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1.0 INTRODUCTION

This Monitoring Well Installation and Regolith Sampling Completion Report provides an update and
details for the completion of the majority of the field work pursuant to the Supplemental Hydrologic

and Geochemical Characterization Work Plan (Work Plan) submitted as part of the Responses to NRC

Requests for Additional Information Regarding the Highland Uranium Mine and Millsite Request for

Amendment to Radioactive Materials License UA-1139 Application to Amend Existing Alternate

Concentration Limit (AMEC, 2013).

The Highland Uranium Mine and Millsite (Site) is a reclaimed uranium mine encompassing

approximately 1,750 acres that includes a pit lake, tailings impoundment, and overburden piles

(Figure 1). The Site is located in Converse County, Wyoming and is regulated under the Nuclear

Regulatory Commission (NRC) through a Radioactive Materials license (Source Materials License No.

SUA-1139) issued to ExxonMobil Corporation (ExxonMobil). On May 12, 2011 ExxonMobil

submitted a License Amendment Request (LAR) to NRC that included: (1) a proposed supplemental

point of compliance (POC) well located to the southeast of the tailings impoundment and within the

Southeast Drainage (well MFG-1, proposed uranium alternate concentration limit (ACL) of 0.7 mg/L),

(2) a new proposed uranium ACL of 3 mg/L in existing POCi Well 175, and (3) expansion of the long-

term surveillance boundary (LTSB) with new proposed point of exposure (POE) locations for

monitoring ACL constituents (Pit Lake and Well Tt-7 adjacent to North Fork Box Creek) (ExxonMobil,

2011). Based on a review of the LAR, the NRC staff provided written Requests for Additional

Information (RAT) on May 29, 2012 pertaining to site hydrology and geochemistry. The NRC's

primary requests included clarification of assumptions used in the numerical groundwater model

prepared by Tetra Tech (Tetra Tech, 2007) and additional technical basis to support the conceptual

hydrologic and geochemical site models as related to new proposed POC and POE locations.

In a meeting between ExxonMobil and NRC held on August 14th, 2012, the NRC requested that

additional work be conducted to update the conceptual and numerical groundwater flow models for

the Site. The NRC also requested that new Site investigations be performed to characterize potential

secondary sources and extent of potential subsurface contamination in both the East and Southeast

Drainages, and to the north of the tailings impoundment. ExxonMobil provided written responses to

the RAl on April 8, 2013, which included the Work Plan to collect and evaluate further data to support

the responses to the RAI (AMEC, 2013). On February 20, 2014, NRC provided written response

indicating that the Work Plan. was acceptable with some additional evaluations. This completion
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report documents the field activities that have been completed to support the additionalS characterization and evaluations.

2.0 OBJECTIVES

In response to NRC's requests, the following work elements were developed based on review of

available data and discussion with NRC:

*Install 20 new monitoring wells to collect water level and water quality data within the primary

Ore-Body Sandstone (OBSS) units in the vicinity of the existing pit lake and Tailings
Impoundment. In addition, one new monitoring well (8-BP) was placed in the backfilled material
between the tailings impoundment and the pit lake at the request of the NRC (Letter dated
February 20, 2014).

*Collect subsurface regolith samples in the Eastern and Southeast Drainages in order to:
*.• Define the extent of potential contamination,

• Evaluate the source term - Geochemical characterization of vadose zone and saturated zone

-aquifer materials will be conducted to identify potential secondary sources,
* Characterize the subsurface geochemical properties, and
• Identify contaminant attenuation mechanisms.

3.0 WORK PERFORMED TO DATE

3.1 Monitoring Well Installation

Twenty new monitoring wells were installed at the Highland Site between September 11, 2014 and

August 30, 2015 (Figure 1). Boreholes were drilled using a Foremost Dual Rotary drill rig with

temporary casing advance capability. Ten-inch diameter temporary steel casing was advanced

during drilling to prevent borehole collapse and to ensure the integrity of the drill cuttings for

geologic logging purposes. All wells were completed with 5-inch schedule 80 PVC pipe. Table 1

provides construction information for each new monitoring well. Borehole lithology logs are

provided in Appendix A. Well completion diagrams are provided in Appendix B. Field notes are

provided in Appendix C. Pictures of drill cuttings in chip trays are provided in Appendix D.

