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RIO ALGOM MINING LLC
AMBROSIA LAKE FACILITY
GROUNDWATER STABILITY MONITORING REPORT - SECOND HALF 2014
Nuclear Regulatory Commission (NRC) source material license SUA-1473, condition #34(D),
requires Rio Algom Mining LLC (RAML) to submit semi-annual groundwater monitoring
reports associated with the facility's groundwater stability monitoring plan established by
Amendment 56. Condition 34.D states:
Submit, by Februaty 1 andAugust 1 qf each year groundwatermonitoring
reports to include a minimum of the following: potentiometric surface
maps for each aquifer; time vs. concentrationplots for all parametersfor
which A CLs have been issued, hydrographsfor the downgradient most
trend well or POE well in each aquifer, hydraulic gradient calculations,
and tabulatedanalyticaldatafor each ACL parameterfor each well.

1.0

BACKGROUND

RAML's Ambrosia Lake facility (Site) is located in McKinley County, approximately 24 miles
due north of Grants, New Mexico, in the Ambrosia Lake valley. Uranium milling activities
started at the Site in 1957. The waste management structures were Tailings Impoundments 1 and
2, Decantation Pond 3, and Evaporation Ponds 4 through 10. Tailings Impoundments 1 and 2
were built in 1958, along with Pond 3 at the eastern toe of Tailings Impoundment 1, to accept
decanted tailings liquids. Tailings were first produced at the Site in November 1958. In 1976,
RAML diverted the natural course of the Arroyo del Puerto east of Ponds 4, 5, and 6, and lined
Ponds 9 and 10. The solids fraction was disposed through a slurry transfer system to the tailings
impoundments, while the liquids fraction was transferred to the evaporation ponds. Evaporation
Pond residues from Ponds 3, 4, 5, 6, 7, and 8 were placed in Tailings Impoundments 1 and 2
prior to final reclamation. All the aforementioned tailings impoundments and ponds were
unlined. Seepage from the tailings impoundments and Evaporation Ponds 3 through 6, along
with seepage from unrelated mining and milling operations, saturated and impacted the Alluvium
of the Arroyo del Puerto (Alluvium). Seepage from the tailings impoundments and Evaporation
Ponds 7 and 8 recharged and impacted the Tres Hermanos B sandstones within the Mancos
Formation shale, and the Dakota Sandstone, which underlies the Mancos Formation.
Consequently, in 1983, RAML entered into an Assurance of Discontinuance (AOD) with the
State of New Mexico to minimize the future impact of mill tailings solutions seepage on
groundwater. The approved AOD remedial action required the construction and maintenance of
an interceptor trench (IT-1) and the cessation of discharges to unlined Ponds 4 through 8. These
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ponds were taken out of service in 1983. In the late 1990s, RAML added interceptor trenches
IT-2, IT-3, and IT-4 south of Pond 10 to collect seepage potentially missed by IT-1.
In 1986, after the State of New Mexico relinquished its licensing authority over uranium mill
activities, NRC reasserted jurisdiction at the Site and required that the Site begin a groundwater
detection monitoring program. Data from this program were the basis for the groundwater
protection standards (GPSs) established for the Site by NRC, and a corrective action program
(CAP) for the groundwater was developed based on this information. The CAP required pumping
and treating groundwater to remove certain constituents. RAMvL implemented the CAP beginning
in the mid-1980s. However, the CAP and, thus, the requirement to pump and treat, were removed
when the alternate concentration limit (ACL) petition was granted by the NRC in 2006.
Mining and milling operations in the area have had two notable hydrologic effects: creation and
maintenance of a saturated zone at the base of the Alluvium, and creation of a cone of depression in
bedrock aquifers due to dewatering of underground mines. The saturated zone in the Alluvium has
continued to decrease since the milling processes stopped. Water quality in the Alluvium and the
units into which the Alluvium drains has also been affected by other mining operations in the area.
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2.0

SECOND HALF 2014 ACTIVITIES

Activities associated with the groundwater monitoring program at the mill facility during the
second half of 2014 consisted of performing sampling pursuant to the approved groundwater
stability monitoring plan. The well network was designed to track and assess groundwater
impacts between the tailings impoundment and the long-term care boundary and point of
exposure (POE). NRC required more frequent monitoring during the beginning of the
compliance monitoring program because of uncertainties in the hydrogeologic and transport
models. The approved ACLs for the Site are presented in Table I below.
Table 1. Rio Algom Mining - Ambrosia Lake Operation
Approved Alternate Concentration Limits
U-nat (mg/L)

