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Dear Mr. Orlando:

On March 17, 2015, Western Nuclear Incorporated (WND) met with NRC staff at NRC
headquarters in Rockville, Maryland, to discuss the institutional control and groundwater issues
associated with the decommissioning of the WNI Split Rock site in Jeffery City, Wyoming. This
process has been ongoing since WNI submitted its groundwater protection plan and request for
alternate concentration limits (ACL) in 1999. In the NRC Meeting Summary (April 16, 2015)
for that March meeting, NRC identified four WNI action items related to groundwater, as
presented below.

I* WNI to provide measured potentiometric head data for the site (both Northwest and
Southwest Valley) and compare the observed/measured data with modeling input data
and the head values predicted in the 2003 ground water model.

* WNJ to assess the relationship between observed ground water monitoring water quality
data and modeled/predicted ground water quality.

*WNI to explain why the predictive model is not operating as expected NWI [sic] will
assess whether the approved long-term care boundary will be protective of public health
and safety, ijf a disparity in observed and predicted ground water quality cannot be
explained.
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•WNI to explain why the predicted ACL limits are being exceeded down gradient of the
Point of Compliance well in the Southwest Valley.

In response to action items established in that meeting, WNI submitted a document titled
Assessment of Recent Groundwater and Surface Water Conditions, which was submitted to NRC
on May 22, 2015 and which addressed the action items identified above. On June 10, 2015,
WNI and NRC and held a sidebar meeting in Denver, Colorado, in which the May 2015 response
document was discussed. On August 13, 2015, NRC submitted a request for additional
information (RAI) regarding the May 22, 2015 submittal. Further, on September 24, 2015, NRC
issued a letter identifying NRC actions taken regarding apparent violations. One of these
concerned alleged violation of groundwater protection standards and requirements of 10 CFR
Part 40, Appendix A, Criterion 5B(1).

This letter serves to address WNI's position on the issues identified above and to transmit WNI's
response to the August 13, 2015 RA~s.

The alleged violation of Criterion 5B(1) relates to groundwater nitrate concentrations that are
abovethe radioactive materials license (RML) ACL of 70.7 mg/L for the Southwest Valley point
of compliance (POC) well WN-21 at locations past (down gradient of)~ that POC well. WNI has
responded to this issue on numerous occasions, as noted in NRC's September 24, 2015 letter.
WNI again points out that NRC Staff is required by 10 CFR Part 40, Appendix A, Criterion 5 to
issue alternate concentration limits (ACL) for hazardous constituents as listed in Criterion 13.
More specifically, Criterion 5B3(2) states:

"A constituent becomes a hazardous constituent subject to paragraph 5B(5)~ only when
the constituent meets all three of the following tests:

(a) The constituent is reasonably expected to be in or derived from the byproduct
material in the disposal area;

(b) The constituent has been detected in the ground water in the uppermost aquifer; and

(c) The constituent is listed in Criterion 13 of this appendix."

Under Criterion 5B3(3), NRC Staff is allowed to exclude a hazardous constituent listed in
Criterion 13 if it is determined that it is not "capable of posing a substantial present or potential
hazard to human health or the environment."t A demonstration under Criterion 5B(3) is deemed
appropriate after NRC Staff evaluates the multiple requirements in this Criterion.

NRC Staff is also permitted to identify and classify certain non-hazardous constituents as
hazardous constituents on a site-specific basis under Criterion 13 which states:
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"The Commission does not consider the following list imposed by 40 CFIR part 192 to be
exhaustive and may determine other constituents to be hazardous on a case-by-case
basis, independent of those specified by the U.S. Environmental Protection Agency in
part 192."

Assessment of the safety and environmental review and analyses provided by NRC Staff for
ACLs at the Split Rock site (Technical Evaluation Report, Alternate Concentration Limits,
Western Nuclear, Inc., Split Rock Site, Jeffrey City, Fremont County, Wyoming. September 11,

2006), it is evident that NRC Staff did not make a formal determination that nitrates should be
added as a hazardous constituent that would require an ACL. Indeed, the environmental
assessment at Section 1.3 states,

"[t_]he proposed action is the establishment of ACLs for the following hazardous and
nonhazardous constituents at the site: uranium, radium-226 and -228, manganese,
molybdenum, ammonia, and nitrate."

The establishment of ACLs for nitrate was conducted in violation of the plain language of
Criteria 5B(2) and SB(3), which require NRC Staff to either establish ACLs for constituents
listed in Criterion 13 or to make a determination that a non-hazardous constituent be added to the
Criterion 13 list. Nowhere in the Environmental Assessment (BA) does NRC Staff indicate that
such a determination was made; but rather, the BA specifically notes that ACLs were established
for non-hazardous constituents, such as nitrate.

The same is true for the Technical Evaluation Report (TER), wherein Section 2.1 states verbatim
from the BA,

"ifthe proposed action is the establishment of ACLs for the following hazardous and

nonhazardous constituents at the site: uranium, radium-226 and -228, manganese,
molybdenum, ammonia, and nitrate."

Both these documents prepared by NRC Staff show that the establishment of ACLs for nitrate
should not have been conducted absent a formal determination by NRC Staff or the Commission
that nitrate should have been considered to be a hazardous constituent. It is WNI's legal position
that NRC Staff can issue ant administrative technical license amendment to remove nitrate from
WNI's NRC license and eliminate any concern over the exceeding of the established ACL.

if it is determined that WNI's regulatory position is inadequate or inaccurate, then WNJ requests
that NRC Staff provide a written legal explanation as to why these Criteria do not apply and why
the establishment of an ACL for a non-hazardous constituent in contravention of 10 CER Part 40,
Appendix A requirements.
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Even if NRC Staff determines that WNI's regulatory position is inadequate or inaccurate, the

technical analysis of current groundwater conditions at the Split Rock site attached to this

transmittal letter demonstrate that current Uranium Mill Tailings Radiation Control Act of 1978

(UMTRCA) requirements for site closure and long-term surveillance and monitoring (LTSM)

have been satisfied (i.e., two hundred (200) and, to the extent practicable, one thousand (1,000)

years). As a result, WNI requests that NRC Staff issue a finding that current license conditions

adequately address final site closure and that final license termination, including negotiations

with the United States Department of Energy (DOE) on final Criterion 10 long-term care fund
contribution and with the United States Army Corps of Engineers (USACE) for property and

institutional control transfers should proceed with all due speed.