Monitoring wells were installed at eight predetermined locations on the Site (Figure 1). Wells were

designed as nested sets (well clusters) to isolate the different hydrostratigraphic units within the

Highland Sandstone Unit (HSU). Of the twenty new wells, seven wells were installed in the "50-Sand"

hydrostratigraphic unit of the HSU, six wells were installed in the "40-Sand" hydrostratigraphic unit

of the HSU, four wells were installed in the "30-Sand" hydrostratigraphic unit of the HSU, two wells

I
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were installed in the Tailings Dam Sandstone (TDSS) hydrostratigraphic unit, and one well was
installed in the backfilled material in the old Pit 1 (well 8-BP).

3.2 Monitoring Well Development

Wells were developed by Pronghiorn Pump, LLC of Glenrock, Wyoming. Well clusters 1 and 6 were

developed in November of 2014, while the remaining new wells were developed between August 15

and September 11, 2015. Pumping times and volumes for each new well are provided in Table 2.

Dedicated pumps were installed in each well after development. Wells heads were surveyed by Siek

Surveying Services of Casper, wyoming on September 29, 2015.

3.3 Stratigraphic Validation of New Data Points

The geology of the Site consists of the sedimentary deposits within the Powder River Basin of

northeastern Wyoming. The units of significance to this study lay within the upper Fort Union

Formation (Paleocene), and, to a lesser extent, the lower Wasatch Formation (Eocene). A

stratigraphic column of these units is presented on Figure 2.

The HSU of the Fort Union Formation is the host rock of most of the uranium ore in the area. The unit

is 120 to 150 feet thick and consists of sand channel and floodplain facies (Hunter, 1999). Locally,

the unit is divisible into three sandstone members that are separated by intervals of claystone and

siltstone. Informal nomenclature refers to the sandstones from stratigraphically highest to lowest as

50-Sand, 40-Sand, and 30-Sand, and the fine-grained intervals as 45-Shale and 35-Shale (Hunter,

1999). All three members are laterally extensive throughout the study area and are generally

composed of fine- to medium-grained, poorly lithified, arkosic sandstone that typically ranges from

20 to 50 feet in thickness. The fine-grained intervals are approximately 9 feet and 35 feet thick in the

area of the Pit Lake, respectively, but, in some locations, are altogether absent, and the sandstones

are in vertical contact (Hunter, 1999).

Overlying the HSU in the study area is the Tailings Dam Shale (TDSH), a laterally pervasive interval

of siltstone and claystone that ranges from 20 feet to 50 feet in thickness. The TDSH is overlain by

the Tailings Dam Sandstone (TDSS). The TDSS is composed of sand channel and floodplain facies

similar to the sandstone members of the HSU and is typically 30 feet to 50 feet in thickness. Unlike

the underlying deposits, the TDSS is not laterally extensive across the study area. This unit has a

well-defined northwest-trending western edge approximately 1 mile west of the Pit Lake (Hunter,

1999). Along this line, the TDSS grades laterally to finer-grained siltstone and claystone. Overlying
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the TDSS is a thick sequence of interbedded sandstone, siltstone, and claystone of the upper Fort
Union Formation and the lower Wasatch Formation.

The undifferentiated Fort Union and Wasatch deposits are exposed at the surface over the majority

of the area. Because the strata dip to the northwest, and topography slopes to the southeast, depth'

to the TDSS, TDSH, and HSU decreases from northwest to southeast until these units eventually

outcrop in the eastern portion of the Site.

Upon completion of the drilling program, survey elevation data was combined with borehole

stratigraphy and potentiometric soundings of groundwater in each well to create three cross-

sections of the Site (Figures 3, 4 and 5). These cross-sections were compared to the Conceptual Site

Model (CSM) in order to confirm completion intervals at each well cluster. Historic wells completed

in the backfilled material were not included on cross-sections.

Regionally, the strata~dip towards the west (Hunter, 1999), but in the study area, dip is approximately

0.5 degrees to the northwest. Figure 3 depicts this regional dip most notably. Note the elevation of*

the TDSS and the HSU units get progressively lower in elevation with distance across the site from

well cluster #5 to well cluster #1. The regional dip of the stratigraphy from east to west is also

captured in Figure 4. Note the TDSS in well cluster #7 is higher in elevation than at well clusters #6

or #1.

The completion interval for each well has been designated on the cross-sections so that the elevation

and stratigraphy of each individual well can be compared to the entire data set. All wells have been

given an ID that matches the stratigraphic unit of completion (e.g. well completed in the 30-Sand at

well cluster #1 is "1-3 0").

