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1. INTRODUCTION 

During May of 1999, International Uranium (USA) Corporation (now Denison Mines 

(USA) Corp. (DUSA)), collected samples from perched zone groundwater monitoring wells at 

the White Mesa Uranium Mill (the site) which were split for duplicate analyses by the Utah 

Department of Environmental Quality (UDEQ). The analysis of these samples revealed the 

presence of chloroform in well MW -4. In response to the discovery of chloroform, on August 

23, 1999, the UDEQ issued a Notice of Violation and Order (Docket UGW20-01) that required 

DUSA to: 

Submit within (30) days of receipt of this Order a plan and timetable for conduction a 
Groundwater Contamination Investigation and submittal of a report for Executive 
Secretary approval, pursuant to the provisions ofUAC R317-6-6.15(Dr 

As a result of the discovery of chloroform and the issuance of the Order, DUSA has 

installed 25 additional perched zone and temporary perched zone monitoring wells (Figure 1), 

established a sampling network, equipped 4 of the wells with pumps to recover water impacted 

by chloroform, and recovered approximately 23 gallons of chloroform from the perched zone. In 

addition to these monitoring and remediation efforts, DUSA has completed investigatory 

activities that include the following: 

• Completing historical research and providing to UDEQ an explanation for the occurrence 
of chloroform in groundwater at the Mill site 

• Filing with UDEQ the results of routine investigation samples 
• Submitting to UDEQ technical information about the site hydrology and geology 
• Providing UDEQ with lithologic information derived from well drilling programs 
• Compiling and transmitting to UDEQ the results of well hydraulic tests 
• Preparing and transmitting to UDEQ graphical presentations which depict the extent and 

direction of movement of chloroform in the perched zone 
• Providing to UDEQ schedules for the installation of new and re-completed wells and 

future reports required by UDEQ 
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The purpose of this report is to summanze the current status of the chloroform 

investigation. The summary is in the form of a Preliminary Investigation Report responsive to 

the requirements of UAC R317-6-6.15(D). Specific reporting components of UAC R317-6-

6.15(D) are incorporated in Section headings followed by DUSA information responding to the 

specific requirements. This preliminary report is to be followed by a final report that will 

incorporate the additional information derived from testing and sampling of temporary perched 

monitoring wells TW4-23, TW4-24, and TW4-25, installed in May 2007. 
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2. POLLUTANT CHARACTERIZATION 

The occurrence, characteristics, extent, migration, and expected fate of chloroform in the 

perched water zone at the site are discussed in the following Sections. 

2.1 The Amount, Form, Concentration, Toxicity, Environmental Fate and Transport, 
and Other Significant Characteristics of Substances Present, for Both Ground Water 
Contaminants and any Contributing Surficial Contaminants 

The substance of concern at the White Mesa site is chloroform which was released from a 

temporary sampling plant laboratory operation that was active prior to the construction of the 

White Mesa Mill. Chloroform was likely released as a liquid in laboratory waste received 

initially by a sanitary septic system leach field referred to as the abandoned scale house leach 

field. After routing of laboratory waste to the scale house leach field was discontinued, and prior 

to the construction of tailings cell #1, wastes were routed to another leach field referred to as the 

former office leach field. Subsequently, laboratory wastes were transported directly to the 

tailings cells for disposal. Use of the leach fields for disposal of laboratory wastes ceased more 

than 25 years ago. 

The total amount of chloroform released is unknown. However, the results of a DUSA 

investigation into laboratory activities which utilized the substance have been provided to 

UDEQ. Analytical procedures included the use of small quantities (40-50 milliliters) of reagent 

grade chloroform for each laboratory test. DUSA's investigation did not indicate that chloroform 

was used in larger scale tests or in the milling process at the site. 
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The toxicological character of chloroform is well known and is commonly reported on 

Material Safety Data Sheets (MSDS). A copy of a chloroform MSDS is included under 

Appendix A. 

Chloroform is a common byproduct resulting from chlorination of water for purposes of 

disinfection, and is one of the trihalomethanes (THM) regulated under the U.S. Environmental 

Protection Agency (USEP A) Stage 1 Disinfectants/Disinfection Byproducts Rule for water 

delivery systems. The USEPA standard for total THM (the sum of chloroform, bromoform, 

bromodichloromethane, and dibromochloromethane) is 80 micrograms per liter (f.lg/L). 

Chloroform, a volatile compound with a solubility of approximately 8,000,000 f.lg/L (nearly 1 %), 

is a central nervous system depressant and is considered a carcinogen. 

Chloroform has been transported to perched groundwater in the vicinity of both the 

former office and the abandoned scale house leach fields. Once reaching perched groundwater, 

dissolved chloroform has been transported downgradient of the abandoned scale house leach 

field to the vicinity of the discovery point at well MW -4, and downgradient of the former office 

leach field into the vicinity of temporary well TW 4-20 (Figure 1 ). An interim remedial action, 

that consists of pumping chloroform laden perched water, has been ongoing since 2003. Pumped 

water is disposed in the tailings cells. Chloroform remaining in the subsurface that is not directly 

removed by pumping is expected to be remediated in-situ by natural attenuation processes that 

include biodegradation. These processes are described in more detail in Section 2.3 .3. 
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2.2 The Areal and Vertical Extent of the Contaminant Concentration, Distribution and 
Chemical Make-up 

At the request of the Executive Secretary, the extent and concentration of chloroform in 

perched water is reported to UDEQ on a quarterly basis in the form of written reports. The areal 

extent of chloroform as of the first quarter of 2007 is shown in Figure 2. With respect to perched 

groundwater flow, the detected chloroform is located primarily cross-gradient or upgradient of 

the tailings cells. Once sufficient data have been collected from new temporary wells TW4-23, 

TW4-24 and TW4-25 (Figure 1) that were installed in May, 2007, the areal extent of chloroform 

will be re-assessed and reported in the final Contamination Investigation Report for the site. 

Based on the initial sampling of these wells in June, 2007, the boundary of the chloroform plume 

would be nearly the same as depicted in Figure 2 should these data be included in the contouring. 

Chloroform was detected at a concentration of approximately 3 f.lg/L in TW 4-24, and was not 

detected in TW4-23 and TW4-25. 