Sincerely,

Prsdn Ce~nrteral Manager

Western Nuclear, Inc.

cc: File
Lou Miller (Worthington-Miller Environmental, Inc.)
Anthony Thompson Esq. (Thompson and Pugsley, LLP)
Christopher Pugsley Esq. (Thompson and Pugsley, LLP)
Harley W. Shaver, Esq.
Toby Wright (Wright Environmental Services, Inc.)
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TECHNICAL MEMORANDUM

To: Lawrence Corte, Date: November 5, 2015
President, Western Nuclear Inc.

From: Toby Wright Re:
.•7---• /;. /•Western Nuclear Inc. Split Rock Mill Site

Radioactive Materials License SUA-056
License Termination Request:
Response to 8/13/20 15 NRC RAIs
re: Groundwater Conditions and Modeling Error

Cc: Lou Miller; Worthington-Miller Environmental
Christopher Pugsley: Thompson and Pugsley
Anthony Thompson: Thompson and Pugsley
Harley W. Shaver: External Counsel

1.0 INTRODUCTION

In a letter dated August 13, 2015, the US Nuclear Regulatory Commission (NRC) issued a request for
additional information (RAI) regarding the Western Nuclear Inc. (WNI) May, 2015 submittal
Assessment of Recent Groundwater and Surface Water Conditions. The RAIs requested WNI compare
the model predicted values to the current observed values, identify the magnitude of the error between
the predicted and observed conditions (i.e., the model error), and justify that the predictive error does
not invalidate the model's predictions.

This technical memorandum describes the range of groundwater quality conditions at the Western
Nuclear Inc. (WNI) Split Rock Site (Site) and the predictive groundwater transport modeling that was
performed in support of the approved groundwater alternate concentration limits (ACL) incorporated
into License Condition 74. Specifically, this memorandum presents a summary of measured Site
groundwater conditions since 1996 and assesses the differences between current and past groundwater
quality. Further, this memorandum assesses the recent groundwater quality data with respect to model
error in the numerical groundwater transport models that provided the technical basis for the approved
ACLs and the proposed Long Term Surveillance Boundary (LTSB; Figure 1). The LTSB is identified
in Figure 1 as the Proposed Long-Term Care Boundary.

The results of this assessment indicate that, given the horizontal and vertical heterogeneity of
groundwater quality, the current measured groundwater quality conditions flowing from the site are not
and would not be expected to be substantially different than those at the time of modeling. Further,
acceptable ranges of quantitative model calibration or predictive error were not established or required
at the time the modeling, its predictions, and the associated ACLs and proposed LTSB were
established. Accordingly, the model calibration error present in the approved models at specific spatial
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locations represent a reasonable level of error between predicted and current measured conditions. This
assessment concludes that current groundwater conditions are within the range of model calibration
error and, as such, the current groundwater conditions do not indicate that the predictive modeling on
which the approved ACLs were based has been invalidated.

2.0 TECHNICAL APPROACH

The following sections of this memorandum assess the measured Site groundwater conditions since
1996 and then compare these data to the groundwater transport model. First, this memorandum
evaluates the recent groundwater quality and water level data with respect to conditions at the time of
site characterization and model calibration (1996 through 2002) to assess if substantial differences in
groundwater conditions and groundwater quality are evident.

Second, this memorandum compares the current conditions to the transport model error at the time of
model calibration. It is emphasized that the model for the Northwest Valley groundwater transport that
was the accepted basis for the approved Northwest Valley ACLs was different than the model that
served as the accepted basis for the approved Southwest Valley ACLs. Groundwater transport
modeling of the Northwest Valley was performed using RAND3D (Prickeff, Naymik, and Lonnquist,
1981), a particle tracking code, which was calibrated by assessing the measured and modeled centers of
mass in the groundwater plumes and the general extent of the plumes at specific time periods. One of
the principal developers of this groundwater transport model code was Thomas A. Prickett, who
participated in the 2003-2006 NRC technical review of this model that supported approval of the
current ACLs. On the other hand, modeling of the Southwest Valley (MFG, 2003) was performed
using MT3D-MS, a finite difference, three-dimensional, advective-dispersive-reactive transport model
(Zheng and Wang, 1999).

For the Northwest Valley model, this assessment identifies the model error for the plume centers of
mass and plume leading edge based on the modeling information provided in Appendix G to the 1999
Groundwater Protection Plan (GWPP; WNI, 1999). In addition, the model calibration error associated
with predicted plume extent in 1996 for the relevant model layer is assessed. For the Southwest Valley
model, this assessment identifies the model error for calibration of uranium and sulfate transport
modeling at the calibration target locations based on the data presented in the 2003 modeling report
(MFG, 2003). Current groundwater quality conditions are then assessed in context of the known
calibration error of the models used to support the approved ACLs.

2.1 Groundwater Quality Conditions
The following figures present the groundwater quality for the dissolved (filtered to < 0.45 rim)
constituents uranium, sulfate, nitrate, ammonia, and total nitrogen (nitrate + ammonia as N) for the key
Southwest Valley and Northwest Valley groundwater monitoring wells. The key Southwest Valley
wells include the point of compliance (POC) monitoring well WN-21 and, from up gradient to down
gradient, wells SWAB-2, SWAB-i (and its replacement well, SWAB-i1R), SWAB-29, SWAB-3 1, and
SWAB-32. The key Northwest Valley wells include the POC monitoring well WN-5 and, from up
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gradient to down gradient, wells WN-42A, WN-39B, and WN-41B. The figures provided are as
follows.