3.4 Hydrologic Validation of New Data Points

A Site-wide numerical groundwater model has been developed to estimate the transient

groundwater component of the Pit Lake (Tetra Tech, 2007). The analysis incorporates both the

interdependent behavior of the groundwater and Pit Lake hydrology, as well as the distinct processes

and components unique to each system. The results indicate that the Pit Lake will continue to fill

until the water level reaches a steady-state elevation of approximately 5,060 feet above mean sea

level (amsl) in approximately 40 years. Under these conditions, the Pit Lake elevation will remain

well below the elevation of the regional discharge area in North Fork Box Creek and its tributaries.

As a result, the Pit Lake will not discharge water to the groundwater system and will not become a

flow-through system (Tetra Tech, 2007).
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Groundwater levels have been collected monthly from the newly-installed wells since installation.
Water level data collected to date is presented in Table 3. Monitoring well completion intervals and

water levels were placed on the cross-sections to validate the hydraulic unit screened and compare

it to the Site-wide groundwater model (see Figures 3-5)., Groundwater elevations in all of the new

HSU monitoring wells are between 5,050 feet amsl and 5,070 feet amsl (except well 1-40) and are

consistent with the numerical groundwater model. In addition, the groundwater elevation in well 8-

BP indicates that groundwater in the backfilled pit area is consistent with the elevation of the HSU

groundwater table (Figures 4 and 5).

Well 1-40 has exhibited significant variation in the static groundwater elevation since being installed

on August 22, 2015. The day after it was installed, groundwater was measured at 222.07 feet below

ground surface (bgs). This measurement was consistent with the 224.05 feet bgs measurement

collected at 1-30 on the same day. On August 28, 2015, depth to groundwater in well 1-40 was

measured at 222.17 feet bgs (well 1-30 measured 224.15 feet bgs). On September 29, 2015

groundwater in well 1-40 was measured at 78.40 feet bgs, a rise of 143.77 feet (groundwater

elevation in both wells 1-50 and 1-30 exhibited no significant changes). However, on October 14,

2015 groundwater in well 1-40 was measured at 149.72 feet bgs; a drop of 71.32 feet. Both wells 1-

30 and 1-40 have had a video inspection of the casing for damage or irregularities in the well

completion. Both wells appear normal and appear to be functioning properly.

No explanation can be made at this time as to the cause of the water level changes in 1-40. Water

level pressure transducers have been installed in wells 1-30, 1-40 and 1-50. Water level

measurements were collected every 8 hours for the first reporting period presented herein.

Readings were increased to every hour starting January 11, 2016. Readings collected between

November 19, 2015 and January 11, 2016 suggest that groundwater in well 1-40 is acting

independently of the groundwater in wells 1-30 and 1-50. These data are presented in Appendix E.

Figure 6 provides the groundwater elevations in the 1-3 0, 1-40, and 1-50 wells. The groundwater in

wells 1-30 and 1-50 are nearly identical in elevation, while the groundwater elevation in well 1-40 is

significantly higher than the other wells in Cluster 1 (Figure 6).

To compare water levels in all three wells, the data from each well was normalized to show the

relative change in water level (measured in feet) in each well (Figure 7). The resulting graph shows

that the water levels in wells 1-30 and 1-50 fluctuate similarly and less than one foot, most likely due

to atmospheric pressure changes. However, well 1-40 fluctuates nearly 5 feet over the same period

suggesting an independent influence on the 40-sand in this area that is not being observed in well 1-
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30 or well 1-50. Results of the water level monitoring and further analysis of the variation in the

water level in well 1-40 will be reported in the Supplemental Hydrological Characterization Report.

3.5 Deviations from Work Plan - Monitoring Wells

Drilling operations targeted the 30-Sand, 40-Sand and 50-Sand in the HSU using drill cuttings,

relative elevations and geophysical borehole logs to determine the depth and thickness of the HSU

units. In several locations, the completion unit was misidentified until it was compared to regional

site-wide stratigraphy and water level information and subsequently re-named.

At well cluster #3, a Sand unit was encountered between 90 feet and 105 feet bgs. Pre-existing well

134 is completed in the TDSS between 40 feet and 70 feet bgs. Therefore, the sand unit from 90 feet

to 105 feet bgs was initially interpreted as the 50-Sand during drilling operations. However, the

potentiometric surface of this sand unit is in communication with the TDSS and has therefore been

reinterpreted as a well in the TDSS at this location. As a result, there is not a well completed in the

30-Sand at this location. A review of the boring log in cross-section reveals that the borehole was

drilled to an elevation below the bottom of the Pit (Figure 5). Well clusters #2 and #4, which are

closer to the Pit than cluster #3 do have wells completed in the 30-Sand.