Chloroform was first detected in monitoring well MW -4 during groundwater split 

sampling on May 11, 1999. The results of the sampling and analyses indicated chloroform 

concentrations of 4,520 and 4, 700 f.lg/L. Subsequent investigation has included the installation 

of 25 perched zone and temporary perched zone monitoring wells to delineate and monitor the 

chloroform (Figure 1 ). Chloroform concentrations in the perched zone have ranged from 

non-detect to a maximum of 61,000 f.lg/L at well TW4-20 in the second quarter, 2006. The 

chloroform concentration at TW 4-20 has fluctuated, and was 4,400 f.lg/L as of the first quarter of 

2007. TW4-20 is located immediately downgradient of the former office leach field source area. 

Chloroform concentrations at TW4-6 (the most downgradient temporary well prior to installation 
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of TW 4-23 in May, 2007), were non-detect for approximately 5 years, became detectable in th, 

second quarter of 2005, and have been slowly increasing but have not exceeded the proposed 

corrective action concentration limit of 70 J.Lg/L as of the first quarter of2007. 

Compounds associated with the chloroform include carbon tetrachloride (TCM) 

methylene chloride (DCM), chloromethane (CM), and nitrate. TCM, DCM, and CM have been 

detected sporadically in chloroform investigation wells at low concentrations (typically a few 

J.Lg/L ). Nitrate concentrations in chloroform investigation wells range from non-detect to the low 

milligrams per liter (mg/L) range (typically< 10 mg/L, but have exceeded 10 mg/L at some 

locations near source areas). As discussed in Appendix B, the presence of low concentrations of 

DCM and CM, which are degradation products of chloroform, suggest that natural in-situ 

biodegradation of chloroform is slowly occurring. TCM was . likely present at trace 

concentrations in the chloroform delivered to the site for use in analytical procedures, and later 

disposed to the leach fields along with the chloroform. 

Although chloroform can exist as a dense, non-aqueous phase liquid (DNAPL), the 

solub_ility of the substance is relatively high for a chlorinated solvent (approximately 8,000,0:]00_~ 

J.Lg/L or nearly 1% ). Having been released in relatively small quantities over time to sanitary 

septic systems more than 25 years ago, and subsequently mixing into perched groundwater, it is ·--~ 

unlikely that the substance exists as a separate phase in the perched zone. The maximum 

concentration detected (61,000 J.Lg/L at TW4-20), is more than two orders of magnitude lower 

than the solubility of chloroform. Furthermore, a sampling program was conducted in 2002 to 

detect the presence of potential DNAPL. The sampling program consisted of placing passive 
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diffusion bags (PDBs) at the base of MW-4 and several of the temporary chloroform 

investigation wells, then collecting and analyzing the bags for chloroform. 

The sampling program did not detect any DNAPL, nor did it indicate significant 

stratification of chloroform concentrations with depth in the percp_ed zone. Chloroform 

concentrations from the PDBs were similar to the results obtained from typical purging and 

sampling of the tested wells (personal communication with Mr. Harold Roberts, DUSA). Had 

DNAPL been present, significantly higher chloroform concentrations would have been detected 

in the PDB samples because the PDBs were placed near the bottoms of the wells where any 

DNAPL would be expected to collect. The results of the PDB sampling program were similar to 

those of the multi-depth sampling of MW-4 reported in International Uranium (USA) 

Corporation (IUS A) and HGC, 2000, and IUSA and HGC, 2001. The chloroform concentration 

in a sample collected from the upper 2 feet (ft) of the water column (6,200 J..Lg/L) was similar to 

the chloroform concentration in a sample collected near the base of the well (5,820 J..Lg/L). 

Furthermore, as will be discussed in Section 3, a soil gas survey conducted in 1999 

detected only very low concentrations of chloroform in the leach field source areas (HGC, 1999). 

The magnitude of the detected concentrations (<1 J..Lg/L gas) indicated that DNAPL does not 

exist in the vadose zone in these areas, and that the residual chloroform concentrations are too 

low to represent a continuing source to perched groundwater. 
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2.3 The Extent to which Contaminant Substances Have Migrated and are Expected to 
Migrate 

The current extent of contaminant migration is discussed in Section 2.2 above. This 

information will be re-assessed once sufficient data have been collected from the new perched 

zone wells TW4-23, TW4-24, and TW4-25. As a result of interim remedial actions (described in 

Section 2.1 above), and natural attenuation processes, perched zone chloroform concentrations 

appear to be decreasing on average, and the areal extent of the chloroform plume appears to be 

relatively stable at the present time. 

2.3.1 Chloroform Concentration Trends 

Appendix C contains graphs of chloroform concentrations over time at the chloroform 

investigation wells (from DUSA, 2007). The chloroform investigation wells include MW -4, 

MW-26 (TW4-15), MW-32 (TW4-17), and the TW4-series wells. As indicated, within the last 

few years, chloroform concentrations at most of the wells have been decreasing. Concentrations 

at some of the wells, for example TW 4-20, have fluctuated substantially, even though 

concentrations at this well have been on a general downward trend during the last few quarters. 

Historically, the highest chloroform concentrations have been detected near MW-4 and TW4-19. 

The highest detected concentration was 61,000 f,lg/L at TW4-20 in the second quarter of 2006. 

As of the first quarter of 2007, the chloroform concentration at TW4-20 was 4,400 f,lg/L. 

TW 4-20 is located immediately downgradient of TW 4-19 and the former office leach field 

source area. The highest detected concentration near MW -4 was 6,300 f.lg/L during the second 

quarter of 2001. As of the first quarter of 2007, the chloroform concentration at MW 4 was 2,900 
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~giL. MW -4 is located downgradient of the abandoned scale house leach field source area. 

MW-4, MW-26 (TW4-15), TW4-19, and TW4-20 are all pumping chloroform laden water as 

part of the interim remedial action for the site. 

The general reduction in chloroform concentrations within the plume over the 2 year 

period ending with the first quarter, 2007, is illustrated in Tables 1, 2, and 3. Table 1 compares 

chloroform concentrations from the first quarter, 2007 with concentrations from the second 

quarter of 2005. Table 2 compares concentrations from the first quarter, 2007 with 

concentrations from the second quarter, 2006. Table 3 compares average concentrations over the 

four quarters from second quarter, 2006 to first quarter, 2007 with average concentrations over 

the four quarters from second quarter, 2005 to first quarter, 2006. Only wells with consistently 

detectable concentrations are included in these Tables. 

