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1.0 INTRODUCTION

This report presents the preliminary engineering design of the on-site disposal cell associated

with reclamation of the Sequoyah Fuels Corporation (SFC) facility in Sequoyah County,

Oklahoma. The preliminary engineering design has been conducted for SFC by MFG, Inc.

(formerly Shepherd Miller), according to the work scope outlined in the May 7, 2002 Shepherd

Miller proposal. The disposal cell design is a component of the overall site reclamation plan for

the facility.

The on-site disposal cell design is an update of the conceptual disposal cell design documented

in Morrison Knudson (M-K, 1996), ESCI (1996) and ESCI (1998). This update is based on (1)

additional site characterization data (including SFC, 1998 and SM, 2001), (2) modifications in

disposal cell construction strategy by SFC, and (3) a disposal cell cover design incorporating a

store-and-deplete infiltration control strategy with a vegetated surface. The disposal cell has

been designed to meet the performance criteria for 1 le.(2) byproduct material reclamation

outlined in Appendix A of 10 CFR 40 and administered by the U.S. Nuclear Regulatory

Commission (NRC). The technical analysis of the design has followed procedures outlined in

NRC (1990) for long-term stability of 11e.(2) byproduct material sites. This report has been

structured to present the updated disposal cell design and supporting technical analyses in a

format and level of detail consistent with technical guidelines in NRC (1990), as well as

reclamation plan review guidelines in NRC (2002).

Sequoyah Fuels Corporation MFG Inc.
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2.0 SITE CONDITIONS

Site conditions pertinent to the disposal cell design are outlined in the following subsections.

2.1 Location and Climate

The SFC site is located in north-central Oklahoma, northeast of the confluence of the Illinois

River with the Arkansas River (tributaries of the Robert S. Kerr Reservoir). The site

encompasses approximately 600 acres on the east bank of the Illinois River, north of Interstate

Highway 40 and west of Oklahoma State Highway 10 (shown on Drawing 1). The SFC facilities

(shown on Drawing 2) are primarily located within the 85-acre Process Area.

The site is in an area of warm, temperate, continental climate (RSA, 1991). Annual precipitation

averages 39 to 45 inches, depending on nearby climatological station location. Precipitation is

fairly evenly distributed throughout the year, with more intense precipitation in the spring (ESCI,

1996). For extreme storm events, the probable maximum precipitation events are 29 inches in 6

hours and 19 inches in one hour (Appendix B). Annual evaporation averages approximately 70

inches (for Class A pan data) and 50 inches (for shallow lake data) (Linsley and others, 1975).

2.2 Geologic Setting

As described in RSA (1991), SFC (1998) and SM (2001), the site is located on a ridge or upland

area above the Illinois River. The site is underlain by the Pennsylvanian Atoka Formation

sequence of sandstone, siltstone and shale. The bedding of these units is nearly horizontal, with

varying depths of weathering and erosion. These units are mantled at varying depths with

Pleistocene terrace deposits. The underlying soils and sedimentary rocks at the site have been

investigated with regional geologic data and over 500 drill holes on site (SFC, 1998).

The site is located on the southwest flank of the Ozark Uplift, a regional structural feature. The

site is in an area of low to moderate seismicity with no active structural features or zones of

measured seismic activity in the immediate area (as described in Appendix C).

Sequoyah Fuels Corporation MFG Inc.
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The Atoka Formation sedimentary rocks beneath the site consist of alternating shale and

sandstone layers, extending to depths of several hundred feet (SFC, 1998 and SM, 2001).

Groundwater levels and water quality have been evaluated from over 300 wells that have been

completed on site. This information is presented in other documents (SM, 2001 and MFG, 2002)

and not repeated here. These shale and sandstone units are both of relatively low hydraulic

conductivity, so that although groundwater is present in these units, groundwater yield is low.

The uppermost groundwater beneath the site is within the uppermost shale layer. A limited,

transient amount of groundwater is perched on the uppermost shale within the terrace deposits

(SFC, 1998 and SM, 2001).

Soils investigated from drilling on site consist of these terrace deposits and weathered zones of

the Atoka Formation. The locations of selected drill holes pertinent to borrow area and disposal

cell foundation conditions are shown on Drawing 3. The logs of these selected drill holes are

presented in Appendix A. These soils range from sandy, clayey gravels to silty clays. The

materials are classified (according to the Unified Soil Classification System) as a low to

moderate plasticity silt and clay as well as clayey sand and gravel (CL, ML, CH, MH, SC and

GC).

2.3 Construction Materials

Potential construction materials for disposal cell cover system, fill, and liner materials include

soils and weathered sedimentary rock from on-site sources, and rock from off-site sources.

These materials are discussed in Appendix A and summarized below.

Cover Material. Cover material would be obtained from on-site terrace deposit soils and

weathered Atoka Formation shale and sandstone. From material balance calculations in

Appendix A, there is significantly more material available for cover material than required

volume of material. If the sources of cover material are prioritized by proximity to the disposal

cell, the existing berm materials and subsoils in the process area are the preferred cover

construction materials. These are the tornado berm and settling pond berm materials shown on

Drawing 3.

Sequoyah Fuels Corporation MFG Inc.
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Liner material. As described in subsequent sections, a liner is proposed in a portion of the

disposal cell. If a compacted clay is used for this liner, the material would be obtained from the

soil borrow area at the south end of the site (Drawing 3).

Topsoil. Topsoil for the surface of the disposal cell and surrounding areas to be vegetated would

be obtained from the agland area on the west side of the site (Drawing 1). As discussed in

Appendix A, there is sufficient topsoil available in the agland area for the disposal cell cover

system and surrounding areas.

Rock mulch. As described in subsequent sections, a layer of rock mulch is planned as an

erosion protection zone on the side slopes and perimeter apron of the disposal cell. Although on-

site sedimentary rock is available, the preferred sources of rock are nearby commercial sources

of limestone or alluvial gravel and cobbles (discussed in Appendix A).

2.4 Disposed Materials

The materials to be placed in the disposal cell consist of process waste materials, structural

debris, and underlying liner materials and subsoils from planned site cleanup and reclamation

activities. The results of previous characterization of the chemical, radiological and physical

properties of these materials are presented in RSA (1991) and SFC (1997). The most current

information is compiled in the 1998 Site Characterization Report (SFC, 1998). The

characterization data in SFC (1998) is presented in terms of site characterization units (SCUs),

representing specific processing areas or facilities on site. The locations of the SCUs are shown

on Drawing 2 and pertinent data for each SCU are summarized in Appendix A.

In the preliminary disposal cell design, SFC has grouped similar materials from individual SCUs

together for disposal sequencing. Due to the planned placement of these materials in layers in

the cell, these groups are referred to as Layers A through D. The correlations between the SCU

numbers and Layer numbers are presented in Appendix A, along with estimated volumes of

these materials. The four layers are described below.

Sequoyah Fuels Corporation MFG Inc.
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Layer A. Layer A materials consist of five components: (1) raffinate sludge, (2) Pond 2 residual

materials, (3) Emergency Basin sediment, (4) North Ditch sediment, and (5) Sanitary Lagoon

sediment. The locations of these materials are shown on Drawing 2.

Due to the relatively high activity concentration of radionuclides in Layer A materials, these

materials would be the lowest layer in the disposal cell profile and would be placed over a

prepared liner. The volumes and key radionuclide activity concentrations for Layer A materials

are presented in Appendix A. In terms of estimated volume, raffinate sludge comprises most of

the of Layer A materials (60 percent), followed by Pond 2 residual materials (36 percent), and

the remaining sediments (totaling 4 percent).

Layer B. Layer B materials consist of soil liner and subsoil materials beneath the clarifier, the

calcium fluoride basin, Pond 3E, the Emergency Basin, the North Ditch and the Sanitary Lagoon,

as well as Pond 1 spoils pile material. The Layer B materials (primarily contaminated soils) are

listed second in the order, since they would be excavated after removal of Layer A materials and

placed directly on top of Layer A materials in the disposal cell profile. The locations of these

materials are shown on Drawing 2. The volumes and key radionuclide activity concentrations

for Layer B materials are presented in Appendix A. In terms of estimated volume, the Pond 1

spoils pile (35 percent), clarifier liners (26 percent), and Emergency Basin soils (13 percent)

comprise approximately 74 percent of the Layer B materials.

Layer C. Layer C materials consist of structural materials, concrete and asphalt, calcium

fluoride basin materials, calcium fluoride sediments, and on-site buried materials. These

materials would be placed above the Layer B materials, and covered with contaminated soils

(Layer D materials). The locations of these materials are shown on Drawing 2. The volumes

and key radionuclide activity concentrations for Layer C materials are presented in Appendix A.

In tenns of estimated volume, the calcium fluoride sediments (44 percent), structural materials

(38 percent) and concrete and asphalt (15 percent) comprise approximately 97 percent of the

Layer C materials.

Layer D. Layer D materials consist of contaminated soils and sedimentary rock that require

cleanup. The cleanup level used for the estimated volume in Appendix A is a natural uranium

Sequoyah Fuels Corporation MFG Inc.
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activity concentration of 27 pCi/g. The approximate area of material cleanup is shown on

Drawing 2.

The total layer material volumes from the estimates from Appendix A are presented in Table 2.1

below, in order of placement from bottom to top within the cell.

Table 2.1 Disnosed Material Summarv
Estimated Fraction of Natural Radium-226 Thorium-230

Layer Description Volume Total Volume Uranium (pi/g) (pi/g)
(cu ft) (%) (pCi/g) (pCi/g) (Pcilg)

A Sludge and sediment 1,744,735 21.0 357-12100 6-332 211-16300
B Liner soils and subsoils 1,262,673 15.1 5-95 0.5-2.1 47-70

Calcium fluoride 1,764,067 21.1 168-520 0.2-0.8 2.1-4.8
sediments, debris ,

D Contaminated site soils 3,574,000 42.8 250
Totals 8,345,475 100.0 --
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3.0 PRELIMINARY DESIGN STRATEGY

3.1 Site Classification

Based on discussions between SFC and NRC personnel, the SFC site is planned for reclamation

as an 1 le.(2) byproduct material site under performance standards administered by the NRC. All

of the waste materials will be disposed on site. Upon successful demonstration to NRC of

meeting these performance standards, the site will be transferred to the U.S. Department of

Energy for long-term care and maintenance. The proposed boundary of the area to be transferred

to the Department of Energy is the institutional control boundary shown on Drawings 1 and 2.

3.2 Design Criteria

The key design criteria for the disposal cell are to: () meet the performance standards for

reclamation outlined in Appendix A of 10 CFR 40, (2) provide sufficient capacity for disposal of

on-site materials, (3) result in a facility that blends in with the surrounding area (from a visual,

hydrologic and vegetative standpoint), (4) have a negligible effect on underlying groundwater,

and (5) facilitate site cleanup and reclamation activity. These criteria are outlined below.

Performance standards. The performance standards in Appendix A of 10 CFR 40 include: (1)

isolation of the 1 le.(2) material, (2) reduction of the rate of radon emanation from the cover to

an average of 20 pCi/square meter-second, (3) having the reclamation be effective for a long

period of time (200 to 1,000 years), and (4) minimizing reliance on active maintenance.

Disposal cell capacity. The disposal cell has been designed to have sufficient capacity for the

on-site materials described in Section 2.4. The estimated volumes listed in Table 2.1 total 8.6

million cubic feet. The disposal cell layout shown in Drawing 5 has been sized for a capacity

(beneath the cover system) of approximately 9 million cubic feet.

The actual capacity required for the disposal cell depends on the volume of material excavated

during site soil cleanup and the density of the material after placement in the cell. From the

material volume estimates in Table 2. 1, the materials with the largest potential variability are the

contaminated soils (Layer D). Due to this variability, the preliminary disposal cell design has

Sequoyah Fuels Corporation MFG Inc.
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incorporated a range of volumes (from 5 million to 12 million cubic feet). The geometric limits

on the disposal cell are: (1) a maximum top surface elevation of approximately 590 feet (to

minimize visual impact), and (2) the location of the north and west sides of the cell being fixed.

The variability in disposed material volume is accommodated by reducing or extending the

locations of the south and east sides of the cell.

Surrounding area impact. As mentioned above, the top surface of the cell will be limited to an

elevation of approximately 590 feet to minimize the visual impact of the disposal cell from

surrounding areas. In addition, the side slopes of the cell will be at 5:1 (horizontal:vertical) or

less, with the corners of the cell rounded to create a topographic feature that is visuaUy similar to

the surrounding area. The surface of the complete cell will be vegetated with natural species

similar to surrounding areas.

Effect on groundwater. The disposal cell cover design strategy includes minimizing infiltration

of meteoric water. This is consistent with Appendix A of 10 CFR 40 as well as the conceptual

design (M-K, 1996 and ESCI, 1996). The cover design has been changed from a layered system

with a low-permeability compacted clay zone to a uniform zone that promotes evapotranspiration

from vegetation (as discussed in Section 4).

Facilitation of site cleanup. The siting and layout of the cell has been designed to

accommodate stormwater management and construction activity during site cleanup, as

described in more detail in Section 5.

3.3 Site Selection and Layout

The disposal cell was sited to be over the major areas of contamination at the facility, similar to

the conceptual design in M-K (1996) and ESCI (1996). The disposal cell was also sited to be

close to materials to be placed in the cell, but also out of the way of areas of major building

demolition or soil washing. The disposal cell layout has a similar shape and area to the design in

M-K (1996) and ESCI (1996), but with the followin, modifications.

Sequoyah Fuels Corporation MlzIFG Inc.
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1. The layout incorporates rounded corners to facilitate earthmoving construction
techniques as well as produce a feature that blends in with surrounding
topography.

2. The facility was moved to the north to utilize the emergency basin for disposal
cell stormwater collection during construction.

3. The facility was moved to the east, with the west side angled to reduce the length
of slope and area draining into the gully west of the emergency basin.

4. The layout was adjusted to tie into natural ground or anticipated post-reclamation
contours to provide drainage away from the toe of the slopes along the perimeter
of the cell.

5. Replacement of the diversion channel on the east side of the cell with an apron
that drains away from the cell.

6. Changing the top surface of the cell to drain to the southeast at a slope of one
percent (with a top elevation of approximately 590 feet). This allows runoff to
flow over the side slope on the sides with the shortest slope lengths.

3.4 Institutional Control

As described above, the disposal cell design is based on the site being transferred to the U.S.

Department of Energy for long-term care and maintenance. As with other 1 le.(2) byproduct

material sites, the U.S. Department of Energy will exercise institutional control of the site. This

means that the site is fenced to limit unauthorized access. Activities within the institutional

control boundary are only those authorized by the U.S. Department of Energy or its contractors,

such as monitoring or maintenance. The proposed institutional control boundary for the SFC

facility after reclamation is shown on Drawings 1 and 2.

Sequoyah Fuels Corporation MFG Inc.
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4.0 DISPOSAL CELL DESCRIPTION

The preliminary disposal cell design is shown on Drawings 5, 6 and 7, based on the design

criteria and strategy outlined in Section 4. This design is described in the following subsections.

4.1 Layout and Capacity

The disposal cell layout consists of a four-sided domed structure to contain the disposed

materials beneath a soil cover. The top surface of the structure drains to the southeast (the corner

with the highest ground surface elevation) at a one-percent slope. The direction of top surface

drainage was chosen to be toward the highest ground elevation and away from the west side of

the cell. The side slopes of the cell are at 5:1 (20 percent), the maximum slope under NRC

reclamation criteria.

The disposal cell layout for the estimated volume of disposed materials in Table 2.1 (8.4 million

cubic feet) is shown in the drawings, and on Figure 4.1. Due to the variability in disposed

material density, the amount of stabilizing additives that may be added to some materials, and

the amount of Layer D soils that may actually be excavated, the disposal cell location and layout

has been planned to accommodate a range of disposed material volumes (from 5 million to 12

million cubic feet). The cell layouts that would accommodate this range in volumes are shown

in Figures 4.2 and 4.3, for capacities of 5 and 12 million cubic feet, respectively. For these cell

layouts, the north and west sides remain in the same location and with the same height, while the

location of the south and east sides are adjusted. A typical cross section through the disposal cell

(for any of these volumes) is shown in Figure 4.4. The key volume relationships for the range of

cell layouts are shown in Figure 4.5.

4.2 Cover System

The cover system over the disposal cell consists of a 10-foot thick soil cover on both the top

surface and side slopes of the cell. This cover system is shown in cross section and detail on

Drawing 7, and is summarized in Figure 4.4.

Sequoyah Fuels Corporation MFG Inc.
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The upper 18 inches of the cover system consists of an erosion protection and vegetation zone.

On the top surface, the upper 18 inches of the cover thickness consists of a topsoil layer. On the

side slopes, the upper 18 inches consists of a 12-inch thick topsoil layer above a six-inch thick

rock mulch layer. The cover surface will be vegetated, with the long-term vegetation being a

native grassland and forest system. The remaining 8.5-foot thickness of the cover system will

consist of on-site soils to provide a root zone and moisture retention zone for infiltrating

meteoric water.

4.3 Perimeter Area

The disposal cell perimeter will transition into the surrounding reclaimed site topography such

that drainage from the toe of the side slopes is conveyed away from the cell. Outside the toe of

the side slopes will be a 20-foot wide perimeter apron, consisting of the same topsoil and rock

mulch layers as on the side slopes (Drawing 7).

4.4 Erosional Stability

The erosional stability of the disposal cell design was evaluated according to procedures outlined

in NRC (1990) and NRC (1999). The evaluation methods and results are outlined in Appendix

B. The disposal cell surface was evaluated for peak runoff from the Probable Maximum

Precipitation (PMP) event. The calculated velocity from the peak runoff was compared with

acceptable, non-erosive velocities on the top surface and side slopes of the disposal cell.

On the top surface of the disposal cell, the one-percent slope with vegetated surface conditions

provides sufficient resistance to erosion, even under conservative, poor vegetation conditions.

On the side slopes of the disposal cell, flow velocities down the 5:1 slopes require rock for

erosion protection from PMP runoff. The selected protection is a layer of rock mulch with a

median particle size of 3.2 inches (sized for the peak flow from the PMP). In order to promote

vegetative growth on the side slopes, the rock mulch layer will be at the base of the topsoil layer

(shown in Figure 4.4). The same protective layer will be extended 20 feet from the toe of the

side slopes for a perimeter apron (shown in Figure 4.4).

Sequoyah Fuels Corporation MFG Inc.
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4.5 Slope Stability

The slope stability of the disposal cell was evaluated under static and seismic conditions

according to standard criteria outlined in NRC (2002). The stability evaluation results and

selection of seismic parameters are outlined in Appendix C.

The stability analysis results are presented as calculated factors of safety, which are compared

with accepted minimum factors of safety. The analysis results under static conditions show that

calculated factors of safety are higher than the minimum long-term value of 1.5. The analysis

results under seismic conditions (represented by pseudostatic analyses) show that calculated

factors of safety are higher than the minimum value of 1.1. The stability analyses were

conducted using conservative input values for material shear strength and density (as described

in Appendix C).

4.6 Radon Emanation

The reduction in emanation of radon-222 from disposed materials by the cover system was

evaluated using calculation procedures outlined in NRC (1989). The evaluation input parameters

and results are presented in Appendix D. The evaluation results show that the cover system and

sequence of disposed material placement in the cell reduces the average rate of radon-222

emanation to below the limit of 20 pCi/square meter-second (from Appendix A of 10 CFR 40).