At cluster #7, the TDSS was misidentified as the 50-Sand during drilling operations. As a result, wells

were only completed in the 40-Sand and the 50-Sand at this location. However, a review of water

levels at well cluster #7 reveals that the potentiometric surfaces in wells 7-40 and 7-50 are nearly

identical. In addition, the potentiometric surface in well 7-50 is slightly higher than that of well 7-40,

suggesting that the highest potentiometric surface in the HSU has been captured at this location and

the absence of a well in the 30-Sand does not have a significant bearing on the results for future

interpretation.

At well cluster #6, the TDSS was also misidentified as the 50-Sand during drilling operations. In

addition, the work plan indicated that the 30-Sand was well below the bottom of the Pit at this

location and, therefore, did not need a deep well at this location. As a result, wells were completed

in the 50-Sand and the TDSS at this location. A review of the borehole log in cross-section shows that

the boring for well 6-50 was drilled to the bottom of the Pit. Therefore, the 40-Sand is below the

bottom of the Pit and is not in direct communication with the Pit at this location.

Borehole geophysics were used to identify the sand units at well clusters #2, #4 and #6. In each case,

the geophysical probe caused the borehole to collapse, requiring the borehole to be re-drilled. Given

that the drill cuttings were matching the geophysical logs, the geophysical logs were deemed to be
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duplicative. Therefore, the geophysical logging was abandoned in an effort to preserve the borehole
integrity for well casing installation.

3.6 Supplemental Geochemical Characterization

The geochemical component of the work plan was designed to complete data gaps associated with

the stated guidelines for characterization of geochemical conditions and water quality presented in

Section 4.1.3 (3) of NUREG-1620 (USNRC, 20033. Additional data was collected to:

*Evaluate the source term. Geochemical characterization of vadose zone and saturated zone
aquifer materials has been conducted to identify potential secondary sources.

*Characterize the subsurface geochemical properties. The chemical and mineralogical
properties of aquifer materials have been characterized to refine inputs for geochemical

modeling.

*Identify contaminant attenuation mechanisms. Knowledge of attenuation mechanisms is
ultimately required to improve the CSM and for geochemical modeling (USNRC, 2003). The
chemical and mineralogical characterization of the aquifer materials provide insight into
mechanisms such as ion exchange by clay minerals, surface adsorption by mineral oxides, and
possible redox reactions.

3.6.1 Sample Collection

Sample collection was completed in February 2015. Between February 3, 2015 and February 7, 2015,

five regolith borings were drilled in the East Drainage, eight regolith borings were drilled in the

Southeast Drainage and two regolith borings were drilled in the North Area using hollow stem auger

drilling methods (Figure 1); Two samples were collected from each boring, one above and one below

the water table as per the Work Plan (AMEC, 2013). Total depth, depth to bedrock, depth to water

table and sample intervals for each boring are presented in Table 4. Borehole lithology logs are

provided in Appendix F. Copies of the field notes are provided in Appendix C.

3.7 Analytical Laboratory Results

Samples were analyzed by ACZ Laboratories for concentrations of total and extractable hazardous

constituents (arsenic, chromium, gross alpha, nickel, cadmium, lead, radium-226 + 228, uranium,

selenium, and thorium-230). Total concentrations were measured from a strong-acid digestion of

the samples (e.g. Method SW 3050). Analytical results are provided in Table 5. Laboratory reports

are provided in Appendix G.

Extractable concentrations of hazardous constituents and indicator parameters (pH, chloride, and

sulfate) were' measured using the Meteoric Water Mobility Procedure (MWMP) to evaluate the
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potential for their dissolution and mobility in the subsurface (ASTM, 2003). Analytical results are

provided in Table 6. Laboratory reports are provided in Appendix G.

Radiological Analysis was conducted by Energy Labs. Samples were analyzed for Gross Alpha, Ra-

226, Ra-228 and Th-230. Analytical Results are presented in Table 7. Laboratory reports are

presented in Appendix G.

Additional aquifer sample characterization included total organic carbon content, bulk and clay

mineralogy using X-ray diffraction (XRD) analysis, cation exchange capacity, calcite content, and

amorphous iron content. The chemical and mineralogical characterizations provide direct

measurements of those geochemical parameters necessary to understand the potential for

attenuation of groundwater contaminants (USNRC, 2003). Analytical results submitted by

Mineralogy Inc. are provided in Table 8. Laboratory reports are provided in Appendix G.