Between the second quarter, 2005 and first quarter, 2007 (Table 1 ), 11 wells decreased in 

concentration, 4 increased, and 1 remained the same. Between the second quarter, 2006, and the 

first quarter, 2007, 11 wells decreased in concentration, and 5 increased. Using the averages 

(Table 3), 10 wells decreased in concentration, and 6 increased. These comparisons indicate that 

despite short term fluctuations, chloroform concentrations within most of the plume area are 

decreasing. This decrease is attributed to mass removal by pumping and natural attenuation. 
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2.3 .2 Chloroform Mass Removal Rates 

The interim action, which has included pumping ofMW-4, MW-26 (TW4-15), TW4-19, 

and TW4-20 (Figure 1), has resulted in substantial removal of chloroform mass from the perched 

zone. Chloroform mass removal rates and the cumulative mass removed can be estimated using 

the cumulative pumped volumes for each well and the average chloroform concentrations over 

the pumping period. Based on DUSA, 2007, during the first quarter of 2007, the approximate 

total volumes of water pumped were 81,230 gallons from MW -4; 54,400 gallons from MW -26; 

605,400 gallons from TW4-19; and 163,520 gallons from TW4-20. Since the start of pumping, 

the total approximate volumes of water pumped were 1,307,110 gallons from MW-4; 930,510 

gallons from MW-26; 6,768,986 gallons from TW4-19; and 642,290 gallons from TW4-20. 

Using first quarter, 2007, chloroform concentrations, and the first quarter pumped 

volumes, chloroform mass removal rates were approximately 0.15 lbs/day (pounds per day), and 

the total chloroform removed within the quarter was approximately 13.6 lbs or 1.1 gallons. 

Since pumping began, using the total pumped volumes and average chloroform concentrations of 

3,370 J.!g/L for MW-4, 1,660 J.tg/L for MW-26, 2,660 J.tg/L for TW4-19, and 16,240 J.tg/L for 

TW 4-20, an estimated 283 lbs, or 23 gallons of chloroform have been removed by pumping from 

the perched zone. Average chloroform concentrations used in the above calculations are the 

averages of all chloroform analytical results for each well during each well's pumping period. 

The total amount of dissolved chloroform estimated to remain m the plume is 

approximately 650 lbs or 52 gallons. This estimate is based on the first quarter, 2007 saturated 

thicknesses (Figure 1 0), and the average chloroform concentrations from the second quarter of 
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2006 to the first quarter of 2007. Average chloroform concentrations were used because of the 

large fluctuations in concentrations measured at pumping well TW4-20. The total amount 

estimated to have been removed by pumping is approximately 44% of the estimated amount 

remaining. Assuming that no natural attenuation of chloroform has occurred, the total amount 

that entered the perched zone can be approximated as the sum of the estimated amounts pumped 

and remaining, or approximately 75 gallons. The total removed by pumping would then be 

approximately 30% of the initial amount. The actual percentage of the initial amount removed by 

pumping may be somewhat less than 30% because natural attenuation of chloroform, in 

particular biodegradation of chloroform as discussed in Appendix B, has likely been a significant 
k'if).__, 

~ ~t mass removal mechanism. Accounting for loss of chloroform to natural attenuation would ~ ·. ;:.JV 
/ ()- v•.r ~ ")_ 

/// _;x,Vr_L.~V1~7 
__./ . D<S k Ct v 

.,/ \ 

/ . ../ \.. 

increase the estimate of the initial chloroform mass in the perched zone. 

/ ' o/ 1 
DUSA reported that as much as 50 to 100 gallons of chloroform per )"ear were used in fb 

/' 
the laboratory operation that disposed waste to the abandoned scale ho)l(e and former office 

/ 

leach fields between 197~ and mid 1980. This would imply ~~urn of 175 to 350 

gallons may have been disposed as waste between 1977 ~he actual amount 

disposed to the leach fields would be less than the amount used because of loss of product by 

volatilization, consumption in analytical processes, and other factors that would use up 

chloroform .before disposal to the leach fields could occur. The difference between the above 

estimate of 75 gallons initially disposed (which is low because it does not account for natural 

attenuation), and the actual amount disposed (that would be less than the maximum of 

approximately 175 to 350 gallons estimated to have been used in the laboratory operation 
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between 1977 and mid 1980), is within a range that is likely consistent with natural attenuation 

since 1980. 

Regardless of the mass reduction contributed by natural attenuation, and the actual total 

mass of chloroform initially released to the perched zone, the amount of chloroform removed by 

pumping has been significant. 

2.3.3 Expected Future Chloroform Migration 

The extent of future migration of the chloroform will depend on factors that include 1) 

the rate of future mass removal by pumping, 2) perched zone hydraulic gradients, 3) perched 

zone permeabilities downgradient of the chloroform, 4) retardation by sorption, and 5) natural 

attenuation. 

Pumping of MW-4, MW-26 (TW4-15), TW4-19, and TW4-20, directly removes 

chloroform mass from the perched zone, and reduces the magnitude of the hydraulic gradients in 

the downgradient portions of the plume. As a result of this pumping, chloroform concentrations 

are reduced within the plume and the rate of downgradient migration is slowed. 

Figure 3 is a map showing the plume boundary, the estimated combined capture zones of 

MW-26 (TW4-15), TW4-19, and TW4-20, and the estimated capture zone for MW-4 for the first 

quarter, 2007 (from DUSA, 2007). As shown, hydraulic capture of approximately? to% of the 

plume has been achieved. A portion of the southern half of the plume is currently outside the 
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estimated capture zone. Although the extent of the capture zone is expected to increase over 

time, including expansion to the south, it is unlikely that complete hydraulic capture of the plume 

is achievable with the current pumping scheme. However, pumping in the southern 

( downgradient) extremity of the plume is impractical due to low permeability and low saturated 

thickness (HGC, 2005), as discussed below. 

The estimated range in perched zone permeabilities over much of the area of the 

chloroform plume is one to two orders of magnitude greater than estimates for areas 

downgradient of the chloroform plume and the tailings cells, as will be discussed in Section 3. 

This reduction in permeability to the south and southwest is interpreted as a "pinching out" of a 

coarser-grained, higher permeability zone identified during installation of many of the temporary 

wells (HGC, 2005). The pinching out of this zone is important in limiting the· rate of 

downgradient migration of chloroform, in stabilizing the plume boundaries, and in allowing 

natural attenuation to be more effective in limiting plume migration. The combination of 

relatively high permeability and relatively large saturated thickness in the upgradient portions of 

the plume that make the productivity of the perched zone high and allow relatively high 

chloroform mass removal rates via interim pumping, is absent at downgradient wells such as 

TW4-4 and TW4-6. The combination of relatively low permeability and small saturated 

thickness near these downgradient wells makes pumping at these wells impractical. 