* Figure 2, uranium in key Northwest Valley wells (WN-5, -42A, -39B, -41B).
* Figure 3, sulfate in key Northwest Valley wells.
* Figures 4 though 7, nitrogen in key Northwest Valley wells.
* Figure 8, Ground water uranium concentrations, Section AD, 1996/97, Split Rock Site
* Figure 9, Ground water sulfate concentrations, Section AD, 1996/97, Split Rock Site
• Figure 10, uranium in key Southwest Valley wells (WN-21, SWAB-1/1R, -2, -29, -31, -32).
* Figure 11, sulfate in key Southwest Valley wells.
* Figures 12 though 17, nitrogen in key Southwest Valley wells.

At the time the NRC approved ACLs for groundwater compliance at the Site, significant mass of
radiological and non-radiological hazardous constituents and non-hazardous constituents had passed the
Southwest Valley POC well (WN-2 1), which groundwater correction efforts were not able to retrieve.
It is this mass of hazardous constituents that controls the current and future location of the leading edge
of the groundwater plume to the south and east of the Site. It is the leading edge of this plume that will
dictate the location of the LTSB in this area for the compliance period.

The data from other monitoring wells in the Southwest Valley, wells SWAB-4, SWAB-12/12R,
SWAB-22, which are reported to the NRC annually, do not provide any additional insight into the
conditions and nature of the groundwater contaminant migration that controls the LTSB location and,
therefore, are not discussed in detail for this assessment. Importantly, oniy uranium and sulfate
groundwater concentrations were used for calibration of the groundwater model that supported
approval of the ACLs. Accordingly, nitrate, ammonia, and total nitrogen were not modeled as part of
the ACL approval process, so there can be no comparison/assessment of model calibration error per
existing groundwater conditions for these constituents. Therefore, the assessment of measured and
modeled groundwater conditions focuses solely on uranium and sulfate concentrations.

The following sections summarize the groundwater quality conditions in these key Northwest Valley
and Southwest Valley wells from 1996 through the present and compared these data to the ranges of
groundwater transport model calibration error for the key groundwater constituents uranium and
sulfate. Table 1 presents location and construction information for the groundwater monitoring system
wells.

2.1.1 Northwest Valley Groundwater Conditions

Northwest Valley Groundwater Flow Rates
In order to assess what advective transport velocity would be expected to be in model layer 2 of the
Northwest Valley and the Sweetwater River floodplain area the current groundwater gradient for the
Upper Split Rock Formation was calculated using May 2015 groundwater elevation data. The
hydraulic conductivity of the Upper Split Rock Formation (model layer 2) was ascertained from
Appendix G (WNI, 1999; Figure G-3-3B) and the effective porosity value of 0.15 (WNI, 1999;
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Appendix G, Section G.4.1) was applied. Table 2 presents the input values and the calculated range of
groundwater flow velocities. These calculations indicate a range of velocities that vary primarily due to
assumed Upper Split Rock Formation hydraulic conductivity between the mouth of the Northwest
Valley and the rest of the Sweetwater River floodplain area. Near the mouth of the Northwest Valley
(near Wells WN-5 and WN-42A), the calculated groundwater velocity ranges from 111 feet per year
(ft./yr.) to 260 ft./yr, in the Sweetwater River floodplain area (e.g., wells WN-39B, WN-41B to the
Sweetwater River), the calculated groundwater velocity ranges from 5 to 16 ft./yr., due to lower
average hydraulic conductivity in that area. Based on these calculations, which yield results consistent
with those presented in Section G.4 of Appendix G to the 1999 GWPP, the groundwater in the
Sweetwater River floodplain area would be expected to have migrated between approximately 88 feet
and 300 feet in the past 19 years.

Northwest Valley Groundwater Quality
The 1996-1997 Site characterization identified a high degree of variability in constituent concentrations
vertically between and within individual hydrostratigraphic units in the Northwest Valley and
Sweetwater River floodplain area, which were represented by flow and transport model layers 1 and 2.
The current 2014-2015 groundwater quality in the Northwest Valley and Sweetwater River floodplain
area, as observed with the approved groundwater monitoring network, is not substantially different than
that identified during the 1996-1997 characterization and is generally within the range of
concentrations observed for the Upper Split Rock Formation represented by model layer 2 during 1996-
1997. This is consistent with the low advective transport rates and distances contaminants would be
expected to move since the time of characterization. The following sections address groundwater
quality at each monitoring location.

All monitoring wells for the Northwest Valley and Sweetwater River floodplain area are screened in
the Upper Split Rock Formation, which is represented in the transport model as layer 2. All the down
gradient Northwest Valley and Sweetwater River floodplain area monitoring wells have 10 feet to 20
feet long screened intervals except the POC well WN-5, which has a screen interval of 225 feet.

Point of Compliance Well WN-5
Uranium, sulfate and nitrogen concentrations in well WN-5 are illustrated on Figures 2, 3 and 4.
Uranium concentrations have decreased from approximately 4.15 mg/L in 1996 to 1.76 mgiL in 2015.
Sulfate concentrations have varied but generally decreased from 1,925 mg/L in 1996 to 1 ,760mg/L in
2015. Nitrogen concentrations (total nitrogen and N02+N03 as N) have also generally decreased from
approximately 81 mg/L in 1996 to 44 mg/L in 2015, though a transient increase in concentrations is
observed around the period of 2000 to 2003 with a peak around 2001.

The well WN-5, its screened interval, and 2014-2015 average uranium concentration are included on
Figure 8. Well WN-5 has a screened interval of 225 feet, essentially frilly penetrating the Upper Split
Rock Formation at this location, and is located close to well NWVEB-1, which extensively characterized
the vertical distribution of constituent concentrations in this location. The 2014-2015 average uranium
concentration is 1.68 mg/L (Table 3) which is within the range of measured uranium concentrations in
nearby well NWEB-1 of 1.3 to 9.3 mg/L measured in 1996-1997 as shown on Figure 8. Additionally,
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the 2014-2015 average sulfate concentration in well WN-5 as shown on Figure 9 is 1,713 mg/L.
Groundwater concentrations measured in 1996-1997 in well NWEB-1 across the screened interval of
well WN-5 range from 1,100 to 2,180 mgiL. The current averaged concentration of 1,713 mg/L is very
similar to the concentrations reported from well NWEB-1 and adjacent well WN-36 in 1996-1997.
These data show that current groundwater quality is generally consistent with and within the range of
concentrations for this area at the time modeling was performed, ACLs were approved, and the
proposed LTSB was established.

