
Department of Energy 
Washington, DC 20585 

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Deputy Director 
Washington, DC 20555-0001 
Mail Stop T8 F5 . 

May 31, 2017 

Subject: U.S. Department of Energy, Office of Legacy Managemerit (OOE-LM) Responses to 
U.S. Nuclear Regulatory Commission (NRC) Staff Comments on Annual Performance 
Reports for the Shiprock, New Mexico, UMTRCA Title I Disposal Site (Docket No. 
WM-00058) . 

To Whom It May Concern: 

Enclosed are DOE-LM responses to-NRC comments provided in the following four transmittals, 
for Annual Performance Reports dated 2012 to 2016 for the Shiprock site: 

' . 
October 29, 2014 re: April 2012 through March 2013 report 
March 4, 2015 re: April 2013 through March 2014 report 
October 13, 2015 re: April 2014 through March 2015 report 
January 30, 2017 re: April 2015 through March 2016 report 

The comments provided by'NRC for these Annual Performance Reports were primarily 
observations, acknowledgments, and recommendations, for which NRC did not request specific 
responses. Because several comments have been provided by NRC on more than one occasion, 
DOE-LM is providing specific responses to all of the past NRC comments, in an effort to ensure 
effective communication between NRC and DOE-LM on issues related to the Shiprock site. 

Please call me at (970) 248-6018 if you have any questions. Please.address any correspondence 
to: 

U.S. Department of Energy 
Office of Legacy Management 
2597 Legacy Way 
Grand Junction, CO 81503 · 

Enclosure 

Sincerely, 

~_;47 
· Mark Kautsky 
Site Manager 
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M. Roanhorse, Navajo Nation UMTRA/AML 
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M. Yazzie, NavajoNation UMTRA/AML 
J. Cannan, Navarro ( e) 
S. Marutzky, Navarro (e) 
D. Miller, Navarro (e) 
File: SHP 0410.02 (Records) 
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DOE Responses to NRC Comments on Annual Performance Reports for the 
Shiprock, New Mexico, Disposal Site: 2013-2016 

This submittal documents U.S. Department of Energy (DOE) responses to U.S. Nuclear 
Regulatory Commission (NRC) comments (Docket No. WM-00058) on the following four 
Shiprock, New Mexico, Disposal Site Annual Performance Reports. 

NRC Letter Subject 

NRC STAFF REVIEW OF DOE REPORT 
ENTITLED "ANNUAL PERFORMANCE 
REPORT APRIL 2012 THROUGH 
MARCH 2013 FOR THE SHIPROCK, 
NEW MEXICO, SITE" 

NRC STAFF REVIEW OF DOE REPORT 
ENTITLED "ANNUAL PERFORMANCE 
REPORT APRIL2013 THROUGH 
MARCH 2014 FOR THE SHIPROCK, 
NEW MEXICO, SITE" 

NRC STAFF REVIEW OF THE DOE 
REPORT ENTITLED "ANNUAL 
PERFORMANCE REPORT APRIL 2014 
THROUGH MARCH 2015 FOR THE 
SHIPROCK, NEW MEXICO, SITE" 
DATED AUGUST 2015 

NRC STAFF REVIEW OF THE DOE 
REPORT ENTITLED "ANNUAL · 
PERFORMANCE REPORT APRIL 2015 
THROUGH MARCH 2016 FOR THE 
SHIPROCK, NEW MEXICO, SITE" 
DATED OCTOBER 2016 

U.S. Department of Energy 
May2017 

Annual Report 
Referenced 

April 2012 through March 2013 
(DOE 2013) 

April 2013 through March 2014 
(DOE 2014) 

April 2014 through March 2015 
(DOE 2015) 

April 2015 through March 2016 
(DOE 2016) 

NRC Letter Responses 
Dated Addressed in: 

October 29, 2014 Attachment 1 

March 4, 2015 Attachment 2 

October 13, 2015 Attachment 3 

January 30, 2017 Attachment 4 

Responses to NRC Comments on Shiprock APRs 
Doc No. Sl4482 
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Attachment 1 

DOE Responses to NRC Comments on 
April 2012 through March 2013 Annual Performance Report 

NRC Comments Dated October 29, 2014 
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Attachment 1 
DOE Response to October 29, 2014, NRC Comments 

Shiprock Annual Performance Report, April 2012 through March 2013 

GENERAL COMMENTS 

1. To help overall understanding, inclusion of cross-sections of the terrace and floodplain and 
the approximate contours of the piezometric surface of the terrace would be beneficial. 

DOE Response: Cross-sections of the terrace and floodplain can be found in Plate 4 
("Shiprock Geologic Cross Sections") of the Final Site Observational Work Plan 
(SOWP) for the Shiprock Site (DOE 2000). This plate is included in the 
April-March 2016 Annual Performance Report. Approximate contours of the terrace 
piezometric surface are also shown in the 2016 annual report (DOE 2016). 

2. With the drop in the terrace water table elevation, a greater percentage of the contaminated 
water will be found in the weathered Mancos Shale. Greater emphasis on this unit would be 
beneficial. For example, a comparison of screen interval depths in relationship to their 
location within the weathered Mancos Shale would indicate how well this unit is being 
monitored. · 

DOE Response: Of the 70 to 75 wells currently monitored on the terrace, the majority are 
screened partially or entirely in the Mancos Shale. Thirty-two wells-referred to as 
Qal_Km wells-are screened in both the alluvium and the weathered Mancos Shale 
(Figure 1 ); 29 (Km) wells are screened entirely in the Mancos Shale (Figure 2). All of 
these wells are sampled for chemical analysis except for four Km wells-800, 801, 802, 
and 803, all of which are in a terrace reference-area, monitored for water levels only, and 
are dry. Figures 1 and 2 show screen interval depths of terrace wells relative to the 
corresponding stratigraphy for Qal_ Km and Km wells, respectively. These figures are also 
included in Appendix C of the 2016 annual report (DOE 2016). The most recent 
$roundwater elevations are also shown, indicating that groundwater in the Mancos Shale 
occurs in discrete, discontinuous zones of limited extent. 