Because low permeability conditions to the south and southwest, and flattening hydraulic 

gradients resulting from upgradient pumping will reduce rates of downgradient migration, 

natural attenuation will likely be effective in treating that portion of the plume that will remain 
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outside hydraulic capture (Appendix B). Natural attenuation processes include physical and 

biological mechanisms. Physical mechanisms that will reduce chloroform concentrations include 

processes that remove chloroform mass such as volatilization from the water table and abiotic 

reductive dechlorination, and processes such as hydrodynamic dispersion that rely on mixing 

with recharge and waters outside the plume. Furthermore, retardation of the plume by sorption 

onto natural organic carbon in the subsurface will act to slow the rate of downgradient migration. 

Sorption onto organic carbon and mass loss by volatilization will act to retard the migration of 

chloroform with respect to more conservative constituents such as nitrate which does not sorb 

and is not volatile. In addition to these physical mechanisms, biologically mediated 

decomposition of chloroform is also expected to reduce chloroform mass and concentrations 

within the plume (Appendix B). 

As a result of ongoing chloroform mass removal by pumping, and natural attenuation 

processes, the chloroform plume at present appears to be relatively stable. Figure 4 compares the 

extents of the chloroform plume in the first quarters of 2006 and 2007. Over this period, the 

plume boundary has expanded slightly in some areas and contracted slightly in others, but has 

not shown a net expansion in area. Although the plume appears to have stabilized, continued 

monitoring is needed to verify this condition. The additional data that will be obtained from new 

perched. wells TW 4-23, TW 4-24, and TW 4-25 will be important in assessing plume stability. 

Inclusion of data obtained from the initial sampling of these wells in June 2007, however, would 

result in little change in the areal extent of the plume as defined by the first quarter, 2007 data 

(Section 2.2), suggesting that the apparent stability of the plume will likely be supported by 

future data collected from these wells. 
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3. FACILITY CHARACTERIZATION 

The hydrogeology of the White Mesa Mill and the media of occurrence of chloroform is 

discussed in the following sections. 

3.1 Contaminant Substance Mixtures Present and Media of Occurrence 

The contaminant of concern is chloroform which is dissolved in perched groundwater 

beneath the site primarily in areas hydraulically cross-gradient or up gradient of the tailings cells. 

Perched groundwater is a relatively shallow groundwater zone that is hosted primarily by the 

Burro Canyon Formation (predominantly sandstone) and is separated from the underlying 

regional aquifer by more than 1,000 ft of low permeability materials: While chloroform 

represents the primary constituent of concern, chloride, nitrogen (nitrate +nitrite as N), TCM, 

DCM and CM are analyzed on a quarterly basis as a means of monitoring the status of the 

contaminant plume and any degradation products from chloroform. As discussed in Section 2 

above, and Appendix B, the presence of low concentrations of chloroform degradation products 

DCM and CM indicate that slow in-situ natural biodegradation of chloroform is occurring in the 

perched groundwater. 
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3.2 Hydrogeologic Conditions Underlying, Upgradient, and Downgradient of the Facility 

Titan, 1994 provides a detailed description of site hydrogeology based on information 

available at that time. A brief summary of site hydrogeology that is based on Titan, 1994, and 

that includes the results of more recent site investigations, is provided below. 

3 .2.1 Geologic Setting 

The site is located within the Blanding Basin of the Colorado Plateau physiographic 

province. Typical of large portions of the Colorado Plateau province, the rocks underlying the 

site are relatively undeformed. The average elevation of the site is approximately 5,600 ft above 

mean sea level (amsl). 

The site is underlain by unconsolidated alluvium and indurated sedimentary rocks 

consisting primarily of sandstone and shale. The indurated rocks are relatively flat lying with 

dips generally less than 3 degrees. The alluvial materials consist mostly of aeolian silts and 

fine-grained aeolian sands with a thickness varying from a few feet to as much as 25 to 30 ft 

across the site. In places, the alluvium is underlain by fine grained materials that have been 

interpreted as erosional remnants of the Mancos Shale. The alluvium (and Mancos, where 

present) is underlain by the Dakota Sandstone and Burro Canyon Formation, which are 

sandstones having a total thickness ranging from approximately 100 to 140 ft. Beneath the Burro 

Canyon Formation lies the Morrison Formation, consisting, in descending order, of the Brushy 

Basin Member, the Westwater Canyon Member, the Recapture Member, and the Salt Wash 

Member. The Brushy Basin and Recapture Members of the Morrison Formation, classified as 
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shales, are very fine-grained and have a very low permeability. The Brushy Basin Member is 

primarily composed of bentonitic mudstones, siltstones, and claystones. The Westwater Canyon 

and Salt Wash Members also have a low average vertical permeability due to the presence of 

interbedded shales. 

Beneath the Morrison Formation lie the Summerville Formation, an argillaceous 

sandstone with interbedded shales, and the Entrada Sandstone. Beneath the Entrada lies the 

Navajo Sandstone. The Navajo and Entrada Sandstones constitute the primary aquifer in the 

area of the site. The Entrada and Navajo Sandstones are separated from the Burro Canyon 

Formation by approximately 1,000 to 1,100 ft of materials having a low average vertical 

permeability. Groundwater within this system is under artesian pressure in the vicinity of the 

site, is of generally good quality, and is used as a secondary source of water at the site. 

3.2.2 Hydrogeologic Setting 

The site is located within a region that has a dry to arid continental climate. Recharge to 

aquifers occurs primarily along the mountain fronts (for example, the Henry, Abajo, and La Sal 

Mountains), and along the flanks of folds such as Comb Ridge Monocline. 

Although the water quality and productivity of the Navajo/Entrada aquifer are generally 

good, the depth of the aquifer (approximately 1,200 ft below land surface [ ft bls]) makes access 

difficult. The Navajo/Entrada aquifer is capable of yielding significant quantities of water to 
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wells (hundreds of gallons per minute [gpm]). Water in wells completed across these units at the 

site rises approximately 800 ft above the base of the overlying Summerville Formation. 

Perched groundwater in the Dakota Sandstone and Burro Canyon Formation is used on a 

limited basis to the north (upgradient) of the site because it is more easily accessible. Water 

quality of the Dakota Sandstone and Burro Canyon Formation is generally poor due to high total 

dissolved solids (TDS) and is used primarily for stock watering and irrigation. The saturated 

thickness of the perched water zone generally increases to the north of the site, increasing the 

yield of the perched zone to wells installed north of the site. 