WN-42A
Figure 2 illustrates that current uranium concentrations are not substantially different than
concentrations in 1996. The location of well WN-42A, its screened interval, and average uranium
concentration for 2014-2015 are included on Figure 8. The current (2014-2015) average uranium
concentration is 1.19 mg/L (Table 3). Concentrations reported for this interval in 1996-1997 are 0.863
and 0.87 17 mg/L. As shown on Figure 8 uranium isopleths in the vicinity of the screened interval
showed a low concentration compared to the concentrations on either side (i.e., 2.17 and 2.28 mg/L).
The current average uranium concentration is well within the range of concentrations in the vicinity of
the screened interval of well WN-42A.

Figure 3 illustrates that sulfate in well WN-42A remains relatively unchanged since groundwater
modeling was performed. Sulfate concentrations have varied from 1,870 mg/L in 1997 to a high of
2,380 mg/L to a current average concentration of 1,870 mg/L for 2014-2015 (Table 3). The average
sulfate concentrations for 2014-2015 are also included on the cross section provided in Figure 9. The
current (2014-2015) average sulfate concentration is 1,870 mg/L which is essentially unchanged from
the concentrations reported around this interval in 1996-1997. The current average sulfate
concentration is within the range of concentrations in the vicinity of the screened interval of well WN-
42A.

These data indicate that groundwater quality has not substantially changed since modeling was
performed, ACLs were approved, and the proposed LTSB was established.

Nitrogen (NO3±NO2 as N) concentrations in well WN-42A have decreased from 60 mg/L in 1997 to 1.7
mg/L in 2014. An increase in nitrogen concentrations is observed around the period of 2008 to 2010
with a peak around 2009. This well is approximately 1,220 feet down gradient from the POC well
WN-5, which showed a similar nitrogen concentratio'n pattern approximately 8 years earlier.
Assuming these concentrations patterns are related, this would indicate that the same pulse of nitrogen
traveled the 1,220 feet in approximately 8 years with an average velocity of approximately 152 ft/yr.
This rate is consistent for the estimated range of groundwater flow rates presented in Table 2 and
substantiates the groundwater flow and transport conceptual model in this area. Regardless, nitrogen
concentrations in well WN-42A have fallen below 10 mg/L, the level determined to be protective of
public health, safety and the environment, indicating that nitrogen from the Northwest Valley mouth
will not present a substantive long-term hazard.
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WN-39B
Figure 2, 3, and 6 illustrate that uranium, sulfate, and nitrogen concentrations increased between 1997
and 2005. Uranium generally decreased from 0.408 mg/L in 2005 to 0.134 mg/L in 2015 with an
elevated value of 0.498 mgiL measured in 2009. Sulfate concentrations decreased from 339 mg/L in
2005 to 86 mg/L in 2015. Nitrogen (total nitrogen and NO3+NO2 as N) decreased from approximately
15 mg/L in 2005 to approximately 6 mg/L in 2015 (Figure 6). Nitrate remains below 10 mg/L, the
level determined to be protective of public health, safety and the environment at the point of exposure
over 3,000 feet down gradient.

Figure 8 illustrates the location of well WN-3 9B, its screened interval, and the average uranium
concentration for 2014-2015. The screened interval is within the 0.1 and 0.5 mgiL isopleths. The
average uranium concentration for 2014-2015 is 0.17 mg/L (Table 3). This current concentration and
the range of observed uranium concentrations in well WN-3 9B since 1996 are all within the
concentrations expected for this well location based on the 1996-1997 isopleths. Similarly, the average
2014-2015 sulfate concentration in well WN-39B is 100 mg/L, as illustrated in Figure 9. This general
concentration is consistent with the concentration expected at this location based on the 1996-1997
data. It should be noted that well WN-39B is offset to the south from the cross section line by
approximately 300 feet, which provides a basis for the difference with the localized low concentration
extrapolated from data in boring FPEB-2 (see Figure 9). The comparison of the 2014-2015 average
concentration to the 1996-1997 reported measurements and isopleths show that groundwater quality has
not substantially changed since modeling was performed, ACLs were approved, and the proposed
LTSB was established.

WN-41B
Figures 2, 3, and 7 illustrate the consistent groundwater quality of well WN-41lB. Uranium
concentrations remained below background for the Split Rock Formation (0.025 mg/L; 1999 GWPP
Appendix F, Table F-5-17) and the drinking water standard of 0.03 mg/L since 1996. Sulfate
concentrations (Figure 3) renjain generally consistent between 375 mg/L in 1997 and 394 mg/L in
2015. Nitrogen concentrations (Figure 7) have remained below 0.3 mg/L since 1996, which is within
the range of background for the Split Rock Formation and an order of magnitude below the protective
level of 10 mg/L at the point of exposure. These data show that groundwater quality in the Upper Split
Rock Formation at this location is generally representative of background conditions and has not been
impacted by site discharges.

2.1.2 Southwest Valley Groundwater Conditions

Southwest Valley Groundwater Flow Rates
Groundwater flow rates were assessed in Section 4.1.2 of the May 2015 submittal and were
summarized in Table 4-1 (WNI, 2015). Current groundwater flow velocities beyond the POC
calculated from measured conditions range from 11 ft./yr, to 25 ft/yr. Based on these calculations,
which yield results consistent with those presented in Section G.4 of Appendix G to the 1999 GWPP,
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the groundwater in the Southwest Valley would be expected to have migrated between approximately
210 feet and 475 feet in the past 19 years.