The radon emanation calculations used the RADON model (NRC, 1989), with conservative

parameters for the cover system and disposed materials. Maximum ingrowth from thorium-230

to radium-226 under long-term conditions was included as input for the disposed materials in the

calculations.

4.7 Meteoric Water Infiltration

Infiltration of meteoric water and moisture migration through the cover system was evaluated

using two applicable moisture tracking models. The modeling method and results are presented

in Appendix E.

Sequoyah Fuels Corporation A,FG Inc.
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The first model used was the HELP model (Schroeder and others, 1994), selected as an accepted

infiltration model and for comparison with the modeling of the cover system in the preliminary

design (ESCI, 1996). Modeling was conducted using average climatic conditions over a

simulation period of 100 years. Typical soil properties were used with a fully developed

vegetative cover. The average rate of migration of meteoric water through the bottom of the

cover was calculated to be approximately 0.92 inches/year, or 2.3 percent of annual precipitation.

This rate of migration is higher than that calculated for the layered cover system in ESCI (1996),

ranging from 0.78 to 0.01 inches/year.

The second model used was the TerreSIM model, an IFG model used for land use and

ecosystem evaluation (described in Appendix E). The TerreSIM model uses a detailed method

of tracking evapotranspiration and plant canopy evaporation, based on specific plant

communities. Modeling was conducted under average climatic conditions for a simulation

period of 200 years. The same soil properties as those in the HELP modeling were used, with

more detailed characterization of the native plant community used for revegetation. The average

rate of migration of meteoric water through the bottom of the cover was calculated to be

approximately 7.8 inches/year or 17 percent of annual precipitation, for the first 45 years of

simulation. For the next 155 years of simulation (after full development of the plant

community), the calculated rate of migration through the cover was zero.

As described in Section 5, the synthetic liner materials in ponds on site are planned for re-use by

placement within the layers of disposed materials in the disposal cell. The synthetic liner will be

spread, overlapped, and covered to provide a liner system to intercept downward-migrating

moisture from the cover system. Therefore for short-term conditions, the synthetic liner would

limit moisture migration through the disposed materials. For long-term conditions (after

establishment of mature vegetation on the cover), moisture migration from the bottom of the

cover is limited by the cover itself. From the modeling under long-term conditions described

above, the rate of moisture migration out of the cover is negligible (Appendix E).
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Disposal Cell Preliminaiy Design Design Report

5.0 DISPOSAL CELL CONSTRUCTION

The anticipated strategy for disposal cell construction (from the base of the facility to the bottom

of the cover system) is outlined in the following subsections.

5.1 Overall Sequence

As mentioned in Section 2.4, the materials to be disposed have been grouped by radionuclide

activity concentration. These groups or layers are summarized in Table 2.1. The sequence of

placement in the disposal cell is by these layers (as shown in Figure 4.4).

As mentioned in Section 4.7, the synthetic liner material from the ponds on site will be removed

and incorporated into the disposal material layer sequence. The liner material placement will be

above the Layer B materials, within the Layer C or D materials.

5.2 Water Management

Water management during disposal cell construction will include the elements listed below:

1. Removal, treatment and permitted discharge of water in existing ponds (primarily
Layer A material ponds).

2. Diversion of clean area stormwater runoff from work areas (where material
excavation will take place) and from the disposal cell footprint.

3. Collection of stormwater runoff from work area and the disposal cell footprint for
treatment and permitted discharge or use for disposed material compaction or dust
control.

4. Isolation of water used for processing operations (such as soil washing or
leaching) from stormwater runoff.
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5.3 Construction Sequence

In conjunction with the overall sequence and water management strategy above, the anticipated

construction sequence for the disposal is outlined below.

1. Setup of the soil stockpiling and washing or leaching area in the yellowcake
storage pad.

2. Removal of sediment and underlying subsoils from the emergency basin, north
ditch, and sanitary lagoon (Layer A and Layer B materials). These materials
would require temporary stockpiling.

3. Removal of contaminated soils from the footprint of the disposal cell,-particularly
where the lined area will be (shown on Drawing 6). This will include excavation
of utility trenches and removal of piping and conduit within the cell footprint.
These materials would require temporary stockpiling.

4. Backfilling and compaction of excavated areas within the cell footprint.

5. Preparation of the lined area within the disposal cell (Drawing 6).

6. Placement of Layer A materials within the lined area of the disposal cell. This
would include the stockpiled materials from the emergency basin, north ditch, and
sanitary lagoon, as well as Pond 2 residual material and raffinate sludge.

7. Removal of and temporary stockpiling of synthetic liners.

8. Excavation of remaining liner soils and subsoils from Layer A ponds and Pond
Spoils Pile materials, and placement in Layer B (on top of Layer A materials) in
the disposal cell. Excavation of materials from the interim soil storage cell and
the area west of the storage cell, and placement in Layer B.

9. Preparation of remaining areas of the disposal cell for fill placement.

10. Excavation of remaining Layer B and C materials and placement in the disposal
cell.

11. Removal of structural materials, and placement in the disposal cell (in Layer C).

12. Excavation of remaining contaminated soils (Layer D materials), with disposal
cell footprint adjusted to the east and south as necessary (based on contaminated
soil volume).

13. Cover construction (described in Section 6).
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6.0 COVER CONSTRUCTION

As previously discussed, the disposal cell cover has been modified from the layered system in

ESCI (1996) to a homogeneous, (store-and-deplete) cover with a vegetated surface. The cover is

designed to promote long-term vegetative growth that optimizes evapotranspiration and

subsequently minimizes infiltration. Based on preliminary analyses, this homogeneous cover

would be ten feet thick for optimal root zone development and sufficient for radon attenuation. A

ten-foot thickness was used for volume estimates, and is shown in the cross sections and details

on the Drawings. This ten-foot thickness includes an 1 8-inch thick topsoil and rock mulch zone

at the cover surface.

6.1 Construction Materials

The disposal cell cover construction materials are discussed in Section 2.3 and Appendix A. The

material quantities (for the preliminary design cell disposal capacity of approximately 9 million

cubic feet) are outlined below.

Cover system materials. The cover material volume (for the 10-foot thick cover) totals

approximately 258,700 cubic yards. As discussed in Appendix A, significantly more material is

available on site than is required for the cover material.

Topsoil. As mentioned above, approximately 35,400 cubic yards of topsoil would be required

for the cover, and 4,000 cubic yards for the perimeter apron. Sufficient topsoil is available for

this volume (and additional volume) from the agland area.

Rock mulch. The rock mulch volume totals 8,000 cubic yards for the cell cover and 2,000 cubic

yards for the perimeter apron. Rock mulch material would be obtained from off-site sources.

Cover subsoil materials. The remaining cover material volume (subtracting the topsoil and

rock mulch) is approximately 215,300 cubic yards, for the layout shown on the drawings. The

likely sources of this material would be the tornado berm and settling pond berm materials.

Sequoyalh Fuels Corporation MFG Inc.
P\100734\Disposal Cell Design\Preliminary Design Rpt\preiminary design report.doc 21 December 13, 2002

Disposal Cell Preliminary Design Design Report



Disposal Cell Preliminary Design Design Report

6.2 Construction Sequence

The anticipated construction sequence for the disposal cell cover is outlined below.

1. Construction of the cover on the north and west sides of the disposal cell. The
cover material could be placed in horizontal lifts or lifts parallel to the outside 5:1
slopes. The rock mulch and topsoil would be placed as cover areas are completed
to final elevations and grades.

2. Cover material placement is planned to minimize voids and future differential
settlement. Placement in lifts with a method compaction specification is planned,
based on the anticipated type of construction equipment.

3. Construction of the cover over completed areas of the cell, with the south and east
sides of the cell established after the volume of contaminated soils has been
established.

4. Transition of the perimeter apron of the disposal cell with surrounding reclaimed
topography to promote runoff away from the disposal cell.

5. Establishment of vegetation on the disposal cell surface, consistent with the
overall plan for mature vegetation development.
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7.0 PERFORMANCE MONITORING AND VERIFICATION

The performance monitoring and verification tasks for the disposal cell are consistent with plans

for overall site reclamation and review guidelines in NRC (2002). Key tasks are outlined in the

following subsections, and address the period of time from site reclamation until property

transfer to the U.S. Department of Energy.

7.1 Settlement

Since the soil-like disposal materials will be placed in lifts and compacted to minimize void

spaces (as described in Section 5) and sludges will be dewatered or solidified, cover settlement

will not be as critical an issue as for uranium tailings impoundments. However, settlement will

be monitored with survey monuments installed on a grid system on the cover surface. The

monuments will be surveyed on a quarterly basis until four quarters of stable conditions (less

than 0. foot of settlement) are measured.

7.2 Vegetative Cover

A vegetation plan will be prepared for the disposal cell surface outlining the initial and mature

species desired for the cell and the schedule and methods planned for achieving the mature

vegetation (such as transplanting of seedlings and institution of weed control). After

establishment of the initial vegetation on the cover surface, the condition of the initial vegetation

will be monitored for comparison with the schedule in the vegetation plan. The vegetation

performance will be monitored by SFC until that responsibility is changed with property transfer

to the U.S. Department of Energy.

7.3 Erosional Stability

The erosional stability of the cover surface will be monitored on a semi-annual basis, most likely

at the same time as vegetation monitoring. Elements of the erosional stability monitoring are

degree of vegetation cover (in terms of surface coverage), identification of settled or ponded

areas (such as on the top surface), and identification of rills, gullys, or other areas of runoff

concentration. Areas that are identified will be monitored to determine if corrective action is
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necessary. Corrective action would include fill placement with topsoil or placement of erosion-

resistant materials on the surface, such as rock mulch.

7.4 Groundwater Protection

The strategy for a groundwater protection plan will be developed under NRC guidelines as the

result of a Corrective Action Assessment for the site. This will be developed independently of

the disposal cell design.
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A.1 INTRODUCTION

This appendix summarizes available material characterization data for (1) the materials to be

placed in the disposal cell, and (2) materials to be used for the disposal cell cover system. This

data is discussed in the following sections, and is used in subsequent appendices of this report to

analyze key aspects of the preliminary disposal cell design.

A.2 DISPOSED MATERIALS

The materials to be placed in the disposal cell consist of process waste materials, structural

debris, and underlying liner materials and subsoils from planned site cleanup and reclamation

activities. The results of previous characterization of the chemical, radiological and physical

properties of these materials are presented in the 1998 Site Characterization Report (SFC, 1998).

The characterization data is presented in terms of site characterization units (SCUs), representing

specific areas or facilities on site. The locations of the SCUs are shown on Drawing 2 and

pertinent data for each SCU are summarized in Attachment A. 1.

In the conceptual disposal cell design, SFC has grouped similar materials from individual SCUs

together for disposal sequencing. Due to the planned placement of these materials in layers in

the cell, these groups are referred to in this report as Layers A through D. The correlations

between the SCU numbers and Layer numbers are presented in Attachment A. 1. The estimated

volumes of these materials are also included in Attachment A.1, based on calculations by SFC

documented in SFC (1998), as well as recent updated estimates by SFC. The four layers are

described below.

Layer A. Layer A materials consist of five components: (1) raffinate sludge, (2) Pond 2 residual

materials, (3) Emergency Basin sediment, (4) North Ditch sediment, and (5) Sanitary Lagoon

sediment. The locations of these materials are shown on Drawing 2.

Due to the relatively high activity concentration of radionuclides in Layer A materials, these

materials would be the lowest layer in the disposal cell profile and would be placed over a

prepared liner. The volumes and key radionuclide activity concentrations for Layer A materials
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are summarized in Table A. 1. In terms of estimated volume, raffinate sludge comprises most of

the of Layer A materials (60 percent), followed by Pond 2 residual materials (36 percent), and

the remaining sediments (totaling 4 percent).

The radionuclide concentrations for Layer A materials are presented in Table A. 1 as mean values

and in Table A.2 as 95 percent upper confidence-interval values, based on statistical analysis of

Layer A material data. This analysis was conducted by SFC and summarized at the end of

Attachment A. 1.

Layer B. Layer B materials consist of soil liner and subsoil materials beneath the clarifier,

highly contaminated soils, the calcium fluoride basin, Pond 3E, the Emergency Basin, the North

Ditch and the Sanitary Lagoon, as well as Pond 1 spoils pile and interim soil storage cell

material. The Layer B materials (primarily contaminated soils) are listed second in the order,

since they would be excavated after removal of Layer A materials and placed directly on top of

Layer A materials in the disposal cell profile. The locations of these materials are shown on

Drawing 2. The volumes and key radionuclide activity concentrations for Layer B materials are

summarized in Table A.3. In terns of estimated volume, the Pond 1 spoils pile (35 percent),

clarifier liners (26 percent), and Emergency Basin soils (13 percent) comprise approximately 74

percent of the Layer B materials.

Layer C. Layer C materials consist of structural materials, concrete and asphalt, calcium

fluoride basin materials, calcium fluoride sediments, and on-site buried materials. These

materials would be placed above the Layer B materials, and covered with contaminated soils

(Layer D materials). The locations of these materials are shown on Drawing 2. The volumes

and key radionuclide activity concentrations for Layer C materials are summarized in Table A.4.

In terms of estimated volume, the calcium fluoride sediments (31 percent), structural materials

(28 percent) and concrete and asphalt (25 percent) comprise approximately 84 percent of the

Layer C materials.

Layer D. Layer D materials consist of contaminated soils and sedimentary rock that require

cleanup. The cleanup level used for the estimated volume in Table A.5 is a natural uranium
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activity concentration of 27 pCi/g. The approximate area of material cleanup is shown on

Drawing 2.

The total layer material volumes from the estimates in Tables A. 1 through A.5 are summarized

below.

Layer Estimated Volume Fraction of Total
Lyer (cu ft) Volume (%)

A 1,744,735 21.0
B 1,262,673 15.1
C 1,764,067 21.1

3,574,000 42.8
Totals 8,345,475 100.0

A.3 COVER MATERIAL

The planned disposal cell cover system consists of a 10-foot thick zone, comprised of an 8.5 foot

thick zone of soil cover (subsoil) material beneath a 1.5-foot thick layer of rock mulch and

topsoil. The soil cover will be constructed with on-site soils and shallow sedimentary rocks.

Characterization of these materials is based on drill hole logs from previous subsoil investigation

and well installation work. The locations of selected drill holes pertinent to borrow area and

disposal cell foundation conditions are shown on Drawing 3. The logs of these selected drill

holes are presented in Attachment A.2.

As described in SMI (2001) and SFC (1998), the site is located on a ridge or upland area above

the Illinois River. The site is underlain by the Pennsylvanian Atoka Formation sequence of

sandstone, siltstone, and shale. The bedding of these units is nearly horizontal, with varying

depths of weathering and erosion. These units are mantled at varying depths with Pleistone

terrace deposits. Soils investigated from drilling on site consist of these terrace deposits and

weathered zones of the Atoka Formation. These soils range from sandy, clayey gravels to silty

clays. The materials are classified (according to the Unified Soil Classification System) as a low

to moderate plasticity silt and clay as well as clayey sand and gravel (CL, ML, CH, MH, SC, and

GC). The range in soil particle size distribution from the drill hole logs is shown in Figure A.1.
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For infiltration and radon attenuation modeling (Appendices B and D), the coarse limit from the

range of these materials was conservatively used.

The potential sources of soil cover materials are existing berms, embankments and fill areas as

well as natural deposits. The most likely sources (shown on Drawing 3) are: (1) the tornado

berm, (2) settling pond berm and foundation materials, (3) natural materials east of the DUF4

building, (4) fertilizer pond berms, (5) the stormwater reservoir embankment, and (6) the soil

borrow area south of the fertilizer ponds. Based on the borrow area limits shown on Drawing 3,

the estimated volumes of material available in these areas are summarized in the table below.

Potential Borrow Areaa Estimated Borrow Material Reference Drill
Available Volume Description Holesb

(cy)a

1. Tornado berm 12,000 Berm material
2. Settling pond berm 241,000 Berm and foundation BH 49-50, 57-60,

and foundation materials (sandy, silty clay) 65-66, 91
3. Materials east of DUF4 15,000 Natural soils (silty clay) BH-82

building
4. Fertilizer pond berms 155,000 Berm material (gravelly, 2341, 2343,

sandy, silty clay) 2351-2355
5. Stormwater reservoir 84,000 Embankment material

embankment
6. South soil borrow area 207,000 Natural soils (silty clay)

a Shown on Drawing 3
b Locations shown on Drawing 3, with logs in Attachment A.2

For the disposal cell footprint shown on Drawing 3, the estimated total cover volume is

approximately 258,700 cubic yards. Subtracting the estimated topsoil volume (35,400 cubic

yards) and rock mulch volume (8,000 cubic yards) to be included in the cover system, the

remaining volume of cover material (from the borrow areas listed above) totals 215,300 cubic

yards. Comparison with the volumes in the table above shows that the tornado berm and most of

the settling pond berm material alone could comprise the required cover volume.

A.4 COVER SURFACE MATERIALS

The materials comprising the near-surface materials on the cover are topsoil and rock mulch, as

outlined below.
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Topsoil. The on-site source of topsoil for reclamation is the agland area (shown in Drawing 1),

which contains areas of topsoil several feet thick. The estimated volume of topsoil on the cover

surface (for the disposal cell footprint on Drawing 3) is approximately 19,100 cubic yards on the

top surface (18 inches thick), 16,300 cubic yards in the side slopes (12 inches thick), and 4,000

cubic yards on the perimeter apron (12 inches thick). These volumes total 39,400 cubic yards,

which is equivalent to removing 12 inches of topsoil from an area of the agland covering

approximately 25 acres.

Rock mulch. The requiring volume of rock mulch includes approximately 8,000 cubic yards on

the side slopes and 2,000 cubic yards on the perimeter apron. As shown in Drawing 6, the rock

mulch will be in a six-inch thick lift between the cover material and topsoil. From the erosional

stability calculations in Appendix B, a rock mulch with a median size of 3.2 inches and a

maximum size of 6 inches is required.

The potential sources of rock mulch are: (1) alluvial sandy gravel and cobbles from nearby off-

site gravel pits, (2) blasted or crushed limestone from off-site limestone quarries, and (3)

indurated sandstone from on-site excavated areas. The potential off-site sources are the preferred

sources of rock mulch material due to the relatively small required quantity and nearby location

of available gravel pits or quarries.

On-site sandstone was tested on a preliminary basis for durability in 2002. The test results

indicated that the rock is marginally acceptable, based on NRC durability criteria (NRC. 1990).

The durability test results from these preliminary tests are provided in Attachment A.3. Use of

on-site sandstone would require: (1) selective excavation for more indurated or harder units, and

(2) using slightly larger sized rock (oversizing) according to criteria in NRC (1990).
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I able A.1 Layer A viean Source erm V aiues
Volume Weight Nat. Uranium Radium-226 Thorium-230

Material (cu ft) (10 g) (pCi/g) (pCilg) (pCi/g)
Raffinate sludge 1,064,000 6.76 5720 157 9560
Pond 2 residual materials 635,000 17.8 357 49.9 1440
Emergency basin sediment 14,600 0.129 4210 332 16300
North ditch sediment 20,770 0.198 8430 7.18 211
Sanitary Lagoon sediments 10,365 0.099 12100 5.8 276

Totals 1,744,735 24.986
Weighted average 80 -

rable A.2 Layer A 95 Percent U per Confidence-Interval Source Term Values
Material Volume Weight Nat. Uranium Radium-226 Thorium-230

(cu ft) (10 g) (pCilg) (pCi/g) (pCi/g)
Raffinate sludge 1,064,000 6.76 7500 218 15100
Pond 2 residual materials 635,000 17.8 472 67 1284

Emergency basin sediment 14,600 0.129 6030 508 29100

North ditch sediment 20,770 0.198 19500 13.9 499
Sanitary Lagoon sediments 10,365 0.099 18500 19.7 1120

Totals 1,744,735 24.986
Weighted average E - 110

Table A.3 Layer B Mean Source Term Values

Material Volume Weight Nat. Uranium Radium-226 Thorium-230
(cu ft) (109g) (pCi/g) (pCi/g) (pCi/g)

Pond 1 spoils pile 437,400 21.8 4.8 2.1 47
Clarifier liners 332,400 16.6 28 0.5 70
Calcium fluoride basin liner 95,285 4.76 13.3
Pond 3E clay liner 88,232 4.41 4.9 l

Emergency basin soils 162,500 8.12 95
North ditch soils 87,500 4.37 68
Sanitary lagoon liner 56,356 2.81 28 0.5 70
Chipped pallets 3,000 -- -

Totals 1,262,673 62.87
Weighted average -- L 0.9

. .. . .