3 .2.3 Perched Zone Hydrogeology 

Perched groundwater beneath the site occurs primarily within the Burro Canyon 

Formation, but locally rises into the Dakota northeast of the tailings cells where saturated 

thicknesses are greater. Perched groundwater at the site has a generally low quality due to high 

total dissolved solids (TDS) in the range of approximately 1,200 to 5,000 mg/L, and is used 

primarily for stock watering and irrigation in the areas upgradient (north) of the site. Perched 

water is supported within the Burro Canyon Formation by the underlying, fme-grained Brushy 

Basin Member of the Morrison Formation. Figure 5 is a contour map showing the approximate 

elevation of the contact of the Burro Canyon Formation with the Brushy Basin Member, which 

essentially forms the base of the perched water zone at the site. Contact elevations are based on 

perched monitoring well lithologic logs and surveyed land surface elevations. As indicated, the 

contact generally dips to the south/southwest beneath the site. 
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Groundwater within the perched zone generally flows south to southwest beneath the site. 

Beneath the tailings cells at the site, perched water flow is generally southwest to 

south-southwest. East of the tailings cells, perched water flow is more southerly. 

3.2.3.1 Lithologic and Hydraulic Properties 

Although the Dakota Sandstone and Burro Canyon Formations are often described as a 

single unit due to their similarity, previous investigators at the site have distinguished between 

them. The Dakota Sandstone is a relatively-hard to hard, generally fine-to-medium grained 

sandstone cemented by kaolinite clays. The Dakota Sandstone locally contains discontinuous 

interbeds of siltstone, shale, and conglomeratic materials. Porosity is primarily intergranular. 

The underlying Burro Canyon Formation hosts most of the perched groundwater at the site. The 

Burro Canyon Formation is similar to the Dakota Sandstone but is generally more poorly sorted, 

contains more conglomeratic materials, and becomes argillaceous near its contact with the 

underlying Brushy Basin Member. The permeability of the Dakota Sandstone and Burro Canyon 

Formation at the site is generally low. 

No significant joints or fractures within the Dakota Sandstone or Burro Canyon 

Formation have been documented in any wells or borings installed across the site. This was the 

conclusion of Knight Piesold, 1998, and HGC, 2001, and is consistent with findings provided in 

HGC, 2005. Any fractures observed in cores collected from site borings are typically cemented, 

showing no open space. 
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3.2.3.1.1 Dakota 

Based on samples collected during installation of wells MW -16 (no longer used) and 

MW-17, located immediately downgradient of the tailings cells at the site, porosities of the 

Dakota Sandstone range from 13.4% to 26%, averaging 20%, and water saturations range from 

3.7% to 27.2%, averaging 13.5%. The average volumetric water content is approximately 3%. 

The permeability of the Dakota Sandstone based on packer tests in borings installed at the site 

ranges from 2. 71 x 1 o-6 centimeters per second (em/ s) to 9.12 x 1 o-4 em/ s, with a geometric 

average of3.89 x 10-5 cm/s (Titan, 1994). 

3.2.3.1.2 Burro Canyon 

The average porosity of the Burro Canyon Formation is similar to that of the Dakota 

Sandstone. Based on samples collected from the Burro Canyon Formation at MW-16 (no longer 

used), located immediately downgradient of the tailings cells at the site, Titan, 1994, reported 

that porosity ranges from 2% to 29.1 %, averaging 18.3%, and water saturations of unsaturated 

materials range from 0.6% to 77.2%, averaging 23.4%. Titan, 1994, reported that the hydraulic 

conductivity of the Burro Canyon Formation ranges from 1.9 x 10-7 to 1.6 x 10 -3 cm/s, with a 

geometric mean of 1.1 x 1 o-5 cm/s, based on the results of 12 pumping/recovery tests performed 

in monitoring wells and 30 packer tests performed in borings prior to 1994. 

Hydraulic testing of wells MW-01, MW-03, MW-05, MW-17, MW-18, MW-19, 

MW-20, and MW-22 during the week of July 8, 2002, and newly installed wells MW-23, 

MW-25, MW-27, MW-28, MW-29, MW-30, MW-31, MW-32, TW4-20, TW4-21, and TW4-22 
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during June 2005, yielded average perched zone permeabilities ranging from approximately 2 x 

10-7 cm/s to 5 x 10-4 cm/s, similar to the range reported by previous investigators at the site 

(Hydro Geo Chern, Inc [HGC], 2002; HGC, 2005). Downgradient (south to southwest) of the 

tailings cells, average perched zone permeabilities based on tests at MW-3, MW-5, MW-17, 

MW-20, MW-22, and MW-25 ranged from approximately 4 x 10-7 to 1 x 10-4 cm/s Permeability 

estimates from these tests were based on pumping/recovery and slug tests analyzed using several 

different methodologies. Permeability estimates from these tests are summarized in Table 4. 

25 perched zone and temporary perched zone monitoring wells have been installed at the 

site to investigate elevated concentrations of chloroform initially discovered at well MW -4 in 

1999. Some of the coarser grained and conglomeratic zones encountered within the perched 

zone during installation of these wells are believed to be continuous ·with or at least associated 

with a relatively thin, relatively continuous zone of higher permeability (IUSA and HGC, 2001). 

The higher permeability zone defined by these wells is generally located east to northeast 

of the tailings cells at the site, and is hydraulically cross-gradient or upgradient of the tailings 

cells with respect to perched groundwater flow. Based on analyses of pumping tests at MW-4 

and drilling logs from nearby temporary wells, the permeability of this relatively thin 

coarser-grained zone was estimated to be as high as 2.5 x 10-3 cm/s or 7 ftlday. Relatively high 

average permeabilities estimated at MW -11, located on the southeastern margin of the 

downgradient edge of tailings cell #3, and at MW-14, located on the downgradient edge of 

tailings cell #4, of 1.4 x 10-3 cm/s and 7.5 x 10-4 cm/s, respectively (UMETCO, 1993), may 

indicate that this zone extends beneath the southeastern margin of the cells. However, this zone 
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of higher permeability within the perched water zone does not appear to exist downgradient 

(south-southwest) of the tailings cells. At depths beneath the perched water table, the zone is not 

evident in lithologic logs of the southernmost temporary wells TW 4-4 and TW 4-6 (located east 

[cross-gradient] of cell #3), nor is it evident in wells MW-3, MW-5, MW-12, MW-15, MW-16 

(no longer used), MW-17, MW-20, MW-21, or MW-22, located south to southwest 

( downgradient) of the tailings cells, based on the lithologic logs or hydraulic testing of the wells. 

