISTURE DRY COMPACTION DEGREE OF HYDRATION COMPACTION WITHIN

TEST NUMBER DATE LIFT GRID TEST TYPE CONTENT DENSITY TO MODIFIED SATURATION TIME (DAYS) EQUIPMENT AZ COMMENTS

M30171 (PCF) PROCTOR PASSES
ELF-TP2-DT-001 8/29/01 0 N/A NUCLEAR 15.0 108.6 97.4% N/A N/A

ELF-TP2-DT-003 9/7/01 2 11 '1 NUCLEAR 19,6 108.1 91-8% 0 4, 0 "/o 4 4 y
ELF-TP2-DT-004 9/7/01 2 12 NUCLEAR 19.4 109.7 93.1% 970% 4 4 y
ELF-TP2-DT-005 9/7/01 2 3 NUCLEAR 20,1 106,0 90,0% 91.41/16 4 4 N
ELF-TP2-DT-006 9/7/01 2 5 NUCLEAR 19,5 107ý3 911% 91,6% 4 4 y
ELF-TP2-DT-007 917/01 2 17 NUCLEAR 20-4 106.8 907% 94.71". 4 4 Y
ELF-TP2-DT-008 9/7101 2 16 NUCLEAR 19.7 108.1 91,8% 94,5% 4 4 y
ELF-TP2-DT-015 9/11101 3 3 NUCLEAR 22-2 104.7 88,9% 97.8% 4 4 N
ELF-TP2-DT-016 9/11/01 3 1 NUCLEAR 19,2 110.0 91.3% 96.7% 4 4 Y
ELF-TP2-DT-017 9/11/01 3 15 NUCLEAR 24-0 1021 847% 99.0% 4 4 N
ELF-TP2-DT-018 9/11/01 3 19 NUCLEAR 20.9 105.5 89.6% 939% 4 4 N
ELF-TP2-DT-019 9/11/01 3 14 NUCLEAR 21,0 106.8 90.6% 97,4% 4 4 Y
ELF-TP2-DT-020 9/11/01 3 2 NUCLEAR 18.6 110.4 91.6% 94,6% 4 4 Y
ELF-TP2-DT-028 9/12/01 4 13 NUCLEAR 174 1101 91,3% 4 4 Y
ELF-TP2-DT-029 9112101 12 NUCLEAR 17ý2 111,9 92,9% 91.2% 4 4 y -
ELF-TP2-DT-030 9/12/01 4 17 NUCLEAR 17.2 109.2 90.6% 849% 4 4 N
ELF-TP2-DT-031 9/12/01 4 4 NUCLEAR 17,5 1113 0,4ý', 91.2% 4 4 y
ELFJP2-DT-032 9112/01 4 6 NUCLEAR 17,8 110,1 89.9% 89-9-/. 4 4 N
ELF-TPZ-DT-033 9112/01 4 7 NUCLEAR 17.5 109,1 89.1a/1. 86. 4 4 N,
ELF-TP2-DT-041 9/13/01 5 1 NUCLEAR 16,2 114,0 94,6% 90.8% 4 4 Y
ELF-TP2-DT-042 9/13/01 5 10 NUCLEAR 16,0 109.0 90.4% 785% 4 4 N
ELF-TP2-DT-043 9/13/01 5 13 NUCLEAR 15.8 112.5 93.4% 850% 4 4 Y
ELF-TP2-DT-044 9/13/01 5 11 NUCLEAR 17,1 110.2 91.5% 86,7% 4 4 Y
ELF-TP2-DT-045 9/13/01 5 14 NUCLEAR 179 108-9 90 4% 87.6% 4 4 Y
ELF-TP2-DT-046 9/13/01 5 12 NUCLEAR 15.0 1127 93.5% 81.1% 4 4 N
ELF-TP2-DT-053 9/13/01 6 9 NUCLEAR 15ý7 113,1 92,3% 86.7% 4 4 y
FLF-TP2-DT-Q54 9/13/01 6 20 NUCLEAR 16.1 112.7 9 2. 0 0% 87.2% 4 4 y
ELF-TP2-DT-055 9/13101 6 4 NUCLEAR 152 110 3 901% Y7.2% 4 4
ELF-TP2-DT-056 9/13/01 6 7 NUCLEAR 17,2 1121 91 ý5% 91.6% 4 4
ELF-TP2-L)T-057 9/13/01 6 6 NUCLEAR 18.2 108,9 88,9% 891% 4 4 N
ELF-TP2-DT-058, I 9il 5101 6 12 NUCLEAR 17.5 111.6 91.1% 91,8% 4 4

Averages I -- I -- 18.2 109.4 91.0% 90%

AZ = Acceptable Hydraulic Conductivity Zone

Density Spreadsheet\TP 2, LANE 2 FOSTER WHEELER ENVIRONMENTAL CORPORATION 12121/2001



TABLE 4.2.2-3 SHELBY TUBE HYDRAULIC CONDUCTIVITY TEST RESULTS FOR ELF TEST PAD 2

LANE 1, 815 COMPACTOR
MOISTUREIDENSITY TEST ''I PERCENT NUMBER OF PERMEABILITY/

TEST NUMBER DATE LIFT GRID MOISTURE DRY 1COMPACTION DEGREEOF HYDRATION COMPACTION WITHIN ASSOCIATED COMMENTS
TEST TYPE CONTENT DENSITY TO MODIFIED SATURATION TIME (DAYS) EQUIPMENT AZ TESTING

(%3017) 11"(PCF) PROCTOR PASSES
*ELF-TP2-ST-003 9110/01 2 11 SHELBY 20.6 104.6 88.8% 90.5% 4 4 N Ký I 2X 10"'
*ELF-TP2-ST-004 9/10/01 2 17 SHELBY 21,0 1051 892% 9 3.4% 4 4 N K = 2.1 X 10-"
*ELF-TP2-ST-007 9/11/01 3 1 13 SHELBY 19,7 105,5 89-6% 88.4% 4 1 N K = 7.4 X 10-'
ýELFJF`2-ST-008 9/11/01 3 14 SHELBY 20.0 106,3 88,2% 91.5% 4 4 N K = 1.0 X 10-1
*ELF-TP2-ST-012 9/12/01 4 7 SHEL13Y " 17.7 107.3'' 9 1.1 G/6 83.2% 4 4 N K = 7ýO X 10-"

*ELF-TP2-ST-017 9/13/01 5 17 SHELBY 17.0 110.0 91.3% 85.6% 4 4 Y K = 2-4 X 10-tj
*ELFýTP2ýST-013 9/12101 4 20 SHELBY 17,3 105-1 89,2% 4 4 N K = 2 6 X 10 - Poof Sample
ýELFJP2-ST-018 9/13/01 5 5 SHELBY 18.9 107.7 89,3% 89-6% 4 4 N K = 1.1 X 10-8

ýELFJP2-ST-019 9/13/01 5 12 SHELBY 17.6 109.4 90.8% 87.4% 4 4 Y K = 1,8 X 10-8

ýELFJP2-ST-023 9114/01 6"'' T4 SHELBY 15A 104,7 86.8% 67,8/o 4 4 N K = 7 4 X 10-6 voldý, In Sample

*ELF-TP2-ST-024 9/14101 6 SHEL13Y 160 108-9 90.4% 78.3% 4 4 N K = 2.3 X 10- Voids in Sample

Oven Moisture

Averages 19.4 105.7 8915% 84,8%

LANE 2,825 COMPACTOR
MOISTURE/DENSITY TEST ''PERCENT NUMBER OF

MOISTURE DRY COMPACTION DEGREE OF HYDRATION COMPACTI I ON WITHIN PERMEABILITY/
TEST NUMBER DATE LIFT GRID ASSOCIATED COMMENTS

TESTTYPE CONTENT DENSITY TOMODIFIED SATURATION TIME(DAYS) EQUIPMENT AZ TESTING
(0/.30171_ (PCF) PROCTOR PASSES

*ELF-TP2-ST-001 917/01 2 8 SHELBY 19,0 106,1 90.0% 86,5% 4 4 Y K=26X10-8

*ELF-TP2-ST-002 9/7/01 2 1 19 1 SHELBY 177 1072 910% 83.0% 4 4 N K = 2:0 X 10-' Voids in Sample

*ELF-TP2-ST-005 9/1 V01 3 10 SHELBY 18.4 108.8 92,3% 89-8% 4 4 Y K = 1-0 X 10"'
'ELF-TP2-ST-006 9/11/01 3 6 SHELBY 181 109,6 90.9% 90.1% 4 4 Y K = 1.1 X 10-8

'ELF-TP2-ST-009 9112101 4 10 SHELBY 18,5 107,8 89,40/-, 880% 4 4 N K ý 1ý8 X 10'

*ELF-TP2-ST-01 0 9/12/01 4 5 SHELBY 177 1099 89.7% 89.0111. 4 4 N K = 2,2 X 10-8

*ELF-TP2-ST-01 1 9112101 4 18 SHELBY 17,3 109.6 909% 8601/. 4 4 Y K 2 0 X 10-'-
*ELF-TP2-ST-014 9/13/01 5 12 SHELBY 157 112A 93.2% 84.1% 4 4 N K 1.3 X 10-8

*ELF-TP2-ST-015 9/13/01 5 15 SHELBY 18.5 107.9 89.6% 88.3% 4 4 N K 2.3 X 10-8

*ELF-TP2-ST-016 9/13/01 5 10 SHELBY 17.9 109,2 90,7% 88.4% 4 4 Y K 3.7 X 10"'
*ELF-TP2-ST-020 9/13/01 6 18 SHELBY 17.ý 0.6% 91 ý9% 4 4

"! 11,0 9 Y K 1,5 X, 10'
*ELF-TP2-ST-021 9113101 6' 6 SHELE3ýý- 20.7 164.6 85.4% 909% 4 4 N K 3ýO X 10-8

*ELF-TP2-ST-022 9113/01 1 6 1 4 SHELBY 164 1086 88ý6% 79.8% 4 4 N K 3,1 X 10'
Oven Moisture

18.1 108,7 90.31/0, 88%
AZ = Acceptable Hydraulic Conductivity Zone

Shelby Spreadsheet\TP 2 FOSTER WHEELER ENVIRONMENTAL CORPORATION 1/2/2002



Table 4.2.2-4
Summary of Nuclear

Density and Hydraulic Conductivity Tests

Summary of Nuclear De sity Tests
Test Pad 2. Lane 1 Test Pad 2, Lane 2

Lift # 2 3 4 5 6 All Lane 1 2 3 4 5 6 All Lane 2 All Test Pad 2

Range of moisture 182-21 8 172-208 171 -191 140-178 158-195 140-21 8 194-20A 18,13-240 172-178 150-179 152-182 150-24,0 14.0-24,0content (%)
Range of Dry 103 1 -109 3 106 1 - 108 6 107 0 - 110 5 107 5 - 112 8 108 0 - 113 6 103,1 - 113.6 106.0 - 109.7 102 1 - 110 4 109 1 - 111 9 108 9 - 114 0 108 9 - 113 1 102 1 - 114.0 102.1 - 114 0Density (pcf)
Number of tests in 4 (Figure 1 (Figure 5 (Figure 4 (Figur 5 (Figure 19 5 (Figure 3 (Figure 3 (Figure 4 (Figure 4 (Figure 19 38AZ 522-1) 5 2 2-2a & b) 522-3) 5 2 2-4e 522-5) 5,2.2-6) 522-7a&b) 522-8a&b) 522-9) 522-10)
Number of tests 2 (Figure 5 (Figure 1 (Figure 2 (Figure 1 (Figure 1 (Figure 3 (Figure 3 (Figure 2 (Figure 2 (Figure 11 22out of AZ 522-1) 1 5 2 2-2a & h) 522-3) 522-4) 522-5) 522-6) 1 5 2,2-7a & b) 1 5 2 2-8a & b) - 522-9) 522-10)

Summary of Shelby Tube Permeability Tests I
Test Pad 2 Lane 1 Test Pad 2, Lane 2

Lift # 2 3 4 5 6 All Lane 1 2 3 4 5 6 All Lane 2 All Test Pad 2
Range of moisture 206-210 197-200 173-177 170- 189 154-160 154-21 0 17.7-190 181 -184 173-185 157-185 164-207 157-207 154-21 0content M.)
Range of Dry 1046- 1051 1055- 1063 105 1 -107,3 107 7 -1100 104 7-1089 1046 -1100 1061 -1072 1088 -1096 1078-109,9 1079-1124 1046- Ill 0 104 6 - 112 4 104 6 - 112ADensity (pcf)
Number of tests in 0 (Figure 0 (Figure 0 (Figure 2 (Figure 0 (Figure 2 1 (Figure 2 (Figure 1 (Figure 1 (Figure 1 (Figure 6 8AZ 1522-1) 522-2) 522-3) 522-4) 522-5) _ _5 2 2-6) 5 2 2-7a&b) 5 2 2-8a&b) 522-9) 522-10
Number of tests 2 (Figure 2 (Figure 2 (Figure 1 (Figtife, 2 (Figure 9 1 (Figure 0 (Figure 2 (Figure 2 (Figuie 2 (Figure 7 16out of AZ 5 -1 1 522-2) 522-3) 522-4) 5 2 2-b 522-6) 1 5 2 2-7a&b) 1 5 2 2-8a&b) I S22-9) 1 5.22 10)

pdsslflg 522-1) 522-2) 3) 522-4) 522-5) 8 522-6) 5 2 2-7a&b) 5 2 2-8a&b) 522-9) 5,22-10) 12 20

ý Number of 2 (Figure 2 (Figure 1 (Figure 5 2 2 3 (Figure 0 (Figure I (Figure 2 (Figure 3 (Figure 3 (Figure 3 (Figure

Ferme8bility Tests
AZ = Acceptable Hydraulic Conductivity Zone

Table 4 2 2-4 2/5/2002



Table 4.2-3-1
S..Ple No-- ELFýTP2-0,9-001 Large Block Hydraulic Conductivity Data, Test Pad 2, TP2-BS-001
Initial C nditions Prior to Permeation

Avg Length w 152 Initial Water Curitýrit, w 17 a %

Avg Diameter m 305 i:m

Length/Diameter 050

Area - 7306 cm,

Volume I 1105 c'n' 8 -1.. = 095

Final Conditions After Permeation

Final Water Content. w lu,5 % Pore Volume, PV 3887 cm

Degree of Saturation, S 1000 'A (Assumed) a value 099

Test specification

Cell Pressure = 90 psi Max Eflective Stress 6 psi

Inflow Pressure 86 psi Min Elieclive Stress 4 P5.