Southwest Valley Groundwater Quality
The 1996-1997 Site characterization identified a high degree of variability in constituent concentrations
between and within individual hydrostratigraphic units in the Southwest Valley, which were
represented by flow and transport model layers 1 and 2. The current 20 14-2015 groundwater quality in
the Southwest Valley, as observed with the approved groundwater monitoring network, is not
substantially different than that identified during the 1996-1997 characterization and is generally within
the range of concentrations observed for the Upper Split Rock Formation represented by model layers 1
and 2 during 1996-1997. This is consistent with to slightly slower than expected changes in
concentrations based on the current advective flow rates and distances contaminants would be expected
to move since the time of characterization. The following sections address groundwater quality at each
monitoring location.

All monitoring wells for the Southwest Valley except the POC well (WN-2 1) are screened in the
alluvium and aeolian sands, which is represented in the transport model as layer 1. All the down
gradient Southwest Valley monitoring wells have 10 feet to 25 feet long screened intervals except the
POC well WN-2 1, which has a screen interval of 319 feet and screens model layers 1 and 2.

Point of Compliance Well WN-2 1
Figures 10, 11, and 12 illustrate the consistent and pronounced decrease of groundwater quality
concentrations in well WN-2 1, reflecting the efficacy of the tailings reclamation efforts to reduce
infiltration and long-term drainage of the tailings. It should be noted that the groundwater model
prediction for uranium concentration in this well, (Figure 5.5-20; MFG, 2003), is significantly above
the 1996-1997 and 2003 measured uranium concentrations, demonstrating conservatism in the model
prediction at this location. Measured sulfate and nitrogen concentrations (Figures 11 and 12) in WN-2 1
follow almost identical patterns to those of uranium. These data indicate that the measured uranium
and sulfate concentrations at the POC were and remain much lower than those predicted by the
calibrated model, and nitrogen concentrations exhibit essentially the same pattern. However, this well
is located near the source of groundwater impacts and does not provide insight into the fate of
hazardous constituents already well beyond the POC or the long-term plume leading edge, which
controls the appropriate LTSB location.

SWAB-2
Figures 10, 11 and 13 indicate that groundwater quality in well SWAB-2 has not substantially changed
since modeling was performed in 2003, ACLs were approved, and the proposed LTSB was established
(2006). Current measured uranium concentrations in well SWAB-2 are approximately 1 mg/L and are
comparable to the concentration of 1.39 mg/L measured in 2002. Similarly, current sulfate
concentrations (Figure 11) are around 1,350 mgiL, essentially unchanged from the 1,320 mg/L
measured in 2002. Total nitrogen concentrations (Figure 13) have fluctuated between 209 mg/L and
380 mg/L since 1996, due in part to the continued oxidation of ammonia to nitrate. Nitrate and total
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nitrogen concentrations since 2010 have been more stable, varying from approximately 284 mg/L
(2010) to 304 mg/L (2014) but are not substantially different from the 287 mg/L measured in 1996.
Current concentrations of uranium, sulfate, and total nitrogen are consistent with measured
concentrations in 2002 indicating that groundwater quality has not substantially changed since
modeling was performed, ACLs were approved, and the proposed LTSB was established.

SWAB-1/1R
Figures 10, 11 and 14 illustrate the vertical heterogeneity of groundwater quality in the alluvium and
aeolian sands (model layer 1) at the location of well SWAB-1/1R. Further, these data illustrate that
current groundwater quality at well SWAB-iR is not substantially different than in 1996-1997 and
2002, once the influence of the declining water table is considered. Specifically, groundwater
elevations (Figure 18) have been dropping since 1996, due in large part to a transient drought cycle
throughout the west and observed locally, as described in the May 2015 WNI submittal to the NRC
(WNI, 2015). Well SWAB-i was a very shallow well with approximately 3 feet of saturated screen
length when installed (1996) in the alluvium and aeolian sands modeled by layer 1. By the late 2000's,
well SWAB-i was sampling only the top foot of the water colunmn (Figure 18).

Consequently, well SWAB-i was replaced in 2009 by a new well (SWAB-1R) installed adjacent to
well SWAB-i, which essentially fully penetrated the remaining 10 feet to 12 feet of saturation in this
layer. As evident in the well SWAB-1/1R data plots (Figures 10, 11 and 14), there are substantial
differences in data from the pre-2009 sampling of well SWAB-i and the post 2009 sampling from well
SWAB-1R. This difference illustrates the scale of vertical water quality heterogeneity present in this
layer. Specifically, the decreasing trend in measured groundwater concentrations in well SWAB-i are
interpreted to reflect the decreasing vertical portion of the aquifer being sampled as the water level
dropped and are not believed to reflect decreases in layer groundwater quality as a whole due to lateral
plume movement. This is supported by abruptly higher and subsequent relatively stable groundwater
quality exhibited by data from the fully penetrating replacement well SWAB-1R.

The concentrations in well SWAB-1R are not substantially different than the values observed in well
SWAB-1 in 1996-1997. For example, the uranium concentrations in 1996-1997 were as low as 2.85
mg/L and the 2015 concentration is 2.37 mg/L; the sulfate concentrations in 1996-1997 were as low as
1,270 mg/L and 2015 concentration is 1,290 mg/L; the nitrogen concentrations in 1996-1997 were as
low as 126 mg/L and the 2014 concentration is 108 mg/L. Therefore, data from the partially
penetrating well SWAB-i and the fully penetrating well SWAB-i1R demonstrate that there is a high
degree of vertical variability in the water column of the alluvium and aeolian sands modeled by layer 1.
Given this vertical variability and the lack of substantial difference between current concentrations and
those of 1996-1997, the collective data from wells SWAB-i and SWAB-1R do not support the
conclusion that groundwater quality for this layer at this location reflect a groundwater plume that is
moving faster than predicted or water quality conditions that are substantially different than when
modeling was performed and the proposed LTSB was established.
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SWAB-29, -31, -32
Figures 10, 11, 15, 16 and 17 illustrate that wells SWAB-29, SWAB-31, and SWAB-32 have not been
impacted and groundwater quality remains unchanged for all parameters since the 1996
characterization. This is consistent with the groundwater model predictions that indicate the
groundwater plume should not have reached these locations at this time.