The apparent absence of the zone south of TW 4-4 and south-southwest of the tailings cells 

indicates that it "pinches out" (HGC, 2005). 

To test the potential existence and continuity of this higher permeability zone, and to 

refine hydraulic parameter estimates, long term pumping of MW -4 and TW 4-19 began in April 

2003. MW-26 (TW4-15) was added to the pumping network in August 2003, and TW4-20 was 

added in August 2005. These wells were selected for pumping because they were 1) located in 

areas of the perched zone having relatively high transmissivity, and could therefore sustain 

relatively high pumping rates, and 2) because the wells were also located in perched water 

having relatively high chloroform concentrations, which resulted in significant rates of 

chloroform mass removal. This long term pumping has constituted an interim action to mitigate 

chloroform in the perched zone (HGC, 2004). 

Analysis of drawdown data collected from wells that responded measurably to pumping 

between the start of pumping (April2003) and November 2003, indicated average permeabilities 

ranging from 4 x 1 o-5 to 5 x 1 o-4 cm/s in the area east to northeast of the tailings cells, assuming 

the perched zone is unconfmed (HGC, 2004). Table 5 summarizes the results of the testing. 
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Figure 6 shows the approximate area where detectable drawdowns were measured during the 7 

months of pumping. This area is interpreted to coincide roughly with the zone of higher 

permeability. Wells located immediately outside this zone that did not respond measurably to 

pumping are interpreted to be completed in lower permeability materials (for example, TW4-4 

and TW4-6). 

3.2.3.2 Perched Groundwater Flow 

Perched groundwater flow at the site has historically been to the south/southwest. 

Figures 7 through 10 are perched groundwater elevation contour maps for the years 1990, 1994, 

2002, and the first quarter of 2007, respectively. The 1990, 1994, and 2002 maps were hand 

contoured because of sparse data. As groundwater elevations indicate, the perched groundwater 

gradient changes from generally southwesterly in the western portion of the site, to generally 

southerly in the eastern portion of the site. The most significant changes between the 2002 and 

2007 water levels result from pumping of wells MW-4, TW4-19, TW4-20, and MW-26 

(TW 4-15). These wells are pumped to reduce chloroform mass in the perched zone east and 

northeast of the tailings cells. (Chloroform occurrence in the perched zone was discussed in 

Section 2.) 

In general, perched groundwater elevations have not changed significantly over most of 

the site since monitoring began, except in the vicinity of the wildlife ponds and the pumping 

wells. For example, relatively large increases in water levels occurred between 1994 and 2002 at 

MW -4 and MW -19, located in the east and northeast portions of the site, as shown by comparing 
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Figures 9 and 10. These water level increases in the northeastern and eastern portions of the site 

are likely the result of seepage from wildlife ponds located near the piezometers shown in 

Figures 9 and 10, which were installed in 2001 for the purpose of investigating these changes. 

Increasing water levels affect many of the chloroform investigation wells as shown in the 

hydrographs provided in Appendix D (from DUSA, 2007). 

The increases in water levels in the northeastern portion of the site have resulted in 

locally steepening groundwater gradients over portions of the site. Conversely, pumping of wells 

MW-4, TW4-19, TW4-20, and MW-26 (TW4-15) has depressed the perched water table locally 

and reduced average hydraulic gradients to the south and southwest of these wells. Perched zone 

hydraulic gradients currently range from a maximum of approximately 0.05 ft/ft east of tailings 

cell #2 to approximately 0.01 ft/ft downgradient of cell #3, between cell #3 and MW-20.· 

Perched water discharges in springs and seeps along Westwater Creek Canyon and 

Cottonwood Canyon to the west-southwest of the site, and along Corral Canyon to the east of the 

site, where the Burro Canyon Formation outcrops. The discharge point located most directly 

downgradient of the tailings cells is Ruin Spring. This feature is located approximately 10,000 ft 

south-southwest of the tailings cells at the site and is depicted on the USGS 7 .5-minute quad 

sheet for Black Mesa (Figure 11). 

The average hydraulic gradient between the downgradient edge of tailings cell #3 and 

Ruin Spring is approximately 0.12 ft/ft assuming the following: 
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1) The elevation of Ruin Spring, based on the USGS topographic map for Black Mesa, 
is approximately 5,390 ft amsl. 

2) The distance between the downgradient edge of tailings cell #3 and Ruin Spring is 
approximately 10,000 ft. 

3) The average groundwater elevation at the downgradient edge of tailings cell #3 is 
approximately 5,510 ft amsl. 

3.2.3.3 Saturated Thickness 

The saturated thickness of the perched zone as of the first quarter of 2007 ranges from 

approximately 93 ft in the northeastern portion of the site to less than 5 ft in the southwest 

portion of the site (Figure 12), and depths to water range from approximately 14 ft in the 

northeastern portion of the site (adjacent to the wildlife ponds) to approximately 114ft at the 

southwest margin of tailings cell #3 (Figure 13 ). The relatively large saturated thicknesses in the 

northeastern portion of the site are likely related to seepage from wildlife ponds located near the 

piezometers shown in Figure 10. 

Although sustainable yields of as much as about 4 gpm have been achieved in wells 

intercepting the larger saturated thicknesses and higher permeability zones in the northeast 

portion of the site, perched zone well yields are typically low (<0.5 gpm) due to the generally 

low permeability of the perched zone. Sufficient productivity can generally be obtained only in 

areas where the saturated thickness is greater, which is the primary reason that the perched zone 

has been used on a limited basis as a water supply to the north (up gradient) of the site, but not 

downgradient of the site. 
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3.2.3.4 Perched Groundwater Travel Times 

Average rates of movement of a conservative solute in perched groundwater (equivalent 

to interstitial or pore velocity) have been calculated for the area of the perched zone 

downgradient of the tailings cells, and beneath and immediately up gradient of the tailings cells 

(HGC, 2005 and HGC, 2007). 

The calculated rate of movement downgradient of the tailings cells was based on an 

effective porosity of0.18, an average hydraulic gradient of0.012 ft/ft, and geometric averages of 

permeabilities estimated from hydraulic tests at wells located south and southwest of the cells. 

