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1.0 Background

The U.S. Department of Energy (DOE) acquired the Shirley Basin South site from Petrotomics
Company (Petrotomics) under the U.S. Nuclear Regulatory Commission (NRC) general license
in March 2005. The first groundwater sampling event conducted by DOE occurred in July 2005.

The monitoring well network is shown in Figure 1. The wells in the original network specified in
the site long-term surveillance plan (LTSP) are shown in red, and additional monitoring wells
installed in 2008 are shown in blue. Well names with an "SC" designation are completed in the
Upper Sand aquifer of the Wind River Formation. Wells with a "DC" designation are completed
in the Main Sand aquifer of the Wind River Formation.

The Upper Sand and Main Sand units are not continuous over the entire site and are separated by
shale units in only parts of the site. Petrotomics borehole data showed that the units coalesce near
the north edge of the disposal cell and that they combined to form one sand unit in the area of
Pit 4. Although both individual sand units contain uranium ore at the site, the combined sand unit
contained the highest concentration of uranium at the site and, subsequently, was mined.
Consequently, both sand units and their aquifers contain mill-related contaminants near the
disposal cell and naturally occurring uranium-ore constituents wherever the units exist at the site.

Leakage of tailings leachate was expected because the disposal cell is unlined. However,
groundwater remediation activities conducted by Petrotomics essentially dewatered the
encapsulated tailings. Because the cover design significantly minimizes infiltration of runoff
water into the tailings, additional leaching of contaminants from the tailings into the groundwater
is not expected.

Substantial dewatering of the aquifers occurred during mining and remediation activities. The
dewatering likely caused site-related and naturally occurring contaminants to sorb on aquifer
materials in the unsaturated zone. As groundwater levels gradually recover, concentrations of
these constituents in the groundwater would likely rebound as the constituents desorb and
remobilize. Unfortunately, background groundwater concentrations at the site were not well
characterized, primarily because the upgradient outcrops of the Upper Sand and Main Sand units
are so close to the disposal cell and essentially do no exist upgradient of the cell. The alternate
concentration limit (ACL) application prepared by Petrotomics, however, noted that naturally
occurring nickel, radium, and uranium on the site occurred in concentrations above water
quality standards.

2.0 Groundwater Monitoring

Table 1 provides a list of analytes and their respective ACLs and groundwater protection
standards as established in the LTSP. The ACLs were based on mean concentrations of
constituents observed in groundwater over the last couple of years of active groundwater
remediation. The data on which the ACLs were based were collected prior to the termination of
corrective action and did not take into account the subsequent rebound effect discussed above.
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Table 1. Alternate Concentration Limits and Groundwater Protection Standards for the
Shirley Basin South, Wyoming, Disposal Site

Analyte ACL Groundwater Protection Standarda

Uranium (mg/L) 9.2 N/A
Radium-226 (pCi/L) 91.3 N/A
Radium-228 (pCi/L) 25.7 N/A
Thorium-230 (pCi/L) 2,409 N/A
Cadmium (mg/L) 0.079 N/A
Chromium (mg/L) 1.83 N/A
Lead (mg/L) 0.05 N/A
Nickel (mg/L) 6.15 N/A
Selenium (mg/L) 0.12 N/A
Chloride (mg/L) N/A 2,000
Sulfate (mg/L) N/A 3,000
TDS (mg/L) N/A 5,000

a Wyoming Class III groundwater protection standards for livestock use apply
to this site.

Key: ACL = alternate concentration limit; mg/L = milligrams per liter; N/A = not applicable;
pCi/L = picocuries per liter; TDS = total dissolved solids

DOE is required to sample the monitoring network annually in accordance with the LTSP.
Radium-228 concentrations in wells 5-DC and 54-SC exceeded the ACL of 25.7 picocuries per
liter (pCi/L) during DOE's first sampling event in July 2005. Concentrations in both wells have
since remained above the ACL. As shown in Figure 2, radium-228 concentrations in well 54-SC
have exceeded the ACL throughout most of the sampling history of that well, and have also
exceeded the ACL in well 5-DC in the past. Although concentrations in both wells are
substantially higher than they were in 2003, they are currently within the historical range of
results. The highest concentrations in these wells occurred during the early 1990s during active
groundwater remediation (tailings and Upper Sand dewatering and remediation began in 1988
and continued until the late 1990s when groundwater could no longer be recovered).
Concentrations of the other constituents monitored at these wells are substantially below their
respective ACLs.

The groundwater monitoring network established in the LTSP did not include any wells near the
site boundary. Because of elevated radium-228 at wells 5-DC and 54-SC, DOE installed six new
monitoring wells in fall 2008 (100-SC, 101-SC, 102-SC, 110-DC, 112-DC, and 113-DC) along
predicted groundwater flow paths. All wells except 101-SC are near the site boundary and are
intended to verify the groundwater flow and quality predictions developed by Petrotomics.