Inflow Area = 4 30 c0n, Avg Vffactive Stress 5 psi

O.tti.w P,....r. 84 psi Avg Gradient - 9.8

Outflow Area = 455 cm

Press ure Difference m 2 ps'

Inflow Burette area - 08744 cm, Outflow Burette Area 08681 cly"

Inflow Atus Factor 3921) Outflow Antilus Factor 4240
Inflo W E PV Q_1Q., k B Value 8-Value Comment

I Uime At Et Reading Utflow eading

ing F (days) Startina Ending Starting Ending (cm) Ic.J (Gin (cm/s) at HW at TW
1/w2opi vý 42 9 (x), 274700 1 16 090 1747 ý4 ý0 a 19 at 5 839 839 0022 03 E ý2.7

2aj!L2 ---- ?74L--- - _ _J__ _ j'.jL

11/7/209123,31 119/2aD 08 ý15 25,Oqý 2200 2,64 048 16 P7 24 38 BOB 798 807 1646 0 042 01. 8 72ýLR8

_111912001 11.08 11110/ý1001 ýýj 40 34 3200 9754 00 08 043 1621 24 39 959 776 776 242 1 6062 1 00 a GGI-;_08

I V10120RLýjjj_ _1.1112/2001,21 56 4A 14 00 1460800 609 049 1767 24 43 762 845 881 330 ý 0085 1 04 6 99E-08
I 1/ 1 21ý00 1 21 59 11/15/2001 9 17 so 1800 ý05 26 00 656 043 a 3g 24 50 727 884 903 4205 108 1'8ý

1111 /2001 2 19 11/1712001 22 20 61 0100 2662700 11 10 054 1541 2453 907 ý15 1 81 0 501 5 0 120 1 04 E-08

11 /1 7/2001 2221 11120/2001 21 42 71 21 00 3374800 1408 049 1690 2457 880 807 826 584 2 0 150 1 02 4 43E-08

11/20/2001 21 44 11/24/2001 11 20 853600 4232400 17 64 045 1770 2438 749 849 885 672 7 0 173 1 04 3 96E-08

11124/2001 11 22 2 - B 100 515 31 ou 11 413 I'll 11 30 245. 862 1ý5 9 0 1ý4 1 03 3 44E-08

ý2011112 ?1'1 Tjl ,1 12, B,9 1 0216 102

12/7/2001 8 14 12/13/2001 9 14 145 00 (10 977 1200 -1 3111 11", 81 3 844 1002 1 0 2ý8 + 1 N )99 Terminated

An LpLI 4'

_Lowj 1141 Z 75%
Up er 12-111.



Table 4.2.3-2
Sample No,: ELP-IP2-BS-002 Large Block Hydraulic Conductivity Data, Test Pad 2, TP2-BS-002
Initial Conditions Prior to Permeation
Avg Length m 152 c'n Initial Water Content, w 187 %
Avg Diameter - 305 cn)
Length/Diaineter 050
Area = 7306 en),
Volume 11105 GM3 B value ý 095

Final Conditions After Permeation
Final Water Content. vv 188 % Pbný Vitlun'.. PV 3773 cin,
Degree of Saturation. S 1000 % (Assumed) 8 Value 1 00

Test Specification
Cell Pressure = 90 psi Max Effective $tre5s 5 psi

n flo Pressure 85 psi Min Effective Stress 5 psi
nfloww Area - 428 cm, Avg Effective Stress 5 psi

Outflow P,.S-re 85 psi Avg Gradient - 14
Outflow Area = 471 cm,
Pressure Difference 0 psi

tte area m 08744 co), Outflow Surelle Area 08720 cm'
Allu'uelus Factor 3 895 Ou(flow AhUhis Factor m 4 403

Date &Time Et !!,flow Readmg----l Outflow Rea ing Q1. 0- 1. PV 9--Valtie B-Val"" Comment
Staqing_ Endi Ing Idinn I, PmM --. ,,W

1116/2001 19 43 __AI17/2001 23 29 27'4b 00 274600 1 le G 23 7 oi 17 83 33 3 356 356 0009 1 07 3 76E-071
11/7/2001 23 32 1 1161266i 11 Or, 353400 632000 264 0 3e 7 11 24 40 1865 330 31 1 R('ý i 0,018 094 2 67E-07

,_Ii/9/2001 11 09 111101-2001 Yi 42 34 33 00 9ý 53 00 408 046 611 24 52 1961 280 265 932 0025 0?5 8E,07
11/10/2001 21 44 11/iHooi 21 56 48 iY65- 1460500 609 032 6 ?L_ 2457 1862 __39 ýL_ 32 1 125 3 0033 1 LO_ _161E-07
I VT2 12601 22 11 11/15/2001 9 20 205 f4 00 655 018 wag 2473 1877 328 322 1576 0042 0 ga I 59E-07

7f9i?qq 19 22 11/17/2001 22 22 610000 2661400 1109 025 24 24 53 1876 9,3 31 2 1135 7 6656 I.RG IE-07
11117/2901 2 11120/2001 21 45 712200 7ý3 1407 043 029 24 62 1920 28 7 21b 0 0058 i 02 1 14E-07
11/20/2001 21 47 11/25/2001 W 34 1054700 446 ý3 00 1860 jo 598 24 50 1 7 95 327 35 2 2532 0061 1 08 9 39E-0B1112512601 10 H 1/28/2001 2200 632600 5294860 209 033 9655 32 14 59 1 24 4 2115 4 1 OB 8 15E-08
11/28/2 202 12/3/2001 2,L2 120 2u 00 5500800 2709 64 _Llq_2__, 0062 1 04 7 2011-08
12/3/2001 2 4 1219/2001 16 4G 7883000 3285 23 343 4 0091 1 06 5 65L'-OB
121c)/2001 16 48 12/1312001 9 17 88,?9,00 8765900 36 54 1 0 37 24 53 203ý, 21 3 22 7 356 2 0 ' 097 1 07 6 41E-08 100 1 00 1 Ternrilriatea

751%

InW.- .8,889-08 125%.



Table 4.2.3-3

S..Pl. N... ELF-TP2-BS-003 Large Block Hydraulic Conductivity Data, Test Pad 2, TP2-BS-003

Initl-I Gpriditipmr Prior to Permeation
Avg Length - 154 initial Water Content, w 172 %
Avg D.melý, - 303 cm
LencluvDiameter Q 51
Area = F22 7 ct"

Volume 11130 -1.. = 097

Final Conditionil After Permeation
Final Water Content, w 164 Pore Volume, PV 3557
D.Wre. .1 Satur.boh, S 1GO 0 % (Assumed) B v-1- 099

T.. Sp..ifi..ti.n
itcell P-ure 90 P.. Max Effective Stress 8 P.,

Iffl.. Pressure Ed P.. M,n 1111.0- St,o.. 2 P.,
InIl w Ar- = 4 dO m' Avg Fiff-ti.. Sir- 5 P.1
Outflow Pressure 62 p. Avg Gr.d...t 28 1
Outflow Area = 420 lhý'
Prousur. Difference 6 p,

:n.2w B .11. area G 81" tin' Qutfl- Bur.11a Ave. 0,8744 m'
uw A-1- Fall., 3920 Outflow Anulus Factor 3895 E k Jý-V.J- 13.V.14. CommentD.t. &Time At Inflow Reading 001- R..d,.g G" 0- Q- I PVst.itirig Endl., Startino -_Knd "n,_ Starting Ending tHW TYL
12/1 W70GI 9 25 WQQ12001 0 0.3 4 g&00 143800 0 1311 049 11 52 2466 1587 54 3 425 42,j 0012 0,713 4 46E-08

__12/2U2001 0.06 12/21/2001 9 N 32 S800 47 3600 1 98 070 1705 21_j7_,. . 945 806 784 121 o 0034 097 3 31E-05_.!_

12/2112001 ROB 12/22/2001 18 13 33 07 X 804100 3 16 057 1& 12 2442 932- ýE b 139 1949 0055 _Q_97 _Lllgýpt
12J221ý001 18 15 IV24/2001 6 19 36 04ý Tý77- R 66 961 732 722 2671 0075 Ogg 2 76E-08LOO_ _116 47 00 4 87 060 1

_,12/24/2001 EL0_ 2/25/2001 20,24 3a N 00 16461 Oo 645 061 1559 __NjO ___251___ 73 7 72 7- -56; U 0% D 99 2 53E-OB
12)2S/2001 2C 26 12/2717wi 1756 45 30ý20 2000 21 09 835 050 1714 24 58 821 81 9 501 12,1 0118 098 2,45E-08

_jL/2712001 1757 12/29/2001 19,15 49 ý8 00 2493900 1043 052 1773 2472 760 84 7 838 6037 0142 099 2 35E-05
1212912001 1916 17col 19 G4 ý47_16 2(0) 976 27 00 12 30 041 Ib ý47 24 U 653 190 7a 6 5825 0164 loO 2 2BE-08

131ý 010L.L2L31/2001 1906 1IRO02 10 2 4 1403 1 13 06,._,_ 24 70 1 1208 1 626 1 61 6 1 6" 3 0181 1 OS 099
IIIE .
1,73E-08 75%

Upper Limit 2 88E,08 125%



Table 4.2.3-4
Sample No - ELF-TP2-BS-004 Large Block Hydraulic Conductivity Data, Test Pad 2, TP2-BS-004
Initial Conditions Prior to Permeation
Avg Length w 154 -1 Initial W.t.r Content, 17 1 %
Avg Diameter 310 On
Length/Diameter 0 50
A a = T54 d Gm'
Volume 11621 m' 5 value w 097

Final Conditions After Permeation

Final Water Content, w 17 a % Pore Volume. PV m 3924 cm,
Degree of Saturation, S 1000 % (ASSUmed) 6 value 1 00

Test Ueolkat-on
C.11 Pr.s-r. = go psi Ma. Effective stress 8 Pa.
Inflow Pressure 88 psi Min Effective Stress 2 psi
Inflow Area m 455 C1n2 Avg Effective St,e.s 5 psi
Do 0
Cuýfl w Pre55ure 82 psi Avg Gradient 280

flow Area = 471 GM'
P,mlre Difference a psi
Inflow Burette area = 06681 cm, Outflow Burette Area 08720 cm'
Inflaw Anulus Factor 4 240 Outflow AnUIu5 Factor 4403