Table A.4 Layer C Mean Source Term Values
Material Volume Weight Nat. Uranium Radium-226 Thorium-230
M___a__t__ e___r_____a __I (cu ft) (109 g) (pCi/g) (pCi/g) ( p Ci/g)

Structural materials 568,550 51.6 168
Concrete and asphalt 256,000 23.3 168
Scrap metal 100,000 -- -- -- --

Fluoride holding basin #1 171,400 2.62 311 0.8 4.8
Fluoride holding basin #2 186,000 2.85 356 0.8 4.8

Fluoride settling basins and 114,300 1.79 520 0.8 4.8
clarifier
Buried calcium fluoride 96,380 -- -- -- --

Buried fluoride holding basin #1 57,200 0.875 313 0.8 4.8
Interim storage cell 154,887 7.74 373 0.21 2.1
Solid waste burials 51,100 -- -- -- --

DUF4 drummed contaminated 2,200 --

trash
Other drummed contaminated 4,050
trash
Empty contaminated drums 2,000
Totals 1,764,067 --

Weighted average -- 0.3 _

Table A.5 Layer D Mean Source Term Values

Material Volume Weight Nat. Uranium Radium-226 Thorium-230
(cu ft) (109g) (pCilg) (pCilg) (pCilg)

Contaminated soils and 3,574,000 178.5 250
sedimentary rock* . .___.____ .

* Estimated by SFC for materials above 27 pCi/g natural uranium
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DISPOSED MATERIAL CHARACTERIZATION SUMMARY
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Site Characterization Unit Summarya

(

Page 1 of 4
Site Characterization Unit History 1995 Sampling and Analysis Analysis Results Comments

I. Main Process Building area Operated 1970-1992 57 soil sample locations to 79 ft Max U 7,100 pCi/g; 89% of Impacted soils to 15-ft depth
depth, 851 analyses samples <35 pCi/g, 92% <110

pci/g
2. Solvent Extraction Building Operated 1970-1992 61 soil sample locations to 79 ft Max U 7,500 pCi/g; 74% of Impacted soils to 30-ft depth;

area depth; 426 analyses samples <35 pCi/g U; 82% < Ra-226 and Th-230 present
10 pCi/g

3. Initial lime neutralization unit Operated 1970-1971, rnaterial Residual soils sanpled to 2-ft Max U 61 pCi/g; 96% of Limestone excavated and moved
removed in 1992 depth, 82 analyses samples <35 pCi/g U; 100% to interim storage cell in 1992

<1 10 pCi/g
5. Solid Waste Burial area Operated from 1970-1981, 25 soil sample locations to 34 ft 43,000 cu ft containing 0.64 Ci 51,115 cu ft of total waste

(south) covered depth; 85 analyses U buried; cover soil impacted
6. Emergency Basin Constructed in 1969 12 sediment samples; 19 soil Max soil U 3,500 pCi/g; 67% of Sediments I to 8 in. thick,

sample locations to 4.5 ft depth; soil samples <35 pCi/g U, 88% impacted soils to 5 ft depth
75 analyses <110 pCi/g; 14,600 cu ft of

sediment containing 0.54 Ci U
7. Sanitary Lagoon Constructed in 1971, later 6 sludge probe locations; 9 Max soil U 6,200 pCi/g; 85% of Sludge 4 to 12 in. thick, 10,400

drained and lined sludge samples; 14 soil sample soil samples <35 pCi/g; 92% cu ft containing 1.28 Ci U;
locations to 29 ft depth <110 pCi/g impacted soil <5 ft depth

8. Pond I Spoils Pile Placed in 1980, clays from old 10 spoils pile locations, 9 soil Max soil U 15 pCi/g, Th-230 2.6 437,000 cu ft of material
raffinate pond sample locations to 38 ft depth; pCi/g, Ra-226 0.4 pCi/g; Spoil containing 0.1 Cu U; impacted

75 soil analyses pile (1987): U 0.4 - 12.9 pCi/g, soil <5 ft depth; 59 spoil pile
Th-230 0.11 to 155 pCi/g, Ra- samples in 1987
226 0.72 - 4.32 pCi/g

9. North Ditch Constructed in 1972; drains to 7 sediment locations; 14 soil Max soil U 510 pCi/g; 60% of 20,770 cu ft of sediment (10 to
Emergency Basin sample locations; 62 soil soil U <35 pCi/g; 77% <110 40 in thick) containing 0.77 Ci

analyses pCi/g U; impacted soils <5 ft
10.Contaminated equipment Incinerator and solid waste 21 soil sample locatioiis to 40 ft Max soil U 12,200 pCi/g; 72% Impacted soils <5 ft depth

area management (SWM) building depth; 119 analyses of samples <35 pCi/g U; 83% deeper impacted soils southeast
<1 10 pCi/g of SWM building

I l.Drainage areas around Sampled in 1985 and 1990 33 soil sample locations to 38 ft Max soil U 6,200 pCi/g; 76% of Impacted soils <5 ft depth
Emergency Basin and north depth; 167 analyses samples <35 pCi/g U; 90% <110
ditch _____

From Section 4 of SCR (SFC, 1998)

(
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Site Characterization Unit SummarVa (continued) Page 2 of 4
Site Characterization Unit History 1995 Sampling and Analysis Analysis Results Comments

12. Fluoride Holding Basin No. Clay lined basin constnicted in 155 soil sample locations to 30 ft 99% of soil sample <35 pCi/g U; Contains 186,000 cu ft of
2 1985 depth; 121 analyses 100% <110 pCi/g; Th-230 1.8 calcium fluoride sludge

pCi/g, Ra-226 1.4 pCi/g containing 1.02 Ci U;
yellowcake drums crushed north
of basin; surface soil impact

13. Fluoride Holding Basin No. Clay-lined basin constructed in 5 soil sample locations to 28 ft 79% of soil samples <35 pCi/g Contains 171,400 cu ft. of
1 1981 depth; 52 analyses calcium fluoride sludge

containing 0.82 Ci U; surface
soil impact

14. Fluoride Clarifier and 3 soil-lined basins constructed in 8 solids sample locations; 3 soil Solids: U 56-1,100 pCi/g, Th- Basins contain 114,300 cu ft of
Settling Basins 1971 sample locations to 32 ft depth; 230 4.8 pCi/g, Ra-226 0.8 pCi/g; calcium fluoride sludge

28 analyses Soils: 96% <35 pCi/g U, 100% containing 0.92 Ci U; surface
<110 pCi/g, Th-230 0.8 pCi/g, soil impact
Ra-226 1.6 pCi/g

15. Fluoride Sludge Burial area Used for burial of sludge prior to 6 soil sample locations to 26 ft 100% of soil sam ples <35 pCi/g Contains 96,380 cu ft of buried
1981 depth; 44 analyses sludge containing 1.52 Ci U, and

57,200 cu ft of stored sludge
containing 1.55 Ci U

16. South Yellowcake Sump Concrete sump constructed in 3 soil sample locations to 25-ft Max soil U 160 pCi/g; 95% of Sediment removed in 1995 and
1980 depth; 21 analyses soil samples <35 pCi/g and 95% placed in 2A clarifier; surface

<100 pCi/g U; Th-230 0.6 pCi/g, soil impact
Ra-226 1.2 pCi/g

17. Clarifier A Basin area Four clay and hypalon-lined 11 sludge sample locations; 13 Sludge: U 2,500- 19,200 pCi/g; Contains 1,064,000 cu ft of
ponds and two buildings soil sample locations to 44 ft Th-230 2,930 - 48,200 pCi/g; sludge, containing 37.1 Ci U;

depth; 104 analyses Ra-226 14 - 190 pCi/g; Soil: hypalon liners damaged;
Max J 210 pCi/g, 97% <35 surrounding soils and clay liner
pCi/g, 98% <110 pCi/g, Th-230 impacted
1.6 - 790 pCi/g, Ra-226 0.1 -

4.6 pCi/g
18. Pond 2 Operated 1971 - 1980; 21 sludge sample locations; 24 Sludge: U 3.4 - 2,060 pCi/g, Clay liner and sludge 635,000 cu

remediated and lined in 1992 soil sample locations to 40 ft Th-230 1.8 - 6,800 pCi/g, Ra- ft containing 10.8 Ci U, no
with HDPE depth; 218 analyses 226 0.4 - 230 pCi/g; Soil: Max surrounding soil impact

U 49 pCi/g, 99% <35 pCi/g, Th-
230 0.6- 14 pCi/g, Ra-226 0.7 -
2.8 pCi/g

19. Area west of Pond 2 Drainage area backfilled as 11 soil sample locations to 46 ft Max soil U 3.9 pCi/g No impacted soil
french drain with concrete tank depth; 118 analyses
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Site Characterization Unit Summarva (continued)

(

Pave f of 4____~~~~~ ___ ____ ___ -- ___ ------- I__- -- -- v -- I .

Site Characterization Unit History 1995 Sampling and Analysis Analysis Results Comments
20. Solid Waste Burial Area Operated 1979 - 1980 21 soil sample locations to 40 ft Max soil U 5,060 pCi/g; 86% of Contains 8,100 cu ft of waste

No. 2 (north) depth; 132 analyses samples <35 pCi/g U, 89% <110 containing 0.04 Ci U, limited
pCi/g impacted soil

21. Yellowcake Storage Pad Used since 1970, concrete pad 18 soil sample locations to 44 ft Max soil U 1,070 pCi/g; 90% of 100,000 cu ft of equipment
constructed 1979; includes depth; 234 analyses samples <35 pCi/g U, 95% <110 containing 0.15 Ci U stored on
building and sump pCi/g pad and 2,000 cu ft in drums;

soil beneath pad impacted
22. East perimeter area Part of area remediated in 1992 47 soil sample locations to 52 ft Max soil U 37 pCi/g; 97% of Limited impacted soil in

(northern section) depth; 239 analyses samples <35 pCi/g U southwest portion of area
23. 1986 incident soil storage Material placed in 1986 and 42 soil sample locations to 22 ft Max soil U 38 pCi/g; 99% of Impacted sod placed in 1986 and

area removed in 1992 depth; 110 analyses samples <35 pCi/g U; Th-230 removed to interim soil storage
3.1 - 19 pCi/g; Ra-226 1.6 - 1.7 cell in 1992; soil impacted in
pCi/g isolated spots

24. Fertilizer Pond area Clay and hypalon lined ponds 58 soil sample locations to 6 ft Max soil U 39 pCi/g; 99% of Pond 4 used to store raffinate
constructed 1978-1985 depth; 94 analyses samples <35 pCi/g U; Th-230 0 sludge, liner cleaned in 1995,

- 206 pCi/g, Ra-226 0.6 - 3.4 liner removed in 1998; ponds
pCi/g 3E, 3W, 5 and 6 used to store

ammonium nitrate; limited
impacted soil

25. Former raffinate treatment Operated 1970 - mid 1980s; 8 soil sample locations to 4.5 ft Max soil U 25 pCi/g; 95% of Soils impacted
area contains tanks and building depth; 20 analyses samples <35 pCi/g and 95%

<1 10 pCi/g
26. Decorative Pond area Area constructed around 1970 30 soil sample locations to 44 ft Max soil U 1,300 pCi/g; 94% of Area affected by 1986 incident,

depth; 268 analyses samples <35 pCi/g U, 99% <110 sod removed in 1992; U in pond
pCi/g; Th-230 0.6 pCi/g, Ra-226 sediment 12.2 - 17.1 pCi/g
1.2 pCi/g

27. Combination stream Reinforced concrete pipe 21 soil sample locations to 32.5 Max soil U 510 pCi/g; 87% of Trench backfill impacted
installed 5-30 ft below ground ft depth; 79 analyses samples <35 pCi/g U; 94% <110

pCi/g; Th-230 1.0 - 3.6 pCi/g;
Ra-226 0.8 - 1.8 pCi/g

28. Present Lime Neutralization Constructed in 1970; four tanks 3 soil sample locations to 2 ft Max soil U 350 pCiig; 17% of Soils impacted
Area depth; 6 analyses samples <35 pCi/g U; 17% <110

pCi/g__ _ _ _ _ _ _ _ _ _ _ _ _

29. DUF4 Building area Operated 1986- 1993 17 soil sample locations to 45 ft Max soil U 68 pCi/g; 98% of Soils in area and beneath
depth; 103 analyses samples <35 pCi/g building and concrete pad

... ___ _____ _____ _____ _____ _____ _____ ___......._____ _____ __ __ _____ _____ _____ _____ _____ _ ___ _____ _____ _____ _____ _____ im pacted
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Site Characterization Unit Summarya (continued)

(

Page 4 of 4
Site Characterization Unit History 1995 Sampling and Analysis Analysis Results Comments

30. Tank farm and cylinder South tank farm constructed 13 soil sample locations to 45 ft Max soil U 650 pCi/g; 95% of Soils north of Main Process
storage area 1969; North tank farm depth; 171 analyses samples <35 pCi/g U; 97% <110 Building and beneath concrete

constructed 1975 pCi/g pads impacted
31. Front lawn area Lawns, access roads and parking 16 soil sample locations to 37.5 Max soil U 1,550 pCi/g; 99% of Soils impacted in limited areas

lot ft depth; 147 analyses samples <35 pCi/g U; Th-230
0.5 - 1.2 pCi/g; Ra-226 0.1 - 2.3
pCi/g

32. South perimeter area Stormwater reservoir 40 soil sample locations to 30 ft Max soil U 120 pCi/g; 99% of Soil impacted near lime
constructed in 1991 depth; 168 analyses, 7 sediment samples <35 pCi/g U; Th-230 neutralization area and north of

samples 0.8 - 910 pCi/g; Ra-226 1.2 to Pond 4
4.7 pCi/g; Sediments: U 4.5 - 43
pCi/g, Th-230 1.0 - 1.3 pCi/g,
Ra-226 0.1 pCi/g

33. Northeast perimeter area -- 6 soil sample locations to 29 ft Max soil U 6.8 pCi/g No impact on soils
depth; 32 analyses

34. Drainage/runoff areas 7 Sediment samples collected fi-om 005: Max U 520 pCi/g, Th-230 Impact in 005 and 007 drainages
each drainage 1.7 - 354 pCi/g, Ra-226 0.5 -

3.7 pCi/g,
007: Max U 80 pCi/g, Th-230
1.8 - 3.4 pCi/g, Ra-226 0.8 - 2.2

___ __ __ __ __ ____ _ pCi/g
35. Scrap metal storage area and Material storage area since 1975; 14 soil sample locations to 36-ft Max soil U 1,560 pCi/g; 91% of Interim storage cell contains

interim storage cell interim soil storage area since depth; 75 analyses samples <35 pCi/g U; 93% <110 154,800 cu ft of soils containing
1991 pCi/g 2.84 Ci U on synthetic liner over

concrete pad
50. 1986 incident plume area Area of downwind plumrle from 23 soil sample locations to 2 ft Max soil U 200 pCi/g; 96% of No current impact east of

tank rupture in 1986 depth; 23 analyses samples <35 pCi/g and 110 Highway 10; impacted soils in
pCi/g U; Th-230 0.5 - 2.0 pCi/g, limited areas west of Highway
Ra-226 1.3 - 3.1 pCi/g 10

52. Northeast perimeter area Areas treated with SFC 9 soil sample locations to 0.5 ft Max soil U 1.3 pCi/g No soil impact
ammonium nitrate fertilizer depth; 9 analyses

53. Northwest perimeter area 19 soil sample locations to 46 ft Max soil U 13 pCi/g Soil impact at one surface
depth; 148 analyses location

54. Southwest perimeter area 32 soil sample locations to 40 ft Max soil U 30 pCi/g Soil impact at surface south and
depth; 64 analyses west of fertilizer ponds

55. Southeast perimeter area 9 soil sample locations to 0.5 ft Max soil U 1.7 pCi/g No soil impact
depth; 9 analyses
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Disnosal Material Characterization Summarv Pavt fl2
Material SCU No.' Item No.b Layer Volume Weight Nat. Uranium Thorium-230 Radium -226

MaterialSCUN.' I ' No.' (CU ft)d (109 g) pCi/g Ci pCi/g Ci pCi/g Ci

SLUDGES & SEDIMENTS
Raffinate sludge 17 5 A 1,064,000 6.76 5914 37.14 9611.1 60.4 118.1 0.7

Pond 2 residual materials 18 8 A 635,000 17.8 288 10.77 1284 48.03 43.0 1.61
Emergency basin sediment 6 11 A 14,600 0.139 3864 0.54 33,900 4.71 885 0.123
North ditch sediment 9 11 A 20,770 0.198 3865 0.77 698 0.137 170 0.033
Sanitary lagoon sediment 7 10 A 10,365 0.099 12,884 1.28 276 0.50 5.8 0.008

Fluoride holding basin #1 13 7 C 171,400 2.62 311 0.82 4.8 0.013 0.8 0.002
Fluoride holding basin #2 12 7 C 186,000 2.85 356 1.02 4.8 0.014 0.8 0.002
Fluoride settling basins & clarifier 14 7 C 114,300 1.79 520 0.92 4.8 0.008 0.8 0.001
Buried calcium fluoride 15 7 C 96,380 -- -- 1.52 -- -- -- --

Buried fluoride holding basin #1 15 7 C 57,200 0.875 313 0.27 4.8 0.004 0.8 0.001

LINER SOILS & SUBSOILS
Clarifier liners 17 8 B 332,400 16.6 28 0.47 70 1.16 0.5 0.008
Calcium fluoride basin liner 12, 13, 14 8 B 95,285 4.76 13.3 0.064 -- -- -- --

Pond 3E clay liner 24 8 B 88,232 4.41 4.9 0.02
Emergency basin soils 6 11 B 162,500 8.12 95 0.78
North ditch soils 9 11 B 87,500 4.37 68 0.30 -- -- -- --
Sanitary lagoon liner 7 10 B 56,356 2.81 28 0.08 70 0.20 0.5 0.001

BURIED MATERIALS &
DRUMS
Pond I spoils pile 8 8 B 437,400 21.8 4.8 0.11 47 1.02 2.1 0.046
Interim storage cell 9 35 C 154,887 7.74 373 2.89 2.1 0.016 0.21 0.0016
Solid waste burials 5 12 C 51,100 -- -- 0.681 -- -- -- --

DUF4 drummed contam. trash -- 2 C 2,200 0.37 -

Other drummed contam. trash 6 C 4,050 0.015
Empty contam. drums 3 C 2,000 -- 0.015
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Disnosal Material Characterization Summarv (continiued) Page 2 of 2