1.6

No ACL

1.6

23

Th-230 (pCi/L)
Ra-226 and -228 (pCi/L)
Pb-210 (pCi/L)
Gross Alpha (pCi/L)
Molybdenum (mg/L)
Nickel (mg/L)
Selenium (mg/L)
Chloride (mg/L)

945
218
88
No ACL
No ACL
6.8
No ACL

945
218
88
No ACL
No ACL
No ACL
No ACL

945
218
88
No ACL
No ACL
6.8
No ACL

13,627
3,167
1,274
8,402
176
98
49

3,200

1,070

2,810

7,110

Nitrate (mg/L)

22.8

9.2

7.7

351

Sulfate (mg/L)
Total Dissolved Solids (mg/L)

6,480
14,100

2,584
6,400

4,760
11,700

12,000
26,100

mg/L = milligrams per liter
pCi/L = picocuries per liter

Appendix 1 of this report contains the analytical data for the Dakota, Tres Hermanos A, Tres
Hermanos B, and Alluvial units. Appendix 2 contains the time versus concentration plots for the
ACL parameters for the Dakota, Tres Hermanos A, Tres Hermanos B, and Alluvial units.
Appendix 3 contains the hydrographs for the most downgradient monitoring well for the Dakota,
Tres Hermanos A, Tres Hermanos B, and Alluvial units. The most notable observation in the
data is that the potentiometric surface in the Alluvium continues to decline. For example, RAML
has observed a decline of over 30 feet at monitoring well 32-69 since February of 2005. This
drop is attributable to the discontinuance of the Alluvial CAP, which was maintaining the
artificial water mound in the vicinity of the Site. RAML's groundwater flow model projected a
65- to 100-year period for the Alluvium to dewater following cessation of the CAP. This water
table drop acts to slow the lateral migration rate of milling-related seepage.
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RAML determined the hydraulic gradients by calculating the difference in groundwater elevation
between the most upgradient point of compliance (POC) well in each unit and the farthest
downgradient trend or POE well in the same unit. That value was then divided by the distance
along a flow path between the two wells. Results of these calculations are summarized below:
*

Dakota Sandstone - 0.028 foot per foot

*

Tres Hermanos A Sandstone - 0.002 foot per foot

*

Tres Hermanos B Sandstone - 0.016 foot per foot

•

Alluvium - 0.007 foot per foot

Appendix 4 contains the potentiometric surface maps for the Dakota, Tres Hermanos A, Tres
Hermanos B, and Alluvial units.
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3.0

IMPROVEMENTS TO THE MONITORING PROGRAM

Improvements to the groundwater monitoring program include replacing monitoring wells that
that had actual measurements differing from their proposed or stated measurements in
construction logs, or wells with visible or suspected damage. The ACL wells that have been
replaced are alluvial wells 5-03, 5-08, and 5-73; Dakota wells 30-48 KD and 32-45 KD; Tres
Hermanos A well 3 1-01 TRA; and Tres Hermanos B well 31-02 TRB. The well replacement
program was completed in 2013. Original well time-concentration plots are included in this
report as Appendix 5. A map showing original and replacement well locations is included in
Appendix 6. Analytical data and time-concentration plots for the replacement wells are included
in Appendices 1 and 2, respectively, and the sampling results are discussed in the Section 4.0.
Dedicated pumps have been installed in 17 wells. Each of the replacement wells, with the
exception of 31-01 TRA-R, received a dedicated bladder pump in 2014. In addition, dedicated
bladder pumps have been installed in wells 36-06 KD, 33-01 TRA, 19-77 TRB,
31-67 TRB, 36-02 TRB, 32-59 ALL, 31-61 ALL, 31-65 ALL, and 5-04 ALL. A dedicated
electric submersible pump was installed in 17-01 KD due to its depth.
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4.0

DATA EVALUATION

As a component of the ACL approval process, NRC not only established ACLs for specific
parameters, but also maintained the GPSs for those constituents for which ACLs were not
proposed. During the time from initial ACL submission for the bedrock units (February 2000) to
ACL approval (2006), the Site maintained the CAP. Data collected during the second half of
2014 were compared to ACLs and GPSs. Notable results are described in detail in the following
sections.
4.1