All constituents were below their respective ACLs when the new wells were first sampled in
October 2008, soon after the wells were completed. However, during the next annual sampling
event in July 2009, radium-226 exceeded the ACL of 91.3 pCi/L in new well 110-DC, located at
the north site boundary near Pit 4. The result was 172 pCi/L. As required by the LTSP, a
confirmatory sample was collected in November 2009, and the resulting concentration of
149 pCi/L confirmed that radium-226 concentrations at the well were exceeding the ACL.

The radium-226 concentration in well 110-DC continued to exceed the ACL during the 2010
annual sampling event (134 pCi/L) and a subsequent extra sampling event in November 2011
(131 pCi/L). Figure 3 shows that radium-226 concentrations in well 110-DC have declined since
the maximum concentration was recorded for the July 2009 sampling event.
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Figure 2. Radium-228 Concentrations in Wells 5-DC and 54-SC I
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Sample results from 2010 are provided in Table 2 (Upper Sand aquifer wells) and Table 3 (Main
Sand aquifer wells). Results for well 110-DC are from the November 2010 sampling event; all
other results are from the June 2010 sampling event. Other than radium-226 in well 110-DC and
radium-228 in wells 5-DC and 54-SC, all hazardous constituents are below their respective
ACLs in the well network. Groundwater protection standards are met except for sulfate and total
dissolved solids (TDS) in wells 5-SC, 54-SC, and 5-DC.

Table 2. 2010 Groundwater Monitoring Results in the Upper Sand Aquifer Wells
at the Shirley Basin South, Wyoming, Disposal Site

Analyte 5-SC 51-SC
(Limit or 40-SC 54-SC 100-SC 101-SC 102-SC

Standard) (POC) (POC)
CadmiumCa.mium 0.039 0.00022 NS 0.0017 0.00013 NS 0.00034(0.079 mg/L)
Chloride(2,000 300 42 NS 340 120 NS 260(2,000 mg/L)
Chromium(1.83im 0.26 ND NS 0.19 ND NS ND(1.83 mg/L)
Lead(0.0 ND 0.000068 NS 0.00062 0.00012 NS 0.000053(0.05 mq/L)
NickelNic15 2.5 0.0082 NS 2.5 ND NS ND(6.15 mg1L)

Nitrate/Nitrite
as N (mg/L)a ND 1.5 NS 0.02 ND NS 1.2

Radium-226 5.09 0.414 NS 16.7 3.37 NS 3.87
(91.3 pCi/L)
Radium-228 3.4 1.03 NS 107 4.25 NS 3.32
(25.7 pCi/L)
Selenium(0.12im 0.073 0.007 NS 0.047 0.00015 NS 0.0007(0. 12 mg/L)
Sulfate
(3,000 ag/L) 14,000 1,700 NS 8,400 1,000 NS 520.
Thorium-230(,0pi/L) 421 ND NS 5.21 ND NS ND(2,409 pCi/L)
TDS
(5,000 mg/L) 18,000 2,600 NS 12,000 1,800 NS 1,300
Uranium(9.2im 3.4 0.00026 NS 0.045 0.0038 NS 0.0054(9.2 rag/L) I
No designated limit or standard.

Results in bold exceeded an ACL.
Results in italics exceeded a Wyoming Class III groundwater protection standard.
Key: mg/L = milligrams per liter; ND = not detected (below method detection limit); NS = no sample collected (dry
well); pCi/L = picocuries per liter; POC = point-of-compliance; TDS = total dissolved solids
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Table 3. 2010 Groundwater Monitoring Results in the Main Sand Aquifer Wells
at the Shirley Basin South, Wyoming, Disposal Site

Analyte
(Limit or 5-DC (POC) 10-DC 19-DC (POC) 110-DC 112-DC 113-DC

Standard)
CadmiumCa.mium ND 0.000039 0.00063 ND 0.000034 ND(0.079 mg/L)

Chloride 55 82 199 53 8
(2,000 mgL)
Chromium(1.83im ND ND ND ND ND ND(1.83 mg/L)

Lead 0.00028 0.00039 ND 0.0028 0.00028 0.000092
(0.05 mg/L)
Nickel(6.15 0.9 ND 0.11 ND ND ND(6.15 mg/L)

Nitrate/Nitrite 0.027 ND ND ND ND 0.063
as N (mg/L)5  0.027_NDNDN ND_0.063
Radium-226 9.68 13.5 6.51 131 14.9 2.65
(91.3 pCi/L)
Radium-228 43.3 4.19 6.34 6.62 4.43 2.98
(25.7 pCi/L)
Selenium(0.12im 0.02 ND 0.00016 ND ND ND(0.12 mg/L)
Sulfate(3,000 mg/L) 6,300 1,100 3,000 1,820 1,200 640
Thorium-230(,0pi/L) ND 0.71 ND 0.46 ND ND(2,409 p i/L)
TDS
(5,000 mg/L) 9,400 1,800 4,600 3,480 2,000 1,100
Uranium
(9.2im 0.045 0.013 0.00018 0.0085 0.043 0.0012(9.2 mg/L)

a No designated limit or standard.
Results in bold exceeded an ACL.
Results in italics exceeded a Wyoming Class III groundwater protection standard.
Key: mg/L = milligrams per liter; ND = not detected (below method detection limit); pCi/L = picocuries per liter;
POC = point-of-compliance; TDS = total dissolved solids