Date &Time Ai Et Inflow Reading Outflow Reading a.. Q.. Q Y PV Q.,JQ,, k 8-Value 8-Value Comment
(days) S!aqing Ending __§tart,2q-__ __Kmdiqg_ (CM) _jir at HW at TW

gfj- - jSMa_-__ _ (cm1s)
12.11912001 926 1212012001 0 03 14 3700 143700 061 0 67 1890 ý4 50 895 95 5 840 840 0021 088 8 IOE-08
12/2012001 005 12J2012001 1909 190300 ý3 40 00 1 40 074 1038 24 51 777 924 904 174 5 0044 0 r8 3E-OB
12120/2ool 1 911 i 2/2V20 005 245400 58,3400 244 090 1591 2445 626 9b 6 903 2728 0 070 -Tglý' 27E-05
12/21/20C) 1 20 G6 1 "22,2001 1B 13 220700 8041 00 3 36 066 10 31 2437 911 820 824 3552 6 091 1 01 86EZB
12122j2t)ol lb 16 121 3 0 20 10 260300 1064400 445 067 1671 2447 860 64 0 85 ý 441 0 0 112 1,02 "TFE58
121231200 1 2020 i 2/24/200 1 1948 212800 1301200 543 067 1460 .2 4 ý-7- 1075 730 74 1 515 1-- 6 ý31 -1 Oi 10E 08'-
12/24/2001 1950 12/25/2001 2024 1 243400 1544600 645 067 1428 2443 1094 71 3 1 7ý 9 58B 0 0 150 1 02 3 83E.08
12/25/2001 2027 12127/2001 7 34 35 0? 00 18 5' L)O 941 3ý1 3 7,14 925 1 94 5 1 Gsý 5 0 174 1 02 3 51E,08Hq ý3 7 2 5W 1ý8 6 2j ýý F--i-12J2712001 7 35 121281200 20 10 363500 5 600 94 0 2 1 1 245 1 750 it 92 8
12/28/2001 2012 1 12/30/2001 7 40 352800 2615600 1091 0 57 15 g5 1 24 70 1 928 _ _ 3 30E_L

Q7 3 13E-()8
1213012001 7 42 1 1213112001 19 0,4 352200 297 1800 12 Y) 052 14 51 24 72 72 74 1 931 9 37 2 70EI08
12/31/2001 1901 1 112/2ou2 I o 20 39 1300 3Jb 31 00 1402 042 14 15 2468 1093 71 9 74 3 1 U 2 43E 08 1 0() 1 00 1

l,qjj ±,, __ _2.89E.08
Lower Limit 2,17E-08 75%
Upp., Li it- 3 SIE-08 125%



TABLE 4.3.1-1 ELF TEST PAD 3 TEST DATA FOR SOIL CLASSIFICATION, MODIFIED PROCTOR AND SPECIFIC GRAVITY

FLF TEST PAD 3
Location Grain Size Atterberg Limits Maximum Optimum Sample

Sample Finer '/. Finer Dry Moisture Specific LISCS Moisture Munsell Laboratory Visual $oil Description
Number Northing Easting Elevation #4 Sieve #200 LL PL P1 Density Content Gravity Classification content Color

I Sieve --- (PCD (%) (%) I I
*TP3-CL-012 187.69232 2.1 B4,650 22 52502 100 65 30 20 10 CL 133 10YR416 Moist Dark Yellowish Brown sandy lean Clay
*TP3-CL-013 187,810.56 2,184,699.25 5250,6 100 70 32 19 13 CL 199 10YR4/4 Moist Dark Yellowish Brown sandy lean Clay

**TP3-PR-001 187,356 37 2,184,247 65 52465 100 50 29 21 8 124,5 11,0 CL 97 10YR5/6 Moist Yellowish Brown sandy lean Clay
**TP3-PR-0021187,218 67 2,184,206 89 52495 100 44 28 21 7 125.5 110 SC-SM 81 10YR5/6 Moist Yellowish Brown silty clayey Sand
TP3-PR-003 187.258,64 2,184,252 06 5250,2 100 78 35 19 16 123.5 120 2,71 CL 169 10YR3/4 Moist Dark Yellowish Brown Clay with Sand
TP3-PR-004 187,317,91 2,184,236.99 5246.7 100 86 37 19 18 1225 125 CL 20.0 10YR3/4 Moist Dark Yellowish Brown sandy lean Clay
TP3-PR-005 187,33447 2,184,206,99 52484 100 71 33 19 14 1240 11 5 271 CL 15,9 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-006 187,22883 2,184,219 83 52503 100 75 34 19 15 1235 125 C L 179 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-007 187.30207 2,184,245 79 52492 100 75 35 18 17 1245 12.0 CL 167 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-008 187.25960 2,184,2516 6 5250,0 100 77 35 19 16 124,0 120 270 CL 184 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-009 187,25693 2,184,216 26 52504 100 131 37 19 18 1230 120 CL 183 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-010 187,21630 2,184,203,42 5250.6 100 812 37 19 18 1220 125 271 CL 21 2 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-01 1 187.348.08 2.184.234,80 5248,7 100 84 39 19 20 1225 125 CL 20.1 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-012 187,331 09 2,184,23538 52492 100 84 39 18 21 1230 12,0 CL 171 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-013 187,31751 2,184,198 89 52498 100 84 39 18 21 1230 12,0 2,72 CL 199 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-014 187,34836 2,184,218 88 52488 100 83 30 18 21 1225 125 CL 174 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-015 187,33266 2,184,247 39 52493 100 85 40 19 21 1220 130 CL 203 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-0 16 187,31511 2,184,237 09 52500 100 84 38 19 1 9 1220 130 CL 195 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-017 187,27536 2,184,220 74 5251 0 100 85 30 19 20 1220 12,5 CL 189 10YR4/4 Moist Dark Yellowish Brown Clay with sand
TP3-PR-018 187,271 26 2,184,203 85 5251 2 100 83 39 19 2 0 1220 13'a 272 CL 183 10YR4/4 Moist Dark Yellowish Brown Clay with sand

Test Pad Subode
Borrow Source location

CL = Classification
PR = Modified Proctor
USCS = Unified Soil Classificaiton System

Test Pad Soil Summary 12/21/20011



TABLE 4.3.2-1 NUCLEAR DENSITY TEST RESULTS FOR ELF TEST PAD 3, LANE 1 (815 COMPACTOR)
MOISTURE/ ENS ITY TESIr VALUES PERCENT

TEST NUMBER DATE LIFT 'GRID' '"' MOISTURE, DRY COMPACTION DEGREE OF HYDRATION COMPACTION WITHIN COMMENTSTEST TYPE CONTENT DENSITY TO MODIFIED SATURATION TIME (DAYS) EQUIPMENT AZ
i (%3017) (PCF) PROCTOR PASSES

ELF-TP3-DT-002A 9/20/01 0 9 NUCLEAR 11,3 115.5 92.0% 65.81% N/A N/A -N,1A S(ýt),)rade

ELF-TP3-DT-009 9128/01 2 11 NUCLEAR 172 110.8 91.2% 885% 4 4 y
FLF-TP3-DT-010 9/28/01 2 19 NUCLEAR 17,8 1099 90ý5% 89.5% 4 4 Y
FLF-TP3-DT-01 1 9128101 2 12 NUCLEAR 17.7 1096 90ý2% 88.2% 4 4 Y
ELF-TP3-DT-012 9/28/01 2 2 NUCLEAR 15.6 1150 946% 89.6% 4 4 Y
ELF-TP3-DT-013 9/28/01 2 6 NUCLEAR 17.1 113.2 93.2% 93.8% 4 4 Y
ELF-TP3-DT-014 9/28/01 2 3 NUCLEAR 15.9 114,2 94ýQ% 89.6% 4 Y
ELF-TP3-DT-021 10/1/01 3 2 NUCLEAR 15.4 114.9 94,6% 88.3% 4 4 Y
ELF-TP3-DT-022 10/1/011 3 16 NUCLEAR 18-3 110.5 90.9% 93-3% 4 4 Y
ELF-TP3-DT-023 10/1/01 3 13 NUCLEAR 17,8 113,2 93,1% 97.4% 4 4 y

ELF-TP3-DT-024 10/1/01 3 8 NUCLEAR 20,2 106.9 88.0% 94,0% 4 4 N
ELF-TP3-DT-025 10/1/01 3 14 NUCLEAR 19.1 110,0 90.5% 96.2% 4 4 y
ELF-TP3-DT-026 10/1/01 3 6 NUCLEAR 16.1 1134 93,4% 88.8% 4 4 Y
IELF403-DT-034 10/3/01 4 13 NUCLEAR 19.3 1097, 903% 96.5% 4 4 Y
ELF-TP3-DT-035 10/3/01 4 4 NUCLEAR 19,1 106.9 38,0% 888% 4 4 N
ELF-TP3-DT-036 1013/01 4 11 NUCLEAR 203 106.2 87.4,/ 9 2 6 ̀ ,'. 4 4 N
ELF-TP3-DT-037 10/3/01 4 19ý NUCLEAR IS 7 110.3, 90,81". 949% 4 4 Y
ELF-TP3-DT-038 1013101 4 10 NUCLEAR 19,8 106,3 876ý14 90.61,1ý 4 4 N
ELF-TP3-DT-039 10/3iOl 4 20 NUCLEAR 16.7 i12 3 92,4% 4 4 y
ELF-TP3-DT-046 10/4/01 5 9 NUCLEAR 196 107.9 88.8% 93,4% 4 4 N
ELF-TP3-DT-047 10/4/01 5 20 NUCLEAR 171 111A 917% 89.4% 4 4 Y
ELF-TP3-DT-048 10/4/01 5 4 NUCLEAR 20.3 1039 855% 87.6% 4 4 N
ELF-TP3-DT-049 1014/01 1 5 12 NUCLEAR 197 1049 86,4% 87.2% 4 4 N
ELF-TP3-DT-050 10/4/01 5 13 NUCLEAR 20.8 105.9 87.1% 94.3% 4 4 N

ELF-TP3-DT-051 10/4/01 5 17 NUCLEAR 19.1 107,7 88.7% 90.7% 4 4 N
Averages - 18,3 1 OL8 _ I

90.4% 91 A%

AZ = Acceptable Hydraulic Conductivity Zone

Density Spreadsheet\TP 3, LANE 1 FOSTER WHEELER ENVIRONMENTAL CORPORATION 12/21/2001



TABLE 4.3.2-2 NUCLEAR DENSITY TEST RESULTS FOR ELF TEST PAD 3, LANE 2 (825 COMPACTOR)
MOISTUREIDENSITY TEST VALUES PERCENT NUMBER OF

'TEST NUMBER DATE LIFT GRID MOISTURE DRY COMPACTION DEGREE OF HYDRATION COMPACTION WITHIN COMMENTSTEST TYPE CONTENT DENSITY TO MODIFIED SATURATION TIME (DAYS) EQUIPMENT AZ
(%3017) -jPCF) PROCTOR PASSES

ELF-TP3-DT-001A 9/20/01 0 20 NUCLEAR 10,7 123-7 98,5% 78 8,/o N/A N/A N/A 1, 1, ide
CF[F-TP3-DT-003 9124/01 2 13 NUCLEAR 16.2 110.1 90.6% 81.7% 4 4 N,

LLF-TP3-DT-003A 9/24/01 2 13 NUCLEAR 18.0 110A 90,9% 91.7% 4 4 Y
ELF-TP3-DT-004 9/24/01 2 17 NUCLEAR, 14ýO 114,5 9ý,2% 79.4% 4 4 N
ELF-TP3-DT-005 9/24/01 2 10 NUCLEAR 1&5 108ý1 89,0% 88311/4 4 4 N
ELF-TP3-DT-006 9/24/01 2 5 NUCLEAR 16.0 114,5 94ý2% 90.7% 4 4 Y
ELF-TP3-DT-007 9/24/01 2 9 NUCLEAR 16ý2 114,0 93.8% 90,8% 4 4 y
ELF-TP3-DT-008 9/24101 2 1 NUCLEAR 118ý0 1106 '910% 92,1% 4 4 y
ELF-TP3-DT-015 9/28/01 3 17 NUCLEAR 16.3 113-7 93.6% 904% 4 4 y
ELF-TP3-DT-016 9/28/01 3 1 NUCLEAR 15.8 114.4 94.2% 89,5% 4 4 y
ELF-TP3-DT-017 9/28/01 3 18 NUCLEAR 15.3 115A 95.0% 89,1% 4 4 y
ELF-TP3-DT-018 9/28/01 3 13 NUCLEAR 19.2 1091 89,8% 94-6% 4 4 N
ELF-TP3-DT-019 9/28/0 1 3 7 NUCLEAR 16,9 113.5 93-4% 93.4% 4 4 y
ELF-TP3-DT-020 9/28/01 3 3 NUCLEAR 16.5 1140 93,8% 92,3% 4 4 Y
ELF-TP3-DT-027 10/2/01 4 15 NUCLEAR 165 113.5 4 4 Y
ELF-TP3-DT-028 10/2101 4 6 NUCLEAR 18.2 1096 90,2% go 8,)/p 4 4 Y
ELF-TP3-DT-029 10/2/01 4 13 NUCLEAR 16,8 1114.0 938% 93 9% 4 4 Y
LLF-TP3-DT-030 1012101 4 3 NUCLEAR 163 11 0 .8 912% 83.9/Q 4, 4 N
ELF-TP3-DT-031 I Q12/01 4 4 NUCLEAR 17,7 111.0 91 3% 91.4%. 4 4 y
FLF-TP3-DT-032 10/2101 4 17 NUCLEAR 1818 109.0 897%, 92.3,/G 4 4 N
ELF-TP3-DT-040 10/3/01 5 8 NUCLEAR 18,1 108.3 891% 87.2% 4 4 N
ELF-TP3-DT-041 10/3/01 5 17 NUCLEAR 20.3 1052 86.5% 90-3% 4 4 N
ELF-TP3-DT-042 10/3/01 5 5 NUCLEAR 199 104.6 86.1% 87.3% 4 4 N
ELF-TP3-DT-043 10/3/01 5 15 NUCLEAR 18.4 110.1 90,6% 910% 4 4 y
ELF-TP3-DT-044 10/3/01 5 12 NUCLEAR 17.4 109-8 90.4% 87.2% 4 4 y