Dakota Sandstone

Dakota monitoring wells 36-06KD and 32-45 KD-R have been subject to increased monitoring,
generally on a monthly basis. The results of the accelerated monitoring are discussed below. A
sample was collected from monitoring well 30-02 KD. Well completion diagrams show the
water collected from 30-02 KD was contained below the bottom of the screened interval in the
well casing known as a sump. The source of this water is not known, and the results were
consistent with historical results.
4.1.1 36-06 KD
Monitoring well 36-06 KD has been monitored on an accelerated basis for beryllium, cadmium,
gross alpha, and uranium. RAML has discussed the changes in concentration in samples of
groundwater from monitoring well 36-06 KD during past meetings with NRC, and both parties
concurred that fluctuations in well water quality appear to be linked to surface reclamation work.
Elevated beryllium concentrations were identified in 2006 in Dakota POC monitoring well
36-06 KD. As a result of this condition, RAML submitted a proposed CAP on January 15, 2007,
to address the beryllium concentrations present within monitoring well 36-06 KD. This CAP was
approved by NRC on April 30, 2007.
The previously increasing trend in beryllium concentration correlated with surface field work in
the vicinity of the well. The increasing trend in beryllium has stabilized and concentrations trended
downward after 2007. RAML proposed to continue monthly monitoring of well 36-06 KD for
beryllium so that additional data would be available for evaluating the beryllium concentrations.
The beryllium concentration in the samples of groundwater from monitoring well 36-06 KD
continues to exceed the GPS of 0.01 mg/L. Although concentrations of beryllium in 36-06 KD
have increased in 2014, they continue an overall downward trend from a ten-year high of near
0.04 mg/L in April of 2007 (Table 2 and Figure 1).
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Table 2. 2nd Half 2014 Analytical Summary for
Beryllium and Cadmium in Monitoring Well 36-06 KD

7/30/2014

0.017

0.0088

9/24/2014

0.0215

0.0151

10/29/2014

0.0176

0.012

11/6/2014

0.0203

0.0055

12/16/2014

0.0195

0.0056

0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

0_
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Figure 1.

Beryllium Concentrations in Dakota Monitor Well 36-06 KD

Because of previous inadvertent omissions in reporting values that exceed a GPS, in 2009
RAML instituted a policy of third-party review of laboratory data within five working days of
receiving it. As a result of this policy, RAML was made aware that cadmium concentrations in
the samples of groundwater from monitoring well 36-06 KD had exceeded the GPS of 0.01 mg/L
during several sampling rounds beginning in November 2007 (Figure 2). Cadmium concentrations
in monitoring well 36-06 KD follow a pattern that is very similar to both uranium and beryllium
concentrations in the same well. These constituents increase when pH decreases and decrease
when pH increases. As with uranium and beryllium, cadmium concentrations continue to exhibit
an overall decreasing trend and were below the GPS in the July, November, and December
monthly sampling events for monitoring well 36-06 KD (Table 2 and Figure 2).
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Cadmium Concentrations in Dakota Monitor Well 36-06 KD

Groundwater samples from 36-06 KD were analyzed for gross alpha. The corrected gross alpha
values (gross alpha - gross alpha derived from uranium) were below the GPS of 56 pCi/L with
the exception of the November result. The corrected gross alpha values are presented in Table 3.
Table 3.

2nd Half 2014 Analytical Summary for Gross Alpha in
Monitoring Well 36-06 KD

GPS (pCiIL)

55

7/30/2014
9/24/2014

-16.57
-122.305

10/29/2014

-22.29

11/6/2014
12/16/2014

68.872
-49.25

4.1.2 32-45 KD-R
Nitrate concentrations in 32-45 KD-R, which have exceeded the ACL of 22.8 mg/L since
sampling began in 2013, have decreased over the second half of 2014 from 44.5 mg/L in
September 2014 to 29.7 mg/L in December 2014, indicating that nitrate concentrations may be
decreasing as the well continues to stabilize. Concentrations of molybdenum in 32-45 KD-R
NRC License SUA-1473
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reached a maximum concentration of 0.497 mg/L in September 2014 and have been decreasing
through the second half of 2014. Concentrations of molybdenum continue to exceed the GPS of
0.06 mg/L. Table 5 presents molybdenum and nitrate concentrations in 32-45 KD-R during the
second half of 2014.
Table 5.