3.0 COMPARISON TO MODELED CONDITIONS

It is emphasized that acceptable ranges of quantitative model calibration error or predictive error were
not established or required by the NRC at the time the modeling, its predictions, and the associated
ACLs and proposed LTSB were established. As mentioned in Section 2.0 (Technical Approach),
modeling for the Northwest Valley and Sweetwater River floodplain area in 1996-1997 was performed
using different code and approach than that used for the Southwest Valley in 2003. Consequently, the
methods by which the models were deemed calibrated and the way in which model calibration error
was assessed in specific locations across the model domain also differs.

In the absence of previously established quantitative criteria for acceptable predictive error, the model
calibration error present in the approved models at specific spatial locations are taken to be a reasonable
levels of error between predicted and measured conditions with which to assess current conditions.
Figure 19 illustrates the conceptual relationship between measured conditions and the difference
between model calibration error and predictive error. The following sections identify the model
calibration errors at and near the remaining groundwater monitoring locations and assess the current
groundwater conditions within the context of the model calibration error.

Referenced figures from previous reports (e.g., MEG, 2003, and WNI, 1999) are reproduced in this
memorandum to facilitate review.

3.1 Northwest Valley Modeling
The groundwater transport model calibration for the Northwest Valley and Sweetwater River floodplain
area was presented in Appendix G to the 1999 GWPP (WNI, 1999). The bases for model calibration
were a) how well the modeled plume extent and shape for different model layers matched measured
conditions in 1996, and b) how well the modeled plume centers of mass and total mass of each plume
matched measured conditions in 1996. Calibrations were performed for the constituents uranium and
sulfate.

As stated in Section G.4.2 of the referenced Appendix;

"The plume extent and shape simulated by the transport model were compared with the
interpreted plume that was interpreted fr'om the measured data....These comparisons were performed
for each model layer and were the primary methods used for transport model calibration."
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".the quantitative criteria used to judge the calibrations was [sic] the location of the overall
center of mass and total mass outside the valley mouths in 1996. Figures G-4-1A, B, and C show the
plume comparisons for uranium in Layers 1, 2 and all layers combined, respectively. Similar
comparisons for sulfate are shown on Figures G-4-2A, B, and C."

In addition, Section G.4.2 states:

"... the main purpose of the model in the NW Valley is to predict mass loading to the river..."

The approved groundwater monitoring network for the Northwest Valley and Sweetwater River
floodplain area consists of wells WN-5 (POC), WN-42A, WN-39B, and WN-41B (Figure 1). As
illustrated in Figures 8 and 9, these wells are all screened in model layer 2 (Upper Split Rock
Formation). These wells generally fall along the primary flow and transport pathway and the site
characterization cross section A-D (Figure B-6-1). Figure B-6-1 from the 1996 hydrogeologic
characterization (WNI, 1999) illustrates the potentiometric surface of the Upper Split Rock Formation
in 1996 while Figure 20 depicts the water levels in the Northwest Valley monitoring wells since that
time. This monitoring network allows assessment of changes in groundwater concentration in the
Upper Split Rock Formation along the axis of the plume flow path, though it was not designed to assess
the total plume mass or the center of mass of a three-dimensional plume.

The Northwest Valley transport model calibration error was presented in Figures G-4-1A and -lB
(uranium) and G-4-2A and -2B (sulfate), as well as in Table G-4-3, which presented the relative
differences in location of the plume centers of mass by layer in terms of linear distance (feet). Table G-
4-3 identifies that the transport model error for transport of the plume center of mass in model layer 2
in the floodplain was 155 feet for uranium and 440 feet for sulfate. The model predicted greater
transport distance for the center of mass than measured. The model under predicted uranium mass by
28% for model layer 2 in the Sweetwater River floodplain area and under predicted sulfate mass by 8%.
The approved monitoring system in this area was not intended or designed to support analysis of the
plume center of mass through time. The monitoring system data essentially provides a one-
dimensional data set along the transport flow path in model layer 2 (Upper Split Rock Formation)
through time.

At the time of calibration, the extent of plume migration was qualitatively assessed; no quantitative
measure of plume extent calibration error was provided. For this assessment an effort is made to
quantify the model calibration error for plume extent using a similar approach to that used for
comparing the plume centers of mass, described above. Specifically, the linear difference between the
location of the measured and predicted isocontour lines of the same magnitude (e.g., 1.0 mg/L uranium)
along the plume flow path axis (i.e., cross section line A-D) in the same layer can be used to represent
the model calibration error for that constituent in that layer. Using this approach, Figure 21 maps the
location of the calibrated model uranium plume concentrations for 1996 in model layer 2 where they
intersect the cross section A-D (green text), as derived from Figure G-4-1B (WNI, 1999). Figure 21
also maps where the interpreted plume from measured 1996 data intersects the cross section (red text).
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Similarly, Figure 22 maps the location of the calibrated model sulfate plume concentrations and the
interpreted plume from measured data for model layer 2 where they intersect the cross section A-D, as
derived from Figure G-4-2B (WNI, 1999). Table 4 summarizes this model calibration error for
predicted and measured plume extent with the difference expressed as a linear distance. The model
calibration error for the uranium plume extent in the floodplain area ranges from approximately 500
feet to 865 feet (under prediction of transport distance) while the model error for sulfate is
approximately 900 feet to 1,100 feet. Sulfate transport was over predicted by the model except at the
leading edge of the plume (e.g., wells WN-41, FPEB-l0, FPEB-6; see Figure G-4-2B), where sulfate
transport was under predicted.