0BSERV A TIO NS 

1. The information in the figures and tables of this report show how effective Trench 1 and 
Trench 2 are in extracting contaminants from the floodplain alluvium that were discharged 
from the weathered Mancos Shale underneath. 

DOE Response: DOE acknowledges the effectiveness of tlie trenches in extracting 
contaminants from the floodplain alluvium. 

2. The floodplain plumes for uranium, sulfate, and selenium seem to indicate that an above 
average concentration of these contaminants is discharging from the weathered Mancos 
Shale ·near sample location 0779 in a similar manner as depicted in Figure 8 in the 
"Evaluation of the Trench 2 Groundwater Remediation System at the Shiprock, New 
Mexico, Legacy Management Site" from March 2009. In that figure, fractures in the 
weathered Mancos Shale beneath the floodplain alluvium are discharging contaminated 
water into the alluvium. It is possible that the area around sample location 0779 has a higher 
concentration of such fractures. 

U.S. Department of Energy 
May20,17 

Responses to Oct-2014 NRC Comments on 2012-2013 Shiprock APR 
Doc No. Sl4482 
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3. Mancos Shale Formation (KM) is shown to right of well screen (the alluvium overl ies the Mancos Shale). 
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typically monitored, are also not shown. 
5. Wells are plotted in order of well ID and therefore do not reflect horizontal location. 
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Figure 1. Well Construction and Mancos Shale Contact Information for Terrace Wells Screened in Both the Alluvium and the Weathered Mancos Shale 
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0BSERV ATIONS, CONT. 

NRC Observation 2 

DOE Response: Well 0779, located in the central floodplain about 200 ft from the river 
and about 1000 ft from the escarpment, historically has had relatively high contan1inant 
concentrations. Although a fracture based flow path for contaminant transport might 
account for these elevated concentrations, the extent of fracturing in bedrock beneath the 
floodplain is speculative. The uncertainty surrounding upward flow (and transport) from 
underlying shale to the alluvial aquifer is reflected in Figure 8 of the Trench 2 report 
(DOE 2009, "Cross-section View of the Groundwater Conceptual Model as Affected by 
Trench 2 Pumping"). In this figure (excerpt shown in the inset below), a question mark 
follows the "Bedrock Discharge" label tied to this potential flow path. An alternative 
source of elevated concentrations of contaminants in alluvial groundwater is remnant 
areas of legacy contamination dating back to when uranium processing was occurring. 

Induced Seepage 
from River 

Bedrock 
- Discharge? 

Adapted from Figure 8 of DOE 2009 

3. Some of the implemented refinements to the compliance strategy for the terrace 
recommended in the "Refinement of Conceptual Model and Recommendations for 
Improving Remediation Efficiency at the Shiprock, New Mexico, Site" from July 2005 
appear to have improved the pumping rates. The newer wells, i.e. , 1093R, 1095, and 1096, 
were installed using a casing-advance drilling method and have better production than the 
other extraction wells except for wells 818, and 1078, (the latter well is partly in the 
weathered Mancos Shale and lies in the west terrace). 

DOE Response: It is true that the above-mentioned wells have the highest pumping 
rates. Since 2012, the older extraction wells 0818 and 1078 have had the highest 
pumping rates (approximately 1 gallon per minute [gpm]), whi le the rates for wells 
1093R and (especially) 1095 and 1096 have declined. As shown in Figure 3, average 
pumping rates for six of the nine terrace extraction wells are now less than 0.5 gpm. 
Average flows for wells 1070, 1071 , 1091 , and 1092 have been less than 0.03 gpm 
despite continued maintenance. Although NRC attributes better production to the type of 
well installation, the limited groundwater in this area of the terrace is a key factor. For 
example, when I 093R was excavated to bedrock (it was not installed using a 
casing-advance drilling method), all of the groundwater encountered was within a 
thin (3-inch-thick) zone overlying the weathered Mancos Shale. 

DOE is currently evaluating the source of water on the terrace to supplement previous 
studies conducted by Kamp and Morrison (2014) and the USGS (Robertson et al. 2016). 
These studies indicate that not all of the water on the terrace- including Many Devils 
Wash and the swale area pumped by the remediation system- is mill-related, a finding 
that will likely impact the future of the groundwater compliance strategy for the terrace. 

U.S. Department of Energy 
May 20 17 

Responses to Oct-2014 NRC Comments on 201 2-2013 Shiprock APR 
Doc No. S 14482 
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• daily flow datum - LOESS local regression line and corresponding 95% confidence interval. 
Wel ls are ordered by descending average pumping rate for the recent 4-year period (2012-2016) , as noted on each plot. 

Figure 3. Average Daily Flows in Terrace Extraction Wells, 2005--2016 

4. Contaminated ground water in the terrace exists in the alluvium, the weathered Mancos 
Shale, and the unweathered Mancos Shale. This report states that ground water is known to 
occur in the weathered shale and, in some areas, flows through deeper portions of the shale, 
within its fractures and along bedding surfaces. In addition, the "Optimization of Sampling 
at the Shiprock, New Mexico, Site" from March 2013 , states that the although flow in the 
escarpment wall seeps has diminished over the past 10 years, available data indicate that 
contaminated ground water continues to discharge directly to the floodplain alluvial aquifer. 
The conceptual model for the terrace ground water system appears to include vertical 
movement of contaminated ground water from the terrace alluvium through the weathered 
Mancos Shale into fractures and bedding surfaces of the unweathered Mancos Shale and 
finally to discharge into the floodplain alluvium or the San Juan River directly. Although the 
NRC staff is not disputing the basic premise of this conceptual model, little information has 
been presented to support it. No downward vertical gradient in the terrace ground water 
system has been demonstrated, for example, with data from a piezometer nest composed of 
two or more piezometers installed side by side at the same location. No approximation is 
given on the expected downward rate of flow or specific discharge. 