The geometric averages were based on slug tests performed at MW-3, MW-5, MW-17, MW-20, 

MW-22, and MW-25 (HGC, 2002; HGC, 2005), and pump ~ests performed by Peel 

Environmental (UMETCO, 1993) at MW -11, MW -12, MW -14, and MW -15. Two averages were 

calculated; one using permeabilities estimated from HGC slug test data analyzed using the 

Bouwer-Rice solution (Bouwer and Rice, 1976) and the other using permeabilities estimated 

from the same data using the KGS solution (Hyder, 1994). Included in each average were the 

results of the pump tests reported in UMETCO, 1993, for MW-11, MW-12, MW-14, and 

MW~15. The geometric averages thus calculated were 2.3 x 10-5 and 4.3 x 10-5 cm/s. Assuming 

the average permeability ranges from 2.3 x 10-5 to 4.3 x 10-5 cm/s (0.064 ft/day to 0.120 ft/day), 

the calculated average rate of movement ranges from 0.0043 ftlday to 0.0080 ftlday (or 

1.6 ft/year to 2.9 ft/year). 

Beneath and immediately up gradient of the tailings cells, using hydraulic gradients in the 

vicinity of each well, the estimated permeability at each well, and an effective porosity of 0.18, 
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the estimated pore velocities ranged from 49.5 ft/year at TW4-21, to 0.010 ft/year at MW-23 

(HGC, 2005), and have a geometric average of approximately 4.5 ft/year. Wells with relatively 

high calculated pore velocities, such as TW4-21, likely penetrate the relatively thin, 

coarser-grained, higher permeability zone discussed in Section 3 .2.3 .1.2, that is interpreted to 

"pinch out" to the south and southwest, and does not appear to be present south of TW 4-4 or 

south or southwest of the tailings cells. 

3.3 Surface Waters in the Area 

There are no surface water pathways in the immediate vicinity of the chloroform 

occurrence. Ruin Spring, located approximately 2.2 miles southwest and downgradient of the 

chloroform occurrence, is the nearest surface discharge point for perched water (Figure 11 ). 

Chloroform has not been detected in samples collected from the spring. 

Seepage of water from the two wildlife ponds on the White Mesa property, one 

upgradient, and one downgradient of the detected chloroform, has resulted in groundwater 

mounds in the area of piezometers P-1 and P-4 that have locally affected the generally south to 

southwest direction of perched groundwater flow, as shown in Figure 10, and as discussed in 

Section .3.2. 
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3.4 Climatologic and Meteorologic Conditions in the Area of the Facility 

The climate of southeastern Utah is classified as dry to arid continental. Although varying 

somewhat with elevation and terrain, the climate in the vicinity of the site can be considered as 

semi-arid. Titan, 1994 reported average annual precipitation for the site of less than 11.8 inches, 

and average annual evapotranspiration of approximately 61.5 inches. 

Site specific information provided by DUSA indicates the normal annual precipitation is 

approximately 13.4 in (34 em). Most precipitation is in the form of rain with snowfall accounting 

for about 29% of the annual total. There are two separate rainfall seasons; the first in late 

summer and early autumn (August to October), and the second during the winter months 

(December to March). The mean annual relative humidity is about 4~% and is typically highest 

in January and lowest in July. The average annual Class A pan evaporation rate is 68 inches 

(172.7 em) (National Oceanic and Atmospheric Administration and U.S. Department of 

Commerce, 1977), with the largest evaporation rate typically occurring in July. This evaporation 

rate is not appropriate for determining water balance requirements for the tailings management 

system and must be reduced by the Class A pan coefficient. Values of pan coefficients range 

from 60% to 81%. Water balance calculations at the site used to obtain the lake evaporation rate 

are based on an average value of 70%. Using this coefficient, the annual lake evaporation rate is 

47.6 inches (120.4cm), and the net evaporation rate is 34.2 inches (86.8 em) per year. 

The weather in the area of the site is typified by warm summers and cold winters. The 

mean annual temperature in Blanding (located approximately 5 miles north of the site) is about 

50°F (10°C). January is usually the coldest month and July is usually the warmest month. 
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Winds are typically light to moderate year round, although occasional stronger winds 

may occur in the late winter and spring. The winds are predominantly from the north to 

north-east (approximately 30% of the time) and from the south to south-west (about 25% of the 

time). Winds are generally less than 15 mph; wind speeds greater than 25 mph occur less than 

one percent of the time. 

3.5 Type, Location and Description of Possible Sources of the Pollution at the F~ 

Investigation of potential source areas for the chloroform included a soil gas survey 

conducted in September 1999 (HGC, 1999). Detectable chloroform concentrations were 

measured in two suspected source areas; 1) the abandoned scale house leach field located 

approximately 1,100 ft north (up gradient) of MW -4, and 2) the former office leach field, located 

immediately southeast of the office building and north-east of tailings cell #2 (Figure 14). Prior 

to Mill operations, these leach fields accepted sanitary wastes as well as laboratory wastes 

containing chloroform at quantities sufficient to have resulted in the measured groundwater 

concentrations. The abandoned scale house leach field is reported to have accepted laboratory 

laboratory wastes were disposed in the tailings cells. 

Discussions of the results of the soil gas survey and the identification of the abandoned 

scale house leach field as the most likely source of the chloroform detected at MW -4 are 

provided in IUSA and HGC, 2000. The former office leach field is considered the most likely 

source of the chloroform detected immediately northeast and up gradient of tailings cell #2. 
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In general, the leach-field origin of the chloroform is supported by the following factors: 

1) The leach fields are within and up gradient of the chloroform contamination, 

2) Based on records of chloroform used in the laboratory, sufficient chloroform was 
disposed in the leach fields to result in the measured groundwater concentrations, 

3) Elevated nitrate is associated with the chloroform, and 

4) The leach fields were designed to infiltrate water rapidly, which would reduce 
travel times to the perched water through the vadose zone. 

An additional conclusion based on the low soil gas chloroform concentrations detected 

(<1 f.lg/L gas) was that a significant residual vadose zone source does not exist in either source 

area (HOC, 1999). The association of nitrate with the chloroform is discussed in IUSA and HOC, 

2001. 

3.6 Groundwater Withdrawals, Pumpage Rates, and Usage within a 2-Mile Radius 

Perched groundwater in the vicinity of the site is used on a limited basis primarily for 

irrigation, stock watering, and domestic purposes. A search by Titan, 1994, and a recent search 

of the water rights database accessible from the Utah Geological Survey website, did not indicate 

any users of perched water downgradient (south to southwest) of the site. Users of perched water 

are primarily located upgradient of the site where saturated thicknesses and well productivities 

are higher. Wells installed for industrial uses, for example wells that were installed to supply the 

White Mesa Mill with fresh water, are typically completed in the deep regional Navajo/Entrada 

aquifer. Brief descriptions of the perched zone and regional Navajo/Entrada aquifer are provided 

in Sections 3.2.2 and 3.2.3. 
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Titan, 1994, listed users of groundwater within a 5 mile radius of the White Mesa Mill. 