I ELF-TP3-DT 045 10/.3/01.. 5 9 NUCLEAR 18 4 107.7 88,6% 87.3% 4 4 N

_.Avera''ges -- - 17.3 111.0 91.4% 89.6%
AZ = Acceptable Hydraulic Conductivity Zone

Density Spreadsheet\TP 3, LANE 2 FOSTER WHEELER ENVIRONMENTAL CORPORATION 12/21/2001



TABLE 4.3.2-3 SHELBY TUBE HYDRAULIC CONDUCTIVITY TEST RESULTS FOR ELF TEST PAD 3

LANE 1, 815 COMPACTOR
MOISTURE/DENSITY TEST VALUES PERCENT UMBER OF

MOISTURE DRY COMPACTION DEGREE OF HYDRATION COMPACTION WITHIN PERMEABILITY/
TEST NUMBER DATE LIFT GRID TEST TYPE CONTENT DENSITY TO MODIFIED SATURATION TIME (DAYS) EQUIPMENT AZ ASSOCIATED COMMENTS

(%3017) (PCF) PROCTOR PASSES TESTING

*LLF-TP3-ST-004 9/28101 2 20 SHELBY 15,9 1119 937% 58,8% 4 4, Y K=34X 10'a

'ELF-TP3-ST-005 9/28/01, 2 7 SHELBY 15.7 115A 94.7% 90.3% 4 4 Y K = 2.5 X 10'
*ELF-TP3-ST-008 10/l/01 3 9 SHELBY 15.5 1127 92,8% 83.9% 4 4 N K = 4.6 X 10-"
*ELF-TP3-ST-009 10/l/01 3 1 SHELBY 16.6 110.0 90.6% 83.7% 4 4 N K = 6.3 X 10-8

ýELFJP3-ST-01 3 10001 1 4 2 SHELBY 17.6 109.01 89.7% 86.3% 4 4 N K = 3.2 X 10-"
,LLF-TP3-ST-0l4 10/3/01 4 15 SHELBY 19.0 108,5 89-3% 92.0%, 4 4 N K 23 X 10-"
*ELF-TP3-ST-018 10/4/01 5 15 SHELBY 19-3 107,7 88.7% 91,6% 4 4 N K 6 9 X 10-8

*ELF-TP3-ST-019 10/4101 5 13 SHELBY 20.2 1062 874% 92.2% 4 4 N K 2.9 X 10-8

Oven Moisture

Averages 17.5' 110.4 90,9% 88.6%

LANE 2,825 COMPACTOR

MOISTURE/DENSITY TEST VALUES PERCENT NUMBER OF PERMEABIIi,ITY/
MOISTURE DRY COMPACTION DEGREEOF HYDRATION COMPACTION WITHINTEST NUMBER DATE LIFT GRID ASSOCIATED COMMENTSTESTTYPE CONTENT DENSITY TOMODIFIED SATURATION TIME(DAYS) EQUIPMENT AZ TESTING(%3017) (PCF) PROCTOR PASSES

*ELF-TP3-ST-001 9/24/01 2 18 SHELBY 17,6 111.6 91.9% 92.6% 4 4 Y K = 4.2 X 10
*FLF-TP3-ST-002 0124/01 f 2 7 SHLLBY 166 11 l,,7 919% 873%1' 4 4 Y K = 3 ý 7 X 10

9124/011 2 1 17 SHELBY 15.2 113.8 93.7% 84.6% 4, 4 N K = 3.4 X 10-"
ýELFJP3-ST-006 9/28/011 3 1 15 SHELBY 17.3 111.1 91.4% 89,6% 4 4 Y K = 3-6 X 10"'
*ELF-TP3-ST-007 9128/01 3 13 SHELBY 174 ill 1 914% 901% 4 4 Y K = 46 X 10-8

*ELF-TP3-ST-010 10/2/01 4 8 SHELBY 19.5 107,5 88.5% 92 2% 4 4 N K = 1.6 X 10
*ELF-TP3-ST-01 1 10/2/01 4 16 SHELBY 16,7 109,9 90,51". 84,0% 4 4 N K = 3.5 X 10'

10/2101 4 3 SHELBY 16,5 107,5 88.5% 77,9% 4 4 N K=2ý6X 10
*ELF-TP3-ST-015 10/3/01 5 18 SHELBY 184 1093 90-0% 90-9% 4 4 N K = 6.3 X 10-"
*ELF-TP3-ST-016 10/3/01 5 17 SHELBY 18.4 105.5 86.8% 82.5% 4 4 N K = 3.2 X 10-6

*ELF-TP3-ST-()17 10/3/01 5 1 5 SHELBY 209 1047 86,1% 91-7% 4 4 N K =1.9 X 10-6 Very SaIndy

Oven Moisture

Averages 17,7 109.4 90.1% "87,13%
AZ = Acceptable Hydraulic Conductivity Zone

Shelby Spreadsheet\TP 3 FOSTER WHEELER ENVIRONMENTAL CORPORATION 1/2/2002



Table 4.3.2-4
Summary of Nuclear

Density and Hydraulic Conductivity Tests

Summary of Nuc ear Density Tests
Test Pad 3, Lane 1 Test Pad 3, Lane 2

Lift # 2 3 4 5 All Lane 1 2 3 4 5 All Lane 2 All Test Pad 3

Range of moisture 156-178 154-200 167-203 17,1 -20,8 16.4-20.8 14.0-18.5 153-192 163-188 174-203 140-203 140 -208
content (%)
Range of Dry 109,6 - 115.0 106.9 - 114 9 106 2 - 112 3 103 9 - 111 4 103 9 - 115 0 108 1 - 114 5 102 1 - 110.4 109 0 - 114,0 104.6 - 110.1 102.1 - 114,5 102,1 - 115,0
Density (Pcf)
Number of tests in 6 (Figure 5 (Figure 3 (Figure I (Figure 15 4 (Figure 5 (Figure 4 (Figure 2 (Figure 15 30
Az 1 532-1) 1 532-2) 1 532-3) 1 532-4) 1 5,3 - I - 1 532-8) 1 532-9) 1
MInber of tests 0 (Figure 5 32 1 (Figure 3 (Figure 5 (Figure 9 2 (Figure 1 (Figure 2 (Figure 1 4 (Figure 9 18

1 532-2) 532-3) 1 532-4) 1 5,32-6) 5 3 2-7) __ 1 532-8) 532-9)
_T"g-ummary of Shelby Tube Hydraulic ConductivityTestsi

Test Pad 3 Lane 1 Test Pad 3, Lane 2

Lift # 2 3 4 5 All Lane 1 2 3 4 5 All Lane 2 All Test Pad 3

Range of moisture 157-159 15,5-16,6 176-190 193-202 157-20,2 152-176 17.3- 17.4 165-195 184-209 152-209 152-209
content (%)
Range of Dry 1139-1151 110 0 - 112,7 108 5 - 109 0 106 2 - 107,7 106,2 - 115,1 111.6 - 113.8 111 1 - 111 1 107 5 - 109 9 104 7 - 109 3 104 7 - 113 8 104 7 - 113 8
Density (pcf)
7umber of tests in 2 (Figure 0 (Figure 0 (Figure 0 (Figure 2 2 (Figui-Eý 2 (Figure 3 (Figure 0 (Figure 7 9AZ 532-1) 532-2) 532-3) 532-4) 532-6) 5 3 2-7ý 532-8) 532-9)
'ýurnber of tebts 0 (Figure 2 (Figl-lreý 2 (Figure 2 (Figuie 6 1 (Figure 0 (Figure 0 (Figure 3 (Figure 4 10
out of A7, 53 2-1) 1 32-2) 532-3) 5324) - 532-6) 5,32-7) 532-8) 532-9)

Number of 2 (Figure 2 (Figure 2(Figure 2 (Figure 3 (Figure 2 (Figure 3 (Figure 5, 2- 2 (Figure
Passing 532-1) 532-2) 5,31 2-3) 532-4) 8 5,32-6) 532-7) 8) 532-9) 10 18
Permeability Tests

AZ = Acceptable Hydraulic Conductivity Zone

Table 43 2-4 1/2/2002



Table 4.3.3-1
Sample No- El-F-TP3-BS-001 Large Block Hydraulic Conductivity Data, Test Pad 3, TP3-BS-001
Initial Conditions Prior to Permeation
Avg i-ength w 154 cm Initial Water Content, w m 143 %
A vg Diameter 305 Gil)
LerigilvDiameter w 050
Area ý, 7306 crTi'

Volume 11251 cm, 8 value 095

Final Conditions After Permeation
Final Water Content, w 1E7 % Pore Volume, PV 4000 cm,
Degree of Saturation, S 1000 % (A5sumed) 6 value 098

Test Specification
Cell Pressure = 90 P51 Max Effective Stress 8 psi
Inflow pressure so psi Min Effective Stress 2 psi
lFit! w Area= 435 C., Avg Effective Stress 5 psi
Cutflow Pressure 82 psi AVI; Gradient 28,5
Outflow Area = 4 87 CM2
Pressure Difference 6 Psi

,a - 08744 cm, Outflow B.,rette Area m 0 R775 cm'
Allý:jel,"j5e laa'ctor 3 972 Outlluw Anulv5 Fido, m 4 550

Date &Ti... At Lt Inillo. Fleadmil Outflow Reading Qlý Q- EQ.., Q. We B-Value Comment
SUrting Ending Starting Ending Starting EnAi_nq_, _Jcel__ icý (cal) at HW at TW

12/24 0016 52 12/2712001 17 58 X) 346 037 12 01 24 41 14 77 5 53 5 0013 086 g 38E-og
_Ajý2ZI?001 18 04 1/l/2002 8 12 1100800 193 1 i CF6 $05 _ 1 2 ()1 2458 14 33 58 1 56 g 1 19LA- 0025 098 6 99E-09

111/2002 8 14 11131ý002 8 56 1204200 313 55 00 1308 041 11 49 57 1457 55 1 555 1659 101 6 13E-0911612002 8 59 lit E&Ti g I'MH 104 5 52E,0964 29.06,OL 4340200 1608 040 1020 24 52 1537 48 7 500 2167 005
11112002 0 06 ING/2602 9 22 129_16 00 594 1800 23 10 030 967 24 43 is ;3= 466 472 2b3 a 0066 1 9E-09
1/16/2002 9 23 112112002 10 04 12 _.'.7ý456T() 28 12 1) J5 9 17 24 50 1642 - 43 9 454 3092 0077 104 4 1ý1&09
1/2112002 10 06 --- L/28/200ý 9 00 RR 4Y00 33 12 036 8 813 24 59 17>77 424 43 7 3530 103 4 77E-09 099 098 1 TemilnatLd

Avg t-ast J:ISE-22
L,wer_ýM ?j5t-'q? 50%

-YUef L1ml!,__j 7.65E-01).1 150%



M W W

Table 4.3-3-2
Sample No.: Ft-F-TI'llIBS-002 Large Block Hydraulic Conductivity Data, Test Pad 3, TP3-BS-002
Initial Conditions Prior to Perineation
Avq Length m 15 1 cm I fi.1 Wýt- Content, 178 %

Avg Diameter w 306 cm

Length/Diameter 049

"'ea = 7354 CM,

VOILIMe 11105 cri", a value = 095

Final Conditions After Permeation

Final Water Content , = 1U4 % P... Volume, PV 4000

Degree of Saturation. S 1000 % (Assumed) B value 099

Test Spa.ifi. tium

Cell P'ess.re = 90 Ps. Max Effective Stress 8 psi

:nflow Pressure 88 P51 Min Effective Stress 2 psi

nflow Area w 4 35 cri", Avg Effective Stress 5 Psi

Outflow Pressure m 82 Psi Avg Gradient 292

Outflow Area - 4 87 cm,

Pressure Difference b psi

hiflow Burefte ared - 08744 On' Outflow Burette Area 08775 cm'

Inflow Anulu5 Factor 3972 Outflow Anulus Factor 4550

Starting Date &Time Ending It tnflow Reading Outflow Reading,-- all, a -Io. -ý' T' I PV Q ýQ.n k 6-Value BýValua Comment

Ldýys)- Starting Ending stauting Eýidlno (ent") (C'u') (cm) - -- (Cm/s)- at HVV at TW
12/24/2001 6 53 12/27/2001 1158 830500 830500 346 037 11 55 2450 17 14 555 405 408 0010 073 7 60E-09
12127/2001 18 L15 1/112002 8 12 11007 00 1931200 805 041 1016 2453 16J)9 4G 2 466 57 7 0022 095 5 67E-09

111/2002 6 15 1/6/2002 8 56 12041 00 31353,00 1308 045 6 F(T 75-7- IS 07 460 472 1349 0034 1 03 5 OOE-09

1/612002 8 59 1/11/2002 9 04 1200500 4335800 1808 0 4B 845 6_ 430 1778 0044 1 08 4 44E-09

06 1116/2002 9 22 120 1600 554'14 oo 23 09 (140 799 2451 738 2175 0054 1 05 4 15E-09
9 24 112 112002 10 04 1204000 67454 00 28 12 (140 736 2465 17 ilý 34 6 '37 9 2554 0064 1 10 3 8711-09

1/ý 17260-I'l 1/26/Loq? aýýj- 1191Lq0. 7944100 33 11 030 697 24 59 18 is 332 0073 1 07 3 69E-09 099 0 Terminated

Avg Last 4: 4 04E.09

YppLrjjmut: 6,06E.09 150%



Table 4.3.3-3

Simple No.: ELF-TPS-BL-003 Large Block Hydraulic Conductivity Data, Test Pad 3, TP3-BS-003
Initial Conditions Prior to Permeation
Avg Length ý 155 Lni Initial Water Content, w 1(15 %

Avg Diameter 
305 C'n

Lengrh/Dýarrleler 051
A,.a ý 7306 G,h,

Volume 11325 2,11, a value w 097

Final Conditions After Permeation

Final Water Content, , = % P... V.I.... PV 4000 crn' (Assumed)
D.U- of Saturation, S % B val..

