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ABSTRACT

Envirocare of Utah, Inc., currently operates an 11e.(2) disposal cell at its South Clive fadility,
located in the western desert of Utah. This cdll islicensed by the Nuclear Regulatory Agency to
receive by-products from uranium mill tailing operations throughout the United States. The
location of Envirocare' s South Clive Facility isided for the disposd of 11e.(2) waste materid.
One of the favorable attributes of the location isthat the groundwater is of extremely poor
quality (greater than 50,000 mg/L TDS) and isfound in alow-yidding aguifer. High TDS
waters are found in this area due to the large quantity of evaporite depodts left from the Gresat
Salt Lake and its predecessors. These evaporites are also repositories for metals, which dso
make the water unsuitable for drinking.

Envirocare' s current groundwater monitoring network congsts of 12 shalow monitoring wells,
which are sampled on a quarterly basis for mgjor cations and anions, metds, volatile and semi-
volatile organic compounds, and radiologics. Quarterly andytica results are compared to
basdlines levels established prior to disposal activities to demongtrate compliance. Arsenic and
selenium concentrations in some of the monitoring wells began to increase in the past five years.
These increases are directly attributed to increasing groundwaeter levels caused by enhanced
recharge from storm water drainage from the Department of Energy (DOE) Vitro embankment.
This storm water drainage has since been diverted to alined collection pond. Asthe
groundwater eevationsincreased, resdua arsenic and selenium, |eft in the soil as a precipitate,
is re-mobilized.

Although the increases in arsenic and sdenium are not the result of cell leskage, Envirocareis
respongble for maintaining a compliance monitoring system that will indicate a possible future
release. To thisend, Envirocare is modifying its current compliance monitoring network to
focus on congtituents that will indicate a possible release from the cell. Envirocare conducted a
sorption coefficient (K 4) Study to evauate the reative mobility of condtituents found in the
11e.(2) waste stream. Reaults of the Kd study were used in a decision criteria matrix to identify
those condtituents that would be the mogt likely to be detected, should arelease occur. Other
factors congdered in the decison matrix were mass of congtituentsin the waste, current
concentrations of condtituentsin the groundwater, and the |aboratory anadytica detection limits
for the condtituents. Envirocare anticipates that the study will decrease the current andytelist to
amore diagnogtic list that will provide a better indication of arelease.
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INTRODUCTION

Envirocare of Utah, Inc. (Envirocare) operates four waste disposal facilities near Clive, Utah; a
Low Activity Radioactive Waste (LARW) unit, a 11e.(2) unit, aMixed Waste Unit, and a
Class A unit. Thisreport addressesthe 11e.(2) unit only. The 11e.(2) facility islicensed and
permitted to operate under the following laws and rules:

A materiaslicense to receive, acquire, possess, and transfer byproduct, source,
and specia nuclear materid pursuant to the Atomic Energy Act of 1954, as
amended, the Energy Reorganization Act of 1974 (Public Law 93-438), and Title
10, Code of Federa Regulations, Chapter I, Parts 30, 31, 33, 34, 35, 39, 40, and
70. This congtitutes Envirocare' s 11e.(2) License; License number SMC-1559,
which is administered by the Nuclear Regulatory Commission (NRC).

A Groundwater Qudity Discharge Permit (GWQDP) for a Low-Activity
Radioactive Waste (LARW) and 11e.(2) waste disposd facility, effective April 5,
1996, pursuant to the Utah Water Quality Act, Title 19, Chapter 5, Utah Code
annotated 1953 as amended. Envirocare' s GWQDP License number is
UGW450005 and is administered by the Utah Divison of Radiation Control
(DRC).

LOCATION

The Envirocare fadility islocated in Section 32, T1S, R11W near Clive, Utah, gpproximately 80
mileswest of SAt Lake City, Utah. The entire disposd facility is one square milein size
whereas the 11e.(2) cdll occupies approximately 100 acres of the southwest portion of the
facility. The 11e.(2) disposa cell recelves mine processing wastes (tailings or wastes produced
by the extraction or concentration of uranium or thorium ore).