3.7.1 Potential Data Gaps - Regolith Sampling

An objective of the regolith sampling was to collect one sample in the vadose zone and another in the

saturated zone in each boring in order to identify potential secondary sources. In four of the borings,

drilling hit refusal at the Regolith-Bedrock interface before groundwater was encountered (Table 4).

In each case, two samples were collected from the borehole even though both samples were dry.

Therefore, these samples should be given special consideration as vadose zone samples during

geochemidal evaluation of these borings. Given the large data set (19 samples collected in the vadose

zone and 11 samples collected in the saturated zone), a fair assessment can be made with regard to

source term in the regolith in the Eastern and Southeast Drainages.

4.0 REPORTING

ExxonMobil will use the data collected herein, along with future water quality and groundwater

elevation data to prepare an addendum to the responses to RAIs, which will include:

1. A Supplemental Hydrological Characterization report that will include:

a. A detailed review of publically available regional hydrogeologic data.

b. Updates to the Site and regional conceptual model of groundwater flow and

constituent transport, focusing on both the Highland open pit and the Southeast

Drainage.

c. Additional predictive assessments as necessary, including the potential

development of a numerical groundwater flow model, to evaluate long-term

conditions related to regional groundwater flow, pit lake development, and flow

within the Southeast Drainage:
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2. A Supplemental Geochemical Characterization Report that will:
*a. Evaluate the source term with respect to the vadose zone vs. saturated zone.

b. Characterize the subsurface geochemical properties for geochemical modeling.
c. Identify contaminant attenuation mechanisms for geochemical modeling.
d. Define the extent of contamination on the Site paying special attention to areas

surrounding the Pit Lake and the Southeast Drainage.

The Highland Mine and Millsite Supplemental Hydrologic and Geochemical Characterization Work Plan

specifies that at least 6 months of groundwater elevation data and two quarters of groundwater

sampling data willbe collected before an evaluation of the data can be made. The Supplemental

Hydrological and Geochemical Reports will be prepared once this new data has been collected and

evaluated.

5.0 FUTURE WORK

5.1. Well Abandonment

Five dewatering wells at the Site are screened across multiple HSU hydrologic units (Table 9).

ExxonMobil proposes abandoning/decommissioning these wells to prevent cross-contamination of

the hydrostatic units. The dewatering wells are sampled during the first and third quarters and the

results are provided to the Wyoming Department of Environmental Quality (WDEQ). Each

dewatering well has a new nested cluster of monitoring wells installed as a replacement (Table 9).
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Table 4. Regolith Sampling Collection Data

B-i North 39' 32' >39' 14'-19' 24'-29' Dry Hit bedrock before water table
B-2North : , .27 • '• .24' ,, >27' .. 9'-14: .19'-23' p Dyi, :iHit~bedrock :before water table"

B-3 ,atDang 4'3'4'25'-29' 34'-37' Wet

B-4' .East D~rainage:: 39,4 :9 4-2' 2'-4 e
B-S East Drainage 39' o 34' 29' 191-29' 29'-34' wet .... ....

;B-6 East Drainage ::: :69':::] 69' ;,•: 64':, ; 34'-44' 65g-69': Wet : . "

B-7 East Drainage 59' [ 55' S0' 30:-45' 50'-55' Wet . .... o•

B-9 Southeast Drainage 49' 47' 44' 34'-39' 44'-47' Wet .. .......__________

B-id,. , Southeast Drainage,.• 39' , 39 ' •: •29' : 19'-24 ' 33'-39',: Wet: ....______,__......________

B-li Southeast Drainage 34' >34' 24' 14'-24' 29'-34' Wet _______________

B-1 Sotha.tr .n......~29 '>3' 9:'-19 2'-29'; ,r Hitbedrockbeforewatertable

B-13 Southeast Drainage 29' 24' 22' 9'-14' 22'-24' Wet
B-4 Soteatrange 2' 2 22'. :9'-11,•:' 20'-222',• :Dy" Hitbedrockbeforewatertabie