The current groundwater uranium and sulfate concentrations are compared to the 1996 measured
conditions, expected rates of groundwater flow and contaminant transport, and the model error using
Figure 8 and Figure 9. The plotted current concentration is the average of three measurements from
May 2014 through May 2015, as presented in Table 3. Also plotted on these cross sections is the
transport model calibration error, as expressed as a linear distance for plume extent, as described in the
paragraphs above. Figures 8 and 9 demonstrate that current groundwater quality conditions are not
substantially different from the 1996 conditions. Further, when assessed in the context of the 865 feet
to 1,000 feet of spatial model calibration error, the current measured concentrations are well within the
range of conditions in this layer and are within the range of conditions encompassed by lateral distances
of the model calibration error. For example, calibrated model groundwater sulfate concentrations in
1996 at well WN-39B were predicted to be in excess of 500 mg/L. As illustrated by Figure 3, sulfate
has never exceeded 500 mg/L at this well, indicating that current conditions remain below those
conditions modeled. Similarly, calibrated model groundwater uranium concentrations in 1996 at the
location of well WN-39 were predicted to be less than 0.1 mg/L but were actually 0.282 mg/L (Figure
G-4-1B) at that time. As illustrated by Figure 2, current average uranium concentrations at well WN-
39B in the Upper Split Rock Formation are approximately 0.17 mg/L, which represents a decrease from
1996-1997 conditions.

In summary, assessment of current groundwater quality conditions in the Northwest Valley and
Sweetwater River floodplain area in the context of historical conditions and transport model calibration
error indicates that groundwater quality conditions have not substantially changed since modeling was
performed and are within the range expected due to known heterogeneity in the hydrostratigraphic unit
monitored and the calibrated transport model error. This assessment does not find conditions that
would indicate the predictive modeling is invalidated by current groundwater conditions.

3.2 Southwest Valley Modeling
The approved groundwater monitoring network for the Southwest Valley consists of wells WN-21
(POC), SWAB-i, SWAB-1R, SWAB-2, SWAB-4, SWAB-12, SWAB-12R, SWAB-22, SWAB-29,
SWAB-3 1 and SWAB-32 (Figure 1). As illustrated in Figures 8 and 9, these wells all are screened in
model layer 1 (alluvium and aeolian sands) except WN-2 1, which is screened across the alluvium and
the Upper Split Rock Formation. Wells SWAB-i, SWAB-1R, SWAB-2, SWAB-29, and SWAB-3 1
generally fall along the primary flow and transport pathway and the site characterization cross section
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A-G (Figure B-6-3). Figure B-6-3 from the 1996 hydrogeologic characterization (WNI, 1999)
illustrates the potentiometric surface of the alluvium and aeolian sands in 1996 while Figure 23 depicts
the water levels in the Southwest Valley monitoring wells since that time.

The 2003 modeling of the Southwest Valley (MFG, 2003) presented a comparison of simulated versus
observed conditions for model layer 1 (alluvium and aeolian sands) and model layer 2 (Upper Split
Rock Formation). These modeling results were presented in Sections 5.4 and 5.5 of the 2003
Supplemental Groundwater Modeling Report for the Split Rock, Wyoming Site by MEG, Inc.
Specifically, the figures from Sections 5.4 and 5.5 of the report present the measured data and the
transient model calibration predictions for conditions from 1981 through 2002 for model layers 1 and 2.
Inspection of these figures allows identification of the model calibration error at specific locations.

Data from wells WN-2 1 and SWAB-i were used for transient calibration of the 2003 groundwater
transport model (MFG, 2003), though data from well SWAB-2 was not. However, groundwater quality
data from boring location SWEB-6 (immediately adjacent to well SWAB-2) and boring location
S WEB-8 (immediately adjacent to well SWAB-1/1 R) were used in the transient model calibration. The
calibration model error for these four locations is assessed as described below.

The results of the transient calibration for uranium at the location of well WN-2 1 are presented in
Figure 5.5-20 of the 2003 modeling report (MFG, 2003), while the results of the transient calibration
for sulfate at well WN-21 are presented in Figure 5.4-14. The model consistently and significantly
over predicted measured sulfate concentrations in model layer 2 after 1984 at this well. The model
error for sulfate at well WN-21 in model layer 2 is approximately 1,200 mg/L to 700 mg/L in 1996-
1997 and approximately 1,200 mg/L to 1,400 mg/L in 2002. The model calibration error for sulfate in
model layer 1 at well WN-2 1 was the full value of measured sulfate concentrations during 1996-1997
and 2002 because the model predicted no sulfate in model layer 1 for any time period.

The model error for uranium at well WN-21 in model layer 2 ranges from approximately 530 gig/L to -

95 gig/L (under prediction) in 1996-1997 and approximately 940 pig/L in 2002. The model calibration
error for uranium in model layer 1 at well WN-2 1 was the full value of measured uranium
concentrations during 1996-1997 and 2002 because the model predicted no uranium in model layer 1
for any time period. This equates to a model error as large as 1.0 mg/L (984 gig/L) uranium and 800
mg/L sulfate in model layer 1 at this well. Current (2014-2015) groundwater concentrations in well
WN-21 for uranium are approximately 0.06 mg/L and approximately 78 mg/L for sulfate, which are
well within the model calibration error for these constituents at this location for model layer 1 and well
below the values predicted for 2002.

Well SWAB-2 was not used as a 2003 model calibration point. However, data from the location of
boring SWEB-6, which is directly adjacent to well SWAB-2, were used as 2003 model calibration
points. As shown on Figure 5.5-16, the model calibration predicted no uranium for model layer 1 and
dramatically over predicted the concentration in model layer 2. As such, the model error for layer 1, in
which well SWAB-2 is screened, is the full value of measured concentrations in that layer. This
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concentrations from 1996-2002, given the vertical heterogeneity in the water quality of the Upper Split
Rock Formation.