Material l SCU NO.a Item No.b Layer Volume Weight Nat. Uranium Thorium-230 Radium -226
Material______SCU__No.'____Item_ ___ _ No.c (Cu ft) d (10 g) pCi/g Ci pCi/g Ci pCi/g Ci

STRUCTURAL MATERIALS (see below) (see below) 568,550 51.6 168 8.67 = .
Main plant building 1 13 C [2,178,000] l

Solvent Extraction Building 2 13 C [180,000] _

DUF4 Building 29 13 C [281,000]
ADU/Misc. digestion building 21 13 C [75,000]
Laundry building 17 13 C [12,500]

Centrifuge building 17 13 C [15,000]
Bechtel building 30 13 C [27,000]
Solid waste building 10 13 C [18,000] 
Cooling tower 2 13 C [30,000]
RCC evaporator 2 13 C [18,750]
Incinerator 10 13 C [7,500]

Concrete and asphalt Various 13 C 256,000 23.3 168 3.91
Scrap metal 4 C 100,000 -- -- 0.15
Chipped pallets -- B 3,000 -- -- --

SUBSOILS & BEDROCK
Contaminated materialsT Various 14 D = 3,574,000 178.5 250 44.8
a Site characterization unit number from Section 4 of SCR (SFC, 1998).
b Calculation item number in Attachment I of SCR.
c Layer number in disposal cell sequence.
d Values are from Attachment I of SCR; values in brackets are calculated building volumes from floor area and building height; disposal volume is 20 percent of building volume.
e Depleted uranium value
f Mateials above 27 pCi/g natural uranium



Statistical Summary of Layer A Materials

Emergency Basin
U-nat Th-230 Ra-226

Number of values 8 5 5
Minimum 1590 3790 186
25% Percentile 2670
Median 3720 17100 276
75% Percentile 5440
Maximum 8400 30000 534
Mean 4210 16300 332
Std. Deviation 2180 10300 14
Std. Error 770 4610 63.5
Lower 95 % CI 2380 3540 156
Upper 95% CI 6030 29100 508

North Ditch
U-nat Th-230 Ra-226

Number of values 5 5 3
Minimum 220C T21
25% Percentile
Median 3020 90.5 6
75% Percentile
Maximum 22300 475 16
Mean 8430 211 7.l 
Std. Deviation 8880 232 5.41
Std. Error 3970 104 2.42
Lower 9Y/o (l - -77 .46
Upper 95% CI 19500 499 13.9

Pond 2 Residual
U-nat Th-230 Ra-226

iNumber or values bT W3 63
Minimum .4 lS . .
25% Percentile 15.3 32 2
Median 143 280 18
75% Percentile 510 2600 70.5
Maximum 2060 6820 230
Mean 3 / 144U 49.Y
Std. Deviation 472 2070 66.4
Std. Error 57.7 261 8.37
Lower 7o CI 241 9lS 1 3
Upper 95% Cl 472 1960 66.6

Raffinate Sludge
U-nat Th-230 Ra-226

Number of values 20 19 20
Minimum 1440 305 13.7
25% Percentile 3510 3360 61.1
Median 4820 5420 14
75% Percentile 6250 17400 183
Maximum 19200 48200 535
Mean 5720 9560 157
Std. Deviation 3800 11600 13
Std. Error 850 2650 29.
Lower 95% CI 3950 3980 95.6
Upper 95 % CI 7500 15-00 218

Sanitary Lagoon

U-nat Th-230 Ra-226
Number of values 9 3
Miimum 82 .
25% Percentile 4530
Median 12200 163 4.5
75% Percentile 19000
Maximum 26100 656 11.9
Mean 12100) 276 S7|
Std. Deviation 8270 338 5.61
Std. Error 2760 195 3.24
Lower 9 /o C(l 57U -5 -- --. T7
Upper 95% CI 18500 1120 19.7

Values are in pCi/g; CI - confidence interval.

P:11007341disposal cell designlsourcestats.xls



ATTACHMENT A.2

SELECTED DRILL HOLE LOGS



MONITOR WELL 2301A
NORTH OF EMERGENCY BASIN #1
SEQUOYAH FUELS CORPORATION

GORE, OK

L]

Red-Brown, Sandy
Silt

White Chert
Rd-Brwn, Weathered-
Hrd Sandstone -

in Weathered Shle.
Isione-Clay
)wn,-Weathered

Shale
Gray, Hard Sandstone

Gray, Weathered Shle
to Clay

ITHOLOGY

-2

Depth
Below
Grade
in Feet

T
3.0'
4.0'
5.0'

7.0'

9.0'

10.3'

PVC Cap

-5

1 -o

TO - 10.7'

Locking Steel Cover
2.3' of Outer Steel
Protective Csg Stic'
2.2' of PVC Csg Sti,

Concrete Pad

Portland Type I
w/5% Bentonite
Bentonite Seal

CemE

4" ID PVC Csg, ThreE
Couplings
7 7/8" Borehole
8-12 Frac Sand Pack

5' of 0.010" PVC
Screen (Schedule 40)
Bottom Plug

Well Installed: November 25, 1986
Water Level Taken on November 26, 1986
Logged By: R. K. Widmann



MONITOR WELL 2301B
NORTH OF EMERGENCY BASIN #1
SEQUOYAH FUELS CORPORATION

GORE, OK

LITHOLOG
Red-Brown, Sandy
Silt *

White Chert
Ro-rown, Weathere

i Sandstone _
n, Weathered Shl

.. '.dstone-Clay

Brwn Weathered Shal

Gry, Hard Sandstone

Gray, Weathered
Shale to Clay -

Gray, Hard, Oxidiz-
ed, Weathered Sand- .-..
stone; Shaley 
17.5' & 19.5'

Depth
Below
Grade
in Feet,Y

- 3.0'
- 40'

- 5.0 -

- 7.0'

- 9.0'

- 10.3'

- 14.5'

PVC Cap.-

.5

11 .C

13.(
14.2

L-S

7.
3'-

T

Locking Steel Cover
2.4' of Outer Steel
Protective Csg. Sti
2.3' PVC Csg Stick-

Concrete Pad

Portland Type I Cer
ent w/5 Bentonite

4" ID PVC Csg.
Threaded Couplings
7 7/8" Borehole

Bentonite Seal

8-12 Frac Sand Pack

5' of 0.010" PVC
Screen (Schedule 40

.... _ _ ... Bottom Plug
D - 19.2'

Well Installed: November 25, 1986
Water Level Taken on November 26,
Logged By: R. K. Widmann

1 986

LID

N



MONITOR WELL 2302A
WEST OF SANITARY LAGOON

SEQUOYAH FUELS CORPORATION
GORE, OK

LITHOLOGY
Gray, Clayey-SiTt
w/Organic Matte. -1.0

Gray-Brown, Wet
Silt

Gray, Soft, Wea-
thered Mudstone I

i

Depth
Below PVC
Grade
an Feet

2.5
3.5
4.25

Lockingr Steel Cover

Cap-- I 2.5' of Outer Steel Prot
tive Csg Stick-up
2.4' of PVC Csg Stick-up
Concrete Pad

Portland Type I Cerrent w,
5% Bentonite
Bentonite Seal

8-12 Frac Sand Pack

4' of 0.010" PVC Screen
(Schedule 40)
7 7/8" Borehole

TD- S 2' Bottom Plug

Well Installed: November 18, 1986 by Jim Winnek, Inc.
Water Level Taken on November 26, 1986
Logged By: R. K. Widmann



MONITOR WELL 2302B
WEST OF SANITARY LAGOON

SEQUOYAH FUELS CORPORATION
GORE, OK

Gray, Clayey-Silt w -
Organic Matter

Gray-Brown, Wet
Silt

Gray, Sft, Weathered
idstone
:. -Brn, Hard Sandstofne

Cray-Brown, Soft, Wea-
thered Sandy Shale to
Mudstone
Gray, Hrd Sandtone -

Gray, Soft Shale to
ht Weathered Mudstone;

Slightly Damp in Spots

Sft, Weathered Dmp SO

Lt Gry, Hard Sandstone

LITHOLOGY

Xw-~

-1.0'

- 7.5'
_ 8.5'
- 9.0'

- 12.5'
- 13.0'

- 17.5'
- 18.0'

Depth
Below
Grade
in Feet

IL, T

s4

, .,

, .

I ,i

PVC Cap

5

10.2'-

12.5'_

14.2'--5

T - 19.2'

Locking Steel Cover

2.3' of Outer Steel
Rrotective Csg Stic:
2.' of PVC Csg Sti(

Concrete Pad

7 7/8" Borehole

Portland Type I
w/5% Bentonite

4" ID PVC
Couplings

CemE

Csq Threac

Bentonite Seal

8-12 Frac Sand Pack

5' of 0.010" PVC Scr
(Schedule 40)

Bottom Plug

Well Installed: November 19, 1986 by Jim Winnek, Inc.
Water Level at Top of PVC Csg on November 26, 1986
Logged By: R. K. Widmann



- ^

MONITOR WELL 2341
WEST OF POND 15

SEQUOYAH FUELS CORPORATION
GORE, OK.

_LITHOLOGY

f4- 
Fill Material;
Cobbles; Loam; Sand
Clay

Brwn, Weathered - -- -

Shale w/Sandstone 
_ Lenses; Damp - . - 8.2'

$rwn, Soft, Damp - .. ; - 9.2'
ranO.nf I Damp - -10.0'

In tneo '
Tan S?ft, Weather-
ed hale -

Black, Moist
Fissile Shale

_ B- -20.0'

Depth
Below
Grade

in Feet

I

5

7

-I

14.
l5

a 20.0

PVC Cap, Vente

TOC 4.2' Above
Grade

S" ID PC Csg,
Glued Coupling

Portland Type 
Cement

2' Bentonite

Gravel Pack

5' of Saw-C,it 
2" Apart Aroune
3 Sides of Csg
Bottom Cap

Drill Cutti zs s

Well Installed: 4-4-85 By Hemphill Corporation

- o



."; m 17. ."' s'- -

-CLIENT Suoyah fuel Corooration PROJECJ Observation Yell WELL: NO 2343

NG!LOCATION Coodinat 193 7 862S - DAT1E 6/85 SHEET...L. OF 

E[ii A f"N J D DESCRIPT OTI MATERIALj ELEV. | I |I WELL CONSRUCTION INFRMATi 
____ (TYPt, COLOA, TKXTUR(, SSZPCI ICALE 4. -i 1m

4-3/4* TEST HOLE

Ground Level
CLAY, Silty, Sandy,
Red-Brown, Moist

539.4

CLAY, Silty, Sandy. 533
532.4 7.0 Multicolored, Moist

CLAY, Sandy, Shaley,
Tan-Brown

524.4 15.0 -
/4 = Fi SAHDSTONE. Fir Tan

SHALE, Clayey, Tan-Gray

520

518
517.4 22.0 _

SANDSTONE. Hard. Tan-Gray
515

510.4 29.0
SANDSTONE, Soft, Shaley
Gray

506.4 33.0 _

SANDSTONE, Hard, Gray

SHALE, Firm, Gray

Bottom of Hole

.4

.4

.4

.4

502.9

499.4

0.0

6.0

19.0

21.0

:3

40.0

.. .' . I I .
7-7/8' OSERYATION LL

r 5 PC - VENTED PIPE CAP

,. 12 HE
iI

8 PVC PIPE
I-(O.0' to 6.0')

8* HOLE

NEAT CEMENT GROUT
(0.0' to 19.0')

So PVC PIPE
(0.0' to 36.5')
WITH 4.0' STICKUP

BENTONITE SEAL
(19.0' to 21.0')

GRAVEL PACK
(19.0' to 36.5')

SAW SLOTTED
(24.0' to 36.5')
2' O.C. - 3 SIDES

S" PVC CAP

7-7/8" HOLE PLUGGED
WITH DRILL CUTTINGS

GOL ELEV." 5539.4.-7 
ELEY . 514j T -'

WATER TABLE
BO BY Comrer i

LOGGED BY Coo.r
CHECX£D BY .HhfilL

CASIN G INFORMATION

PYC 6.0 0.0 16.0
4U. I IU.U vIU.U

DRILLING MUD
TYiP New Gel1W ms5C 1

PENETRATION TESTS
FROM TO BLOwS/ 6

I

I 

I 
I

I I
-4l

-4

_ _ _ _ _ 4 . - -

SHEfLRY TURF AUPLS

FRO TOFROI TO

I -

COINI __

CORING

FROM TO IRECOVERY

-4..----+~~~~~~~~~

-4 .4

-*4-1

LWATER LOSS

CEMENT (M ACX5 5.0

REMARKS

0.0 -539.4

534.4 5.0 

. T.1r... . 1.'.I

AW.

C71 .'

* IL

502.9 36.5

499.4 40.0

_~~~. 1 *i . I B~, S ~ *
Q " * ,_ l__"mm 0 _N GDWMA _ * D__ _ 0B_a

HEMPHILL CORPORATION OBSERVATION WELL
40-cs..0". .4"." TM*. ULhNOM& 741. V's* "

sizz *T-duL LEFTn

I _~~~~~~~~ : .. "I -n n I n sn I nr I I

_ . . _ . . . _ . . _ _ _ . . _ . _ _

-
_ .

l l

I

.~~~~~ ~ _ _ , _r .. . . _ ...... _ . . .......... -s =_ *' 'S;; ' , _ L -x:*

1- 

I



MONITOR WELL 2351
BETWEEN PONDS 3E AND 4

SEQUOYAH FUELS CORPORATION
GORE, OK

Lt.
Grav
(ril

G ry
;St Gry

Gry

Gray
*u- Weat

Muds

Lt.
.ston

) Shal

a.-3 Broa
ed 

s Gray
Shal

S~tj Gray
Shalh

LITHOLOGY_
Brown Sandy Clay;
el @O toS /1

Wtherld Sft Clay 1/ 9.0
Hrd Sandstone -0.3
Sft Sandy Clay_ -112

to Brown, Soft
hered Shale to
tone

Gray, Hard Sand-
e to Siltstone; zrn..
ey @ 22 and 24' .

n, Soft Weather--- -26.4
amp Shale -- 29.

, Hard Sandstonet.. 1- 29.
ey @ 34.5'

_ r -35.2

Soft, Damp

Depth
Below
Grade ev
in Feet s'- I

2 10

a

21.0'-

24.5' -

40.1' -

T.D.-50.1'

Well Installed: June 17, 1986 by Jim Winnek, Inc. -

Water Level on June 23, 1986 - 27.04' Below Top of PVC Casing
Logged by: R. K. Widmann

Steel Outer Pro
-tective Collar
LPVC Cap, Vented
-Concrete

-Portland Type I
Cement w/5% Ben

.7 7/8" Brehole

-4" ID PVC Csg
Threaded Coupli.
Bentonite Seal

.Clean San Pck

10' of .010"
PVC Screen

Bottom Plug5 jO



MONITOR WELL 2352
BETWEEN PONDS 3E and 4

SEQUOYAH FUELS CORPORATION
GORE, OK

LITHOLOGY

Lt. Brown to Gray
Silty Clay w/Gravel
8 to 11.5' (Fill)

Lt Tan Sft Mudstone
Lt Gry Hrd Sandstoae
Lt Tan Wthr'd Shale
Gry Hard Siltstone- '
Lt. Brown Soft Sl.
Weathered Shale

i. Gray, Hard Sand-
'-]tone; Shaley 27'

Brwn Damp Sltstne

Med. Gray Soft Shale

- Drk Gr' Hrd Sandstane'
Gry Sf. Damp Shale=
Lt. Gray Hard Sndstne]
Shaley 36.5 & 38'

Drk Gray, Soft, Damp
Fissile Shale

Depth
Below
Grade
in Feet

1'2
_ll 5

-13. 5
i 4 2
-16.5
-17.5

-22.3

_27.5
27.6

-32.1
=33.2
33.3

a

-38.0

.0

4Lo

510

Steel Outer Pro-
-tective Coller &
-PVC Cap, Vented
Concrete

-Portland Type I
Cement w/5X Bent,

-7 7/8" Borehole

-4" ID PVC Csg,
Threaded Couplinc

-Bentonite Seal

.Clean Sand Pack

.10' of 0.010"
PVC Screen

Bottom Plug
T.D.-48.5'

Well Installed: June 16, 1986 by Jim Winnek, Inc.
Water Level on June 23, 1986 - 26.64' Below Top of PVC Casing
Logged by: R. K. Widmann



MONITOR WELL 2353
BETWEEN PONDS 3E AND 3W

SEQUOYAH FUELS CORPORATION
GORE, OK

- LITHOLOGY

Brown-red, Sandy
Clay w/Gravel; Fill

Brwn, Stiff Clay _

Brwn, Weathered Clay
Brwn, Weathered
Damp Shale
Gry, Sft, Weathered
Shale

Lt. Gray, Hard Sand-
stone (Poor Cut-
tings)
Brwn, Weathered -
Damp Shale
Lt. Gray Shale -

Lt. Gray, Hard Sand-
stone; Shaley @
44.4'

Drk Gray, Soft,
Damp Fissile Shale

Depth
Below
Grade
in Feet

10

- 18.0

- 20.0

- 23.0
L 25.0

- 28.4

- 36.5
38. 0

- 3 9.0

.0L

S

24.Q'-

26.0'-

3 

4 0

-45.0

41.5'3

52
51.51-

Steel Outer Prc
1__~tive Collar & L
_-< PVC Cap, Vented

-Concrete

-Portland Type I
Cement w/5% Ben
tonite

-7 7/8" Borehole

-4" ID PVC Csg,
-Threaded Couplir

Bentoni te Seal

-Clean Sand Pack

10' of 0.010"
PVC Screen

Bottom Cap
Caved Material

Well Installed: June 12, 1986 by Jim Winnek, Inc.
Water Level on June 23, 1986 - 33.92' Below Top of PVC Casing
Logged by: R. K. Widmann



MONITOR WELL 2354
BETWEEN PONDS 3E AND 3W

SEQUOYAH FUELS CORPORATION
GORE, OK

LITHOLOGY

Lt. Brown Clay &
Gravel; Fill

Tan to Brown Weath-
ered Clay; Sandston 2
Stringers @ 19.3 to
20.5'
Lt. Gray to Brown,-

Weathered Sle

Lt. Gray, Hard SandC '
stone
Lt. Gry, Weathered- .
Shale
Lt. Gry, Hrd Sndsto
Lt. Gry, Sft Shale
Lt. Gry, Hrd Sand-
stone
Ork Gry, Sndy Shale..

Drk Gray, Soft,
Damp Fissile Shale

Depth
Below
Grade
in Feet

T

19.3

26.5

29.6 3-

34.0
34.5

37.0

39.0

43.0
44.0

24.0'-
26.0'

0.

4 39.5

5-L 49.5'-

Steel Outer Protec
Collar & Lid

Portland Type I
Cement w/5% Bentor

-7 7/8" Borehole

4" ID PVC Casing
Threaded Couplings

Bentonite Seal

-Clean Sand Pack

-10' of 0.010"
PVC Screen

,Bottom Cap
-Caved MatEria,

T.D.-52.0'

Well Installed: June 12, 1986 by Jim Winnek, Inc.
Water Level on June 23, 1986 - 33.20' Below Top of PVC Casing s-'
Logged by: W. Goodman

-�� L

. L-i
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MONITOR WELL 2355
BETWEEN PONDS 3W AND 5

SEQUOYAH FUELS CORPORATION
GORE, OK

LITHOLOGY

Brown Clay; Gravell3 E .'
@ 4.0, 8.2, 10.6,
13.2' ; Fill

Brown Clay (Fill?| 7iy,,,
Brwn to Gry Clay w/ 'k ,,1

Gravel; (Fill?)