Test spedfi-fi-
Cell Pressure ý 90 ps. Max Effective Stress w a psi
Inflow Pressure 88 P.. Min Effective Stress ý 2 as.
Inflow Area 430 CM, Avg Effeethre Stress 5 psi
.u w Avg Gradient 25A
ou:tb P e5sure 

82 psi
flow Area = 4 28 -2

Pressure Difference 6 psi
08744 Chi Outflow Burette Are@ 08744 cm,
3920 Outflow Anulus fýador 3 895

Date &-firn. At inflow Reading Outflow Reading E 1 PV Q.'JQ" k a-Value B-Value Comment
Starting Ending Ld2yg -. Startmg ___ýnjmg Starting Ending (Crn) (.-,) - _ ___ _1Tn!Pj._ --- m. it 1A

I/&2U02 9 12 1/B/2002 22 09 60,5To_6--_ 254 1 14 11 62 2328 1786 51 6 255 265 0007 051 6 60E-09
1/012002 22 12 1/12/2002 9 36 14421 00 601 050 851 2357 17 ý7 394 27 070 5 35E-09
1112/2002 g 30 1/16/2002 9 24 954600 240 D7 00 1000 041 a 2454 17 45 39 1 34 7 886 0 022 _0 89
1116/2002 9 26 1/20/2002 9 35 960900 3351600 14 01 042 768 4 ý57 1775 356 334 1220 0031 094 4 79E-09
1120/2002 9 38 1/24/2002 18 36 1045000 441 1400 1838 036 755 24 ý7 17 ý3__ -35 4 ý4 5 1555 0039 097 4 44E-09

Avg Last 4 4 93E-09
Lower Limit 2 47E-09 50%
Upper Linnit: 'r 40E-09 150%



Table 4.3.3-4
Sample No: ELF-TP3-BL-004 Large Block Hydraulic Conductivity Data, Test Pad 3, TP3-BS-004
initial Conditions Prior to Permeation
Avg Length - 156 crn lniti.l Water Conterit, w m I? -ý %
A 'g Dian al.r 306 cril
Lengt]VD--t- 051
A Fea m 7354 cni
V,)Iilme m 11472 CM: EI value m 096

Final Conditions After Puraloation
Fý trial W ter Content, w z Pore Volume, PV w 4000 cm' (Assumedý
Degree of Sat-to., $ % B value

test Specification
Qell Pre sure z go P5, Mix Effective Stress psi
Infl,, Pressure 88 P5. Min Effective Stress 2 Psi
Inflow Area - 455 Avg Effective Stress 5 psi
Outflow Pressure 82 psi Avg Gradient 2811
Outflow Area ý 411 cm
P-su'. D.ffe'-ce b psi

:n1O w aurette area - 08651 cm C.)ijtfiow eurette Area 08720 CM'
'flo AnijIusFaclor= 4240 Outflow AnUlus Factor 4403

Dale 11 u 1. At t Inflow seeing, WJR,adnng 01. 31ý a.. E Q- E PV $r Ill-Valu a-Value CommentV-' --- T (days) Slarlinq Enclina time 1. (cm) (crrL/s) at TWWhiff (Gm') at HVIO
116/2002 9 13, 116/20022209 605600 605500 2 54 1 64 11 ý5 1 2280 1362 5 0 496 496 0012 092 1 15E-OB

ýM/2002 22 13 M212062636 U3 2ý 00 144 1900 601 053 557 '1. 4 9 975 0024 095 7 91 E-Oi-
/1 212002 147 0 0037 0 g6 7 07E-09

0ý 2, ý38 _Lljtý2002 9 24 _ 9546. 24. 010. 1. 042 531 51 :L- --- Aq 5
21) ý 7 1120/200ý 9 Ls_ -- 260800 336 1300 14 01 11 411:::ý g ý9 1 2432 1 1571 46 7 46 S 1935 0048 100 6 5oE-09

H112,12 02 9 39 1 24/,200, 18 36 104 57 00 441 1000 1838 24 55 1562 45 8 47 2406 0060 103 5 94"'1
Avill Last 4: 9 85E-09
Lower Limit 3 43E-09 50%
Upper Lunit I 03E-08 150%



 

 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT F 
SUPPORTING DOCUMENTATION FOR INTERROGATORY PR R317-6-
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CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: PMP Estimation APPROVED: SHEET:

Local Storm PMP Calculations:
HMR 49 Step:

6.3A Local storm PMP computation
1. Average 1-hr, 1-mi2 PMP for drainage [fig. 4.5] 8.3 in.

2. a. Reduction for elevation [5% per 1000' above 5000'] 0.0 %
b. step 1 x (100 - 2a). 8.3 in

3. Average 6/1-hr ratio for drainage [fig 4.7] 1.10

4. 0.25 0.5 0.75 1 2 3 4 5 6
86 93 97 100 107 109 110 110 110 %

5. 7.1 7.7 8.1 8.3 8.9 9.0 9.1 9.1 9.1 in

6. Areal reduction [fig. 4.9] 100 100 100 100 100 100 100 100 100 %

7. Areal reduced PMP [5 x 6] 7.1 7.7 8.1 8.3 8.9 9.0 9.1 9.1 9.1 in

1 2 3 4 5 6
8. 8.3 0.6 0.2 0.1 0.0 0.0 in

1 2 3 4
7.1 0.6 0.3 0.2 } 15-min increments

9. Time sequence of incremental PMP according to: order: 5 3 1 2 4 6
a.  HMR No. 5 Hourly increments [table 4.7] 0.0 0.2 8.3 0.6 0.1 0.0 in

1 2 3 4 5 6 hrs
order: 6 4 2 1 3 5

b. EM-1110-2-1411 Hourly increments [table 4.7] 0.0 0.1 0.6 8.3 0.2 0.0 in
1 2 3 4 5 6 hrs

order: 1 2 3 4
c. Four largest 15-min increments [table 4.8] 7.1 0.6 0.3 0.2 in

0.25 0.50 0.75 1.00 hrs

1 of 1

subtraction of 7]

1-mi2 PMP for indicated

Incremental PMP [successive

Duration (hrs)
Durational variation for 6/1-hr
ratio of step 3 [table 4.4]

durations [2b x 4]

4/10/2008
114-181692

PMP Rainfall Estimate_Shootaring.xls Local Storm 4/10/2008 11:13 PM















Page 1 of 1

CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations Plan CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

Tailings Impoundment Area and Volume

Volumes determined using average end areas.

South Cell

Elevation Area Incr. Volume Cum. 
Volume Area Incr. 

Volume
Cum. 

Volume
(ft) (ft2) (ft3) (ft3) (ac) (ac-ft) (ac-ft)

4360 20647 0 0 0.47 0 0
4370 183916 1022815 1022815 4.22 23.48 23.48
4380 423337 3036265 4059080 9.72 69.70 93.18
4390 705404 5643705 9702785 16.19 129.56 222.75
4400 958848 8321260 18024045 22.01 191.03 413.78
4410 1108011 10334295 28358340 25.44 237.24 651.02
4420 1209713 11588620 39946960 27.77 266.04 917.06
4430 1315462 12625875 52572835 30.20 289.85 1206.91
4440 1490284 14028730 66601565 34.21 322.06 1528.96
4450 1583228 15367560 81969125 36.35 352.79 1881.75
4455 1630927 8035388 90004512.5 37.44 184.47 2066.22
4460 1678626 8273883 98278395 38.54 189.94 2256.16
4466 1737064 10247070 108525465 39.88 235.24 2491.40
4468 1756738 3493802 112019267 40.33 80.21 2571.61

North Cell

Elevation Area Incr. Volume Cum. 
Volume Area Incr. 

Volume
Cum. 

Volume
(ft) (ft2) (ft3) (ft3) (ac) (ac-ft) (ac-ft)

4404 6137 0 0 0.14 0 0
4410 89211 286044 286044 2.05 6.57 6.57
4420 355732 2224715 2510759 8.17 51.07 57.64
4430 779590 5676610 8187369 17.90 130.32 187.96
4440 1171163 9753765 17941134 26.89 223.92 411.87
4450 1520354 13457585 31398719 34.90 308.94 720.82
4455 1585132 7763714 39162432.8 36.39 178.23 899.05
4460 1649909 8087601 47250034 37.88 185.67 1084.71
4466 1710598 10081521 57331555 39.27 231.44 1316.15
4468 1730985 3441583 60773138 39.74 79.01 1395.16

5/12/2008
114-181692

Appendix G.2 (part 3) Freeboard_Shootaring.xls  Cell Volume 5/12/2008  12:07 PM



Page 1 of 4

CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

Catchment Area and Design Flood Volume:

Tailings impoundment must be able to contain the water rise due to the design flood, plus wind and wave action.
Design flood is the 6-hour PMF series, per NRC Regulatory Guide 3.11 (1977), and proposed Revision Three
of RG 3.11, issued February 2008 as Draft Regulatory Guide DG-3032.

6-hour Local Storm PMP (in) = 9.1 (See PMP estimates)
40% of 6-hour PMP (in) = 3.64

100-year, 6-hour precipitation (in) = 1.79 (NOAA Atlas 14 rainfall, reproduced below)
Total PMF-series precipitation (in) = 14.53

Assumed runoff coefficient = 0.90 (assumed to apply to both tailings and offsite areas)
Runoff depth (in) = 13.08 (Runoff depth = Total precipitation x Runoff coefficient)

6 12 24 48 192
1 0.55 0.67 0.79 0.88 1
2 0.69 0.83 1 1.11 1.26
5 0.89 1.05 1.29 1.42 1.62
10 1.06 1.23 1.53 1.68 1.91
25 1.31 1.49 1.86 2.06 2.32
50 1.52 1.69 2.12 2.36 2.65
100 1.79 1.91 2.4 2.69 3.01
200 2.14 2.2 2.7 3.03 3.38
500 2.71 2.74 3.11 3.53 3.92
1000 3.24 3.27 3.44 3.93 4.34

* ARI = Approximate Recurrence Interval

Phase: 1 2 2
Cell: North

Cell Area (ac): 34.52 41.85 40.31
Outside Area Contributing Runon (ac): 41.44 33.13 109.37

Total Area (ac): 75.96 74.99 149.67
Runoff volume (ac-ft): 82.77 81.72 163.11

Maximum liner elevation (ft): 4430.0 4466.0 4466.0
Assumed operating water surface elev.(ft): 4420.0 4455.0 4455.0

Surface area at operating WSE (ac): 27.77 37.44 36.39
WSE rise due to design flood (ft): 2.98 2.18 4.48

Runoff volume [ac-ft] = Total Area [ac] * Runoff depth [in] / 12 [in/foot]
WSE = Water surface elevation
WSE rise due to design flood [ft] = Runoff volume [ac-ft] / Surface area [ac]

ARI* 
(years)

Duration (hours)

5/12/2008
114-181692

South

Appendix G.2 (part 3) Freeboard_Shootaring.xls  Overall Freeboard 5/12/2008  12:07 PM



Page 2 of 4

CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

5/12/2008
114-181692

Windspeed, fetch, and wind setup

Fetch:

Wind setup is typically calculated using roughly twice the effective fetch, but here the straight-line fetch
was determined directly, so no adjustments to effective fetch are required.

