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1. INTRODUCTION

'or most of 1996, moaitoring vells at the Enviovare 116.(2), Jovated in Chive, Uwsh, have routinely
registered exceedences with respect to arsenic and occasionally for other elements of concern (e.g.
sclenium). Previously, only one arsenic exceedence had been observed, for one specific well (GW-57 in
January 1995). This communication focuscs only on the issues iclated W arsenic, although similar
cfforts arc being devceloped to address other constituents.

Over the penod of time that the 11¢.(2) facility has operated two distinct changes have occurred which
may contribute to the observed arsenic exceedenccs.

e there has been a change in the contract lahoratory that performs the analyscs
e groundwarcr clcvations at cach of the moniioring wells has slowly increased

It is not clearly understood to what degice cither, oi both, of these Climnges Liss contributed w observed
exceedences for arsenic. or if observations simply represent background conditions that may warrant a
change in the cstablished background concentration for cach of the individual wells monitoring the
facility.

The purpose of thie Technical Memorandum is to provide an initial review of how operational and
environmental factors may rclate to observed exceedences. It intends, in part, to lay some of the
fundamental groundwaork for a continuing program of investigation to systcinatize understanding of
geochemical changes at the site and the degree to which Envirocarc may play a role in those processcs.

2. ESTABLISHED BACKGROUND AND RECENT EXCEEDENCES

Experiencing regulatory exceedences for monitoring wells at the 11¢.(2) facility is driven by two
principle features

e the cstablished a background concentration for arsenic in groundwater at the site that is a reference
point for potential future exceedences

* observing, after initiation of facility operation, concentrations in monitoring wells that arc greater
then the previously cstablished background concentration | defining an excecdence

This section reviews the activities related to establishing background concentrations and their reliability.
Later sections speak to the issuc of current obscrvations, which are interpreted to be regulatory
exceedences.

2.1 Background Data Collection

Each of the monitoring wells surrounding the 11e.(2) cell were sampled routinely prior to May, 1994,
Somc had sampling periods that began as far back as January 1991 and have as many as sixtecn data
points, others were not sampled for background until August of 1993 and have only four data points.

T O R AT 05 AR A P 5 Y M Y S e N B U |
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2.2 Analytical Procedures

Analyses of background groundwater samples were performed by American West Analytical
Laboratorics (AWAL) of Salt Lake City, Ulsh. All arsenic analy scs were performed using Method
7060, which cmploys a graphite furnace atomic absorption (GFAA) technology.

Concentrations of ar cnic in monitoring wells was obscrved to be very low, commonly greater than the
detection limit (DL, of the analytical instrumentation. However, due to the high salinity of the
groundwater samples which results in significant interferencc's, analytical results often fell below the
Practical Quantitation Limit (PQL). Thus, the analytical results would be anticipated to have large
uncertainties associated with them, on the order of twenty to twenty-five percent.

2.3 Evaluation of Established Background

After all background data had been collected, it was statistically analyzed to detcrmine a regulatory limit
for backgiound concentiations of wseitic al thie site. The procedure followed (by the Nuclear Regulatory
Commission, NRC) for this determination gencrally included

o review of data for distribution characteristics (Gaussian or log nonnal)
¢ deletion of statistical outlicrs

o calculation of the statistical mean

o caleulation of the associated standard deviation

» calculation of a representative background concentration for cach well as the mcan plus two standard
deviations

The present review has confirmed that for samplex collected and analyzed prior to May 1994
¢ normal Gaussian distributions are applicable

¢ outlicrs were correetly identified and discarded

o standard deviations and their addition to calculated mcans are consistent

Groundwater data collected for each well was determined to be statistically different from other site
wells and background conditions for the site were established on an individual well basis. This obscrved
wide varability could e attributable to either

e sipgnificant variahility of site specific arsenic geochemistry in the playa lake sediments asso. ‘ated
with the site

o significant analytical variability for analytical results due to high uncertaintics and interference’s
sesulting i analytival results (hat, being between the DL and PQL, may only be considered
qualitative

m 3101E/970124 2



ABC.INC. I1D:303-399-9701 JAN 27°'97 14:34 No.003 P.09

Aauifor Geochomiatr‘ AdrianBrown

2.4 Current and Future Activity

Although regulatory background concentrations for wells at the 11e.(2) cell were calculated in a
procedurally and statistically correct fashion, therc may be a need to revisit the issue. As discussed
below, there is a strong potential that perceived exceedences in recent times may actually be attributed to
background processes. Thercfore, it may prove nceessary to recalculate background concentrations for
cach monitoring well on site to reflect new data that will produce higher background regulatory limits.

3. EFFECTS OF CONTRACT LABORATORY

Although AWAL performed all analyscs that established background and initial phases of operational
monitoring through January 1996, they are not responsible tor analytical results collected for most of
1996.

3.1 Chonge in Contract Laboratory

In January of 1996, Envirocare terminated its contruet with AWAL in favor of Mountain Statcs
Analytical Lab (MS). This change was driven by concerns on the part of Envirocare related to quality
assurancc issucs of data produced by AWAL. Similar concerns were raised by the U.S. Environmental
Protection Agency (EPA). After changing the scrvice provider, the iniial samples analyzed by MS
indicated exceedences for arscnic while the previous quarter’s results were below threshold
concentrations.