Tan, Weathered Clay

Lt Gry, Hrd Sndstr=
Lt Gry to Brwn, Sft_
Weathered Shale to
Mudstone _

Lt Gray, Hard Sand-
stone; Poor Cuttings
Shaley @ 39 & 41'

Gry Hrd Sandstone :
Lt Gry, Sft Shale=
Lt Gry, Hrd Sndstne
Drk Gray, Soft,
Damp Fissile Shale

Depth
Below
Grade
in Feet

1I

- 17.0
- 18.4

- 23.0

- 29.0
29.2

- 35.0

- 45.5
- 46.6
- 47.1
- 49.2

2 

4

5-

24.0'-
26.0'_

41.5'-

51.5'-

- 54.0

Steel Outer Pro
'tive Collar & L
PVC Cap, Vented
Concrete

Portland Type
Cement w/5%
Bentonite

I

7 7/8" Borehole

4" ID PVC Csg,
Threaded Couplir

Bentonite Seal

Clean Sand Pack

10' of 0.010"
PVC Screen

Bottom Plug
Caved Material

T.D.-54'

Well Installed: June 11, 1986 by Jim Winnek, Inc.
Water Level on June 23, 1986 - 44.70' Below Top of PVC Csg.
Logged by: R. K. Widmann

-5�' I



MONITOR WELL 2356
BETWEEN PONDS 3W AND 

SEQUOYAH FUELS CORPORATION
GORE, OK

LITHOLOGY
FF'.7, 7r

Gray-brown Silty Clay;
Gravelly @ 55 and 8.0'
(Fi11 )

Gray-green, Hard Sand-
rY- stone (Fill?)

-9ra..?Jft Silty Clay

ry, Grvl Shle Fil;
Gr,.lt Cl~ GrvlyArf 2' 1iv3 6y

- rk Gry Hrd Sandstone.

ray, Sandy-Silty Soft
' Clay

S _ Sndstne Stringer
Brwn, Weathered Sft
Sandy Clay
Drk Gray Shale _
Gry, Sft, Dmp Weather-!
ed Shie to Mudstone

Lt. Gray, ard Sand-
Stone; Shaley 44.5'

Drk Gray, Soft, Damp
Fissile Shale

Depth
Below
Grade
in Feet

- 9.0
-1 0. 5

-13. 5
14 0

-17.0
-28. 6

29. 5
29. 9

- .

-38 2

-46 8

-52.9

PVC Cap,
Vented

22 5'-

25. 5'-

4 0

42. 9'

Steel Outer Pro-
.tective Collar 

7Concrete

-Portland Type I
Cement w/5% Ben-

.7 7/8" Borehole

4" ID PVC Cso,
Threaded Coupli r

Bentonite Seal

Clean Send Pack

10' of .010"
PVC Screen

Bottom Plug
T. D.-52 9'

Well Installed: June 10, 1986 by Jim Winnek, Inc.
Water Level on June 23, 1986 - 43.60' Below Top of PVC Csg
ogged by : R. K. Widmann

I

I J-

_



DEPTH
(FEET)

WELL COMPLETION RECORD

UTHOLOGIC DESCRIPTION

Stat 11:15
Stop: 11:45

GRCUYD SURFACE 5659

2
0

-iF

2 -<

1.0 I - I

5-

10 -

15 -

17.5

20

25-

30-

SNAILE 2.5 Y 4 DARK GRAYISH M AND
Z5 Y /8, M YEOW, OXZED 8W
PLAE CLAY ENSES 10 YR 7/8 YLOW AND
2.5 Y 7/0, UGrT GRAY AT 3-2.6', AN 3-
19'

LDASS tO YR 7/6, OARK RED, UE o PRE-
CPITA1ION OF FE (HEMATITE)

T.D. 17.5'

NOTE- SAM)STCNE AT 17.5

CME CONIUOUS AUGER SAWPLER

STANDARO PENETRAT ON TEST

UNDSTURBED SAMPLE

WAT£R TABU (24 HON'RS)

0
0

0~
g

3

4

5

T

It I-_ r

- - WATER TAE (TIME OF BORING)

L LAONATORY EST LCATION

+ Pe827Rou£1 (ToS/S FT.)

E- 18

WELL COMPLETION DETAIL -

Lu
LU. LUi

-i WA1-ri? CAST CASA4 DATt L
] < .j C -O8MCTED 564.85
L> < COA

> tAEP :A1M-fl\ T

1 z z C* S /ACT NCSi/ LU
n _ \ ,,>~~~FLUA P0101O (WATR GQ) Q

4.0 -O

1.5 CONCRETE PAD
VOLLAr ROUT

2' PVC SER
4.00 SODIUU B8ETON1E

20 500 P S 5

6.21

.010 SLOT PVC REEN

5.0 L_ .'.10

8 - 20 SUCA
SANO PACK

15.69 . . . 15-
16.39 UMP
16.60

NOTE. ILL INSTALL IFN SEPARATE BOREHOLE
APPROMATELY FEET FROW uTHO- 20
LOGCAL SEHOLE WELL 80REHOLE
ORttM T 16.60 FEI

25

30

JOB NAME/NUMBERSEQUOYAH\ 90067
BORING NUMBER MWO17 (BII-20)

DATE DRILU
ORILUNG ME

DRILLED Y

LOGGED BY

CHECKED B'

DRAWN BY:

ED 9/30/90
£1FOD HSA

8S
SMR PAGE 1 Cf I

Finaf RFI

GEOLOG.
UNIT

;7 9.0

ROBERTS/SCHORNICK
& ASSOCIATES, INC.
etNMWIOD4A C4NULTANTS

2700 W. RGSSO
NOIOU_r A 772

, \. ., I

n 1-''--''---'''''- ��- I 1 - 1

35 '' 'I

LI

zi
:5
4
(t



WELL COMPLEMON RECORD

U1HOLOGIC DESCRIPTION

GKtlN SIMA. 561.70

LII 1LW VW KUIZ4 X. T 1E/Z W-AUI

z
0

c F

C-)

a
0

0

a-

0

I I .0

-j

0. =

1.(t- GRA L Y ST: .5 YR 5/4, ST, ML HR

_ SYT, Ct-SIRAT, 101 QUARTZ GRAWL. 3-15
WU 201 CLAY, 701 SLT

4 GRAwLY SLIY LAY, 75 YR 6. REDDISH 4.
fLG% YGtST, sFT, -swT.. OTlEC, 

20 QUART GRAVL 3-25 YY, 31 T, 50X
a-AY (LAY W-H PLAST.) NR

9.5 LAY: 10 AR 7/S TO 7/Z ELOW ITUGHT CL TO C \ 3
GRAY, FN TD GBULY. ZNE 12-11 
(SUGHTLY CCt SYTRUCUE). ADES 
WEATERE SlE AT 14.5' 4

NR

14.3 ALE ATHE 10 YR 7 3,WRY PALE S A\E
_ 3ROYt HY BCDD, ROOT TRE MO t _5.0

YOTlE LtT BR01t GRAY. UGST 

M__ .R

AIGER RUSAL 1.4'
S'ANSTMN EICN 7

35-1

CME cO4NMOJS AUGt SAMPLER

CE1 ] STAMtAR0 PENE-TRA110 TEST

= NOSTURSE SAMPLE

_= WATER TARLE (24 HOJRS]

A- WATm TAKE (MUE O FChG)

L LAGATR YST LOCAmT

+ PTRaSECER (TONS/S, Ft)

ROBERTS/SCHORNICK
& ASSOCIATES, INC.
,#I'.NaQdIM. COSLTAItS

370 W O-4a

2.

LI

Iz

WELL COMPLETION DETAIL

WN TI LOCONG SEL
CAP / PROECTOR

CASN DATMt

1: -1 WEP HE

7.75

1 I
564.18

V CtNCETE PAD

- aNDdT EDTCMTE
GROUT HU

- PVC RI1R

ScOMd BENITNIE
- PEr

0-

5-

1- O 0 SL P SCREEN D I(

3.5 tt - 20 SUCA SANO PA15-

1~~~~~~~117.27

20-

NOE ML NSTALLED IN SEPARATE
8UREXLE APPRO)3UATELY 5 FELT
FRC UTHLGOtC B3RlOLE. EL
BaEHOLE ORLED TO 1.o FEET. -

25 -

30

JOB NAME/NUMBER SEQUC YAH\ 90067 

BORING NUMBER Adwn%q (RR'-4Ri

DATE DRILU

DRIUNG E

DRILLED BY

LOGED BY

CHECKED t

DRAWN Y:

:D 101/90
Eiwn1n NSA

PSI

TPG

I R 3PES

SAR PAE I OF I

Final RFI

GEOLOG.
UNIT

DEPTH

(FEET)

5

10

1'

15

Ii

20

25

30'

- AU fF VVV ^ '> VJ

- -----

) -

v

I/_

E 36



WELL COMPLETION 'RECORD
-, I , I -

- ,.m.,_,_, ^,._ .... _ I I

5 -

6.5-

84

10 -

12.5

15.5-

20-
20.5

- 25-

30

* 35-

UTHOLOGIC DESCRIPTION

CROUND SURFACc 541.10
J.EATHE SNOSTNc GRAVEL SLL ROUNO
I \f __ _ _

CLAY: 10 YR 6/8 TO 7/1, ROWNI YELOW
To UGHT GRAY. OIST. H-PLAST, UOTTLED,
FIRU. VERY HIGHLY ORGANC LNSE .6-1.S'
Vf ODORJ. ROTTS EC /
CLAYEY SILT: 7.5 YR 4/2. DARK RO'itN. UOIST
TO TiET. 4-;:LAS7.. ROOTS. TRACE GRAVEL 40%
C'-AY. 60% SILT, GRADES T STY CLAY 6.5'

I SILTY OAY: 7.5 YR 4/2. A9K BROW, -liT TO
SATURATED. SCFT-flRM. H-P,ST.. 70I cLAY.
30% SILT

SANDSTONE. SILTY CLAY: tO YR 6/6. Sh
BROWN¢H YELLOW. WET. SOT. 20% WEAT ED
SANDSTONE. 10 YR 3/1. VERY DARK GRAY. 30%

\SILT. 50% CLAY. -H PLAST.
SANDSTONE:

CONDUCTOR CASING:

SANDSTONE. 25 Y 6/1, GRAY TO UGHT GRAY.
MASSI FINE GRAIN. DRY TO SJGHTLY MOIST.
HLY CEENTED. HARD

SiALE Z5 Y 2/0 (N2/), BLAC. FISSILE, WET.
HIGHLY ORGANIC. SOFT

SANOSTONE: 2.5 Y 7/1 (N7A. UGHT GRAY,
HIGHLY CAENTED, HARD. FINE GRAiNED

T.D. 2.5

0a

<

Z (A

CH

IAL V

SANDSTONE

SANDSTONE

SHALE

SANDSTONE

0

I
-J
0

0~

'I

-J

-J.>

a. 

2

3

2.0

4.5

2

4- 4-.-+ -

=- WATER TABLE (E OF BOING)

L LABORATORY TST LOCAnTo

+ PENETROMETER (TCT/SO. fT.)

-Ji

z

WELL COMPLETION DETAIL

VENTED LOOONC STEEl.
E1TED LQGANC SiEgL

CAPx / PROTECTOR

CASNG DATU:L 5413S

LNEP HOLE
G-

1.00 CONCRETE PAD

VOLCLAY GROUT

CElENT _ENTONITc
GROUT UIX

12 1/4 BOREHOLE

2 PVC RISER.-
(SCREW ITREADED)

8_ I.D.PVC CONOUCTCR

I10
11.00

SODIUM BENTONITE
12.5 PELLETS

13.00

6* BOREHOLE
14.56

2 .010 SLOT PVC SCREM 5
(SCREW -E.EADED)

-20 SLCA SANO PACK

S9.1 SUMP

29.90 , .{2
204 20'_

25 -

30 -

3' -

JOB NAME/NUMBER SEQUOYAH\ 90067

BORING NUMBER -35A (fR-47)

DATE ORULU
DRIUNC UE
DRILlED BY

LOGGED Y

CHEC 9,

mD 
11Hoo

11/12/90
AIR ROTARY

POOL
in

Y LIS

GEOLOG.
,IT

,-

DEPTH
(FE:ET)

= OJE CNucOs AUGER SAPER

I ' --~: STANDAR PCTRAnCN TEST

UMSTUR8tD (2' SAf

*1 WATER TAitL (24 HOURS)

ROBERTS/SCHORNICK
& ASSOCIATES. INC.

-:.", DVIUO.WTAL. COEAM7
vXeo *. Xl!e0
Q ,a I nosl

I 
, ... 

.

, . ... . .

_ .R . iI h-^-1 _ {
110.4

_ _ . _ . _ _ ._ . ._ _ ._ . _ _ _ . _ _ _ _ _ -I -4 +
_ PU -
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GEOLOG. DEPTH
UNIT (FEET)

2.0-

5 
5.5

8,9-

10 -

15 -

20-

25-

30-

WELL COMPLETION

UTHOLOGIC DESCRIPTION

SURFAU 550.0

CAYEY SANDY SLT: 25 R 7/ RE Y-
LOW FL MAT3L.SGT, Nol-STRAT MOST, 701
CLAY, 30X SND, Y-C GRN RND-SJBRNL,

\501. TRACE GRAWL THRGUGHOUT
1 ar: 60 r T. " M S1RA.- , 8-L .

40X CLAY. 0 SILt 0N4-51RAt, H-PLAST.

8TLY AY.' 3 YR 5/3 10 25 YR 4/B, RED1H
BROYf TO RED. MOST, FIMA H-PLAST., OTTI ED.
30 SILT, 701 CLAY

WEATHERED WL 1.5 YR 6/2 TO 4/0. NK-
iSH GRAY TD DARK GRAY

TD. 13

.5-

CME ECUIINUOW AUCER AMPEt

STAIRD PE1RAC TM

UBIMSTUR80 AWLE

WATEl TA6tE 24 tSt

z
0

i.jCf

nc

C,
0
-j

0

C,

n^.~l- 2 .I n
L-

L.

Ci

9HNL

2

T

4

t-6

W WATER TAME (1ILE F KNC)

L LTAPY 1S LATC

+ PD4E1RE (NS/S0 FT.)

ROBERTS/SCOCK
& ASSOCIATES, INC.

RECORD

WELL COMPLETION DETAIL

_< 1 w KTE LOCKNG STEL< 1 > CAPPOIETOR

> - 020CASNG DATSt SL7
O _ : ff E~~~~WEEP HOLE

10

77 E5 1E.I. HSTALL~ [ CE PAD
BOSDl.E AP*-CJEENT EET

_RC * mctoac r(GRDLT MI 1
120 - _ -- 2' PC 2SER 0

_ 6 04 g _ G PEODUMT ENTOhtTE_

5.0 ~~~~~~~5

.. __ .010 SLOT PVC SCREEN -

_ It.30 _ . -~~8- 20 SUCA SAND PACK-

30

NOTEA WUL DTADLLED IN SEPARATE 
BHOLE APPRO)0_ATELY FEET

FROL UTHOOGIC 8Gt OLL 5
EWIEIL DRII1£ TO 11.3' FEE._

LNCE Y TPG

BORIWN NM BAR PA t O t

Final RFI

EIENTAL cANTS
"MIUM-. RROW6t73'

I ' ,L_

I _ I

LY

E - 53

u

E.
.4:m

v



WELL COMPLETION RECORD

GEOLOG. IDEPTHI
UNIT (FEET)

-1

5-

9.0-

10,

15-

20-

25-

30-

UTHFOLOGIC ESCRIPTION

GRJOn SURFACE s3805

CLAEY SANOY SLT 7 YR 5. REOVtH
YMLOW ST, OT, NON-SWAT. LO`# PuST
93GT wOnT ARK I INMCLUSION MN NEE
ISX CLAY, 20% SAND, FRY FINE4E GuM.
R_ l RRo MXIT
SAWYT SiL7Y tLAr. 7 TX 5J3h SAzUK r§MtL
SOFT-FW. WM PAST., FART LA4NATMCNS
SUGHT MOTTlIG 2 SAO. %aY F?E UgE
RNO 2 SILT. 0 CLAY

SLTY CLAY. 7.5 YS/8 TO 8/0, STRONC BROW4
TO VAVE. FW DS. MOTrLED, SJtCT 8toY
STRUCTURE, 2 SlL, 9G CLAY. SOUE UN

\STAINNG ME. PAST.
1 AGR01LY ZONE
TD. 11.4'

z
0

<
1n fc

J hf
CZ 

4
NtL

C
0
-J

0

0r

T1
\i

La

-j

-t>

I =
< z

2

4

5

HR

47

i

z

-NRj - . U - - -

I I aE ctNnTmous AGsJGAm sf

tEiM STANtARD PdElRAoAUN TM

= I MRM t t SAMPLE

TEAR TABLE (24 HrJ)

-_ WA1 TAMLE (M OF B4)

L UBtATurf nT t AnoN

+ PEN7RERD TS/SO. fT)

JOB

WELL COMPU--TION DETAIL

XNTED LOCKt4G SL
CAP~ .RDOECTOR

__ASNCNG DADk &38.48

100

4.42

592

10.38
2110

NOE: EiL NST
8AEHOLE
FROM UTH
OOROLE

NAME/NUMBER

CONCFIETE PAO

ICEMNT 8ENTOTE
8 GCROLT WIX

r PVC faSER
SWM ENTONtTE

5

.010 SLOT PVC SCREEN

- 3 - 20 SUCA SW PAt _

10

NA11 IN EPARATE
APPROXATELY S FEET 15

OLOGIC BOREHOIL VAIL
ORTMLEO TO 11.10 FET.-

20

25

30

35

SEQUOYAH\ 90067

BORING NUMBER AMf041 (BE-65)

DATE ORILtE

MRILNO ME

DrRLLED BY

LOGGED BY
CHECKED 81

DRAW BY

D 12/3/90

THn NSA
PS

IPE

SArt PArE I OF I

Final RFI

ROBERTS/SCHORNICK
& ASSOCIATES, INC.
O4tGNtITAL OI31TNl

37W V. 72

t.. . . -- - . -- -- - - -- 

-- -l -x x l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.. P HOLE4y 

E -41



GEOLOG. DEPTH
UNIT (FEET)

0.9

10

125

15 -

20-

25-

30

WELL COMPLETION RECORD

UTHOLOGIC DESCRIPTION

GRO D SRFACE 550.25
ASPHALT:

SLTY SAI& BACKD1U. ZS YR /9 UHT RED,
\SA11. 1ED.20% SILT, 90% SAND, FE-MED. /
GRAVELLY SANDY SLTY CLAY 25 YR 5/O, GRAY,
SATURATED, POSSLE 9ACI UAT.. 10%
GRAKL. 20 SNO, 30% SLT, 40% CLAY
GRAVELY LENSE 5.0-5.5', 1-2 CM UAX
TRACE GRAVEL 5.5-8.0. LOW PLASTCY

SLTY CLiAt 25 YR /O, GRAY, llET, SOFT,
SUGHTLY BLOCKY STRUC'. HGH PAST. 30%
SLT, 70% CLAY

CLAT: 10 Y /^ (OWIMAH YTLLUW, UIILWD.
FIRM, HI PLAST., MOTTUNG UGHT GRAY AND
SLACK

0
V)

0
C:

z

z
0
F

in

-jC.

a.