Straight-line fetch was measured as the longest distance across the lined area for each cell in any direction.
This method is conservative because it ignores the possibility that the design windspeed may
not necessarily occur along the measured fetch, and because the liner extents exceed the possible
pool extents due to the presence of freeboard and the width of horizontal liner atop the perimeter bench.

Water depth over fetch was assumed constant, at the operating water level plus the rise due to the design storm.
The shallow depth was selected to lead to a conservative (high) estimate of wind setup, which increases with
decreasing depth.  Use of the shallow water depth does not affect the wave-height or wave runup determinations,
which were not sensitive to operating water depth within the range of reasonable depths.

Phase: 1 2 2
Cell: North

WSE Rise due to design flood (ft): 2.98 2.18 4.48
Operating water depth (ft): 2.00 2.00 2.00

Fetch (ft): 1625 1625 1961
Fetch (mi): 0.31 0.31 0.37

Fastest-mile wind speed:

Design wind at 100 -year recurrence interval, based on adjustment of 50-year windspeed.

50-year windspeed based on Figure 1 in ANSI/ASCE 7-93 "Minimum Design Loads for Buildings and 
Other Structures".

Use importance factor, I = 1.07, for "essential facilities" (Category III), which has the effect of converting the
50-year windspeed to a 100-year value.

Revisions to ANSI/ASCE 7-93 requiring use of the 3-second gust instead of the fastest-mile windspeed are
not applicable to reservoir wind-wave effects analysis in general, or this case in particular.  For the present
analysis, the duration of the controlling windspeed is between 0.2 and 0.3 hours (see individual cell-phase
calculation sheets).  Short gusts do not control wave growth.

Fastest-mile 10-m overland windspeed, V = 70.00 mph
Importance factor to obtain 100-year windspeed, I = 1.07 (Exposure Class C)

Use 100-yr fastest-mile wind speed, I x V = 75 mph (rounded)
= 110.0 fps

South

Appendix G.2 (part 3) Freeboard_Shootaring.xls  Overall Freeboard 5/12/2008  12:07 PM



Page 3 of 4

CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

5/12/2008
114-181692

Adjustments to Wind Speed

See CEM II-2-1-i.(3), "Procedure for adjusting observed winds" for figures & detailed explanation of methods.

Level:
U10 = Uz (10/z)1/7 For z < 20 m; z must be in meters

Use CEM Fig II-2-6 if air-sea temperature data is available, or if z exceeds 20 meters
Assume wind speed read at 10 m; no correction required

U / U10 = 1.0 for measurements taken at 10 m
U10 = Uf / (U / U10) = 75.00 mph

Location (overland or overwater):
Location and stability adjustments are applied after duration adjustments in the table below
Use CEM Fig II-2-7 for windspeed measurements taken over land

RL = UW / UL = 1.2 for winds blowing off the water
If fetch < 10 miles & wind data is taken over land, UW = 1.2 UL, and RT is not applied (equivalent to RL = RT = 1.1).
This applies here; fetches do not exceed 1 mile.

Boundary layer stability:
Location and stability adjustments are applied after duration adjustments in the table below
Use CEM Fig II-2-8 when air-sea temperature difference is known; RT = 1.1 otherwise
No air-sea temperature information is available; therefore

RT = WC / WW = 1.0 RT is not applicable to fetches < 10 miles.

Adjusted fastest-mile windspeed, Uf(adj) = U10 * RL * RT = 90.00 mph  = 132.00 fps
40.23 m/s

Duration:
Equation from CEM Fig II-2-2 (SPM Fig 3-12), Duration of the fastest mile windspeed as a function of windspeed:

t = 3600 / Uf (Uf in mph)
Equations from CEM Fig II-2-1 (SPM Fig. 3-13), Ratio of windspeed of any duration Ut to the 1-hour windspeed U3600:

1.277 + 0.296 tanh [0.9 log10 (45/t)] 1 sec < t < 3,600 sec
-0.15 log10 t + 1.5334 3,600 sec < t < 36,000 sec

Return 
Period (yr)

Uf(adj) (mph) t (sec) Ut / U3,600
U3,600 

(mph)
U3,600 (fps)

100 90.00 40.0 1.291 69.7 102.3

Duration is further modified during determination of the design wave conditions.

Ut / U3,600 = 
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CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

5/12/2008
114-181692

Wind Setup:

Use Zuider-Zee formula, from EM-1110-2-1420 "Hydrologic Engineering Requirements for Dams" (31 Oct 97)

  U2 F  
  1400 D

S = Wind tide (setup)
U = Average wind velocity over the fetch (fastest-mile, adjusted to overwater value)
F = Fetch
D = Average depth of water along the fetch line

U = 90.0 mph (fastest-mile speed, adjusted to overwater value)

Phase: 1 2 2
Cell: North

Fetch, F (mi): 0.31 0.31 0.37
WSE Rise due to design flood (ft): 2.98 2.18 4.48

Operating water depth (ft): 2.00 2.00 2.00
Water depth, D (ft): 4.98 4.18 6.48
Wind setup, S (ft): 0.36 0.43 0.33

Wind setup is not included in water depth for computation of the design wave height,
but is used to compute the wave runup at the shoreline

Design Wave & Wave Runup:

See sheets for individual Cell-Phase combinations for design wave and wave runup computations.

Total Freeboard

Total freeboard is the sum of the rise due to the design flood, wind setup, and wave runup.

Phase: 1 2 2
Cell: North

WSE Rise due to design flood (ft): 2.98 2.18 4.48
Wind setup (ft): 0.36 0.43 0.33

Wave runup (ft): 2.85 2.34 2.59
Total freeboard (ft): 6.19 4.94 7.40

Use: rounded up to the next half-foot (ft): 6.50 5.00 7.50

South

S =

South
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CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

Design Wave Conditions, Phase 1, South Cell:

Inputs:

Use:
Adjusted 100-yr, 1-hr windspeed, U3600 = 69.7 mph 102.3 fps

Effective fetch, X = 0.31 miles = 1625 ft (use straight-line fetch, conservative)
Water depth, d = 4.98 feet (minimum operating depth + design storm rise)

Equations:
CEM now recommends computing deepwater wave heights for shallow water, subject to the limiting wave
period given by CEM Eq II-2-39, and a limiting height of 0.6 times the depth.  See pp. II-2-45 through 47.

Time required for waves crossing a fetch X under a velocity u to become fetch-limited (CEM Eq II-2-35):

 77.23 X0.67 CEM Fig II-2-3, "Equivalent duration for wave generation
 u0.34 g0.33 as a function of fetch and wind speed," gives the same

same information graphically for fetches up to 10 km.
Limiting wave period in shallow water:

Tp = 9.78 (d/g)1/2 CEM Eq II-2-39

Equations governing wave growth with fetch (CEM Eq II-2-36):
gHmo / u*

2 =  0.0413 ( g X / u*
2 )1/2

gTp / u* =  0.651 ( g X / u*
2 )1/3

CD = u*
2 / U10

2

CD = 0.001 (1.1 + 0.035 U10) (Requires U10 in m/s)
where

X = straight line fetch distance over which the wind blows
Hmo = energy-based significant wave height

Tp = frequency
CD = drag coefficient
U10 = wind speed at 10 m elevation

u* = friction velocity

The fully-developed wave height is given by CEM Eq II-2-30:
H: = λ5 u

2 / g = 0.27 u2 / 32.2 (u in ft/s)

The fully-developed wave height (upper limit to wave growth for any wind speed)  is given by CEM Eq II-2-30:
gHm0 / u*

2 = 211.5
gTp / u* = 239.8

For duration-limited conditions, duration is converted into an equivalent fetch using CEM Eq II-2-38:
gX / u*

2 =  0.00523 ( g t / u* )
3/2 (where t is the duration)

114-181692
5/12/2008

tx,u = 
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CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

114-181692
5/12/2008

Calculations:

Duration, t 
(hr) t (sec) Ut / U3,600 Ut (mph) tx,u (hrs) u*

2 

(ft2/sec2)
gHm0 / u*

2 gTp / u* Hm0 (ft) Tp (sec)

0.01 36 1.303 90.8 0.18 44.76 1.4 6.9 1.96 1.42
0.1 360 1.078 75.2 0.20 27.69 1.8 8.0 1.54 1.32
0.2 720 1.042 72.6 0.20 25.39 1.9 8.3 1.48 1.30

0.234 842.4 1.035 72.2 0.20 25.01 1.9 8.3 1.47 1.29
0.235 846 1.035 72.2 0.20 25.00 1.9 8.3 1.47 1.29
0.3 1080 1.027 71.6 0.20 24.47 1.9 8.4 1.45 1.29
1 3600 1.000 69.7 0.20 22.90 2.0 8.6 1.40 1.27
2 7200 0.955 66.6 0.20 20.42 2.1 8.9 1.33 1.25
4 14400 0.910 63.4 0.21 18.11 2.2 9.3 1.25 1.23
6 21600 0.883 61.6 0.21 16.84 2.3 9.5 1.20 1.21
8 28800 0.864 60.3 0.21 15.97 2.4 9.7 1.17 1.20
10 36000 0.850 59.3 0.21 15.32 2.4 9.8 1.15 1.19

gX / u*
2 X (mi) gHm0 / u*

2 gTp / u* Hm0 (ft) Tp (sec) Limitation Hm0 (ft) Tp (sec)
0.01 12 0.0 0.1 1.5 0.20 0.31 Duration 0.20 0.31
0.1 541 0.1 1.0 5.3 0.83 0.87 Duration 0.83 0.87
0.2 1632 0.2 1.7 7.7 1.32 1.20 Duration 1.32 1.20

0.234 2089 0.3 1.9 8.3 1.47 1.29 Duration 1.47 1.29
0.235 2103 0.3 1.9 8.3 1.47 1.30 Fetch 1.47 1.29
0.3 3083 0.4 2.3 9.5 1.74 1.46 Fetch 1.45 1.29
1 19718 2.7 5.8 17.6 4.12 2.61 Fetch 1.40 1.27
2 60767 7.3 10.2 25.6 6.46 3.59 Fetch 1.33 1.25
4 188086 20.0 17.9 37.3 10.07 4.93 Fetch 1.25 1.23
6 364928 36.1 24.9 46.5 13.05 5.93 Fetch 1.20 1.21
8 584561 54.9 31.6 54.4 15.66 6.76 Fetch 1.17 1.20
10 842909 76.0 37.9 61.5 18.04 7.48 Fetch 1.15 1.19

Controlling hindcast wave: Fetch-limited
Hmo = 1.47 feet

Tp = 1.29 sec

Limiting wave period: Tp = 9.78 (d/g)0.5 = 3.85 sec
Period OK, use deepwater values

Limiting wave height: 0.6*d = 3.0 feet
Wave height OK

Controlling Conditions

Wind Velocity and Duration

Duration-Limited ConditionsDuration, t 
(hr)

Fetch-Limited Conditions
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CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

114-181692
5/12/2008

Check Maximum Breaking Wave:

Fig 2-2 of EM 1110-2-1614, or SPM Fig 7-4, gives the maximum breaker height, Hb:

Nearshore slope, m:

Assume nearshore slope, m = 0.000 ft/ft (tailings surface assumed level)

Depth at structure, d s :
Operating water depth = 2.00 ft

Rise due to PMF series = 2.98 ft
Wind setup = 0.36 ft

Depth at structure, ds = 5.34 ft

Controlling wave height:
Wave period, T = 1.29 sec

ds / gT2 = 0.0992
Not used Hs / Hmo  = exp [C0 ( d / gTp

2 )-C1] Where C0=0.00089 (0.00136 conservative) & C1=0.834
Not used Hs / Hmo  = 1.009
Not used Hs = 1.48

Hb / ds  = 0.78 (EM 1110-2-1614, Fig 2-2, "Design Breaker Height,"
Maximum breaker height, Hb  = 4.16 ft at T or SPM Fig 7-4, at computed m and ds/gT2.)

Hindcast wave height, Hm0 = 1.47 feet
Controlling wave height, H = 1.47 feet (Hindcast wave height controls)

Check maximum breaker height at a variety of wave periods other than the hindcast period (after CETN-III-2):
Typical range of periods from 0.5*T to 1.9*T = 0.65 sec to 1.16 sec

Assumed 
T* (sec) ds / gT2 Hb / ds Hb (ft) Use for design:

0.65 0.3966 0.78 4.2 at 0% slope H = 1.47 feet
1.16 0.1224 0.78 4.2 at 0% slope Tp = 1.29 sec
3.85 0.0112 0.78 4.2 at 0% slope
3.85 0.0112 1.2 6.4 at 10% slope (assumed max; not actual)
10.00 0.0017 0.8 4.3 at 0% slope

*3.85 sec is the limiting period, computed above.
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JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

114-181692
5/12/2008

Check Wave Runup:

Input data:
Design wave height, Hmo = 1.47 feet

Design wave period, Tp = 1.29 sec
Revetment slope, cot θ = 2 Upstream face of dam is 2:1 in PH 1; divider berm is 2.5:1

Equations:
Maximum runup by irregular waves on riprap covered revetments is estimated by:

    a ξ   (Eq 2-6 in EM 1110-2-1614)
 1 + b ξ

where
Rmax = maximum vertical height of runup above swl
a, b = regression coefficients determined as 1.022 and 0.247, respectively

The more conservative value of a = 1.286 is used here.
ξ = surf parameter defined by:

Results for slopes other than riprap or quarrystone can be adjusted by the factors in Table 2-2 of
EM-1110-2-1614.  See pages 2-6 & 2-7 of that manual for details.
The surf parameter equation above is equivalent to that in CEM, Eqn II-4-1.