B-15 Southeast Drainage 19' >19' 14' 4'-9' 14'-19' Wet



0 0
Table 5. Regolith Samples - Total Extractable Metals

6 o,

0*~

B1-A-01 02/07/15 3.69 0.138 22.7 12 15.3 0.307 1.9 1270 36
IBI-B-01 :: 02 07:/15: 1.:'!4 0.065:. : :'!30.8 : L8.61:' 24.9 p0, 17:i19: ' 1>.53 <11 "•i2 : ".•: 44.8,i
B2-A-01 02/07/15 3.95 0.116 22.4 11.8 15.6 0.376 1.72 670 34.7
,B2-B-01,, 02/07/1:5<>' >2.96. - 0.1"21 >r"" ? 27 4 i'":0.7 19.'3• . <0 i113i: :'1.•54>i: .•i'" 774'>" ."°' 50i' '

B3-A-01 02/03/15 11.5 0.0881 23 7.75 13.7 0.122 1.26 <117 43.4
B3-B:01' . 02/03'/15 2.81 0:131I , 27.9 '10. 10. 19:•- ,0.312 1.-7, .- 326"-. 42.1,
B4-A-01 02/06/15 4.04 0.124 20.7 11.4 13.1 0.205 1.69 689 53.8
'B4-B-01'' 02/06/'1:5 3.46. : 0.101 '-•) 20.3 1, 07. .13.8 0.11:3 1.;65 " <114, ': :-•:;45.9

BS-A-01 02/06/15 4.04 0.122 24.7 13.3 18.4 0.286 1.64 1070 48.2
:B5-B,-01 0 ,2:/06/1•5 1•:6.56.') : 0.126. ;, yl •i81l , "9•58 , 12:•5 :0.172.•: . : 1.54°' ':.,• 551 '.:••: 57.5,
B6-A-01 02/05/15 3.38 0.0564 13.7 3.9 12.5 0.404 0.612 <113 25.9
B6-B-01.. ' 02.05/15), 3.96 0.154 '. 27.5 ' '14•.5 '1'8.'4, 0.203• ' •2.18;:/ 587,,: , , 50.1
B7-A-01 02/05/15 3.41 0.0375 14.5 4.27 7.43 <0.104 0.757 <107 34.8
8B7-B-01 , 02/05/15. 2.06< . ,<0.022 "16' 4,.•42 .6.84• , '0.166 , '-.2,21 .... <109• [' 37.4",•
B8-A-01 02 04/15 3.38 0.0329 12.3 3.29 4.68 0.694 0.986 <107 27.5
B8-B-01.',:•, 02/04/15 ,>2:92, ,, 0.0345 .', 12.3 ' :3.51 11•i .1 '1.22 "½: 0.685 ' . ,,' <1'22 . -:: o2'9.8
B9-A-01 02/04/15 1.42 0.0359 11.2 3.44 7.44 <0.106 0.619 <107 36.1
B9-B.-01'.. 02,/04/'15 3 ..97:0.027,2' "-, 12.2 ' '3.4, ' 74'• ' :,1.77: ', .0.639 .... .... <10 > 27" ,

B10-A-01 02/06/15 4.31 0.119 26.7 11.3 16.9 0.23 1.48 336 57.1
B10-B-0-1 ', .02/06/15: :. 6.66, :, •,:01.03 '-,,i 16.8: , •8.63" , :14.4 . 1.23<,, .:1.28, , . , 334 , '-;:. 42.9 , :

Bll-A-01 02/06/15 5.46 0.157 39.6 19.6 25.9 0.27 2.62 2140 60.1
B11-B-01 '02/06/15< ,"6:53. .0:0645 ' ° ' 25. .. 1..1. 029 16 ''...79 5

B12-A-01 02/07/15 3.55 0.0715 15.9 7.98 10.8 0.229 1.17 <110 49
B12-WB-1' ." 02/07/15, " 1J,3:: : 0.0624 - 1',7'.9 :'/ ,:6.34" 15.,9 ," 0.183,' "0.0905'" '> " v< 202"-" ,, ' . 34.3'
B13-A-01 02/03/15 2.36 0.0404 8.7 4.35 7.61 0.113 0.647 793 38
B13-B-0',1 02/03/15: 3,23-: "0.327 " 25.8." ' 12.3 ,14.7 & 0.185' ' '"" "-2: ,> "• <127' .'; " 55.2 '
B14-A-01 02/03/15 [2.61 0.119 12.9 6.55 11 0.151 1.07 <112 40.7
B14-B-01 . "02/03/15:< 2.08': ' 0.10!26. -, . : 19.1 5595: :'12.1 ?' 0.609',: .Th0995- ,, -"" !1300 , ' " 41.3 '