Ul

ov-r w e / i -stI.b 
SANDSNIE 7.5 IR 7//. NELU15 YTLLW. VERT
HAO. FINELY LAIWNATED QUARZ CEBMATION

12
0

0~

WA1ER TABLE (E CF BORNG)

L LAB^AToRY TFST LOCACN

+ PENETROMETER (SS,. FT.)

WELL COMPLETION DETAIL .

WAMt-1AI CAS CA SA1 L.

ONCRETE PAD T
1 . _ _ CEMENT ENTONITE

W *75 : _!~~SOIU SSENTOTE 5-

-. 010 SLOT PC SREEN

11.50 ~SUUP
i f O.7S _ _ _ -f- 20 51LCA SAND PA 

_~~~~~~1 -

NOTE )VELl STAUED IN EPARATE 15 -
BORE)DLE APPROIMATELY 5 FEET
FROM UHOLOGC 3REOCL WELL
BOREHOLE DRLLED TO 11.5 FEET.

20

25

.30

.35

OB NAME/NUMBER SEQUOYAH\ 90067

ORING NUMBER Mf042 (BH-54)

DATE DRILLED 11/9/90

DRILUNG METHOD NSA
DRILLED BY P

LOGGED BY TPG
CIECKED Y 8JS

DRAWN BY: SAR1 PAG 1 I

Final RFI

CME C 1A2UUS AUGER SAMPLER

STANDARD PERA1CA TEST

Ll>STURBED SAMPLE

WA1T TABLE (24 H.RS)

ROBERTS/SCHORNCK
& ASSOCIATES, INC.
ENRC'4NTAL CCNSULTTS

N A 73072

l \ @ 

An I . _ I !. '_ ko.u

I � l .^ /o nn^t_e sr ts_ 1'; s 1
l a l \ \ l

.... ... _ -

5

I 1\'\

E - 42



WELL COMPLETION RECORD

DEPTH
(FEET)

UTHOLOGIC DESCRIPTION
4 t._, 

0.9-

4.5 -

.5 5:2--

10 -

15

20-

25-

30-

GERN SRFACE 541.fO
SANOY CLAYEY SLT: 75 YR 7/6, RED0SH YEL^
LOW. IIST, MOTTLED WITH 7.5 YR 7/0. UGHT
GRAY, 1SX SAND. VERY FwE-FS4E MA,N RND-
SMlNO, 30DCLAY. 552 SL. S F1Y. ROOTS /
,1ADES TO SiLTY CLAY AT 0.9'
SLTY TOAY 7.5 YR 7/6 TO 7/0, REISH YE-
LOW TO UGiT GRAY, MOIST, WOIM, W U-
L PtAST., N(N-S1RAT. TO 1.7-Z9'. UNS OCKY
10 PNLY BEDOED, ALSO SAND PRESENT h HS
ZONE 20X VERY F5l-41HE DOAXL RND-)RND.
'(TtRNS FROU F*U TO HARD AT 45, 5CWR,SE
N SAND AT 4.5' 202 
SANDY SLY WEATHERED SiALE 7.5 YR 7/6
7/Q0 REiISH YILw TO UGHT GRAY. HARD
,DRYI

T.D. 0.21
SANDISTONE ENC4 INT RE

=[ CMtE CCQNT94UQJS AUGER SAMPIER

C2g,t STANCOARO PENE7RA1ait TEST

= UNOtSTURBED SAMPLE

_=- WATER TABLE (24 OIRS)

z
0

<

w Ct)

SHALE

0
0
-J

C.,
=
a-

tsl

Vt 

NR

- WATER TAKLE (JE OF BG)

L LATORY TEST L?cAm

+ PEcTREmErER (TE4S/. FT.)

7

-

WELL COMPLETION DETAIL

VENTED LOCi8G SE
W /PROTECTOR

CaSNG OATUlt 544,30

-i 7 1 2 >W HE

)50

I
8
S

NOTE: *EL
BORE)
FROM

EREF

JOB NAME/NUMBER

C CCNCETE PAD
SO_IuW BENTOhTE
PELLETS

*--- r PC RiSER
-010 S.0T PC SCREEN

8 - 20 SUCA SAND PACK

-SjMP

U -

5 -

NSTAE WN SEPARATE
iOtE APPROXtUATELY 5 FEET
UTHOLOGC BOREiHOLE. EL -

iOE DRILLED 10 4.60 FEET.

10 -

15 -

20 -

25-

30

35-

' A YA n r\ 90 87 I

BORING NUMBER AIWO45 (H-49)

DATE DRIlU
DRIWNG ME

DRILLED BY

LOGGED BY

CHECKED 8'

ORAWAN BY

ED 11/1/90
-TM HSA

PS

TPG

SAR PAGE t O 

Final RFI

GEOLOG.
UNIT

T:) L9

C-:'~ 

ROBERTS/SCHORNCK
& ASSOCIATES, INC.

37 WMTAH IS

N -,Mr,tA73072

-

. _ , t. I . ,. 1 ._
IA

E -44

I



_ _WELL COMPLETION RECORD

GEOLOG. DEPTH
UNIT (FEET)

s5VL

U
0.8
1.3

317-

D

10-
0.5-

1 5

20-

25-

30-

UTHOLOGIC DESCRIPTION

GROUND RFCE. 536.51

\AM 7.5 YH 6/4, UIGHT BRaw F, HGH GI
PAST_IlOST, MOTWD, NON-STAT. / C
SANDY LTY C.AY 10 YR 8/8, YU±fW, ARM-
HARD. D.JQTh.Y LAMINA7ED T gUTHY BLOCKY
S1RUCT. MOTTLED. DRY-KAS1. 10-20: SLt
6-70 CLAY
WEATHRED SANSTOE LD& 10 YR 6/1.
GRAY, WRY HARD. YW FIE WRAL StiCA
CEN_TAItN

HEATHED SHALE TY AND SAMY TO 7.0'.
10 YR 7/4 TO 7/. O-STRAT., ERY PALE
BROi1N T YELLO, THEN TO 10 YR 3/1, ERY
DARK GRAY, THILY IWATED. SADSTCNE
LENS 6.0-82. .5-.7

Iz
0

Lij f

SANDSTNE

SHALE

a
0

-J

0

-j>

am H0 Z(n -

2

TR

C

3.8

3.0

.. nr- ; - sna Y !nir . .- t-

CUE CON7IW.OUS AURG SAMPLER

STANDARD PENFRA1ION TEST

UNDLS1 U &AIL

WATER TABE (2+ KOURS)

WATEA TAB (E OF NRC)

L LRATORY TEST LOCATIO

+ PE7 (TIs/ F)

ROBERTS/SCHORNICK
& ASSOCIATES, INC.

i

z

WELL COMPLETION DETAIL

Y_NTED LOCJNG SIML
CAP ~ PROTECTOR

cAPt\1r < CASNG DATU:IL 53.75

.00

4.00

5.74

1D.22

1100

i!~73,8

rpCINCRETE PAD

- CBOT ETt4TE
GROUT MIX

- PC RISER
SODIU BTNITE
pF PaLETS

-. 010 SLOT PC SCREEH
- 8 - 20 JUCA SAND PACX

NOT_ EL INSTALLD IN SEPARATE
BEFOLE APPROAIaATELY FEET
FROAU UTHOLOGIC BOREHOLE %L
BOH0OLE OULD TO 11.0 FEET.

0-

5-

10 -

5 -

20 -

25 -

.30 -

35 -

IJOB NAME/NUMBER SEQUOYA 90067

BORING NUMBER Mf046 (BH-57)

DATE DRILLED 11/9/90

DRILLING METHOD HSA
ORILLED BY P9

LOGGED BY TPG

CHECKEO BY aJ6

DRAN BY: SM PAG I OF I

Final RFI

...... b9NSL= ANTS3700 XR

NORM A 5 -34I _AS73° 7

. , ,. - . .N-. -. 

\ \

ff _ _sE _ _ ___JJ-

_

7W~EEP HOLE

1

c

Y - UZIU"C: KXT UUQt, nœnu

E -45



WELL COMPLETION RECORD

UTHOLOGIC DESCRIPION

MRM SRFAE 537-0
ITPSL.
SLTY CL 7. YR 6/2 1D 4/0, P- GRAY
TD DAR GRAY. DRY TO liCST. L-PLAST, 111LNY
lilAED. 30% LT, 70X CLAY
SL7Y CLA. 5 Y 5/6. 51,Ya W RED, FM,
N-FUST., SJGITLY MOTIED, 30X SLT. 70X
CLA. SILTY SANY LENSE 2.3-S', VERY FINE
GRAWH, RN-1BRND., 50Z SAND. 50% SLT
NCREASE IN MOTUG AT 9.0' A.C4G ROOT
TRACE OR FINE VRTE FRAC RES

T.D. 9.8

CUE CWNTwMOUS AUGER SAMPLER

STANARD PERATIN TEST

UNOS SAPLE

WATER TAKE (24 HMBS)

0

Ln 0L .,
W U

z -j

oI0

C-,
a-

(3

-J

(/Iz
cL gr

I

T

T
77iO

4

-I- WAER TABLE (ThAE OF BCRNG)

L LABSLATORY TET LGCAITaN

+ PEERE1ETM (TMS/SO. FT.)

z

WELL COMPLETION DETAIL

�EN1ED LOQONGS1Efl.
VENED Z LCMOG STEEL

PROECTOR

S CAG DATUM 539.a4

61

69

JOB NAME/

0
CdNCRETE PAD

C-E ENT ENTOTE
GROJT MIX
Z* P-V ISER
SODIUMI 88TNTEI
PEULETS

5
4~j

: _.-.0.010 SLOT PVC SCREEN

8 - 20 SIUCA SAND PACK
2

703: 8- 01JA

NOTE1 EL INSTAILED IN EPARATE
30REHOLE APPRomMATELY S FEET
FRCU UTHOLOGVC BCREH0L WELL
BOREHOLE DILLED TO 90 FEET.

15

20

25

30

35

'NUMBER c7EOUOYAH\ 9005?7

BORING NUMBER MW047 (BH-58)

DATE DRGLE
ORILUNG E

DRILLED BY

LOGGED BY
CHECKED 5

DRA B'

EO 11/16/90
ETHOo NSA

PS

TPG

Y B4

SMR PAGE I OF 1

Final RFI

GEOLOG.
UNIT

DEPTH
(FEET)

'-03

1.S

5-

9.8
10-

15 -

20

25

30-

ROBERTS/SCHORIICK
& ASSOCIATES, INC.
E0MNMRWA CONSULTMS

370 W.R4S
10U0,^HMM 77

l \ s -- e f l

- - Mw\vl v ls- l 
l-s - rr-.1

I 

E -46



WELL COMPLETION

GEOLOG. DEPTH
UNIT (FEET)

-
0.6

1.7

5 -

6.5

9.5 -
10-

15

20

25-

30-

UTHOLOGIC DESCRIPION

RCA SVACe 540.14
_ I ,,

SIY SAND 5 YR 5/3 TO 4/Z DSH RO
ro DARK REOEH GRAY, UOS1, SRT NON-
STRAr. 45X StLT, 55 SAND. KRY FVN GRAIN,
RN0-U8RNL. ROCK LAYER 1.5-1.7, tEAT

5 YR 5/I. YflLLoiS RED TO 3/2
MM,EDIS BROV4. CONo2EQS

GRA WILY SILTY SANDY MAY: 10 YR 7/4 TO
7/8. RY PALE 8OttN TO YtL, DRY TO
MOIST, L-PLAST., SANDY GRAKLLY LAYER 1.7-
5.0' CLAY 5.0-6.0. SADY LAER 6.0-6.5'
GRAYL. WAHERED SANDSTONE 1X LT 2X
SAND 302. RY FNE-FNE GRAIN, RND-SJRND
40% TAY
itEATHERED 51AI.E 7.5 YR 4/j4 DARK GRAY

T.D. 9.5'

z

w VI

Znj

SP

a.

SHALE

C,
a

0

C,

F I

- WATE TAkE (ThE EF BORING)

L LRATORY TEST LOCATN

+ PENgTROUE7ER (TONS/5L FT.)

ROBERTS/SCHORNICK

I RECORD

WELL COMPLETION DETAIL

V:3 E0 LOCING SEELbi

QD'> CAP PROTECTOR
6 LJ CASNG DATU.: 54Z72

2) _ .1<i E~~~EP HLEo
2.0 ~~~~~~~0

4. 509 r r CO NCREE PAD

R l | = ~~~CEUENT 8E NUNITE
l - ~~r PVC RE

2 . 04M. 0 SWUML ENTONITE-

.010 SLOT PC SEN

8 - 20 SUCA SAND PACK

R .70 7 3' SM 

10

NOIE WEL NSTAUED N PARAE
BOREHOLE APPROXtMAELY 5 FEET
FROM UTHLOGIC BOREHOL. WELL
BOREHOLE DLLED TO 7 FET.

1 5

20

25 -

30

35

JOB NAME/NUMBER SEQUOYAH\ 90067

BORING NUMBER MW049 (BN-52)

DATE RIUED 11/1/90

DRILUNG ETHOD HSA
DRILLED BY P9

LOGGED BY TPG
CHECKED BY 8J

DRAIN BY. SM PAE I F 1

Final RFI

-35-
CIE CONTNUCS AUCER SAMPUR

STANDARD PENETRATION TEST

UHSTUED SAMPLE

WATER TAE (24 HOURS)

& ASSOCIATES, INC.
DMRCMTAL COILTAMTS

3700 W. ROBINSON

NAM4b53521O35O72

_

l l l

NR

2

3

E - 48

L



WELL COMPLETION RECORD

UITHOLOGIC DESCRIPTION

GRCUND JRFACE 52S.16
.WCAVtLLT Z.Mir. UAJIU. MJUi MA IGJMA
U.AT SY IL: 7.5 Y 6/6, RED1
YELLO ST, MIST. FAiLY LAMATED.
TRACE CRAVL 21 AY2 S=DM, WRY
FNE RA RND-SND 60X Slt LOW

SANDY SILTY CAY 7.5 YR 6/6. RDDH YEL-
LOW, ST-IRM, MOST, 1N LAJINATTCl
MOTTL WTH RED AO 8LAC, 15X SAND. VEZ
FINE-FINE AN RD-SUJBRNO, 40% SLT 45%
CLAY
SLTY U.AY: .5 YR 6/6. R0D04sm YLLOW, SWT-
FIRM MUST, M-PLAST., FAINT LMAU IWTIIS,\ OTIE WITH GRAY
S5-6.0', HIGY WEATHERED SANDSTONE LE,S
CLAY. 7.5 YR 6/6 TO 7/0 REOISH YELLOW TO
UGHT GRAY, MOST, FIRM, MOTTLED, HIGH PLAST.

z
0

-i F
0 <
E 0

w: U)

n-)
= .

04
CL

CH

CH

0
0
-J

U)
TF

a.

0~

-j
Uj <
-I >
. :

< z

NR

75
7

WEAHERED3 SHALE 7.5 YR 3/0 TO 6/6. VRY S1ALE - 5 7
DARK RAY REDDSH YELLOW, W6NY BEDDED,
HARD, DRY-MOST

- R
SANDSTOE WEATHERED 7.5 YR 4/0 TO 4/4,
DARK GRAY TO DARK BROYN. VERY HARD, SLICA
CEMENTATON

CONDUCTCR CASING
SANDSTONE 2.5 Y 6/1. GRAY. HARD. CENETED
WITH SLCA. FINE WL, WET MOERATELY HARD
AT 17.0-20.O, AWTARD CHARACTER1IICS

t.D. 7.0'

SANOSTONE

2

3

6

7

- WAXE TABLE (TME OF BC)

L LABORTORY TLEST LOCATION

+ P4IEROIJEER (TONS/SO Ft.)

ROBERTS/SCHOICK

w

-J

11

VELL COMPLETION DETAIL

VEHTED LOCKING STEEL

CAP / PROTCECTOR__CASHCASG ATU:

14.7(

15.8K

25.20
25.92

27.00
60

541.64

EWEEP HOLE

"CCRETE PAO

'MR.CLAY GROUT

CEUEHT BENTONITE
GROUT MIX

12 1/4' 0RHOLE

2 PVC RISER
(SCREW THREADED)

8 I.D.PVC CONDUCTC

SODIUM BENHIONTE
-PELLETS

II

0-

51-

0 -

15 -
- 6' BOREHOE 

- 2.010 SLOT PC aN
(SCREW THREADED) _

20 -

- 8 - 20 SUCA SANO PACK

- SUJAP

30 -

35 -

JOB NAME/NUMBER SEQUOYAH\ 90067

BORING NUMBER MWQhO5OA t(BH-53)

OATE RILLE

DRILLING ME

DRILLE BY

LOGGED BY
CHECKED 8Y
DRAWN BY:

:D 11/16/90
THoD AR ROTARY

POOL

84

- )AL-PAE O L

Final RFI

GEOLOG. DEPTH
UNIT (FEET)

0.9 

2.2

6.0

9.5
10-

182.

14.2

15-

20-

25

27.0- .' _ 

30 -

CUE COITINCIJS AUGERt SAMPLER

STANDAM PENETRATON TEST

UNDiSTUItM SAMPLE

WATER TABLE (24 HORS)

& ASSOCIATES, INC.
N04JNTAOWN TNTS

,MAAH AS727

l
t 

s T_ .Dvei s v _ un. D&. VCII I DAn i1 s1k1

A i tV AZ . V s t VA z /F A. . VA . A _ . r; \

~ .' .5 _ .

_

-

-

]

Z5-

F - 2



Final RFIF - 3



WELL COMPLETION RECORD

UTHOLOGIC DESCRIPTION

4 .�-�-' .4-

5-

lU

13.7

15-

CROhO SGRFACE: 557.32

GRAYULY 1MLTY OAY 5 R S/8 TO 10 YR
6/3, Y0115R R t PALE NROWN, HW.
Fni H-PLASt. NON-SIRAT, DAOOU. YOT-
TUED,15 GRAVE (UARTZ), 20X SLT, 65X
lAY. DECREASE N GRAYEL. ANO 5U TO X0

AT 5Z, THIN SANOY LSE 7.-3.1', 20% VERY
FE GAXN RNO. SSBB4, 20X LT, H-PLAST.
60X CKATM Wlt, GRAVEL S OiERTY GRAE T
EANED #IALE AT 11.0'

WEATHERED SHAL 10 YR 6/6, 8ROWNIH4
Yl LOW. THINNLY S ED, TO 10 YR 3/I. VERY
DARK RAY. uOST TO HARD

SANDSTONE DARK RUST TO GRAY, WRY HARD
(10 YR /2 DUSKY RED TO 5 YR 4/1, DAR
GRAY)
C DNCTOR CA!4NG,

z
0

Z Vj

SHALL

0
(2
0

0

-.1

.<z<I.-

2

7

4

TR

23

7.
- SADSTONE 2. Y 7/1 (N7/). UGHT CRAY, SANDSTONE : 
- MODERATY HARD, FINE GRNED. DRY

18.0- SHALE: 2.5 Y 3/2 AND S/4. ERY DARK GRAY- SHALE .

-_ R I ROVN ANO UGHT OUVE ROWn". WET SOFT, 
FINELY LAMNIATED. PRfDOWNATLY 25 Y /2

20 AT 220-24.0' 2

25- SANOSTONE 2.5 Y S/j AsD 4/0, GRAY TO SANDSTCNLE
DARK GRAY. DRY, HARD. CliNTED 4WTH SUCA.
FINE GRAIN, WT AT 27.0-28.0.

22LO~~~~~~~:

28.5

30-
TD. 28.5'

- -- wATER TAaE (ur F swm)

L LA RyATDeY TEST LOCATION

+ PWETROwER (TuNS/so, FT.)