DOE Response: Although some data support a "fracture flow" hypothesis for deeper 
(unweathered) portions of the Mancos Shale, locations of these secondary permeability 
features in the shale are difficult to intercept with wells. No multi-depth well clusters 
installed on the terrace have ever provided consistent, convincing evidence of a 
downward gradient beneath the terrace. 

U.S. Department of Energy 
May 20 17 

Responses to Oct-2014 NRC Comments on 201 2- 20 13 Shiprock APR 
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During early site characterization efforts in support of the SOWP, three separate well 
clusters were installed close to the escarpment: 82018211822 (cross section F-F'), 
82318241825 (G-G'), and 10021100311004 (H-H') (cross-sections provided in Figures 4-31 
through 4-33 of the SOWP [DOE 2000]). The intent of these clusters was to identify 
combined downward (vertical) and horizontal transport of contaminated terrace 
groundwater to the floodplain alluvial aquifer. However, the nested Mancos Shale wells 
in two of the cross sections (F-F' and G-G') were either dry or had hydraulic heads far 
below groundwater levels in the floodplain alluvium. Although hydraulic heads in terrace 
wells completed in the Mancos Shale at Section H-H' (10021100311004) did for a time 
suggest downward and horizontal transport to the floodplain aquifer, the wells in this 
cluster have been dry since 2009. Packer test results documented in Table 4-7 of the 
SOWP (DOE 2000) indicated average hydraulic conductivies in the weathered Mancos 
Shale of about 1 x 10-7 cm/s. These observations indicate that groundwater in the Mancos 
Shale occurs in discrete, discontinuous zones of limited extent. 

DOE continues to evaluate a number of site-related technical questions (for example, 
what are the sources of water on the terrace?) and will present these findings separately in 
position papers or individual reports. 

5. Little information has been presented on possible horizontal movement within the terrace 
ground water system and how this compares with the downward vertical velocity. The 
"Final Ground Water Compliance Action Plan for Remediation at the Shiprock, 
New Mexico, UMTRA Site" from July 2002 included approximate contours of piezometric 
surfaces for both floodplain and the terrace ground water systems (Figure 2-3). The contours 
would indicate water movement in a northwest direction, or in other words, movement of 
water from the east terrace to the west terrace. One of the purposes of the active remediation 
is to hydraulically cut off the recharge from the east terrace to the west terrace. Although the 
"2010 Review and Evaluation of the Shiprock Remediation Strategy" from January 2011, 
shows a decrease in the ground water elevations in terrace alluvium wells (Figure 5), no 
piezometric surface has been shown for the terrace since 2002. The steeper drop in the west 
terrace water table elevation (probably due to the cessation of irrigation over a larger part of 
the west terrace) compared to the east terrace water table elevation would suggest an 
increase in the horizontal gradient between the two, and, therefore, an increase in the 
specific discharge from east to west. However, it is difficult to determine if this is the case, 
since little information on hydraulic conductivities and gradients has been presented and a 
current water table map is not available. 

DOE Response: DOE disagrees with the conclusion that increasing gradient necessarily 
leads to increasing specific discharge. The hydraulic conductivity, which can vary over 
many orders of magnitude, has a much greater influence on specific discharge than the 
hydraulic gradient. As water levels decline in the terrace, the groundwater resides in 
Mancos Shale, where the hydraulic conductivities are lower by orders of magnitude than 
the terrace gravels. 

6. It is not clear if the hydraulic connection between the east terrace and the west terrace has 
been cut. It is difficult to determine from the reports if the screened interval of current 
monitoring wells in the terrace are sufficiently deep to show if the hydraulic connection 
exists or not. As previously stated, the contaminated ground water in the terrace exists in the 
alluvium, the weathered Mancos Shale, and the unweathered Mancos Shale. However, it 
appears as if most of the screened intervals of the wells are located exclusively in the 

U.S. Department of Energy 
May 2017 

Responses to Oct-2014 NRC Comments on 2012-2013 Shiprock APR 
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alluvium or in the lower alluvium and upper weathered Mancos Shale. West of 
U.S. Highway 491, only three wells exist sufficiently deep to monitor the upper weathered 
Mancos Shale. Contaminated water would occur at least as far down as the lower boundary 
of the weathered Mancos Shale, but the interface between the weathered and unweathered 
shale is not known, and it is therefore difficult to determine whether the hydraulic 
connection within the weathered Mancos shale has been cut. A better basis for the terrace 
ground water flow and transport conceptual model will contribute to appropriate and 
beneficial decisions being made in the future. 

DOE Response: Geochemical signatures of the terrace groundwater are being 
investigated to understand mill-related versus non mill-related groundwater. Results from 
these data sets, together with knowledge that groundwater in the Mancos Shale occurs in 
discrete, discontinous zones of limited extent, will be used to revise the groundwater 
compliance strategy to supplemental standards on the terrace. 
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Attachment 2 
DOE Responses to March 4, 2015, NRC Comments 

Shiprock Annual Performance Report, April 2013 through March 2014 

1. On October 24, 2014 the NRC staff provided comments on the "Annual Performance 
Report April 2012 Through March 2013 for the Shiprock, New Mexico, Site" dated 
November 2013 (ML 14297Al40). Those comments are applicable to this report and, 
based on the current information available to the NRC staff, are still relevant. 

DOE Response: DOE responses to NRC comments dated October 29, 2014, are 
addressed in Attachment 1 of this submittal. 

2. The NRC staff notes that the current annual performance report has been reduced in detail in 
comparison to previous annual performance reports. The following topics or figures that 
were in the "Annual Performance Report April 2012 Through March 2013, for the Shiprock, 
New Mexico Site" are no longer provided: 

• Figure with the current and historical Shiprock site surface monitoring locations; 

• Figures with contaminant concentrations in groundwater and surface water samples; 

• Ammonia, manganese, selenium, and strontium are not discussed in detail and their past 
and current plumes no longer shown in figures; 

• Figure with comparison of relative contaminant distributions for the primary 
contaminates of concern; 

• Contaminant temporal trends are not discussed in detail in specific areas of the 
floodplain; and 

• Various figures showing terrace well pumping rates and cumulative groundwater 
volume extracted. 