Analytical Result Summary 32-45 KD-R

9/5/2014
10/29/2014
11/24/2014

0.497
0.482
0.38

44.5
39.2
28.5

12/15/2014

0.384

29.7

Pursuant to Condition 34.F and Criterion 5D of 10 CFR part 40 Appendix A, RAML is
proposing a CAP to address the exceedances of molybdenum and nitrate in 32-45 KD-R. Since
32-45 KD-R is a replacement well, RAML proposes the continuation of monthly monitoring for
these parameters through 2015 to gather more information as the well continues to stabilize.
The results of the monthly sampling will be presented in the GroundwaterStability Monitoring
Report - First Half 2015. When the well has clearly stabilized, recommendations for an
appropriate path forward will be presented. Alternatives for corrective action include, but are not
limited to, continuation of accelerated monitoring and/or revision of ACLs for this well. The ACL
for nitrate was established based on the geochemical conditions present in the groundwater in the
original well 32-45 KD in 2006. Well 32-45 KD-R is a replacement well for well 32-45 KD.
Although the replacement well was intended to duplicate the conditions in the original well,
evidence of temporal and spatial geochemical variability indicates that the ACLs and GPSs
established for the original well 32-45 KD may not be appropriate for compliance in replacement
well 32-45 KD-R.
4.2

Tres Hermanos B

4.2.1 31-02 TRB-R
Uranium concentrations in groundwater samples collected from former monitoring well 31-02 TRB
from July through November of 2011 exceeded the ACL of 1.6 mg/L. RAML continued monthly
sampling, resulting in uranium concentrations below the ACL throughout 2012. As part of the
site-wide well replacement program, 31-02 TRB was identified for replacement and a new well
(31-02 TRB-R) was installed on December 14, 2012. Monthly sampling and analysis for
uranium and gross alpha in well 31-02 TRB-R continued. Results from the second half of 2014
are presented in Table 4. Uranium concentrations in this replacement well have never exceeded
NRC License SUA-1473
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the ACL, and gross alpha has been below the GPS of 21 pCi/L with the exception of the
December 2013 and December 2014 results. Since 31-02 TRB-R is a newly installed
replacement well, collecting and analyzing monthly samples for gross alpha as the well continues
to stabilize is proposed through the end of 2015 to gather enough information to select an
appropriate path forward.
Table 4.

2nd Half 2014 Analytical Summary for Uranium and Gross Alpha
in Monitoring Well 31-02 TRB-R

9/8/2014
10/29/2014

0.0035
0.0042

-3.54
-2.81

11/7/2014
12/16/2014

0.0036
0.0037

0.688
37.52

4.2.2 19-77 TRB
Background well 19-77 TRB is one of the most stable wells in the monitoring network, as
demonstrated by the time-concentration plots in Appendix 2. An elevated concentration of
molybdenum was reported from groundwater collected and analyzed for the fourth quarter
sampling event. The result, 0.088 mg/L, is an order of magnitude greater than the previously
reported result of 0.004 mg/L. The same sample was re-analyzed by the lab to attempt to identify
potential errors in rounding, unit conversions, or dilutions. The re-analyzed sample result was
similarly elevated. Background well 19-77 TRB was re-sampled on January 12, 2015. Results of
this analysis are pending and will be presented in the first quarterly report for 2015, which will
be submitted to NRC June 1, 2015, and in the semiannual report for the first half of 2015.
4.3