Similarly for the Southwest Valley, groundwater quality in wells SWAB-29, SWAB-3 1 and SWAB-32
remain at background concentrations and show no changes since 1996, which is consistent with the
conditions predicted by the groundwater transport model for this time period. In addition, current
(2014-2015) uranium, sulfate and nitrogen species concentrations in groundwater wells SWAB-2 and
SWAB-1R are not substantially different than those from 1996-2002, once the influence of vertical
heterogeneity in the water quality of the alluvium and aeolian sands of model layer 1 are understood
and considered. This is consistent with the conceptualization of contaminant distribution at the time of
modeling and indicates a slower rate of transport than might be anticipated based on groundwater flow
rates.

Although acceptable ranges of quantitative model calibration or predictive error were not established or
required by the NRC at the time the modeling was approved and the associated ACLs established, the
NRC has requested that WNI quantify and justify the model predictive error. Since no acceptable
model degree of predictive error was ever established or approved, the assessment must shift to a
surrogate (i.e., accepted model calibration error). The model calibration error present in the approved
models at specific spatial locations is taken to represent a reasonable level of error with which to assess
modeled and current measured conditions. Assessment of model calibration error and current ground
water quality conditions indicates that current groundwater quality conditions for uranium and sulfate
in all remaining monitoring wells~used for model calibration are within the range of model calibration
error for both the Southwest Valley and Northwest Valley and Sweetwater River floodplain area.

Therefore, current groundwater quality data, which are not substantially different than data from the
period of model calibration and are within the range of model calibration error, do not indicate that the
original transport model predictions are invalid.
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Table 1 Location and Construction Information For the Groundwater Monitoring System Wells.

WELL-I 7333.6 5670.9 1977 6326.52 unk Styrene 4 unk 370 10 380 380 2.22
SWAB-I 7401.5 2654.5 1996 6321.31 FS PVC-Sch 40 4 0.01 10 17.5 27.5 28 1.31

SWAB3-IR 7401.5 2654.5 2009 6326.47 FS P~VC-Sch 40 4 0.01 25 17.4 42.4 43 2.6

SWAB-2 6684.8 3582.8 1996 6319.06 FS PVC-Sch 40 4 0.01 10 17.8 27.8 28 1.66

SWAB-4 4674.3 6651.4 1996 6307.23 FS PVC-Sch 40 4 0.01 10 8.3 18.3 18.8 1.73

SWAB-12 3809.5 3909.6 1996 6311.61 FS PVC 4 0.01 10 9 19 19.42 1.91

SWAB-12R 3809.5 3909.6 2009 6317.17 FS PVC 4 0.01 25 8.7 33.7 34.1 2.5

SWAB-22 3865.5 8681.6 1996 6307.64 ES PVC 4 0.01 10 13 23 23.5 1.74

SWAB-29 11999.3 1730.3 1996 6295.03 ES PVC-Sch 40 4 0.01 10 8 18 19 1.63

SWAB-31 13847.0 1306.9 1996 6304.44 ES PVC-Sch 40 4 0.01 10 29.5 39.5 40 2.14

SWAB-32 13783.0 -64.3 1996 6305.31 ES PVC-Sch 40 4 0.01 10 23.5 33.5 34 1.61

WN-21 6369.8 4393.7 1981 6316.49 unk PVC-Sch 80 4 0.025 319 2.7 322 322 2.69

WN-4R 8138.1 8936.8 unk 6309.32 unk unk 4 unk 210 51 261 261 2.22

WN-5 7498.2 9973.2 1977 6296.02 unk Styrene 4 unk 225 5 230 230 1.82

WN-39B 8901.1 11654.3 1996 6278.59 Circumslot 1PVC-Sch 40 4 0.02 10 87 97 97.2 2.39

WN-41B 9991.1 12761.2 1996 6276.36 Circumslot PVC-Sch 4O 4 0.02 20 92.4 112.4 112.9 2.56

WN-42A 7838.7 11160.7 1996 6283.37 Circumslot PVC-Sch 40 4 0.02 10 1 10 120 120.5 2.37

JJ-IR 9077.0 13797.5 1996 6278.212 Circumslot PVC-Sch 40 4 0.01 10 12 20 20 0
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Table 2 Input Values and Calculated Range of Groundwater Flow Velocities for the Northwest Valley

GroUndwater Distance , ..

Data Differenc Wels ': i k v' v | v [ V
Wel(ft MSL) (R. ... .).... (ftft.) .... .... ftfd r , (ftfd ay) ___

WN-5 6281.25 _ _ _ _ _ ___ __F_ __ ________ _

WN-42A 6276.85 4.40 1,235 0.0036 30 0.15 0.71 260 0.35 0.3 111i

WN-39B 6274.00 2.85 1,423 0.0020 3.2510.15 0.04 16 0.35 0.02 7___
WN-41B 1 6272.05 j 1.95 1,427 0.0014 { 3.25 0.15 0.03 11__ 0.351 0.01 5
MSL = datum is mean sea level
k = Hydraulic Conductivity, WNI, 1999, Appendix G, Figure G-3-3B (Layer 2 Hydraulic Conductivity)
i= Gradient (difference in elevation, distance)

ne = Effective Porosity

v = Flow Velocity (k x i x A, he), assuming unit cross sectional area of flow (A)
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Table 3 2014 to 2015 Average measured Groundwater Concentrations of Uranium and Sulfate

WN-5 U 1.6 1.67 1.76 1.68

WN-5 S04 1,660 1,720 1,760 1,713

WN-42A U 1.22 1.31 1.05 1.19

WN-42A SO4 1,830 1,840 1,940 1,870

WN-39B U 0.22 0.168 0.134 0.17

WN-39B S04 117 96 86 100

WN-41B U 0.009 0.009 0.009 0.01

WN-41B SO4 382 398 394 391
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Table 4 Northwest Valley Model Calibration Error for Predicted and Measured Plume Extent

Uranium I I Sulfate

Value (mg/L) (ft.)Distance Isocontour Distance

0.1 624 500 1,105

0.5 620

1.0 865

2.0 506

1,000 J 911

Average: 1,008

Average:

Maximum:

Minimum:

See Figure 21

654

865

506

See Figure 22
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