ROBERTS/SCHORNTCK
& ASSOCIATES, INC.

3.7

zi

Iz

WELL COMPLETION OETAIL

(00(1MG S1Ea
Y?EHTED LOCKING STEEL

CAP, , /~PROTECTOR

C A < CASING A1IM 560.21

.13

-2

27.08~~~~~~' 0

27.80
28.50

NTO.STE

XEHOLE

CONOVCTOR

1'

0 5LOT PvC S'CREEN 2(
1W THREADED)

0-

5-

0-

5

0 SUCA SANO PACK

25-

302

35 -

JOB NAME/NUMBER OQUOYAH\ 0067

BORING NUMBER x w Pr54A - )

OATE ORILLE

ORILUNG E
DRILLED Y

LOGEwD BY

04ECKED 8Y
DRAWN BY.

D 11/20/90
mooN AIR ROTARY

POOL

JS
IAR _ i -

n rr VVV z f rs { V e s ..~~~~~~*1

Final RFI

GEOLOG. DEPTH
JNIT I (FEET)

-r

-5,1

= CUE CONTINUWUS AUGE SAPL£R

[2 ] sTANDARD PNETRAn1om TEsT

UNLSThR5ED SAMP

WATER TABLE (24 HOURS)

ENY.RcNUEN~TAJ. OuSLLTANTS
3700 . ROlNS014

GAMrL.CLAMO 72.321-369520

bn...s._ �. _v � .v . . ,^ _ .^ _

n 1 r-_ _-8,u

Jno o_ | oev, , rn.l, vnvo0|XU s _|_ = s_ _

_

E HOLE
_ TOPSOL I NC2ETE PAD

-YvLCAY 

CfYENt f.£N
GRO'JT ULX
-2 1/4- Ol

-' LD.PYC

C Rt5ER
fW HRf3EI

MI ENTORI'
ETSI

RETOE

.1

7E

16.1

F - 5



UTHOLOGIC OESCRIP7ON

G0MB SURIFACF. S7.94

GRAvELr auEr sA?yD S1L: 7.5 iR 4/2
)0Y OARK ROtlF S-T, OX GRAWL. 15X

C RY FOE GRAI 55 SLT,
PLAST.. UST

CLAY. 7.5 YR 6/2. rSE GRAY, FlPL E-
H rLAST, 90N-STnRA, RAOE CRAWL W

CLAY 75 YR 6/8. REDS YELOW ST-FRM.
aST, HIKH rLAST. ilGHTY MOTLES, GRES

T0 SANDY SLTY CLAY AT 5.0'
SDY SLTY C.AY 7.5 Y 6/4. UGHT 8R0W4,

laST. 2 SND. VERY FI1E-FN GRAN,
20 ST, 60X CLtY/

SANDY OITY CLAY: 75 YR 7/6 T 7/2. RED-
DM YaL 1M PIMOSH GRAY A Sr TO YEr
&4!, ED-HH PLAST_ YOTTLEDWO , RI
20% SMN. EY FNE-IE GRAtN RtlSUSRtO.
20% SILT. 60% aAY, 74 tSE SANR FROM

10.0-1.7'(TM 40X), RAES T CLAY AT 1Z0'

z
0

a0<

Luj U)
z' (j

12 - - .

127

12047 ,

20 -

25-

29.5
30-

35

CIAY. 75 YR 6/S TO 7/10 RDOI YELLOW ITD I C
ULiT GRAY. waST To WET FW, OTTLED, S
\SJIT OLOCKY SIRUCTORE 
W0SII.10t
CONiUCTOR CASNG
SHAEY SANOSTONE. 7.5 YR 5/1, GRAY, SCT.
SJaC1LY MST T MIST. FNE FND, CUtAEY
ZONES

SANOSTCNE 7.5 YR 6/1, GRAY, HARD, .LY
CEYENED WMl SIJCA, WlE GRAtE3. DRY TO
SIGOtILY MCST, BECOMES DArK AT i6.0' T3
7.5YR 4/I, OARtK GRAY

AE T LIU. :U( TG.T, Wti. 81IrLT
OGAOMC

TD. 3o

4ARU.IUM

SANDSt4E

a2
0

0

a.

0D

1.

tS <

V Z

NR

3

5

TS

4

T

7

a

= WATE TAmE m r RIC)

L -tATI -7 CA1o

+ POsOdEn (0ns,. F.)

75

WE

z

l.

WELL COMPLETON DETAIL

YENTED~~~~~~~~~~~~~ -- V941ED L0012GS 6EEL

CAr / rROTIECTDRCASNC DATtt 54tUM

nr-.

)a

0

15.
15

CIRITE PAD

V.OLAY Gr

EYHT Be8Nr
GROUT la

- 12 1/4' a3r0.E

- Z2 R
(SW THED)

0 -

5 -

10 -

-S' OPVC CONDUCOR

-PELLETS

15 -

6' BON4ME

-r.1 SLOT P SEN
(SREit REa ED)

-8 - 20 SUCA SAND PAC

20-

K

25-

30 -

B . r

17.1l

31.U
MM2

.u0c

35 -

JOB NAME/NUMBER SEQUOYAH\ 90067

BORING NUMBER MWO57A (MR-66)

DATE DRIlLED 12/5/90

DRILUNG METHOD AIR ROTARY
RILD By PO0

LOG:ED Y US

CtEOGED BY JS

RAN BY: SAR

Final RFI

I1

GEOLOG. I OEP
UNIT (FEET)

WELL COMPLETION RECORD

(I-i
M4-
5.9-'
1.5 -

1

10 -

5'L

•W 3

CUE CNTWWAUS AUCER SAPL0

STADM PeEIlA11Cf ESr

UllTELE SA2P s

WAXER TL (24 ~

ROBERTS/SCHOICK
& ASSOCIATES, INC.

_Or.WETAL OATATS
3700 W. RCGNSO4

NWALmy H0t 737

-

=-ErI HUE
_ _ _=

t ''

_ _ _ . _ _:: _ _ _ ._ _ . _ _ _ _ _ .. _ ._ . -

c^c . _�

_ e e ...... � AA ....... � w b .... _, i . _ . .

- AE t O _IteA Aa7_ _ (} J21-Qes5 1

l

Z
<
<

<

T

1

�4

F - 6



Final RFIF - 7



Final RFIF - 8



Final RFIF -9



WELL COMPLETION RECORD
U , , , ~r ~ -

-

IEOLOG. DEPTH
JNIT (FEET)

~M4.

5 -
5.5

10-

15 -

20

25

30-

UTHOLOGIC DESCRIPTION

GROUND SJRFACE 540.07

SLTY CLAY' BAOFLL, 7.5 YR 5/4. BROWN,
MOIST. FR, OTII£D, TRACE AML, (SAND-
STONiE), NN-SIRAT, HF PAST., 201 SLT,
tOX AY, SLTY SANOY ISE 1.3-.6 7.5 YR
3/4, ARK BOV ST. ET
WADS TO 10 YR 6 TO 7, ROWNtS YEL-
LOW TO UFT GRAY, FW, aST .

T.D. 55!

CWE CON TnNUOUS AUtGER SAWPER

STANOARD PENE1RA1TE4 EST

UNSItUNSEE SAMPLE

WATER TABLE (24 NOURS)

z
0

0)<o lO

E <e
i ,

z) .

0
0
-j

-,
0~

o,

T 

14<

Tn -

20

2Tio
+ -4 - F' 

-- WATER TABE (INC OF B0RI)

L LBARAORY lEST LOCATT

+ PEICiRCEER (TwCS/S FT.)

14
-j

zr

WELL COMPLETION DETAIL

80

2.80

4.80

6.20 _
6.50

NOTE VE

FRC
SOR

JOB NAME/NUMBE

LOG(TNG STEEL
VENTEOI LOCKIG STEEL

WA~ /- PROTECTOR

t -a ~ CASNG ATUY: 4Z48

EP HOtE

CCNCRET PAD

CEW£NT BENTOMTE
G ROUT YOX
r PVC ISER
SOOLIt BENTONtE

8-20 SUCA SAND PACK
.O0 SLOT PVC SCREEN

sJL4p

I. INSTALLED IN SEPARATE
EH4LE APPROXtYAELY 5 FEET 10 -
OY UTHOLOCIC BORliOLAE. WELL
REHOE WLLED T0 6.50 FEET.

15-

20

25

30

35

R SEO UoTYAR\ 90067

BORING NUMBER MW05 fBH-74)

DATE ORILLED 12/6/90
DRLLING UErM4OD HSA

DRILLEO BY PS

LOGGED BY TFG

t>ECXED BY ',
DRAWN BY. SR PACE I F I

Final RFI

ROBERTS/SCNORNICK
& ASSOCIATES, INC.
EI£NEiTAL WTTS

NORM7,a *° 73072

- .k\\_\;s . . Sn 1-':-'-'-''-'-'-' 1

NR

E - 61



WELL COMPLETION RECORD

DEPTH
(FEET)

UTHOLOGIC DESCRIPTION

CRJJ RFAC 555.45

1.-0 I . - - A - - -.* --- -

5 -

10 -

I5 -7

GR6LLY SULIT 1A. 7.0 r 4/4 10 3/6.
(BAQFU), 8R0MW TO STRONG 8O FU
MON-SWAT OTTLED, ISX GRAVW 2X SILT.

651 CLAY. HGH PAST.

NEA041 SItLE 7.5 W 3/0 TO 6/6. WY
DARK GRAY TO DO YEILLW
SNKS1 LaS I&D-f7.0'

z
0

0 4

C cn
-4:

Cl

StALE

C,
0

0

04:
a.

-.1
L.J<

-a>

:2 Z

2

4

8

7

/0
1.0

/.
4.0

1q- I - -+

20-

25-

3-

TA 19.0'

-35
I E O lTTA JRES AUGCk MT

S 1 A ~ ~ P c m .A 1 c T T

=I J w nsM SAMPLE

WAT1 TABLE (ThE F BMW)

L LAOA1RY TEST OCA14m

+ PDKMOIE1Rm (ToSd/ FT.)

- WATER TAW.1 (24 H0ItS)

ROBERTS/SCHORNCK
& ASSOCATES, INC.

;.ApoNamLT=2

-J

Iz

WELL COMPLETION DETAIL

�6d1W LOOOI4G SlED.
ANiTED eLOC#N SE

CAP / PROTECTOR

?ASG DATd 5801

r,--, W HOLE

5.2

9.2

7.2

16.77
1750

1
F-C-aXR PAD

CEUENT SD4TONITE
GROJT UIX

2' PVC RISER

SOOILM ENONTIET
PELETS

-. OtD SLOT PVC EN

- 8 - 20 SCA SAND PACX

- SUUP

NOTE WELL INSTAUED IN SPARATE
B1D(LE APPROXIMATELY 5 FEET
FROM UTHO.OGC BREHOLE. LL
BOREHOLE DRLLED 17.5 EEr.

2

0-

5-

10

5-

20 -

.5-

0-

5-I 1 ~~~~~~~3

JOB NAME/NUMBER SEQUOYAH\ 90067

BORING NUMBER M066 (H-7i)

DATE DRLLED 12/6/90

DRIWNG UETHIOD NSA
DRILLED BY PSI

LOGGED BY TP
CHECKED BY w5
DRAW s .SAR PAGE I OF I

.1 7,~
Final RFI

GEOLOG.
UNIT

t l

t l: - -

I

_ _

_ _ _ _ _ . _ _

v

29

::7

E - 62

S4 - ;



Final RFIF- 16



Final RFIF- 18

"



Final RFIF- 19



Final RFIF- 21



|___ ____ WELL COMPLETION RECORD

GEOLOG. D EPTH
UNIT (FEET)

0.6

3.3-

5 -

10

15 -
15.7

20

25-

30 -

UTHOLOGIC DESCRIPTION

GROiI SURFACE., 580.49

SMUT 5MT: 1.3 T 4/5 TO 3/4, SKI M
10 BROW MOSt. NON-STRAT, FILL MATEAL.
SaFT, LW-PLAST 3X SAND, RY nW-FRNE

\GRAW, RN-SU8RN 70 SLT
SILTY CLAY 7.5 YR 66 To 5/6, REDOSH YLLO
TD STRG EROWN, Mo, LOW-MD PLAST.,
uMOTTLE FU MATERAL, NON-STRAT., 20X SLT

\80X AY. FiRM 
SLTY CLAY: 5 YR 5/8. YELLOSH RED. OIST,

RM. MOTTED LOW-MD PLAST_ SCUE GRAY
MOTTIUNG, 301 SILT, 701 0)Y
GRADES TO GRAVELLY SLTY CLAY AT 5.5' COLOR
SAME

INCREASE N GRAVEL AT 9.0' TO 30 GRAVEL,
601 CLAY, 10% sLT

WEATHERED SHAII 7.5 YR 3/0 1a 5/6, VERY
DARK GRAY Ta STRONG BROV FINE LAMINATIONS,
FRM-HARD, DRY TD SJ0HLTY MOT

.D. 27.0'

-J

0

LJ

z

z
0
F

L)

U)

-JC.)

4L

CH

SHALE

C,
0

C-,

0~

C-J

u.J<

1 7

2

15

NR 8

5 i8

NR 

4 0.

3.0

9

10

11

-- WATER TABE (UE f DORING)

L LBAORY mEST LCATION

+ PERETROMETER TONS FT)

>-j

Iz

WELL COMPLETION DETAIL

'ADdlED LOCOND SlED.
VENTD LOCKNG STEE

CAP PROECTOR

t • CASNG DATUM:

13.

15.20

16.82

25.28
27.D0
27.30

j73/Bj

!7W~TEEP HOLE

ONCRETE PAD

-CEENT BNTONITE
GRC4JT UIX

2 PVC RISER

SODIUM BENTONITE

- .010 SOT PVC SCREEN

-8 - 20 SCA SAND PAC

- suP

NOTE EIL STAUED IN SEPARAlE
BOREHOLE APPROSIMATELY 5 FEET
FROM UTHOLOGIC BOREHOLE. EL
BREHOLE DRLLED TO 27.30 FEET.

582.85

-0-

5-

10-

10

15

20-

25-

30 -

35 -

JOB NAME/NUMBER SEQUOYAH 9O067

BORING NUMBER MOF073 (BH-83)

DATE ORILLE
DRILLING ME

DRILLED BY

LOGGED BY
CHECKED Y
DRAVIN BY:

EO 12/10/90
THOD HSA

PS

PG

84t
SAR PAGE I OF I

Final RFI

- 35--
CME CCNT7UOUS AUGER SAMPLER

STANDARD PEEIRAION TES

s URSED SAPLE

WATER TABLE (24 HOWRS)

ROBERTS/SCHORNICK
& ASSOCIATES, INC.
EhwigL OWiTANTS

NRb 7307f2

l t. ., l

.ss .... - - - _ -- .o 1- r wJ 1- rv .. I
r

TOPSOIL ~A\Ivx
.. 1

I
I

E - 68



WELL COMPLETION RECORD
I ,- , , 

UNIT UTHOLOGIC DESCRIPTION VV~~~~E41- COMPLETION ETAIL Z

(FEET) u~~~~~~~~~)D M~1~TCATCG A~ i..

0

15.0 C~~~ ~~ 114R~~JCHOIJT Hial PLAS~M l GAS

GROUND SURFACE %&41 ~ ~ ~ ~ ~ ~ ~ ~ ~ 0~00. 2

24.0 QIIE CY. 7 5 Y /6. 0.RW WM.O CH r C .OT POEE
NOAT 2A.0' M1 %ET mnnNH C k7VLLYG

20A AT 0%' CLAEY srr1 MCR1a 

SiM± 15 Y 2 0. OLAO(. SCV1 YEI~ FiSSILE4 SGROEJT5 X

SC' M75A50 M71 RM CH2 VCME

1TM)Ar POF RAVEL4 SHAL ~ ~rLEC1
m UH~SThRB~CAY-75 R6/ 71 +EDS MELE1W M Td/0 t OIN UBR ML 

WATER TABLE (24 H0CIRS)

ROBERTS/SCHORNICK
& ASSOCIATES, INC.

OR!CLAHMA 7302

I DATE DRILL8

DRILUNG ME
DRILLED BY

LOGGED BY
CH~ECKED 1
DRAY4 BYI.

flD 12/19/90

1,4.in AIR ROTARY

SAR PAGE I OF 

Final RFI

I 
_ . ; _

-

F - 23



GEOLOG. DEPTH
UNIT (FEET)

'0.5

S

109L

15 -

20-

25-

30-

WELL COMPLETION RECORD

UTHOLOGIC DESCRIPTION

GROM SURFAcz 55.57

SLTY SANDY GRAVELLY CLAY FLL MATERIAL,
BLACK GRA#LLY ENSE 0.61.1'

UA. 1.5 T /6 U 4/0, KMtg1 TLU.U
TO DARK GRAY, II1ST, LOW-PLAST., IHINLY
LASNATED AND IdOTITt OR BANDED, ADES
NTO WEATHERED SALE AT 9.8'
SANDSTORE LSE 9.5-9.8, REDUCED, HARD

WEATHERED SIALE 7.5 YR 6/6 TO 4/0, RED-
Dt i YELLOW TO DARK GRAY

T.D. 19.0'

CME CONTNUOUS AUGER SAMPLER

STANDARD PNETRATIa EST

UNDISIURSE SAMIkE

WATER TABLE 24 HOIRS)

z
0

= F
0 
£120

wf11uz <
i=

C u

0
0
-j

C-)

Cs

-1w <
_j >
�L x
m W
< zV) -

t 9 I I 2 1.,
CL

4.8 It - _ --.- -1- - . 1- .-. . .
U N 2

3

NR

4

T

6

=- WATER TA9LE (E OF W8G)

L LABoATRY TEST CA
+ PENEIROAEI (TNS/O. F.)

157 
35

e-J

WELL COMPLETION DETAIL

WATIR-ICHT CAST
IRON ex-BITED

a \v

TIED \

=^11-WT 1\

- N

".5
1.5 I I

7190
7.10

1767
1,.20

19.00

CASG ATLU
56515

E WATCAt-D4T

8 Ift CAST /OST
PRODI GlCllS (WA£TR 11T )

COONCRETE PAD

- CEENT ENTONTE
GROCJT ttX

-2' PVC RER

SOMRJU BENTOttTE
-PaLETS

-. 010 SLOT PVC SCREEN

- 8 - 20 UCA
SAND PACX

- SUMP

I_ -i

JOB NAME/NUMBER SEOUOYAH\ 9006

BORING NUMBER MWfl76 tR-6q)

DATE DRILLED 12/12/90

DRILUNG mETHoD HSA
DRILLED BY PS

LOGGED BY TPC

CfECED Y 5
DRAt4 DY: S .PAG I O 

Final RFI

z

T w0

-0-

_5 -

10

15-

20-

25-

30 -

35-'

'7

ROBERTS/SCHORNICK
& ASSOCIATES, INC.
DIWWTMtSULTANTS
NOT r M73072

U.Y_1_-nu Ot

a

IY.U- _ l l l

3- 'x' 

_ (} w-409f5 _

-1

I... RAXF-

E - 71



DEPTH
(FEET)

U

a2-

4.5
5-

6.7 _

10 -

15-

20

25-

30-

WELL COMPLETION

UTHOLOGIC DESCRIPTiON

GRND SURFACE 557.87
SANDY SLTY GRAVEL ROAD FILL

KAWLLT SLCIT ULA1r iLL 7AikkGAL. .0 RT
S/E. RED019: YEDLLW, SOFT, 20S GRAW. 25X
SLT, 55X CLAY

z
0

0 <
UTO0

0 -

-J
,o

GC

SILY CLA 7.5 YR 5/2 WIOW SOFT-FiRM, CL-Ci
uIST SFiQT MOTILF, ME. PLAS TRACE
FINE GRAIN SAND, 40% SLT, 60% aAY, GRAOES NL ia.
TO CLAYEY SILT AT 45 
CLAYEY SLT: 7.5 YR 52, BROWM, SOFT, ILCIST,
SJGHTLY MOTlED, 40% CLAY. 60% SLT

CUE CON11NUOUS AUGER SAMPLER

STANDAR PENE7RATION TES

UNOISTURBQ SAMPLE

WATER TABLE (24 HOJRS)

ED0

-J

0
1k
C.)

u
a
Ti

2

-- WATER TABLE (ME OF 80RPM)

L LBce.ATmy EST wc.AG

+ RENE1RcLEt (TONS/SO. FT.)