3.0 Evaluation

Cell leakage does not appear to have caused the elevated concentrations of radium-228. If the
cell was leaking, other tailings-derived contaminants would also be expected to be elevated.
Sample results show that only sulfate and TDS concentrations are increasing at wells 5-DC and
54-SC (the sulfate results remain within the range of concentrations predicted by Petrotomics'
groundwater model for these locations). All other milling-related contaminant concentrations are
remaining steady or are declining at these wells.

Radium-228 is a decay product of naturally occurring thorium-232, and Petrotomics attributed
elevated concentrations at the site to natural thorium in the uranium ore. Thorium-232 is very
immobile, so the source of radium-228 in groundwater must be close to the affected wells. As the
aquifers rebound hydrologically from dewatering activities, geochemical rebound is likely
occurring as well. Consequently, increases in some constituent concentrations in the
groundwater, such as radium-228, may represent a reestablishment of equilibrium of
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groundwater with naturally occurring constituents in the sand units. As noted above, when the
current ACLs were established, this rebound effect was not taken into account.

At this time, there are insufficient data to definitively determine why radium-226 is elevated at
well 110-DC. The next highest result in the monitoring network during the June 2010 sampling
event was 16.7 pCi/L in well 54-SC, which is between the disposal cell and well 110-DC and not
designated as a cell performance compliance well. The highest radium-226 concentration for all
point-of-compliance wells (5-SC, 51-SC, 5-DC, and 19-DC) was 9.68 pCi/L in well 5-DC. This
information suggests that the elevated radium-226 concentrations at well 110-DC do not
represent a contaminant plume migrating off site; rather, they more likely represent natural
conditions as discussed below.

Unless future monitoring indicates otherwise, the elevated radium-226 and radium-228
concentrations do not appear to be indicative of recent seepage from the cell or of a contaminant
plume moving through the site. In its ACL application to NRC, Petrotomics noted that radium
concentrations naturally occur in the ore-bearing sands of the Wind River Formation, and
concentrations had varied over a larger range than most parameters. Former Petrotomics wells
14-DC and 15-DC, located outside the restricted area boundary at the site, had concentrations
ranging between 200 and 800 pCi/L for combined radium-226 and radium-228. Regionally,
natural radium concentrations as high as 1,700 pCi/L have been observed in the Wind River
groundwater where the sand is mineralized. Therefore, Petrotomics concluded that radium does
not reflect the effects of tailings seepage and is questionable as a hazardous constituent for
the site.

As further evidence that a contaminant plume probably is not leaving the site, Petrotomics
demonstrated in its ACL application that concentrations of metals at the site were controlled by a
combination of pH levels and sulfate concentrations. A statistical analysis of site-wide chemical
data showed that groundwater samples with pH levels greater than 4 standard units (s.u.) and
sulfate concentrations less than 6,000 mg/L had low concentrations of metals that were shown to
meet protective health effects levels for the assumed off-site water use, which is livestock
watering. It was assumed, therefore, that if those criteria for pH and sulfate could be met at the
site boundary, then off-site water quality would be acceptable for the most likely use.

Figures 4 and 5 show, respectively, concentrations for pH and sulfate for all wells in the
monitoring network (since 2000). Figure 4 shows that pH in the new wells ranges between 6 and
8 s.u., compared to a range of 3 to 5 s.u. for wells close to the cell. Similarly, Figure 5 shows that
sulfate concentrations in the new wells are less than 2,000 mg/L, compared to a range of 6,000 to
14,000 mg/L in wells near the cell. With the exception of radium-226 in well 110-DC, all
monitored constituents in the new wells are substantially below their respective ACLs. Also,
with the exception of radium-226 and radium-228, the constituents are less than their respective
maximum concentration limits (Title 40 Code of Federal Regulations Part 192, Table 1), which
is not a regulatory requirement for the site. Originally, Petrotomics proposed ACLs based on a
statistical analysis of site-related contaminants with pH and sulfate concentrations. Those
originally proposed ACLs have not been exceeded, and the health effects levels reported in the
ACL application for livestock watering have been met beyond the site boundary.

This information appears to confirm Petrotomics' site groundwater quality predictions, which
would support the conclusion that groundwater contaminated by mill processes is not leaving the
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site. DOE will continue to monitor the existing well network annually to verify whether this
situation continues.
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