Tres Hermanos A

4.3.1 30-01 TRA
For the last eight years, Tres Hermanos A compliance well 30-01 TRA did not contain enough
water to collect a sample. However, during the fourth quarter 2014 monitoring event,
approximately 4 feet of water in the bottom of the well allowed for a sample to be collected. The
water was collected by disposable bailer and placed in appropriate sample containers. INTERA
sampling staff noted that the water appeared "silty and rusty." Field parameters were collected;
however, not enough water was present to purge the well or wait for stabilization of field
parameters prior to sampling. The well was essentially bailed dry during sampling, leaving
approximately 1.8 feet of water in the bottom of the well. Review of the well construction
diagram for 30-01 TRA revealed 20 feet of solid casing (or sump) below the bottom of the
NRC License SUA-1473
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screened interval. Construction diagrams also show that the annular space surrounding
monitoring well 30-01 TRA was cemented from the ground surface to total depth. The source of
this water is unclear.
Field staff returned to 30-01 TRA on January 12, 2015, to measure depth to water and record
evidence of recharge. In approximately one month, the water level had risen 0.7 feet. This
recharge did not meet the Rio Algom Groundwater Sampling Standard Operating Procedure
criterion for Slow-Recovery Monitoring Wells (§5.2), which dictates that recharge of 90% of the
water column must occur within 24 hours of initial sampling to support collection of a
representative sample. This criterion is based on U.S. Environmental Protection Agency (Yeskis
and Zavala, 2002) and U.S. Geological Survey guidance documents (USGS, 2006).
Results of analysis of the water from 30-01 TRA included a concentration of molybdenum that
exceeds the ACL. As described above, this sample was collected from stagnant water in the
sump of the well and is likely not representative of groundwater conditions in the Tres
Hermanos A. Attempts to re-sample the well per the Conditions set forth in the License were
unsuccessful due to insufficient groundwater recharge. RAML will continue to collect depth to
water measurements from this well on a semi-annual basis. Recommendations for replacing the
well or repairing (plugging back) the 20-foot sump are being considered.
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5.0

CONCLUSIONS

The following table summarizes the notable results from the second half of 2014 groundwater
monitoring.
Table 5.

Rio Algom Mining - Ambrosia Lake

Second Half 2014 Summary and Path Forward
Beryllium,
36-06 KD

cadmium, and
above GPSs

CAP submitted for Be
2007; monthly
monitoring (plus U)

Molybdenum

Mabove GPS;

Replacement well

32-45 KD-R

aboveiingGPS;hl

Continue with monthly monitoring and

nitrate above
ACL

monitoring

quarterly reporting until well stabilizes

e
Unrepresentative
Uepres
e
sample;
stagnant/unknown

Continue with semi-annual monitoring for
TD and DTW; sample ifrecharge
requirements are met; review and present
options
forReport
well rehab or replacement in 1st
Half 2015

Dry or low/no
Unrepresentative
recharge
well;
Unrpres
30-0 TR
unnownsouce;sample;
30-01 TRA
unknown source; stagnant/unknown
molybdenum
source
above GPS

Continue with semi-annual monitoring for
TD and DTW; sample ifrecharge
requirements are met; review and present
options for well rehab or replacement in 1st
Half 2015 Report

30-02 KD

19-77 TRB

31-02 TRBR

Low/no
recharge
well;
unknown
0waell unoue
water source

well

Continue with monthly monitoring until
concentrations remain consistently below
GPS; quarterly reporting

above GPS
B

m
Background
well;
resampling
Bbdenum
in
pgresa
g iGPS,
progress

If re-sample is below GPS, continue with
semi-annual
sampling; ifmonthly
re-sample
is above
begin accelerated
sampling.
Report results in 1Q2015 Report

Gross alpha
above GPS

Replacement well
stabilizing,
monthly
monitoring

Continue with monthly monitoring and
quarterly
reporting until well stabilizes
quarterlyeportingntilwellstabilize

RAML proposes to continue monthly sampling of constituents exceeding their respective GPS or
ACL. Replacement wells that are in the process of stabilization will also be sampled on a
monthly basis for constituents exceeding GPSs or ACLs. If exceedances continue to occur after
wells have stabilized, a CAP will be proposed and submitted to NRC. Wells with construction

specifications that allow for collection of samples that may not be representative of formation
conditions will be monitored for total depth and depth to water, and sampled only if the well

meets the recharge criteria of 90% within 24 hours as specified in the RAML Groundwater
Sampling SOP.
Monitoring of the well network is required on a semi-annual basis, with the exception of the
wells involved in accelerated monthly sampling. RAML has been conducting quarterly
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monitoring and analysis since the ACLs were approved in 2006. RAML will conduct semiannual
monitoring beginning in 2015 to reflect the requirements in Condition #34 of the License, with
the exception of wells involved in accelerated monthly sampling, which will continue to be
monitored monthly and reported to NRC on a quarterly basis.
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6.0
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