RECORD

WELL COMPLETION DETAIL
w

A VNTEd LCCKiNG STEEL
> CAP PROTECTOR

L >

6 > . . CASNG OATUV: 559.64

10

SORENLE APPROMCCETE PA
I 0 CEMENT BENTtdTE

FRO/ * ThOC GROUT MIX -

/0 a w PVC It_ER_

i 4.50 2 §. ~SOOIUI BTONITE

4 OFO5.E RELLTS.0 ET

15

_ 581 _ -8 - 20 SIUCA SAND PACK
..=_-.010 S OT PVC SCREEN

7 3/8_-SW .

IL~~~~~~2

10

NOTE EL INSTALLED IN SEPARATE
BOEHOLE APPROXIUATELY S FEET 
F-ROM I THOLOG;IC BOREHOLE. YELL
BOREHOLE DR1LED To 7.90 FEET.-

35

JOB NAME/NUMBER SEQUOYAH\ 90067

BORING NUMBER MW077 (BH-89)

DATE DRILLED 12/13/90
DRILUNG UET400 HSA
DRULLED BY PS

LOGGED BY TPG
CHECKED BY OaI

DRAlM BY: SM PAGE C t

Final RFI

GEOLOG.
UNIT

ROBERTS/SCHNICK
& ASSOCIATES, INC.
DNTAL CS&UTANTS

,, , 37

1.0 I - - . .VV. - - - -l ^Ss^ - ev . ' L

OD 1-- _

1-1 -

4% NS
1

5AUW:

E - 72



WELL COMPLETION RECORD

GEOLOG. DEPTH LITHOLOGIC DESCRIPTION G WELL COMPLETION DETAIL _

(FEET) . t 6 . Q1 RI6.5T < 1
14(XI-SIRAT., s~~~~~~r, SO-j I WA RA114TAT CA RE T

Lb -j ^ > < c FT-T>
0L (/) 0- c > NEOREN / Tt-M

-~~~~~~~~~~~~~~~~ 1J-.' tYX Z1T 2O CL&' SAIRi AT 2 */4 vLSTJ MIC0 GRAVELLY SLTY CLAY FILL IATTAL CH _CONCRETE PA) _

57 't 1.S SILTY CLAY. 75 R /4, LIGHT BROWH, WET, CH \ + R / VOLCLAY GROUJT
11=HGH PLAST., NON-STRAT SOFT, SOLE SAND AT

- ixs 1.5- 2 SLT, 80X aLArs SATURATED AT _ \L2 4. CVN BNTONXTE

6 9 CLA. t5 R 7 8o, REoSH YEo T M CH _. 2 1/4 BOREHOLE
. ITE SATRATED F, MOTTRED, NON-STRAT CH

HIGH PLAST. j Far -2' 010 I.T SCRE

lo- CLAY: 1 R 8/ PALE ROWN, F4 STURAT E 4 NZ (SCREW THREADED)1
\ 115 ~~HIGH PST., NON-STRAT. SFF \ S-&_ _ - 8' I.D.PVC CONDUCTOR

s'A SANDSTONe. SMODSTONE NS :1.'_SODRIU BENTONITE

SHALY °NUSA^NDosTOSNE:- 25 4 DARK GRAY 1ADTN l 4.5 . -f ELT

sl (SWNSTONE, Z 4/4, OVE ROW SHALE,: 1 _ 1s.9 6s : B W- oEHOLE
18 Ms W"T SNDSrDNE IS FINE GRANE : 2.._:

o80 SANOY HALe' ZS r 4/4 ANO ZS Y /2L ovE SHALE __8_:

20.0 BROWN AN VY DARK GMns MM.W SOFT,..__:_: 

30-

21.1 4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-= v21zo sAHDsJ~ToN s Y /Q GRAY, ERY HARD. SAHDSTONE _ 4 2 _-.010 LOT PVC SCREEN
t-L HGHLY CEUD TED MATH s QUMTZ GRAINS : : : s : *: : ~(SCREW THRtADED)

VSBLF CHANGED CvOR 9 Z Y 3/os vRrY :
DAR GAr AT 27.0' :: 61: 

30 ~ ~ ~ ~ ~ 00 0 t 0 , _ ~~~~~~~~~~~~~~ 8 - D SCKUCA 3

600

70 0

ao SHAJE Z 20, LACK, SOfT W nSSsLF. SHALE __13|: :
40 -OGAC = 44°;55 . UP4

St} 41.7 41.7 60
T.D. 41.7' l.|

OE GCINUOUS AUGER SAMPLER

STADARD PENETRAICN lET

UND 0ISR SWLE

WATER TABtE (24 HOURS)
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WELL COMPLETION RECORD

UTHOLOGIC DESCRIPTION
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B4IEHOLE DRILLED TO 17.80 FEET.

_ _ I - I .I

JOB NAME/NUMBER SEOUOYAH\ 9006

LUp

I-
C-
Lu
0

5 -

10- I

15

20-

25-

30-

35,-q

7

BORING NUMBER vwflR( 1RF-d?R)

DATE DR1LLE

DRILUNG E'
ORILLEO BY

LOGGED BY

CHECKED BY
ORAqAIP Y:

D 12/18/90

THOD HSA

PIp
TPG

CA - I4 
(4/s1 _,9O . ..- -

Final RFI

GEOLOG. DEPTH
UNIT (FEET)

01E CONINUOJS AUGER SAMPLER

STANDAN POIETRATlCA TEST

UO-TUtR SAMPLE

WATER TABLE (24 HOURS)

I r \ I I _sn R

1 II 

i l l l

I
i

viAw
NR

E - 76



Final RFIF - 29



Final RFIF - 30



GEOLOG. DEPTH
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JOB NAME/NUMBER S SODUMY 90067IT

DRI_N PaEETS HSA

3.00

LOGGED ~ ~ - 1 SLO PTPGCEE

4. 1~~~~~~~0

25

10~~~~~~~~~3

CHECI(ED 8Y B5
DRAWN 8Y: SAR PAGE I Cf I

Final RFI

35-1

CUE CONTHiOUS AUCER SAMPLER

STANOARD PENETRA1IO TEST

UWCrS1URB SAMPLE

WATER TABLE (24 HOURS)

ROBERTS/SCHORNICK
& ASSOCIATES, INC.
D4cI'MROAA. CtLTMT12

3700 W INmS
NORMIP^kHOM 72n

N -- Sl

,SANDY SLTY CLAY Y /4, ROWN, MOIST, . C-3
NON-STRAT .. HGH FAST_ SOME GRAVEL, tSX . ............ 
SAND SEnY F-Fh GNL RND-sLqiRN,-25|
SLT, 60X CLAY CH 
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= =__ ____ WELL COMPLETION RECORD =

UTHOLOGIC DESCRIPTION
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ATTACHMENT A.3

DURABILITY TESTING OF ON-SITE RIPRAP



SHEPHERD MILLER
Environmental and Engineering Consultants

TECHNICAL MEMORANDUM

DATE: May 20, 2002 SMI # 180734

TO: Craig Harlin

FROM: Clint Strachan

SUBJECT: Sequoyah Fuels Corporation
Facility Potential Riprap Materials
Durability Testing

COPY: Toby Wright
File

This memorandum presents the results of durability testing of two on-site sources of potential
riprap for disposal cell and channel surface erosion protection (if needed). This evaluation was
conducted for Sequoyah Fuels Corporation (SFC) by Shepherd Miller. The durability test results
are evaluated in terms of criteria used by the U.S. Nuclear Regulatory Commission (NRC) in
assessing long-term riprap durability (NRC, 1990).

DURABILITY BACKGROUND

Several physical and chemical tests have been selected by NRC to represent long-term
weathering of rock in evaluation of its suitability for erosion protection material, based on review
work documented in Lindsey and others (1982) and DePuy (1965). The test results for a
particular test are scored (on a scale between one and ten). This score is multiplied by a
weighting factor based on general rock type. The products from each test are added to yield a
rock quality score. The actual rock quality score is compared with the maximum possible score
to determine the rock quality designation. A designation above 80 percent indicates acceptable
durability. A designation between 60 and 80 percent indicates acceptable durability (but with
oversizing), and a designation below 60 percent indicates unacceptable results.

SAMPLE DESCRIPTION AND TESTING

Two on-site rock sources were sampled by SFC for durability testing: (1) a laminated gray sandy
limestone, and (2) a light brown sandstone. The samples were selected to represent the likely
range of rock conditions (not best-case conditions).

p: I100-34iq-wI ccll de,ngWprapero



Mr. Craig Harlin
May 20, 2002
Page 2 of 3

The limestone samples were tested primarily by the Oklahoma Department of Transportation
Materials Division in Oklahoma City (under the direction of SFC). The remaining tests were
conducted under the direction of Shepherd Miller by Terracon in Fort Collins, Colorado.

TEST RESULTS

The test results for the sandstone sample are summarized in Table 1 below.

Table 1 Sandstone Sample Test Results
Test Value Score Weighting Test Max. Scorec

Factor' Scoreb
Specific gravity 2.54 5.8 6 34.8 60
Absorption (%) 2.58 1.8 5 9.0 -50
Sodium Sulfate soundness 0.2 10.0 3 30.0 30

(%)..1
Schmidt hammer rebound 38 4.8 13 62.4 130
(%) ___11_

Freeze-thaw (°) _ 2 -

L.A. abrasion 10.0 5.0 8 40.0 50
Test Score Total 176.2 320
Rock Quality Designation (%) 55
a Weighting factors from NRC (1990) for sandstone
b Product of score and weighting factor
c Product of maximum score (10) and weighting factor

The test results indicate that the sandstone does not meet long-term NRC durability criteria
(being less than 60 percent). Based on inspection of the sample received from SFC, some of the
sandstone was very hard and competent, and some of the sandstone was weathered and more
easily broken. Selective excavation of the sandstone may produce a riprap product that meets
durability criteria.

Test results for the limestone sample are summarized in Table 2.

Table 2 Limestone Sample Test Results
Test Value Score Weighting Test Max. Scorec

Factor' Scoreb
Specific gravity 2.64 7.8 12 93.6 120
Absorption(%) 0.4 8.5 13 110.5 130
Sodium Sulfate soundness 0.2 10.0 4 40.0 40
(%) I
Schmidt hammer rebound 17 2.1 1 1 23. 1 110
(%)
Freeze-thaw (%) 0.2 9 7 63 70
L.A. abrasion 35.6 1 0 10
Test Score Total 330.2 480
Rock Quality Designation (%) 69 
a Weighting factors from NRC (1990) for limestone
b Product of score and weighting factor
c Product of maximum score (10) and weighting factor

p: iO 34pl.mI sri*NgWpsmm I



Mr. Craig Harlin
May 20, 2002
Page 3 of 3

The rock quality designation of 69 percent from Table 2 means that the limestone is acceptable
(since the score was above 60 percent) but requires oversizing (since the score was less than 80
percent). The oversizing amount is 11 percent (80 - 69 percent). Therefore, if a riprap with a
median size of six inches is required, the specific median rock would be approximately 6.7
inches.

The limestone sample tests were conducted under Oklahoma state highways (CRD) standards,
and may differ from the ASTM standards (used for the tests conducted on the sandstone sample)
that are the basis for the NRC scoring criteria. In Table 2, the LA abrasion test results (in terms
of percent loss) appear high, and may be from 500 revolutions. The NRC criteria is 100
revolutions. Therefore, comparison of the CRD standards with ASTM standards would be made
to verify the test results on the limestone sample (except for the Schmidt hammer test).

The test results on the two rock samples are consistent with visual inspection of the materials.
The potential riprap material is marginally durable for long-term erosion protection applications,
and would most likely require some oversizing.

REFERENCES

DuPuy, G., 1965. "Petrographic Investigations of Rock Durability and Comparisons of Various
Test Procedures." Engineering Geology, Vol. 2, No 2, pp 31-46. July.

Lindsey, C., L. Long, and C. Begej, 1982. "Long-Term Survivability of Riprap for Armoring
Uranium Mill Tailings and Covers: A Literature Review." NUREG/CR-2642, prepared
for NRC, April.

U.S. Nuclear Regulatory Commission (NRC), 1990. "Final Staff Technical Position, Design of
Erosion Protection Covers for Stabilization of Uranium Mill Tailings Sites." April.
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May 16, 2002

Mr. Clint Strachan
Shepherd Miller, Inc.
3801 Automaton Way, Suite 100
Fort Collins, CO 80525

1rerracon
301 N. Howes PO. Box 503
Fort Collins, Colorado 80521-0503
(970) 484-0359 Fax: (970) 484-0454

Re: Shepherd Miller
Miscellaneous Laboratory Testing
Fort Collins, Colorado
Project No. 20026313

We are transmitting: |2| herewith
LI under separate cover

LI Field Data 1 Laboratory Data [ Report LI Revised Report

Regarding:

O Compacted Fills
E Footings
O Concrete
El Asphalt
Z Aggregate
El Non-Destructive

Testing of Steel
E Permeability Test

Ol Location Diagram
El Soil Samples
E Construction Material

Samples
El Moisture-Density
El Grain Size Analysis
El Masonry
El R-Value

0 General Information
E Certifications
El Resumes
El Other

El Report will follow under
separate cover

On-site observation services were provided El Full Time Li Part Time Z Not Applicable

Remarks:

Sincerely,
TERRACON

Mike4.. Walker, CET
Manager of Construction Services

EnclCopies to: (2) Addressee

Arizona * Arkansas * Colorado * Georgia * Idaho * Illinois * Iowa * Kansas * Kentucky * Minnesota * Missouri

Montana * Nebraska * Nevada U New Mexico * Oklahoma * Tennessee * Texas * Utah U Wisconsin * Wyoming

Quality Engineering Since 1965



=1 rerracon
Physical Properties of Aggregates

Client Name: Shepard Miller Inc.
Address: 3801 Automation Way, Ste. 100

Fort Collins, CO 80525
Attn: Clint Strachan

Project Name: Durability Testing
Location: Not Reported

Sampled By:
Submitted By:

Client Date: 18-Apr-02
Client Date: 18-Apr-02

301 North Howes
Fort Collins, Colorado 80521
(970) 484 - 0359

(970) 484 - 0454

Project No.: 20026313 Date of Report: 13-May-02
Sample I.D.# or Description:

Client classificaton/i.D.: Sandstone

Aggregate Source:
On-Site

Aggregate Type:
Coarse Aggregate

Reviewed By: Mike L. Walker

Sieve harvsiAsT 1 36 > Test Standards are ASTM Cle'ss`otheris ehidicatedi'
X Passing Specification Specifl-

Sieve Retained Test Standard Results cation

Size Fineness Modulus C125

Accumulative Mi. Max. Dry Rodded Unit Wt, pcf C29

6' Lightweight Pieces, % C123

5" ._. Clay Lumps & Friable, % C142

4" Organic Impurities C40

3" Sand Equivalent Value C241 9
2-1/2" _ LAAbrasion, % (100 Rev) Grade 1 C535 10

2" = = Soundness-Mg,%loss C88

1-1/2" Soundness-Na, %loss C88 0.2

1"_ Fractured Face, % by Wt.

3/4" One or more

112" Two or more

3/8" Liquid Limit D4318

#4 Plasticity Index D4318

#8 Schmidt Hammer Rebound C805 38

#10 _

#16 = =

#20 = =

#30

#40 = = _

#50 _ Absorption, % C127 2.58

#80 Specific Bulk (Dry) C127 2.38

#100 Gravity Bulk (SSD) C127 2.44
#200 _ Apparent C127 2.54

Comments:

Copies to:

AGPROP Sandstone On-Site



ST.AT OK INOEX NO.: RIPRAP TESTED BY: CEWES-SC-Z

EAT 35 LONG.: 95 DATA SHEE-T 0ATCE Jul 98

* .: Limestone L.AB ID 980307

LOCATION: Seoo21, T 13 N, R 21 E, SeqOyah County, OK, Brazli CreeK Minerals, Inc.

PRODUCER: Soultr Construcilon Company, Conrway, AR

SAPLED BY: CESWT.EC.OT

TESTED FOR: HIdeaway Cove, =ufaii(a take, OK

USIEO AT:

PPOQESSING BEFORF. TESTING:
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... ~~~~~~~T.L~~~~IMUThQP -~~~~~~........

SULK SPECIFIC GRAVTYSSO CRO-C 107) .Z. .5
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FREEZING & TAWNG, %LOSS (RD-C 1442 0.2

LO0S ANGE-LES ABRASION, %LOSS, (CRC-C_145) _ _ ~ ..

ETHYLENE GLYCOL, % LOSS, (ROŽC 148

WETINGDRING % LOSS (C0Clg - 0.0

PEfROORAPHIC REPORT CRD-C 127)

Th sniple I a light gray N7) to pale red {lOR 52) bdded co'arso grain dolomillc limestono. T r2y fraction is mor d!ornitic

the t'ansition bet&eon the dffernt rCk types Is tight and sould not pose a rob!ern where he rockis used 3 slope polec!iorr
stone.

REkIARKS
Th.* rock ffrin this qxusuy should porform satisfactorily as slope proloction material.
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FAX TRANSMITTAL ~~ 



AR - 1 9-0 2 FR I 1 : 5 aB e L o c h FIL a I .

AUG 4 7

OKLAHOMA DEPARTMENT CF TRANSPORTATIN
MATERIALS DIVISION

OATE SAMPLED: 3

PRODUCR.:9 2 L e QsW
COUNTYO: Llv" 

LAD NO. -4070- :;

LOCATION4: Go9z A.I,
LEGAL DISCRIPTtOaY-S.A.LN&3 >-\2 c
PIT NUMBER: (;o&

METHOD F 7-STTNG STONE OR RESTISTANCE
TQ FREEZING AND THAWING

Sta ndard Sc ic ions for i3h y Construction
i'96 EDITION

Sec-tLon 7t.3 / Corpsof E;ierC -C 144
+44..444..4.+4*4 .. 4..4.4... .. 44+ + 4+4++++++++*+4.++4.+4.+4+4....... .p,+p4 4. +

FOIJND REQUIRED
SPECIFIC GRAVITY (buLk)t
UNIT WEIGHT (min.)'
ABSORPTION (Inax.): 0. /f$&

140 3.
6 

DESCRIPTION:
,RpAN o. ?I 'f31 {

IrTIAL DRY WIEIG(T (rv%s) 7 

QUALITATIVE ALYSIS (dturin tting

FRAGMENT CONCLUSION:

tu'jber of frnl\hents

Ik
w@ i 5h prcent 

G~lc

REGUIRED(20 CytL,/3% max.)

RFEMARKS;
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