The Department of Energy (DOE) and the Utah Department of Environmenta Qudity (UDEQ)
selected the areain 1984 for the disposal of the VITRO tailings from Salt Lake City, UT.
These tailings occupy gpproximately 85 acres in the north-central portion of Section 32. The
DOE and UDEQ sdected this facility because it exhibited the most suitable hydrogeologicdl,
ecologicd, and economical characteristics for waste disposa.

One of the primary hydrogeologicd attributes of the facility is poor groundwater qudity and
quantity. Based on the Utah Adminigtrative Code (UAC R317-6-3.7), Groundwater benesath
the 11e.(2) facility has been classified asa Class |V aquifer because the water has atotal
dissolved solids (TDS) concentration of greater than 10,000 milligrams per liter (mg/L). The
11e.(2) monitoring wells demongtrate ranges in TDS concentrations from 37,800 to 70,100
mg/L. Groundwater with high TDS makes the location ided for waste digposd, but makes it
difficult to implement a groundwater compliance program.
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CURRENT GROUNDWATER MONITORING PROGRAM

Envirocare' s 11e.(2) license and GWQDP require compliance monitoring of the shalow,
unconfined groundwater. From 1991 to 1994 and prior to waste disposa, Envirocare
conducted a monitoring program to establish basdines for the 11e.(2) license and Groundwater
Protection Levels (GWPL) for the GWQDP. Table 1 providesalist of monitoring and
compliance parameters required for the 11e.(2) license and GWQDP. Basdinesand GWPLs
were established for each parameter at each well based on the following criteria: for detected
parameters — the mean plus two standard deviations; for undetected parameters — the
laboratory detection method.

Groundwater samples are collected on a quarterly basis from 12 monitoring wells for the
11e.(2) license and on a semi-annud basis from 15 monitoring wells (the 12 11e.(2) wdlsand
three additiona wells) for the GWQDP. Samples are andyzed for the parameterslisted in
Table 1 and results are submitted on a semi-annud basis. Andyticd results are compared to
basdines and/or GWPLsto determine if any exceedances have occurred. Should exceedances
be observed, Envirocare is required to notify the respective regulatory agency and begin out-of-
compliance monitoring.

DESIGN OF 11E.(2) DISPOSAL FACILITY AND GROUNDWATER MOUNDING

During the congtruction of the VITRO embankment, the upper 10-feet of sty clay was
removed from the center portion of the 11e.(2) facility and used in the congtruction of the clay
liner and radon barrier (Figure 1). Thisborrow area caused the 11e.(2) disposa embankment
to be designed as two triangles, with the drainage from the finished VITRO embankment
dividing the two triangles. The intent of this design was to dlow stormwater from the VITRO
embankment to flow to the southwest corner of Section 32 and away from the section. Prior to
the completion the drainage system away from the VITRO embankment, heavy snow and rain
eventsin the winter of 1993 created alarge pond in the center portion of the 11e.(2)
embankment. Unfortunately, the removal of the sty clay in the borrow area exposed a more
permesble Sty sand beneath it. The ponding water in the center of the 11e.(2) embankment
crested alarge mound in the center of the embankment as evidenced in increasing groundwater
eevationsin three monitoring wells, GW-36, GW-37, and GW-38, (placed dong the diagond
between the two 11e.(2) embankments and shown in Figure 2). Groundwater eevationsin
these three wellsimmediately increased by five to eight feet. The VITRO drainage has since be
re-routed in alined ditch that discharges the water southwest of Section 32.

In the spring of 1994, Envirocare began disposa operationsin the 11e.(2) facility. The
increasing groundwater eevations remohilized resdua arsenic, molybdenum, slenium, and
other metals. Lake Bonneville, the precursor to present-day Great Sdt Lake, |eft these metals
as evgporite depodits. The increasing meta's concentrations placed Envirocare s groundwater
monitoring network in an out- of-compliance mode. Severd observations of the increasing
metal s concentrations are:
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The metd increases are directly correlated with increasing groundwater elevations as
shown in Figure 3;

The monitoring wells that experienced increasing metal's concentrations are located
either up gradient or cross gradient from disposal operations,

Thetotal dissolved solids also increased with water level devations, suggesting that the
mound was re-mohbilizing residud despogts;

Monitoring wellsimmediately down gradient of disposa operations did not experience
an increase in metals concentrations.