For quarrystone at 2:1 slope, Rough slope runup correction factor r = 0.615

Calculations:
ξ = 1.21

Rmax / Hmo = 1.20
Rmax = 1.76 feet

Wave runup, Rmax / r = 2.85 feet

( 2 π Hmo / g Tp
2 ) 1/2

tan θ

Rmax / Hmo =

ξ =
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CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

Design Wave Conditions, Phase 2, South Cell:

Inputs:

Use:
Adjusted 100-yr, 1-hr windspeed, U3600 = 69.7 mph 102.3 fps

Effective fetch, X = 0.31 miles = 1625 ft (use straight-line fetch, conservative)
Water depth, d = 4.18 feet (minimum operating depth + design storm rise)

Equations:
CEM now recommends computing deepwater wave heights for shallow water, subject to the limiting wave
period given by CEM Eq II-2-39, and a limiting height of 0.6 times the depth.  See pp. II-2-45 through 47.

Time required for waves crossing a fetch X under a velocity u to become fetch-limited (CEM Eq II-2-35):

 77.23 X0.67 CEM Fig II-2-3, "Equivalent duration for wave generation
 u0.34 g0.33 as a function of fetch and wind speed," gives the same

same information graphically for fetches up to 10 km.
Limiting wave period in shallow water:

Tp = 9.78 (d/g)1/2 CEM Eq II-2-39

Equations governing wave growth with fetch (CEM Eq II-2-36):
gHmo / u*

2 =  0.0413 ( g X / u*
2 )1/2

gTp / u* =  0.651 ( g X / u*
2 )1/3

CD = u*
2 / U10

2

CD = 0.001 (1.1 + 0.035 U10) (Requires U10 in m/s)
where

X = straight line fetch distance over which the wind blows
Hmo = energy-based significant wave height

Tp = frequency
CD = drag coefficient
U10 = wind speed at 10 m elevation

u* = friction velocity

The fully-developed wave height is given by CEM Eq II-2-30:
H: = λ5 u

2 / g = 0.27 u2 / 32.2 (u in ft/s)

The fully-developed wave height (upper limit to wave growth for any wind speed)  is given by CEM Eq II-2-30:
gHm0 / u*

2 = 211.5
gTp / u* = 239.8

For duration-limited conditions, duration is converted into an equivalent fetch using CEM Eq II-2-38:
gX / u*

2 =  0.00523 ( g t / u* )
3/2 (where t is the duration)

114-181692
5/12/2008

tx,u = 
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CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

114-181692
5/12/2008

Calculations:

Duration, t 
(hr) t (sec) Ut / U3,600 Ut (mph) tx,u (hrs) u*

2 

(ft2/sec2)
gHm0 / u*

2 gTp / u* Hm0 (ft) Tp (sec)

0.01 36 1.303 90.8 0.18 44.76 1.4 6.9 1.96 1.42
0.1 360 1.078 75.2 0.20 27.69 1.8 8.0 1.54 1.32
0.2 720 1.042 72.6 0.20 25.39 1.9 8.3 1.48 1.30

0.234 842.4 1.035 72.2 0.20 25.01 1.9 8.3 1.47 1.29
0.235 846 1.035 72.2 0.20 25.00 1.9 8.3 1.47 1.29
0.3 1080 1.027 71.6 0.20 24.47 1.9 8.4 1.45 1.29
1 3600 1.000 69.7 0.20 22.90 2.0 8.6 1.40 1.27
2 7200 0.955 66.6 0.20 20.42 2.1 8.9 1.33 1.25
4 14400 0.910 63.4 0.21 18.11 2.2 9.3 1.25 1.23
6 21600 0.883 61.6 0.21 16.84 2.3 9.5 1.20 1.21
8 28800 0.864 60.3 0.21 15.97 2.4 9.7 1.17 1.20
10 36000 0.850 59.3 0.21 15.32 2.4 9.8 1.15 1.19

gX / u*
2 X (mi) gHm0 / u*

2 gTp / u* Hm0 (ft) Tp (sec) Limitation Hm0 (ft) Tp (sec)
0.01 12 0.0 0.1 1.5 0.20 0.31 Duration 0.20 0.31
0.1 541 0.1 1.0 5.3 0.83 0.87 Duration 0.83 0.87
0.2 1632 0.2 1.7 7.7 1.32 1.20 Duration 1.32 1.20

0.234 2089 0.3 1.9 8.3 1.47 1.29 Duration 1.47 1.29
0.235 2103 0.3 1.9 8.3 1.47 1.30 Fetch 1.47 1.29
0.3 3083 0.4 2.3 9.5 1.74 1.46 Fetch 1.45 1.29
1 19718 2.7 5.8 17.6 4.12 2.61 Fetch 1.40 1.27
2 60767 7.3 10.2 25.6 6.46 3.59 Fetch 1.33 1.25
4 188086 20.0 17.9 37.3 10.07 4.93 Fetch 1.25 1.23
6 364928 36.1 24.9 46.5 13.05 5.93 Fetch 1.20 1.21
8 584561 54.9 31.6 54.4 15.66 6.76 Fetch 1.17 1.20
10 842909 76.0 37.9 61.5 18.04 7.48 Fetch 1.15 1.19

Controlling hindcast wave: Fetch-limited
Hmo = 1.47 feet

Tp = 1.29 sec

Limiting wave period: Tp = 9.78 (d/g)0.5 = 3.52 sec
Period OK, use deepwater values

Limiting wave height: 0.6*d = 2.5 feet
Wave height OK

Wind Velocity and Duration

Duration-Limited ConditionsDuration, t 
(hr)

Fetch-Limited Conditions

Controlling Conditions
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CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

114-181692
5/12/2008

Check Maximum Breaking Wave:

Fig 2-2 of EM 1110-2-1614, or SPM Fig 7-4, gives the maximum breaker height, Hb:

Nearshore slope, m:

Assume nearshore slope, m = 0.000 ft/ft (tailings surface assumed level)

Depth at structure, d s :
Operating water depth = 2.00 ft

Rise due to PMF series = 2.18 ft
Wind setup = 0.43 ft

Depth at structure, ds = 4.61 ft

Controlling wave height:
Wave period, T = 1.29 sec

ds / gT2 = 0.0856
Not used Hs / Hmo  = exp [C0 ( d / gTp

2 )-C1] Where C0=0.00089 (0.00136 conservative) & C1=0.834
Not used Hs / Hmo  = 1.011
Not used Hs = 1.48

Hb / ds  = 0.78 (EM 1110-2-1614, Fig 2-2, "Design Breaker Height,"
Maximum breaker height, Hb  = 3.59 ft at T or SPM Fig 7-4, at computed m and ds/gT2.)

Hindcast wave height, Hm0 = 1.47 feet
Controlling wave height, H = 1.47 feet (Hindcast wave height controls)

Check maximum breaker height at a variety of wave periods other than the hindcast period (after CETN-III-2):
Typical range of periods from 0.5*T to 1.9*T = 0.65 sec to 1.16 sec

Assumed 
T* (sec) ds / gT2 Hb / ds Hb (ft) Use for design:

0.65 0.3424 0.78 3.6 at 0% slope H = 1.47 feet
1.16 0.1057 0.78 3.6 at 0% slope Tp = 1.29 sec
3.52 0.0115 0.78 3.6 at 0% slope
3.52 0.0115 1.2 5.5 at 10% slope (assumed max; not actual)
10.00 0.0014 0.8 3.7 at 0% slope

*3.52 sec is the limiting period, computed above.

Appendix G.2 (part 3) Freeboard_Shootaring.xls  Wind&Wave PH2South 5/12/2008  12:08 PM



Page 4 of 4
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JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

114-181692
5/12/2008

Check Wave Runup:

Input data:
Design wave height, Hmo = 1.47 feet

Design wave period, Tp = 1.29 sec
Revetment slope, cot θ = 2.5 Upstream face of dam and divider berm are both 2.5:1 in PH 2.

Equations:
Maximum runup by irregular waves on riprap covered revetments is estimated by:

    a ξ   (Eq 2-6 in EM 1110-2-1614)
 1 + b ξ

where
Rmax = maximum vertical height of runup above swl
a, b = regression coefficients determined as 1.022 and 0.247, respectively

The more conservative value of a = 1.286 is used here.
ξ = surf parameter defined by:

Results for slopes other than riprap or quarrystone can be adjusted by the factors in Table 2-2 of
EM-1110-2-1614.  See pages 2-6 & 2-7 of that manual for details.
The surf parameter equation above is equivalent to that in CEM, Eqn II-4-1.

For quarrystone at 2.5:1 slope, Rough slope runup correction factor r = 0.63

Calculations:
ξ = 0.97

Rmax / Hmo = 1.00
Rmax = 1.47 feet

Wave runup, Rmax / r = 2.34 feet

Rmax / Hmo =

ξ = ( 2 π Hmo / g Tp
2 ) 1/2

tan θ
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CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

Design Wave Conditions, Phase 2, North Cell:

Inputs:

Use:
Adjusted 100-yr, 1-hr windspeed, U3600 = 69.7 mph 102.3 fps

Effective fetch, X = 0.37 miles = 1961 ft (use straight-line fetch, conservative)
Water depth, d = 6.48 feet (minimum operating depth + design storm rise)

Equations:
CEM now recommends computing deepwater wave heights for shallow water, subject to the limiting wave
period given by CEM Eq II-2-39, and a limiting height of 0.6 times the depth.  See pp. II-2-45 through 47.

Time required for waves crossing a fetch X under a velocity u to become fetch-limited (CEM Eq II-2-35):

 77.23 X0.67 CEM Fig II-2-3, "Equivalent duration for wave generation
 u0.34 g0.33 as a function of fetch and wind speed," gives the same

same information graphically for fetches up to 10 km.
Limiting wave period in shallow water:

Tp = 9.78 (d/g)1/2 CEM Eq II-2-39

Equations governing wave growth with fetch (CEM Eq II-2-36):
gHmo / u*

2 =  0.0413 ( g X / u*
2 )1/2

gTp / u* =  0.651 ( g X / u*
2 )1/3

CD = u*
2 / U10

2

CD = 0.001 (1.1 + 0.035 U10) (Requires U10 in m/s)
where

X = straight line fetch distance over which the wind blows
Hmo = energy-based significant wave height

Tp = frequency
CD = drag coefficient
U10 = wind speed at 10 m elevation

u* = friction velocity

The fully-developed wave height is given by CEM Eq II-2-30:
H: = λ5 u

2 / g = 0.27 u2 / 32.2 (u in ft/s)

The fully-developed wave height (upper limit to wave growth for any wind speed)  is given by CEM Eq II-2-30:
gHm0 / u*

2 = 211.5
gTp / u* = 239.8

For duration-limited conditions, duration is converted into an equivalent fetch using CEM Eq II-2-38:
gX / u*

2 =  0.00523 ( g t / u* )
3/2 (where t is the duration)

114-181692
5/12/2008

tx,u = 
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JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

114-181692
5/12/2008

Calculations:

Duration, t 
(hr) t (sec) Ut / U3,600 Ut (mph) tx,u (hrs) u*

2 

(ft2/sec2)
gHm0 / u*

2 gTp / u* Hm0 (ft) Tp (sec)

0.01 36 1.303 90.8 0.21 44.76 1.6 7.3 2.16 1.52
0.1 360 1.078 75.2 0.22 27.69 2.0 8.6 1.70 1.40
0.2 720 1.042 72.6 0.22 25.39 2.1 8.8 1.62 1.38

0.266 957.6 1.031 71.9 0.22 24.72 2.1 8.9 1.60 1.37
0.267 961.2 1.031 71.9 0.22 24.71 2.1 8.9 1.60 1.37
0.3 1080 1.027 71.6 0.23 24.47 2.1 8.9 1.59 1.37
1 3600 1.000 69.7 0.23 22.90 2.2 9.1 1.54 1.36
2 7200 0.955 66.6 0.23 20.42 2.3 9.5 1.46 1.33
4 14400 0.910 63.4 0.23 18.11 2.4 9.9 1.37 1.30
6 21600 0.883 61.6 0.24 16.84 2.5 10.1 1.32 1.29
8 28800 0.864 60.3 0.24 15.97 2.6 10.3 1.29 1.28
10 36000 0.850 59.3 0.24 15.32 2.7 10.4 1.26 1.27

gX / u*
2 X (mi) gHm0 / u*

2 gTp / u* Hm0 (ft) Tp (sec) Limitation Hm0 (ft) Tp (sec)
0.01 12 0.0 0.1 1.5 0.20 0.31 Duration 0.20 0.31
0.1 541 0.1 1.0 5.3 0.83 0.87 Duration 0.83 0.87
0.2 1632 0.2 1.7 7.7 1.32 1.20 Duration 1.32 1.20