B15-A-01 02/03/15 3.98 0.0379 11.4 5.93 5.96 0.205 0.825 201 23.2
-B15-B-'01,>, : 02-/03/15:;' 2.71 ," "0.0382 • :'.2..6 '+ :3.49' <2.36 . ." <0.105 Y' 0:0292 . ', ,':0 ', ... 9.4,
0UTCROP-01 02/03/15 4.63 <0.0205 8.04 3.58 2.55 <0.101 0.892 136 36.9
field dups: ______ ____ _____ ____________ _____

B6-A-02 02/05/15 3.14 0.0543 8.6 3.34 10.6 0.438 0.539 131 2
•B6-B-02 '' ' 02/05/15, 4.52'" '. '0•141,'. ,:. 29.7 4:,14.8. 18.2"• 0.228 '., -'.•2.34 ' ;,-, 1340 , :: 57.6



0 0
Table 6. Regolith Samples - MWMP

* - S .

~ - k*mI - - - .0~ -

- - .6~ * S - -
A 0 -

B1-A-01 1.9 0.0065 3.69 0.0008 0 .31 0.0071 0.5 O.OE+O0 1.6 0.0034
B2-A-01 1.72 0.0055 3.95 0.0006 0.38 0.0358 0.8 1.8E-04 1.3 0.0015
B3-A-01 1.26 0.0010 11.5 0.0009 0.12 0.0007 0.9 7.3E-04 1.2 0.0002
B4-A-01 1.69 0.0003 4.04 0.0005 0.21 0.0003 0.9 0,0E+00 1.6 0.0006
B5-A-01 1.64 0.0009 4.04 0.0004 0.29 0.0005 0.9 9.0E-05 1.3 0.0001
B6-A-01 0.612 0.0014 3.38 0.0009 0.40 0.0047 <0.2 3.4E-04 1.1 0.0001
B7-A-01 0.757 0.0001 3.41 0.0003 0.10 0.0027 0.3 0.0E+00 0.7 0.0034
B8-A-01 0.986 0.0026 3.38 0.0004 0.69 0.5424 1.0 4.0E-05 0.9 0.0001
B9-A-01 0.619 0.0007 1.42 0.0006 0.20 0.0011 0.3 6.9E-04 1.8 0.0001
B10-A-01 1.48 0.0011 4.31 0.0003 0.106 0.0229 0.6 2.4E-04 1.2 0.0002
Bll-A-01 2.62 0.0037 5.46 0.0003 0.27 [0.0165 0.9 0.0E+00 1.9 0.0024
B12-A-01 1.17 0.0006 3.55 0.0005 0.23I 0.0306 0.5 5.1E-05 1.1 0.0003

B313-A-01 0.647 0.0023 2.36 0.0005 0.11 0.0091 0.3 9.0E-05 1.1 0.0004
B14-A-01 1.07 0.0034 2.61 0.0005 0.15 0.0119 18 3.1E-04 1.6 0.0029
B15-A-01 0.825 0.0011 3.98 0.0010 0.21 0.0019 0.2 1.4E-04 1.2 0.0003

B1-B-01 1.53 1 1.4 0.119 0.4 1.0
B2-B-01 1.54 2.96 <0.113 0.6 1.4
B3-B-01 1.7 2.81 0.312 0.6 1.9
B4-B-01 1.65 3.46 0.113 0.5 1.3
BS-B-01 1.54 6.56 0.172 0.6 1.4
B6-B-01 2.18 3.96 0.203 0.5 ______ 2.0
B7-B-01 2.21 2.06 0.166 0.2 1.0
B8-B-01 0.685 2.92 1.22 0.4 1.2
B9-B-01 0.639 _______ 3.97 1.77 0.2 _______ 0.6
1310-B-01 1.28 _______ 6.66 1.23 0.4 1.2
Bl1-B-01 1.61 6.53 0.209 0.9 1.4
812-B-01 0.905 1.73 0.183 0.4 0.8
813-B-01 2 3.23 0.185 0.5 1.5
814-B-01 0.995 2.08 _____ 0.609 0.4 1.2
B15-B-01 0.292 2.71 <0.105 0.2 0.8 ______