In addition, the figure showing the locations of well and sampling points at the Shiprock site 
has changed (Figure 2), additional wells have be added, some have been removed, and the 
wells with water level only values no longer have markings indicating the geological unit in 
which they are screened. 

However, the current annual performance report contains new figures showing terrace 
water elevation contours from the alluvial aquifer, and numerous hydrographs for terrace 
alluvial wells. 

DOE Response: The scope of the annual performance report has been reduced relative 
to earlier versions (e.g., 2009-2010), and some elements have changed. Between 2008 
and 2009, annual reports had evolved to be very comprehensive, becoming similar in 
detail to an annual site characterization report. The scope has been reduced in the last 
few years to align with the initial mandate doclimented in the Groundwater Compliance 
Action Plan (GCAP) (DOE 2002), which states, "A letter report of the results of terrace 
east remediation, with the water levels compared to the model, will be prepared 
annually." 

U.S. Department of Energy 
May2017 
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DOE responses to each bulleted item listed in this comment are provided below. 

• Because of its importance in demonstrating the number of seeps (and well 
locations) that are now dry, the figure with the current and historical site surface 
monitoring locations was reincorporated in the last two annual performance reports 
(e.g., see Figure 13 of the 2015-2016 annual report [DOE 2016]). 

• Although plume maps of the major contaminants of concern (COCs) are still 
provided in the annual reports, spot plots showing contaminant concentrations in 
groundwater and surface water samples are no longer included. This information 
is available on GEMS (Geospatial Environmental Mapping System) on the LM 
public website. 

• Ammonia, manganese, selenium, and strontium are ·no longer discussed in detail, 
and corresponding plume maps are no longer included. These constituents are not 
as prevalent or elevated at the site, or (except for ammonia) as indicative of mill
related contamination as the primary COCs (uranium, nitrate, and sulfate). 

Ammonia concentrations continue to be elevated in Trench 2 area wells on the 
floodplain and on the terrace in the radon cover borrow pit/evaporation pond 
area and Mancos wells' west of the disposal cell. This spatial distribution has not 
changed significantly over the years, and apart from seasonal or pumping
related periodic variation, temporal trends have been fairly stable in 
most wells. 

Manganese levels in groundwater have been at or near the 2. 7 mg/L 
compliance goal (maximum background level at the time of the GCAP) across 
much of the site. In the last 6 years or so elevated concentrations of manganese 
have been limited to the borrow pit/evaporation pond area (primarily terrace 
well 0603). 

Selenium receives less focus because evidence suggests that the Mancos 
Shale is a likely source of this constituent in many areas of the site 
(Morrison et al. 2012; Robertson et al. 2016). Historically, selenium 
concentrations have been highest in Many Devils Wash, where selenium 
occurs naturally in groundwater (Robertson et al. 2016); in wells along the 
terrace buried escarpment; and in floodplain wells 0614 and 1112 at the base of 
the escarpment. 

Strontium is not typically associated with uranium milling sites but was 
selected as a COC based on conservative assumptions associated with the 
ecological risk assessment (DOE 2000). The spatial distribution of strontium at 
the site suggests that it is a natural constituent rather thari a mill-related 
contaminant. Temporal trends for strontium are stable in most wells. An 
exception is west terrace well 0848, where strontium levels have more than 
doubled (from 8 to 22 mg/L) during a timeframe when water levels have 
declined by about 9-10 ft. Well 0848 is completed in the Mancos Shale and 
was installed by the Navajo Nation between 1990-1995. It is not being used. 

Trend plots of all COCs- including ammonia, manganese, selenium, and 
strontium-are documented in the semiannual Data Validation Package 
(DVP) reports. 
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• Figures that compared relative contaminant distributions for the primary COCs, last 
provided in the 2010-2011 annual report, were eliminated because of scaling issues 
(relative height of bars were difficult to interpret) and because they were redundant 
with the spot-plot maps. Maps of contaminant concentrations in groundwater and 
surface water samples are available on GEMS. 

• Nearly 60 wells are currently monitored on the floodplain. We analyzed 
contaminant temporal trends for areas considered most reflective of remediation 
progress: the trenches and the well 1089/1104 pumping area. Detailed time
concentration graphs by floodplain region are provided in Appendix A of the 
2013-2014 and subsequent annual reports. 

• Detailed plots of daily pumping rates and cumulative groundwater extraction 
volumes in terrace and floodplain wells were excluded in order to streamline the 
report and to better focus on the original intent of this report. 

It is not clear from NRC's comment whether the agency is requesting re-inclusion of the 
bulleted items, or ifthe comment only acknowledges the change in scope of the report. 
As indicated in the GCAP, LM is using an observational approach for selecting and 
implementing the site compliance strategy. Consequently, as site conditions and data 
needs change with time, and as data presentation formats evolve, the content of the 
annual reports may also change. 

3. The number of recommendations in Section 5 increased in the current annual performance 
report in comparison to the previous report, although the executive summaries had the same 
three recommendations in both reports. 

DOE Response: Comment is acknowledged. 

4. Comments on the recommendations from Section 5 are: 

a. Recommendation bullet 2 states that DOE plans on developing a letter to NRC seeking 
concurrence to cease active remediation of the terrace alluvial aquifer. NRC staff 
comments on the "Annual Performance Report April 2012 Through March 2013 for the 
Shiprock, New Mexico, Site" (ML14297A140) restated that contaminated groundwater 
existed in the alluvium, the weathered Mancos Shale, and the unweathered Mancos 
Shale units of the terrace. The conceptual model for the terrace groundwater system 
appears to include vertical movement of contaminated groundwater from the terrace 
alluvium through the weathered Mancos Shale into fractures and bedding surfaces of 
the unweathered Mancos Shale and discharging the contaminated ground water into the 
floodplain alluvium or directly into the San Juan River. 