Envirocare notified both the NRC and DRC that metas concentrations were risng in Site
groundwater. Based on the information and analysis performed to date, both agencies and
Envirocare are convinced that the increasing metals concentrations are due to risng
groundwater elevations. However, the regulatory agencies were not able to agree on how to
solve the problem. The purpose of this paper is to describe the steps Envirocare was required
to go through in order to return the groundwater-monitoring program back to a compliant
mode. Part of this requirement involved the use of adecison criteriamatrix in order to
demonstrate which parameters would be the best indicators of cell leskage.

Utah Divison of Radiation Control Solution

The DRC required that Envirocare continue to monitor groundwater on a quarterly basis and
provide a datistica summary of thedata. A Comprehensive Groundwater Quality Summary
Report was submitted to the DRC October 1999. Based on this summary, the DRC modified
the GWPLsfor arsenic, molybdenum, uranium, gross beta, and gross apha

Nuclear Regulatory Commission Solution

The Code of Federal Regulations (CFR) Part 40, Appendix A of the NRC's regulations would
not alow for the changing of baseline concentrations after disposa operations had begun. The
NRC proposed that Envirocare establish dternate concentration levels (ACLS), asalowed in
Appendix A. Envirocare did not deem this dternative acceptable, because part of the stigma
associated with using dternative concentrationsiis the facility must admit that a release had
occurred. It is Envirocare' s postion that the increasing metals concentrations are not due to a
release from the facility and as noted previoudy, cannot be due to arelease.

CFR Part 40, Appendix A, 5B(2) states:

A condtituent becomes a hazardous congtituent subject to paragraph 5B(5) only when
the congtituent meets dl three of the following tests:

The congtituent is reasonably expected to be in or derived from the byproduct
materid in the digposal areg;
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The condtituent has been detected in the ground water in the uppermost aquifer;

and

The condtituent is listed in Criterion 13 of this gppendix.

Mogt of the metds that currently exceed the basdline concentrations meet these three criteria,
but paragraph 5B(3) continues:

Even when condtituents meet al three testsin paragraph 5B(2) of this criterion, the
Commission may exclude a detected congtituent from the set of hazardous congtituents
on agte specific bagsif it finds that the condtituent is not cgpable of posing a substantia
present or potentid hazard to human hedth or the environment. In deciding whether to
exclude condtituents, the Commission will consider the following:

Potential adverse effects on ground-water quality, consdering --

The physicd and chemicd characterigtics of the waste in the licensed
gte, including its potentid for migration;

The hydrogeologica characteridtics of the facility and surrounding land;
(The quantity of ground water and the direction of ground-water flow;
The proximity and withdrawa rates of ground-water users,

The current and future uses of ground water in the area;

The exiging qudity of ground water, including other sources of
contamination and their cumulative impact on the ground-water quality;
The potentid for hedlth risks caused by human exposure to waste
condituents;

The potentid damage to wildlife, crops, vegetation, and physica
structures caused by exposure to waste congtituents;

The persistence and permanence of the potentid adverse effects.

Decision Criteria Matrix

Based on paragraph 5B3), Envirocare proposed to re-evduate the groundwater monitoring
network and monitor only for those congtituents that would be diagnogtic indicator parameters
of ardease from the facility. To do this, Envirocare evauated the following criteria

Mass disposed in waste stream,

Reative mohility or sorption coefficient (Kd); and

Detectability of the congtituent (this included an evauation of |aboratory
andytica detection limits as well as condtituent concentration in Site
groundwater)

The andyss congsted of comparing the tota ranking of each meta within the three categories
described above. For the analysis, the 13 compliance metals were evaduated, which are
provided in Table 1. Metaswere ranked from 1 to 13 in each category. A tota ranking was
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cdculated by multiplying the rankingsin dl three categories for each metd. The metds with the
highest total ranking scores were then identified as potential candidates for ashort ligt of
compliance metals for regulatory agenciesto consder.