OUCO- 0.892 4.63 <0.101 0.2 1.1
01 ____ ___________



t11-A-UI Zl/IZUIS 4.5 U.! U.9 U.b
B1-B-01 2/7/2015 3.6 0.5 0.5 0.4

B2-A-01 2/7/2015 4.2 0.7 0.6 0.8

B2-B-01 2/7/2015 3.6 0.7 0.7 0.6

B3-A-01 2/3/2015 4.1 0.6 0.6 0.9
B3-B-01 2/5/2015 4.8 0.9 1.0 0.6
B4-A-01 2/6/2015 4.8 0.7 0.9 0.9
B4-B-01 2/6/2015 3.4 0.6 0.7 0.5
BS-A-01 2/6/2015 4.8 0.6 0.7 0.9
B5-B-01 2/6/2015 5.0 0.8 0.6 0.6
B6-A-01 2/5/2015 3.2 0.4 0.7 <0.2
B6-B-01 2/5/2015 5.1 0.8 1.2 0.5

B7-A-01 2/5/2015 2.6 0.4 0.3 0.3

B7-B-01 2/5/2015 3.0 0.3 0.7 0.2

B8-A-01 2/4/2015 3.4 0.4 0.5 1.0

88-B-01 2/4/2015 2.9 0.6 0.6 0.4

B9-A-01 2/4/2015 2.3 1.0 0.8 0.3

B9-B-01 2/4/2015 2.2 0.3 0.3 0.2

B10-A-01 2/6/2015 4.5 0.7 0.5 0.6

B10-B-01 2/6/2015 3.0 0.5 0.7 0.4

B11-A-01 2/6/2015 4.9 1.1 0.8 0.9

B11-B-01 2/6/2015 3.5 0.8 0.6 0.9

B12-A-01 2/7/2015 3.5 0.6 0.5 0.5

B12-B-01 2/7/2015 2.5 0.5 0.3 0.4

B13-A-01 2/3/2015 3.1 0.6 0.5 0.3

B13-B-01 2/3/2015 4.3 0.7 0.8 0.5

B14-A-01 2/3/2015 7.4 0.8 0.8 18

B14-B-01 2/3/2015 2.6 0.5 0.7 0.4

B15-A-01 2/3/2015 3.2 0.5 0.7 0.2

B15-B-01 2/3/2015 2.1 0.3 0.5 0.2

OutCrop-01 2/3/2015 2.0 0.5 0.6 0.2

Field Duplicates: _____ ______ ______

B6-A-02 2/5/2015 2.7 0.4 0.7 0.2

86-8-02 2/5/2015 4.6 0.8 1.3 0.6

Energy Laboratories 2015 Soils Results
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DESCRIPTION

SOIL AND WEATHERED ZONE

Undifferentiated Sandstones and Shales (Fowler Sands). 0-350 feet in thickness.

Sandstone: grain size varies from medium-grained sand to gravel, most commonly medium
to very coarse-grained sand; beds vary from loose friable sand to well-cemented

~(carbonate) sandstones (Does not contain uranium mineralization).

Siltstone and Claystone (shale): Color varies from olive orange to gray green; may contain
thin interbedded sandstones and lignite beds.

-- T-ailings Da--Sandston (TDSS): Sandstonedescrptionsme as Wasatc Sandstone-.........

(Does not contain uranium mineralization in Highland area). 30-50 feet in thickness.

Tailings Dam Shale (TDSH): generally gray green with thin beds of sandstone. 20-50 feet
in thickness.

50-Sand (5055- Upper Ore Body Sandstone): Sandstone description same as Wasatch
Sandstone (Ore bearing unit In Highland area). 20-50 feet in thickness.

i 45-Shale Slil-atne--and clayston~e (--H)-:-ge-n-eramllygra~y-gree-n. 9-35 feet in thickness.__

40-Sand (40SS- Middle Ore Body Sandstone): Sandstone description same as Wasatch
Sandstone (Major ore beaning unit in Highland area). 20-50 feet in thickness.

35-Shale Slitetene and Claystene (355H) (shale): generally gray green; may contain
thinbedded sandstone units). 9-35 feet in thickness.

30-Sand (30SS- Lower Ore Body Sandstone): Sandstone description same as Wasatch
Sandstone (Major ore bearing unit in Highland area). 20-50 feet in thickness°

25-Shale Siltitone and Claystone (25SH-) (shale): generally gray green. 9-35 feet in thickness.

I

I

1

IT /. P, 2:• • 20-Sand (20SS): Sandstone description same as Wasatch Sandstone. Does not contain
I ••.."-•. " •*" ' - .]economic amounts of uranium in Highland area). 20-50 feet in thickness,

!"- " ... ! Siltetone and Claystone (shale): same as above. Variable thickness.

WORTHINGTONMILLER
ENVIRONMENTAL, LLC.
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Figure 6. Cluster #1 Groundwater Elevations
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Figure 7. Cluster #1 Relative Change in Depth to Groundwater