As for horizontal groundwater movement, the contours in Figure 10 in the current report 
indicate that ground water movement is a northwest direction, i.e., movement of ground 
water is from the east terrace to the west terrace. One of the purposes of the active 
remediation is to hydraulically cut off the recharge from the east terrace to the west 
terrace. Based on the limited data in the report, it would appear that the hydraulic 
connection between the east terrace and the west terrace has not been cut. However, 
most monitoring wells in the terrace are above the Mancos Shale and, therefore, cannot 
provide data about where the interface between the weathered and unweathered Mancos 
Shale is located and whether the hydraulic connection between the east terrace and the 
west terrace within the weathered Mancos Shale has been cut. 
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b. Recommendation bullet 4 states that the DOE plans to solicit the NRC's concurrence on 
annual, rather than semiannual, groundwater monitoring of the Shiprock site. On 
October 28, 2014, the NRC staff commented on the DO E's request for concurrence on a 
proposal to reduce groundwater monitoring frequency at the Shiprock, site 
(ML 14288A599). In our comments we stated that the results of the temporal 
redundancy analysis appear to indicate that semiannual sampling at most of the 
locations is warranted (see comment number 2 in ML 14288A599). To date, DOE has 
not addressed our comments and, as such, it would appear from the DOE report that 
semiannual sampling is still optimal. 

DOE Response: As stated in the responses to similar NRC comments in Attachment 1, 
site characterization efforts geared toward a greater understanding of groundwater flow 
and transport mechanisms on the terrace are ongoing. 

DOE will respond to NRC's October 2014 letter in a separate submittal. However, 
acknowledging that the site compliance strategy is still being evaluated, the GCAP 
(DOE 2002) does state that after the first 7 years (i.e., after 2010), sampling would 
occur on an annual basis. 

DOE is currently monitoring 131 wells (72 on the terrace and 59 floodplain wells) and 
19 surface locations. Additionally, terrace extraction wells and numerous wells on the 
floodplain are instrumented with SOARS (telemetry) equipment for constant 
monitoring of water levels, flows, and specific conductance. The temporal redundancy 
analysis included in the Optimization Report (DOE 2013) is not the sole rationale for 
reducing the sampling frequency at the site. As mentioned above, the _GCAP calls for an 
ultimate reduction in sampling frequency. Also, an extensive database of historical 
analytical results indicates a lack of noteable contaminant trending in many site wells. 
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Attachment 3 
DOE Responses to October 13, 2015, NRC Comments 

Shiprock Annual Performance Report, April 2014 through March 2015 

1. On October 29, 2014, the NRC staff provided comments on the report entitled "Annual 
Performance Report April 2012 Through March 2013 for the Shiprock, New Mexico, Site" 
dated November 2013 (ML 14297A140). B~sed on the current information available to the 
NRC staff, comment 1 and observation 4 from our comments on the April 2012 through 
March 2013 report are still relevant. Previous comment 1 and previous observation 4 were: 

Previous Comment 1. To help overall understanding, inclusion of cross-sections of the 
terrace and floodplain and the approximate contours of the piezometric surface of the 
terrace would be beneficial. 

Previous Observation 4. The conceptual model for the terrace ground water system 
appears to include vertical movement of contaminated ground water from the terrace 
alluvium through the weathered Mancos Shale into fractures and bedding surfaces of 
the unweathered Mancos Shale before discharging into the floodplain. However, little 
information has been gathered on the vertical gradient within the terrace system. No 
downward vertical gradient in the terrace ground water system has been collected, for 
example, with data from a piezometer nest composed of two or more piezometers 
installed side by side at the same location. It would be helpful if approximation of the 
downward rate of flow or specific discharge of contaminated water was determined. A 
better understanding of the downward flow from the terrace may provide a better 
understanding for the concentration measurements in those floodplain wells showing 
little improvement. A better basis for the terrace ground water flow and transport 
conceptual model would provide a better basis for making decisions. 

DOE Response: DOE addressed NRC comments dated October 29, 2014 in Attachment 
1 of this submittal. Cross-sections of the terrace and floodplain can be found in Plate 4 
("Shiprock Geologic Cross Sections") of the SOWP (DOE 2000). :rhis plate is provided 
in the April 2015-March 2016 Annual Performance Report (DOE 2016). The 2016 
annual report also includes contour maps of terrace water elevations and corresponding 
alluvial groundwater thickness (Figures 14 and 15, respectively). 

Regarding "Previous Observation 4," refer to the corresponding response to 
Observation 4 in Attachment 1 of this submittal. 

2. On March 4, 2015, the NRC staff provided comments on the "Annual Performance Report 
April 2013 Through March 2014 for the Shiprock, New Mexico Site," dated October 2015 
(ML 15043A741). Based on the current information available to the NRC staff, comments 
4.a and 4.b from our comments on the April 2013 through March 2014 report are still 
relevant. Previous comments 4.a and 4.b were: 

Previous Comment 4.a. With the drop in the terrace water table elevation, a greater 
percentage of the contaminated water will be found in the weathered Mancos Shale. 
Greater emphasis on this unit would be beneficial. West of U.S. Highway 491, only three 
wells exist sufficiently deep to monitor the upper weathered Mancos Shale. 
Contaminated water would occur at least as far down as the lower boundary of the 
weathered Mancos Shale. One of the purposes of the active remediation is to 
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hydraulically cut off the recharge from the east terrace to the west terrace. However, 
most monitoring wells in the terrace are above the Mancos Shale and, therefore, cannot 
provide data about where the interface between the weathered and unweathered Mancos 
Shale is located and whether the hydraulic connection between the east terrace and the 
west terrace within the weathered Mancos Shale has been cut. Based on current 
information, it would appear that_the hydraulic connection between the east terrace and 
the west terrace has not been cut. The steeper drop in the west terrace water table 
elevation (as shown in Figure 10 from the Performance Report of April 2013 Through 
March 2014) compared to the east terrace water table elevation would suggest an 
increase in the specific discharge from east to west, and claims that the hydraulic 
connection between the east terrace and the west terrace has been severed, should be 
further validated. 