In the mass disposed criteria, the metal with the highest mass digposed received arank of 13,
while the metal with least mass disposed received arank of 1, with dl others ranked accordingly
between these values. This approach gave high rankings to those metds that are most
representative of waste digposed at Envirocare, with least representative receiving lower
rankings.

For the relative mohility criteria, the metd with the lowest K4 recelved arank of 13, while the
metd with the highest K4 received arank of 1, with al others ranked accordingly between these
vaues. Inthis criteria, the ranking was meant to produce high scores for more mobile metals,
which would be firg to reach a compliance monitoring point if areease from the 11e.(2) facility
should ever occur.

When the decision criteriawere firgt introduced, NRC personnd expressed concern that waters
with high TDS may influence K4 values. Previous fate and transport modeling exercises used
the lowest literature K4 vaues, which were adequate because they provided conservative
results. Because of this concern, Envirocare conducted a K4 study using site soilsand
groundwater. Sorption coefficients were developed using three different concentrations of
spiked solution to demongirate consstency. Results of the Ky study were submitted to the
NRC under a separate document, Metals Distribution Coefficient Values Relevant to the
Envirocare Ste Resultsare provided in Table 2 and ranking scores for these criteriawere
cadculated for each metd for their mean, low, and high Ky vaues.

For the detectability category, the metal with the lowest concentration in groundwater was given
arank of 13, while the meta with the highest concentration in groundwater received arank of 1,
with al others ranked accordingly between these values. This ranking gave a higher scoreto
those metals that are present in Envirocare ground water at low concentrations, and therefore an
increase in concentration of one of these metals due to a potentia release would be easily
detectable.

Table 3 provides the rankings with the rdative K4 vaues for each meta, total mass digposed in
the 11e.(2) cell, and the average concentration of each metal in Envirocare ground water. Note
that in the K4 category, mean, low, and high site-specific Kgs are reported for each metal.
Based on the mean K scores, the four highest ranking metas are barium, silver, copper, and
lead. Based on the low K, values, the four highest scoring metds are the same metals as for the
mean K scores, with successively higher scores for lead, barium, siver, and copper. The high
K 4 scores demondrate that silver and barium are again in the top four in the ranking, but
cadmium and nickd are ranked third and fourth, astheir K4 values do not increase nearly as
significantly aslead and copper (although copper was gtill ranked 6™) did in the high Kq
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experiments. Results of adding dl three scores (mean, low, and high) suggest thet Slver,
copper, barium, and lead as shown in Figure 4.

To better eva uate the impact of the K4 vaues on the results, the ranking of dl the metas were
compared by evauating where the metals score based on the two fixed categories (mass
disposed and average ground-water concentration) versus where they scored when Ky rankings
areincluded. Based on just the mass disposed and average ground water concentrations, the
top four metals are silver, copper, barium, and lead. These four metals scored highest in both
the mean and low K4 total ranking scores. With the high K ranking score, lead and copper
move out of the top four rankings. Based on this, the mean and low K vaues have no impact
on which meta's gppear to be the best indicator compounds for compliance monitoring. Use of
the higher K4 values remove two of these metals (lead and copper) from the top for total

scores. The low and mean concentration Ks are best representative for evauating ground
water transport (and hence mohility) for dl of the compounds except for slver and
molybdenum. For these compounds, the full range of Kgs should be consdered. Given that
dlver ranksin the top four for al ranking categories (mass disposed and ground-water
concentration; low Ky, mean K, and high K4) and molybdenum does not rank in the top four in
any of the ranking categories, the results from the low and mean K4 rankings are best
representative for the metas for compliance monitoring.

CONCLUSION

The successful operation of a groundwater compliance monitoring system depends on the ability
of the system to detect releases from the disposd facility. Monitoring for the radioactive
components (radium, thorium, and uranium) will provide the best indicators for releases from the
disposd cdl. Envirocareis confident that monitoring for metasin Ste groundwater is not
diagnostic of arelease from the facility. However, if metals do need to be monitored for,
Envirocare suggests meta's monitoring be limited to lead, copper, silver, and barium.