0.266 2554 0.4 2.1 8.9 1.60 1.37 Duration 1.60 1.37
0.267 2569 0.4 2.1 8.9 1.61 1.38 Fetch 1.60 1.37
0.3 3083 0.4 2.3 9.5 1.74 1.46 Fetch 1.59 1.37
1 19718 2.7 5.8 17.6 4.12 2.61 Fetch 1.54 1.36
2 60767 7.3 10.2 25.6 6.46 3.59 Fetch 1.46 1.33
4 188086 20.0 17.9 37.3 10.07 4.93 Fetch 1.37 1.30
6 364928 36.1 24.9 46.5 13.05 5.93 Fetch 1.32 1.29
8 584561 54.9 31.6 54.4 15.66 6.76 Fetch 1.29 1.28
10 842909 76.0 37.9 61.5 18.04 7.48 Fetch 1.26 1.27

Controlling hindcast wave: Fetch-limited
Hmo = 1.60 feet

Tp = 1.37 sec

Limiting wave period: Tp = 9.78 (d/g)0.5 = 4.39 sec
Period OK, use deepwater values

Limiting wave height: 0.6*d = 3.9 feet
Wave height OK

Controlling Conditions

Wind Velocity and Duration

Duration-Limited ConditionsDuration, t 
(hr)

Fetch-Limited Conditions
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CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

114-181692
5/12/2008

Check Maximum Breaking Wave:

Fig 2-2 of EM 1110-2-1614, or SPM Fig 7-4, gives the maximum breaker height, Hb:

Nearshore slope, m:

Assume nearshore slope, m = 0.000 ft/ft (tailings surface assumed level)

Depth at structure, d s :
Operating water depth = 2.00 ft

Rise due to PMF series = 4.48 ft
Wind setup = 0.33 ft

Depth at structure, ds = 6.81 ft

Controlling wave height:
Wave period, T = 1.37 sec

ds / gT2 = 0.1121
Not used Hs / Hmo  = exp [C0 ( d / gTp

2 )-C1] Where C0=0.00089 (0.00136 conservative) & C1=0.834
Not used Hs / Hmo  = 1.008
Not used Hs = 1.62

Hb / ds  = 0.78 (EM 1110-2-1614, Fig 2-2, "Design Breaker Height,"
Maximum breaker height, Hb  = 5.31 ft at T or SPM Fig 7-4, at computed m and ds/gT2.)

Hindcast wave height, Hm0 = 1.60 feet
Controlling wave height, H = 1.60 feet (Hindcast wave height controls)

Check maximum breaker height at a variety of wave periods other than the hindcast period (after CETN-III-2):
Typical range of periods from 0.5*T to 1.9*T = 0.69 sec to 1.24 sec

Assumed 
T* (sec) ds / gT2 Hb / ds Hb (ft) Use for design:

0.69 0.4483 0.78 5.3 at 0% slope H = 1.60 feet
1.24 0.1384 0.78 5.3 at 0% slope Tp = 1.37 sec
4.39 0.0110 0.78 5.3 at 0% slope
4.39 0.0110 1.2 8.2 at 10% slope (assumed max; not actual)
10.00 0.0021 0.8 5.5 at 0% slope

*4.39 sec is the limiting period, computed above.

Appendix G.2 (part 3) Freeboard_Shootaring.xls  Wind&Wave PH2North 5/12/2008  12:08 PM



Page 4 of 4

CLIENT: Uranium One MADE BY: EKB DATE:

JOB TITLE: Shootaring Mill Operations CHECKED: JOB NUMBER:

SUBJECT: Tailings Impoundment Freeboard Calculations APPROVED: SHEET:

114-181692
5/12/2008

Check Wave Runup:

Input data:
Design wave height, Hmo = 1.60 feet

Design wave period, Tp = 1.37 sec
Revetment slope, cot θ = 2.5 All side slopes are 2.5:1 for the North Cell

Equations:
Maximum runup by irregular waves on riprap covered revetments is estimated by:

    a ξ   (Eq 2-6 in EM 1110-2-1614)
 1 + b ξ

where
Rmax = maximum vertical height of runup above swl
a, b = regression coefficients determined as 1.022 and 0.247, respectively

The more conservative value of a = 1.286 is used here.
ξ = surf parameter defined by:

Results for slopes other than riprap or quarrystone can be adjusted by the factors in Table 2-2 of
EM-1110-2-1614.  See pages 2-6 & 2-7 of that manual for details.
The surf parameter equation above is equivalent to that in CEM, Eqn II-4-1.

For quarrystone at 2.5:1 slope, Rough slope runup correction factor r = 0.63

Calculations:
ξ = 0.98

Rmax / Hmo = 1.02
Rmax = 1.63 feet

Wave runup, Rmax / r = 2.59 feet

( 2 π Hmo / g Tp
2 ) 1/2

tan θ

Rmax / Hmo =

ξ =
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Standard Operating Procedure AP-5 
Fugitive Dust Control 

1 PURPOSE 
The purpose of this procedure is to provide consistent guidance and methods to monitor and control 
fugitive dust emissions at the Shootaring Mill site. 

2 DEFINITIONS 
None 

3 APPLICABILITY 
This procedure is applicable only to the inspection and control of potential sources of fugitive dust 
emissions at the Shootaring Mill site, specifically ore stockpiles, roads, and the tailings 
impoundments. It is anticipated that the procedures listed in this SOP will be revised as required 
when an air permit is obtained from the State of Utah. It is expected that the air permit will address 
mill operations and not the ore stocks or tailings impoundments.  

4 DISCUSSION 
The primary objective of controlling fugitive dust emissions at the Shootaring Mill site is to keep 
occupational and public doses from airborne radionuclides at levels that are within regulatory limits 
and are As Low As Reasonably Achievable (ALARA) and to comply with applicable emission 
permits.  The main sources of fugitive dust at the Shootaring Mill site are from road dust from 
haul/access roads, ore stockpiling, direct particulate emissions from the ore stocks and tailings 
impoundments, and construction activities. 

Controlling fugitive dust emissions requires constant awareness of potential significant releases as 
weather conditions change during a typical day.  Uranium One SOP AP-3, Inspections of Tailings or 
Waste Retention Systems requires daily inspections of the tailings pile(s) and includes fugitive dust 
as an item in the checklist.  In addition, management and employees working in an area are expected 
to report evidence of fugitive dust emissions to the appropriate manager so that dust suppression 
measures may be taken.   

A new tailings disposal facility has been designed and proposed for use once milling operations 
resume.  The current tailings and cell liner will be removed and reconfigured. This SOP has been 
written to apply to the new facility as proposed.  This SOP will also apply during the construction of 
the new tailings facility, during which fugitive dust emissions will be monitored and controlled. 

Fugitive emissions from the tailings impoundments will be minimized through design and the 
routine implementation of ponding and spraying. Tailings will be discharged as a slurry containing 
approximately 50 percent solids, into two tailings cells.  Tailings will be deposited by alternating 
back and forth between the cells during the operational lifetime of the facility, ensuring that only a 
single cell less than 40 acres is in operation at any one time.  The surface of the cell that is not in 
active deposition will remain flooded or wetted via spray application of tailings waters to serve the 
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dual role of radon cover and evaporative surface.  A tailings pool will cover a portion of the area of 
the active cell.  Tailings water will be sprayed on the remainder of the cell for dust control. 

Fugitive emissions from roads and other actively worked areas will be controlled by application of 
water or chemical agents as the need arises. 

5 RESPONSIBILITY 
The General Site Foreman, or equivalent, or his designee is responsible for the inspections and 
controls as outlined in this procedure.  Designated field inspectors have the responsibility of 
immediately notifying the General Site Foreman of any significant abnormal conditions.  The 
General Site Foreman has the responsibility for assuring that actions are taken in a timely manner to 
minimize emissions. When appropriate, information is given to the RSO in a timely manner so that 
reportable incidents are reported to the Executive Secretary of the UDEQ-DRC according to the 
criteria and time schedules given in SOP AP-3.  Inspection reports will be submitted to the General 
Site Foreman with copies to the RSO. 

6 EQUIPMENT AND MATERIALS 
For inspections: 

• Pen, Field Log Book or equivalent 

 

For dust control: 

• Chemical agents (as needed) to stabilize surfaces 

• Water tank (on truck or portable tanks) 

• Sprinkler systems 

• Grass seed and mulch suitable to the terrain and climate 

• Appropriate personal protective equipment 

• Two-way radio or other communication system 

7 PROCEDURE 
All observations shall be recorded and any item(s) that are out of normal (defined as not noted 
during the last inspection or any occurrence that is not within the range of expected observations) 
shall be recorded and reported to the General Site Foreman immediately.   

7.1 Daily Inspections 
Daily inspections are addressed as part of Uranium One SOP AP-3. The General Site Foreman, or 
equivalent, or his designee will educate all personnel on site, particularly the field inspectors, about 
the importance of controlling fugitive dust emissions. In turn, fugitive dust emanating from ores, 
roads, tailings, and/or construction activities shall be among the field inspector’s daily observations. 
All personnel will be instructed to be vigilant in reporting visible dust emissions. Management will 
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be responsible to instruct field personnel to report evidence of fugitive dust. Daily inspections shall 
include, if appropriate: 

• Tailings impoundments or ore stockpiles should be examined for any evidence of 
erosion. 

• Tailings impoundments and ore stockpiles and surrounding areas (including conveying 
and screening operations) should be examined for fugitive dust emissions.  

• Roads within the mill site should be examined for fugitive dust emissions.  
• Areas under construction should be examined at least daily for fugitive dust emissions.  
• Other areas, particularly those newly disturbed and/or prone to dust emissions should be 

examined daily.    
 

Results of daily inspection shall be documented on Form AP-3A or equivalent and submitted to the 
General Site Foreman for review and subsequent corrective action, if needed.   

7.2 Dust Control Measures 
1. Obtain all necessary supplies and transport vehicles. Confirm proper operation of vehicles 

and communications systems.  

2. Control fugitive emissions from actively disturbed areas by watering on an as-needed basis to 
maintain a surface moisture content that reduces dust emissions to acceptable levels.   

3. When blowing tailings sand or dusting is observed, the spray system should be operated until 
a crystal crust develops on the sands surface. Move the spray lines as necessary. The spray 
lines may require periodic cleaning. Spray lines should not be operated in periods of high 
winds.  

4.  If applicable, apply interim covers over tailings. Apply Rip Rap over compacted surfaces for 
final stabilization. 

5.  If applicable, apply wind breaks in the form of straw bales/waddle and snow fencing in 
strategic locations to minimize dust emissions.  

6. Reseed, water, and apply mulch to surfaces that may be left undisturbed for six months and 
longer, to promote and maintain vegetation growth.  If not reseeded, stabilize the area by 
chemical treatment to minimize blowing dust.  Reseeding is unnecessary in areas that re-
vegetate naturally before six months. 

7. On an as-needed basis, use water spray to control fugitive dust from ore conveying and 
screening areas. 

8. The speed limit for vehicles on unpaved surfaces is 20 mph.  Post speed limit signs at 
appropriate locations.  Cover haul vehicle for off-site transport of ore or soil with a tarp.  

9. When in use, water unpaved haul roads on an as-needed basis to minimize fugitive dust or 
less if weather conditions permit. Chemical dust suppressant may also be used to minimize 
fugitive dust potential from unpaved haul roads. 
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10.  Control tracking of mud and dirt onto paved surfaces using gravel entry ways, washing haul 
vehicles prior to entering, covering loads, and limiting load sizes. 

11. Wash vehicles contaminated by radioactive materials at decontamination pads before leaving 
the restricted area. 

12. Stop vehicle movement and earthworks onsite when wind speeds exceed 40 mph 
continuously. 

8 QUALITY ASSURANCE 
The General Site Foreman will assure quality by:  

• Implementing a training program for field inspectors and other employees by an experienced 
professional 

• Adherence to this SOP 

• Promptly reviewing Inspection Documents 

• Documenting corrective actions, when appropriate, resulting from site inspection. 

9 RECORDS 
The following forms will be completed and maintained in the project office with copies sent to the 
CRSO. These forms shall be retained for three years from the date of inspection. 

• Form AP-3A Daily Inspection Form, Tailings, Ore Stockpiles, and Waste Retention Systems 

10 REFERENCES 
R313-24-4, 10CFR40.26(c)(2) 

R313-24-4, 10CFR40 Appendix A(8)(a) 

R317-6-6.3 (O) 
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