Previous Comment 4.b. NRC staff had commented in the past (ML 14288A599) that the 
results of the temporal redundancy analysis appear to indicate that semiannual sampling 
at most of the locations is warranted. To date, DOE has not addressed these comments 
and, as such, it would appear from the DOE report that semiannual sampling is still an 
optimal approach. 

DOE Response: Refer to corresponding responses in Attachment 2 of this submittal 
(responses to NRC comments dated March 4, 2015). Site characterization efforts geared 
toward a greater understanding of groundwater flow and transport mechanisms on the 
terrace are ongoing. Findings of these investigations will be presented in future 
position papers. 

3. The NRC staff notes that the current annual performance report no longer includes the 
"Recommendations" section. Rather, the report states that recommendations for future 
actions and a technically sound and protective "path forward," are discussed by a technical 
working group on a regular basis and implemented as soon as feasible. However, it would be 
useful for the reader, ifthe DOE included the recommendations agreed upon by the working 
group in the report as the recommendations and actions of the working group are not 
currently being made publicly available. 

DOE Response: Future annual performance reports will not reference the Working 
Group. Because some discussions and technical issues are evolving, DOE believes that 
matters discussed within the SWG should not be made publicly available until consensus 
is reached or lines of evidence fully researched and documented. However, consensus 
from the SWG will be used to develop future position papers and a revision of the 
Groundwater Compliance Action Plan (GCAP, DOE 2002). 

4. The executive summary states that contaminant concentrations, in particular sulfate and 
uranium, appear to be increasing for some of the floodplain wells. It could be possible that a 
time-delayed correlation exists between the rainfall events effecting the alluvium-Mancos 
shale terrace ground water system and the increased flow of contaminants in some of the 
floodplain wells. It may be useful if the DOE evaluated the possibility of this correlation. 

DOE Response: Although some floodplain wells show increasing concentrations of 
sulfate and uranium, these trends are small-scale exceptions within the context oflarge
scale mass reduction in response to pumping legacy contamination from the floodplain 
alluvial aquifer. 
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5. 

6. 

Section 2.2.1 discusses an initial objective for the terrace remediation system which is to 
attain a cumulative extraction rate of 8 gallons per minute and concludes that this objective 
will likely not be achieved. However, as mentioned in the same section, the newer wells, 
i.e., 1093R, 1095, and 1096, have noticeably improved pumping rates and better production 
than the other extraction wells, except for wells 818 and 1078. These wells were installed 
using a casing-advance drilling method. The DOE may want to evaluate if additional wells 
installed in such a manner and extending doWn into the weathered Mancos Shale would 
considerably boost the combined pumping rate from terrace extraction wells. 

DOE Response: Refer to DOE's response to Observation 3 in NRC's comments on the 
2012-2013 annual performance report dated October 29, 2014 (Attachment 1 of this 
submittal). As shown iri Figure 1 accompanying that response, the pumping rate from 

· most extraction wells has declined over the years and continued groundwater recovery 
is becoming impracticable because of the reduction in saturated thickness in the terrace 
gravel and weathered Mancos Shale. In addition, recent data are showing that 
groundwater in this area has a natural background chemical signature, as opposed to a 
mill-related chemical signature. This recent information will be used to revise the 
groundwater compliance strategy to supplemental standards based on limited-use 
groundwater on the terrace. However, no modifications to the current remediation 
approach will be made without concurrence on a revised GCAP. 

Table 4 shows the estimated total mass of selected constituents pumped from the terrace and 
the floodplain to the evaporation pond, including 327,173 pounds (lb.) of nitrate, 
8,857 ,3 88 lb. of sulfate, and 73 8 lb. of uranium. If it is readily available, the NRC staff 
would be interested in any information the DOE has regarding what percentage of these 
constituents precipitate out of solution and settle to the bottom of the pond, and what 
constituents stay in solution . 

DOE Response: To address this question, DOE performed some preliminary 
calculations using the following assumptions: · 

• 

• 

• 

• 

• 

• 

Updated cumulative masses of sulfate (S04), uranium (U), and nitr3;te as N 
(N03-N), from the 2015-2016 annual report: 363,744 lb nitrate (164,992 kg); 
9,769,762 lb sulfate (4,431,489 kg); and 804 lb uranium (365 kg). 

Pond sludge is co~posed of 50% thenardite (Na2S04; density= 2.68 g/cm3) and 
50% water (density=l g/cm3); average density of sludge= 1.84 g/cm3 

Percent of sulfate in sludge = 25%, based on average of 2012 analytical results 
(average of250,000 mg/kg S04 in pond sediments from two locations) 

Pond volume (total volume of material in pond [sludge+ water]) of 65,624 m3 

(based on transducer depth of 5.6 ft) 

Sludge and water volumes of9,634 and 55,990 m3, respectively (calculated based 
on above constants) 

Varied concentrations of uranium, sulfate, and nitrate in the water based on data 
from pumping well inflows (lower concentrations) and historical results from 
evaporation pond surface location 1215 (higher concentrations). Contaminant 
concentrations in samples collected from the pond have varied widely, a finding 
that likely reflects seasonal influences on evaporation rates. 
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These preliminary calculations indicate that, for all parameters, the proportion of 
contaminants in the sludge vs. pond water varies greatly depending on the assumed 
pond volume and contaminant concentration in the pond water. For example: 

• Assuming an average uranium concentration in the pond water of 1 mg/L (based on 
recent pumping well inflows and allowing for some evaporation), the calculated 
proportions of uranium in the sludge and in solution (i.e., in the pond water) were 
85% and 15%, respectively. In contrast, assuming an average of 4 mg/L uranium 
(the mean historical uranium concentration measured in pond surface 
location 1215) yielded very different estimates: 39% and 61 % in sludge and 
solution, respectively. 