Several of the users listed in Titan, 1994, are located within 2 to 2 Yz miles of the chloroform 

occurrence. These users (all within Township 37 South, Range 22 East) are as follows: 

Owner Section Depth .(ftl Use Yield llm.!!ll 

Plateau Resources 15 740 industrial 6.75 

Plateau Resources 15 135 industrial 6.75 

Lyman 15 135 stock 6.75 

Holt and McLaws 15 195 stock 3.15 

Perkins 21 150 industrial 6.75 

Energy Fuels Nuclear 21 1,600 industrial 270 

Energy Fuels Nuclear 22 1,820 industrial 500 

Utah Launch Complex 27 650 industrial 6.75 

Wells installed by Energy Fuels Nuclear were used for fresh water supply at the White 

Mesa Mill and are completed in the deep regional (Navajo/Entrada) aquifer. These wells are now 

used as an alternate water supply for the site, as discussed in Section 3 .2.1. 

A recent search for wells in the area using the water rights database accessible from the 

Utah Geological Survey website, indicated additional wells, most having been installed since the 

search by Titan, 1994. The following are the additional wells identified within a 2 to 2 Yz mile 

radius, including comments regarding their status: 

Preliminary Contamination Investigation 
H:\ 718000\7180 1 \CIR \Preliminary Contamination Investigation Report 112007.doc 
November 20, 2007 

31 



Owner Section Depth (ft) Use Yield (gpm) Comment 

Nielson 15 125 domestic 5 lapsed 

Lyman 21 160 unknown 10 provisional 

Lyman 21 180 unknown 10 provisional 

Rafferty 22 160 Ir, St, D 7 

Perkins 22 140 unknown 7 

Laws 22 75 Ir, St, D 6.5 capped 

Bayles 22 120 Ir, St, D 6 lapsed 

Energy Fuels Nuclear 27 1,800 industrial 120 

Hawkins 32 240 stock 12 

(Note: Ir, St, D indicates use is irrigation, stock, or domestic) 

Again, the 1 ,800 foot deep well installed by Energy Fuels Nuclear is completed in the 

deep Navajo/Entrada aquifer, and is not screened in the perched zone. 

On-site perched groundwater withdrawal is limited to those waters pumped for 

chloroform recovery from wells MW-4, MW-26 (TW4-15), TW4-19, and TW4-20. The 

approximate average pumping rates of these wells during the first quarter of2007 were 0.63 gpm 

for MW-4; 0.42 gpm for MW-26; 4.6 gpm for TW4-19; and 1.3 gpm for TW4-20. 

Overall, perched water use near the chloroform occurrence is very limited. Identified 

offsite users are located up gradient or cross-gradient of the chloroform and are not threatened by 

the potential for contamination of their water supply by the on-site chloroform. Remedial 
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pumping of the perched zone to remove chloroform laden water is also not likely to ever impact 

the existing user's available supply, especially considering the recharge by the wildlife ponds 

that occurs immediately up gradient of the on-site pumping wells. 
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4. DATA REPORTING 

4.1 Data Packages Including Quality Assurance and Quality Control Reports 

Data packages, including quality assurance and quality control reports are provided to the 

Executive Secretary on a quarterly basis. For example, the first quarter, 2007 report (DUSA, 

2007), submitted to UDEQ on May 31, 2007, has been referenced in this document. The 

elements of proposed future reporting are provided in the Preliminary Corrective Action Plan 

(HGC, 2007b). 

4.2 A Description of the Data used in the Quarterly Reports 

Routine analytical parameters for the chloroform investigation wells include the 

following: 

• Chloroform 
• Chloromethane 
• Carbon tetrachloride 
• Methylene chloride 
• Chloride 
• Nitrogen, Nitrate +Nitrite as N 

Ip. addition, water levels for all of the chloroform investigation wells are measured and 

reported. Contour maps showing water levels, chloroform concentrations, and estimated capture 

zones for pumping wells MW-4, MW-26 (TW4-15), TW4-19, and TW4-20 are presented. 

Proposed collection and use of data in future reports is described in HGC, 2007b. 
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4.3 A Description of any Data Gaps Encountered, How Those Gaps Affect the Analysis 
and Any Plans to Fill Those Gaps 

The investigation and monitoring program has been ongoing since the time of chloroform 

discovery in 1999. Accordingly, any data gaps identified as part of this ongoing process that 

have indicated additional monitoring to be necessary, have been filled as part of an interactive 

process with the UDEQ. For example, the proposed location and installation of new wells 

TW 4-23, TW 4-24 and TW 4-25 is an example of filling a data gap. It is not anticipated that 

significant gaps will remain once data from the above wells are obtained. Based on the initial 

sampling ofTW4-23, TW4-24, and TW4-25, no significant changes to water level contours or to 

the chloroform plume boundary are expected to occur when these data are incorporated. 

However, this decision will ultimately be based on more than these initial data, and will be 

discussed in the Final Contamination Investigation Report. 
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5. ENDANGERMENT ASSESSMENT 

The goal of the chloroform investigation, interim action, and proposed corrective action 

program (HGC, 2007b) is to continue remedial efforts by means of pumping and natural 

attenuation until the Corrective Action Concentration Limit (70 Jlg/L) has been met. As 

discussed in Section 2.3 .2, the extent of the chloroform plume appears relatively stable at the 

present time, and concentrations within the plume are generally decreasing. The low 

permeability of the perched zone downgradient of the chloroform plume, the consequent low 

transport velocities and large travel times, and the large distance to the nearest discharge point 

(Ruin Spring), indicate that, even in the absence of remedial action, the chloroform plume would 

migrate slowly and potentially not reach the nearest discharge point for thousands of years. 

Considering the expected concentration reductions due to pumping and natural attenuation, it is 

unlikely that detectable chloroform concentrations would ever reach the discharge point, or even 

the area south and southwest of the tailings cells, as discussed in Appendix B. Therefore, the 

preparation of an Endangerment Assessment is not warranted at this time. This aspect of the 

Contamination Investigation requirements will, however, be re-visited as an element of the Final 

Contamination Investigation Report. 
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