• Assuming a sulfate pond water concentration of 10,000 mg/L based on pumping 
well inflows, the calculated proportions of sulfate in the sludge and in solution 
were 87% and 13%, respectively. However, assuming 50,000 mg/L sulfate (the 
mean historical sulfate level in location 1215 samples) yielded 37% and 63% 
sulfate in in the pond sludge and solution. 

• Similar variation in results was found for nitrate depending on the assumed pond 
volume and concentration in the pond water. ' 

7. Figure 10 of the Annual Performance Report April 2013 Through March 2014 showed the 
ground water elevation contours in terrace alluvial wells from March 2003 (Baseline) and 
March 2014 (Current). This figure has beert replaced with Figure 11 in the current 
performance report showing the terrace alluvial ground water thickness contour maps from 
the Baseline year (2000) and Current year (March 2015). However, for estimating the total 
thickness of contaminated water, the terrace alluvial ground water thickness maps could be 
misinterpreted, since the weathered Mancos Shale is not included and, with the drop in the 
terrace water table elevation, a greater percentage of the contaminated water will be found in 
the weathered Mancos Shale. As such, this information should be included in any 
contaminated ground water thickness map. 

DOE Response: Although groundwater contamination does exist in the weathered 
Mancos Shale, our recent analyses of chemical data indicate elevated natural 
contamination. Because of limited groundwater, the Mancos Shale was not included in 
the volume calculations. Packer tests of several boreholes within the weathered Mancos 
zone showed maximum hydraulic conductivites ranging between 2 x 10-3 and 6 x 10-4 

cm/s and well yields in this zone are <0.1 gpm. Based on these findings, the weathered 
Mancos Shale is not considered an aquifer based on limited yield. Background levels of 
nitrate, selenium, sulfate, and uranium (as found in Many Devils Wash) also make the 
weathered Mancos Shale qualify for limited use based on widespread ambient 
contamination. 
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Attachment 4 
DOE Responses to January 30, 2017 NRC Comments 

Shiprock Annual Performance Report, April 2015 through March 2016 

1. On October 29, 2014, the NRC staff provided comments on the report entitled "Annual 
Performance Report April 2012 Through March 2013 for the Shiprock, New Mexico, Site" 
dated November 2013 (ML 14297A140). Based on the current information available to the 
NRC staff, observation 4 from our comments on the April 2012 through March 2013 report 
are still relevant: 

Previous Observation 4. The conceptual model for the terrace groundwater system 
appears to include vertical movement of contaminated groundwater from the terrace 
alluvium through the weathered Mancos Shale into fractures and bedding surfaces of 
the unweathered Mancos Shale before discharging into the floodplain. However, little 
information has been gathered on the vertical gradient within the terrace system. No 
downward vertical gradient in the terrace groundwater system has been collected, for 
example, with data from a piezometer nest composed of two or more piezometers 
installed side by side at the same location. It would be helpful if approximation of the 
downward rate of flow or specific discharge of contaminated water was determined. A 
better understanding of the downward flow from the terrace may provide a better 
understanding for the concentration measurements in those floodplain wells showing 
little improvement. A better basis for the terrace groundwater flow and transport 
conceptual model would provide a better basis for making decisions. 

DOE Response: DOE has addressed NRC comments dated October 29, 2014-
addressing the 2012-2013 annual performance report (DOE 2013a)-in Attachment 1 of 
this submittal. 

2. On March 4, 2015, the NRC staff provided comments on the "Annual Performance Report 
April 2013 Through March 2014 for the Shiprock, New Mexico Site," dated October 2014 
(ML 15043A741). Based on the current information available to the NRC staff, comments 
4.a and 4.b from our comments on the April 2013 through March 2014 report are still 
relevant: 

Previous Comment 4.a. With the drop in the terrace water table elevation, a greater 
percentage of the contaminated water will be found in the weathered Mancos Shale. 
Greater emphasis on this unit would be beneficial. West of U.S. Highway 491, only three 
wells exist sufficiently deep to monitor the upper weathered Mancos Shale. 
Contaminated water would occur at least as far down as the lower boundary of the 
weathered Mancos Shale. One of the purposes of the active remediation is to 
hydraulically cut off the recharge from the east terrace to the west terrace. However, 
most monitoring wells in the terrace are above the Mancos Shale and, therefore, cannot 
provide data about where the interface between the weathered and unweathered Mancos 
Shale is located and whether the hydraulic connection between the east terrace and the 
west terrace within the weathered Mancos Shale has been cut. Based on current 
information, it would appear that_the hydraulic connection between the east terrace and 
the west terrace has not been cut. The steeper drop in the west terrace water table 
elevation (as shown in Figure 10 from the Performance Report of April 2013 Through 
March 2014) compared to the east terrace water table elevation would suggest an 
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increase in the specific discharge from east to west and claims that the hydraulic 
connection between the east terrace and the west terrace has beeri severed should be 
further validated. 

Previous Comment 4.b. NRC staff had commented in the past (ML 14288A599) that the 
results of the temporal redundancy analysis appear to indicate that semiannual sampling 
at most of the locations is warranted. To date, DOE has not addressed these comments 
and, as such, it would appear~ from the DOE report that semiannual sampling is still an 
optimal approach. 

DOE Response: In response to previous Comment 4.a, please refer to corresponding 
responses in Attachment 2 of this submittal (responses to NRC comments dated 
March 4, 2015). Site characterization efforts geared toward a greater understanding of 
groundwater flow and transport mechanisms on the terrace are ongoing. Findings of 
these investigations will be discussed in future position papers, and the site conceptual 
model .will be updated when appropriate. 

In response to previous Comment 4.b---regarding the temporal redundancy analysis in 
the 2013 Optimization report [DOE 2013b]-refer to our response in Attachment 2 of 
this submittal. DOE will continue semiannual sampling until analyses supporting a 
revised GCAP warrant an alternate sampling approach. 

3. On October 13, 2015, the NRC staff provided comments orithe "Annual Performance 
Report April 2014 Through March 2015 for the Shiprock, New Mexico, Site" dated 
August 2015 (ML 15281 A054). Based on the current information available to the NRC 
staff, comments 3 and 4 from our comments on the April 2014 through March 2015 report 
are still relevant: 

Previous Comment 3. The NRC staff notes that the current annual performance report no 
longer includes the "Recommendations" section. Rather, the report states that 
recommendations for future actions and a technically sound and protective "path 
forward" are discussed by a technical working group on a regular basis and implemented 
as soon as feasible. However, it would be useful for the reader-if the DOE included the 
recommendations agreed upon by the working group in the report as the 
recommendations and actions ofthe working group are not currently being made 
publically available. 

Previous Comment 4. The executive summary stated that contaminant concentrations, in 
particular sulfate and uranium, appear to be increasing for some of the floodplain wells. 
It could be possible that a time-delayed correlation exists between the rainfall events 
effecting the alluvium-Mancos shale terrace groundwater system and the increased flow 
of contaminants in the some of the floodplain wells. It may be useful if the DOE 
evaluated the possibility of this correlation. 

DOE Response: As discussed in Attachment 3 of this submittal, although some 
floodplain wells show increasing concentrations of sulfate and uranium, these trends are 
small-scale exceptions within the context of large-scale mass reduction in response to 
pumping legacy contamination from the floodplain alluvial aquifer. 
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4. Section 3 .3 .1 discusses the new table (Table 5) on the past and current volumes of solid and 
liquid in an area of the southern terrace as well as percentages of liquid removed since 
pumping began. The report states that the volumetric reduction approximated in the table 
(approximately 21.7 million gallons) was relatively close to the 19 million gallons 
(cumulative) measured entering the evaporation pond from terrace alluvium pumping. 
However, the amount approximated in the table is apparently only the shaded areas in the 
southern part of the terrace as seen in Figure 15 while the 19 million gallons it is compared to 
represents the cumulative volume of water removed from the entire terrace with the 
exception of the Bob Lee and Many Devils washes. Unless NRC staff has misunderstood the 
information being presented, a comparison of the volumetric amount withdrawn from the 
southern terrace vicinity to the volumetric amount withdrawn from the entire east terrace 
with the exception of the Bob Lee and Many Devils washes is an inappropriate comparison 
and should be modified so that the same areas are being compared. 

DOE Response: As stated in Section 3.3.l and reflected in the title of Table 5-
Estimated Liquid Volume Present and Removed in the Terrace Alluvium, Active 
Remediation Vicinity-only the south terrace area (shaded region in Figure 15) was 
considered in estimating volumetric reductions because that is the only area on the entire 
terrace where pumping has occurred. 

5. Some of the changes in terrace alluvial groundwater thicknesses as represented by the 
contour maps in Figure 15 do not seem to match the nonparametric, locally-weighted 
statistical regression line as presented in Appendix B. For example, Figure B-4 shows a 
water elevation drop for well 814 of about 0.6 feet while Figure 15 shows a difference of 
about 1 foot. Well 827 in Figure B-6 shows a water elevation decline of around 0.3 feet 
while Figure 15 shows a difference of about 1. 7 feet. If data points were used that were 
outside the shaded area given by the local regression method, the rationale for their use 
should be given. 

DOE Response: The depiction of changes in terrace alluvial groundwater thickness in 
Figure 15 is consistent with the hydrographs provided in Appendix Bin the 2015-2016 
annual performance report (APR, DOE 2016). For ex.ample, when comparing baseline 
(2000) to present (March 2016) conditions for terrace well 0814, Figure 15 indicates a 
water level decline of 1.25 ft. This is consistent with the presentation in Figure B-4, 
where the initial baseline (2/6/2000) measurement is 4937 ft above mean sea level, and 
the last point (the March 2016 datum) is 4935.75 ft amsl, also indicating a water level 
drop of 1.25 ft, as shown in the inset below. 
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Similarly, for well 0827, Figure 15 indicates a water level decline of 1.69 ft, which is 
consistent with the presentation in Figure B-6, where the initial baseline (2/3/2000) 
measurement is 4921.94 ft amsl, and the last point (the March 2016 4atum) is 4920.25 ft. 
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Excerpt from Figure B-6 (DOE 2016) 

It is important to emphasize that the smoothing lines and surrounding shaded regions 
used in both chemical and water level trend plots in the annual report are intended 
primarily as a data visualization tool, providing a summary of the raw data and 
highlighting the corresponding dominant trend. The shaded (95% point-wise confidence 
interval) region about the regression line represents the uncertainty about the regression 
line, not the raw data points. As such, the confidence band should not necessarily be used 
to assess whether or not a data point is an outlier. Furthermore, even if a datum qualifies 
statistically as an outlier, it should not be discarded from the analysis unless it represents 
a measurement error. In fact, in some cases, an outlier might be one of the most 
important or revealing observations in a data set. 

6. Figure B-1 shows wells that have gone dry (e.g., wells 1120 and 1122). Well 1048 in 
Figure B-5 also went dry but before it went dry the general trend was an increasing water 
elevation. Suggest that the DOE evaluate whether this is an error in reporting as this seems 
to be an unlikely occurrence. 

DOE Response: In Figures B-1 through B-6 of the 2015-2016 annual report, a hollow 
( o) symbol is used to denote times when DOE attempted to collect a water level 
measurement, but the well was dry or had insufficient water to sample. This was done 
to inform the reader that water level monitoring was still ongoing-for example, in the 
case of wells 1120 and 1122, which have been dry since 2010. In Appendix B, these 
points were assigned values equivalent to the last measured water elevation. DOE 
acknowledges that a more meaningful surrogate would be to use the well casing or 
screen bottom elevation, rather than the last measured water elevation. In the case of 
well 1048, apart from occassional measurements of 4915 ft amsl, water levels had been 
stable at about 4916 ft. 
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