In response, Envirocare initiated a program to submut splits of monitoring well samples for the remainder
of 1996 to both MS and AWAL. This action was taken in support of an internal quality control/quality
assurance (QA/QC) program (o assess the consistency between laboratory performance to provide an
cvaluation of the comparison of AWAL background data and current MS pertormance.

3.2 Contrast in Analytical Procedure

Though the change in analytical laboratory services was driven by iations of quality control, it also
resulted in a change of procedure. QA/QC efforts on the part of MS resulted in a change of analytical
protocol and Mcthod 7060 (GFAA) was discarded in favor of Method 7061, a hydride generation
atomic absorption (HAA) techmque. This change diminished interference’s from the saline matrix
associated with the pronndwater at the 11e (2) cell (2 20,000 ppm chloride). This provided better
scnsitivity and lower PQL's.

The split samples analyzed by both AWAL and MS contrast markedly For s series of samples
collccted November 18-22, 1996, the Utah Department of Environmental Quality (UIDEQ) also analyzcd
a split sample for scveral wells. UDEQ used an inductively coupled plasma emission (1CP) technique

for analysis of arsenic. Figure 1 below illusirates the variability in the analytical results from each
souice.

Report 3101“7012‘ 3
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As Figure | indicates, MS reports analytical results that arc consistently higher than AWAL and
AWAL’s results arc consistently below the background concentration for wells reported. This imphies
that a direct compurison of MS data for current conditions al the site might not be fairly comparea to
background concentrations established using AWAL data. As illustrated in Figure 2 below, there 15 a
good correlation between the results reported by AWAL and those by MS, with the latter being about
1.5 times higher on average.
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Figure 1. Comparison of lab snlit samples.
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Figure 2. The correlation between analytical labs.

facreasing background concentrations determined by AWAL by twenty five percent (the estimated
uncertaiaty in the buckground data collected), will make up the fifty poicent mcicase required 1o
reconcile the data from the two labs.

3.3 Implications for Established Background

Figure 2 suggests that background concentrations, 1o be compared directly to the currsnt MS data may
require revision and may be principally due to the differences in analytical methodologies. The least
squaies 1ogiessiun of the relationslup between the two labs can be uscd o produce alternative
background concentrations for monitoring wells that may be more representative of the concentrations
that would have been observed had MS been performing the analytical work from the beginning, Table |
reports the results of that caavise and shows the current background concentration for each well and the
revised value based on the best fit equation of Figure 2. Valucs reported in italics in Table 1 for corrected
background exceed maximum contaminant levels for arscnic of 0.05 mg/L.

Using the corrected background concentrations for arsenic in each of the monitoring wells excludes most
exceedences. However, data for GW-57 still appear to be exceedences with the corrected background

W



ABC.INC. ID:303-399-9701 JAN 27'97 14:36 No.003 P.12

Aqguifer Geochemistr Adria iBrown
M_

figurcs. This suggests that there may be geochemical reasons for these obscrvations related te specific
background processcs, as distinet [rom analyrical processes.

Table 1. Present and corrected background concentrations.

WELL IVEN11IFICA HION TanLr S-1 BACKGROUND CORRECTED BACKGROUND
19A 0936 0.057
20 0.042 0.066
24 0.032 0.050
28 0.11 0.17
26 02 0.3]
27 0.059 nn93
28 0.076 0.12
29 0.023 0.036
57 0.026 0.04]
58 0.12 0.19
60 0.029 0.046
61 0.034 0053

4. CURRENT CONDITIONS

Whether or not prescnt background concentrations for arsenic in monitoring wells are corrected for
analytical differences hetween the present contract lab (MS) and the lab which collected background data
(AWAT), it appears as though several site-specific conditions may argue against the 11e.(2) cell being
the source of currently observed arsenic in groundwater. Thus, it is arguable that current observations
may indeed be allributable (v background and could be factored into a recalculation of the background
concentrations at the site for each well

“.1 Time of Travel

The regional hydrologic gradient is relatively low and advective transport of contaminants derived from
the 11e.(2) is expected to be correspondingly slow. ‘The site-wide hydrologic gradient 1s approximately
0.002, the hydraulic conductivity is on the order of 5.3 x 10™ em/s and the porosity is 0.29.
Correspondingly, the groundwater velocity is about 0.56 m/yr. Thie velocity appears to be inconsistont
with the time of travel required 1o move arsenic from the location of the placed waste to GW-19A

Report 3101“7012‘ e
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(farthest away showing an apparent exceedence). GW-19A is about 730 meters away from placed waste
and 1l has been on the order of three years since the first waste was deposited in the ceil. Thus,
advective movement would have to be 243 m/yr to reach this monitoring well in the allocated time, 435
times greater than the site-wide hydrologic velocity.

Similarly, other monitoring wells report the appearance of arsenic in time frames that 100 short to
arribute 1o the transport by groundwater. in addition, the noted appearance of arsenic in virtually all
site wells at the same time would arguc strongly against groundwater transport. Firstly, becausc there
are different distances between wells and placed waste and, secondly, because some of the affected wells
are upgradicat from the 11e.(2) cell (albeit a slight gradient).

In addition to the mordinately high travel times required to travel from source to momitoring site, other
energetic barriers exist. Due to the mfiltration of relatively clean surface water into a previons surface
excavation, a groundwatcr mound is present that lies dircetly in the path of travel from the 11e.(2) cell
and monitoring locations. The presence uf this groundwater mound requires that any contaminants that
might be hypothetically be relcased from the cell travel locally up hydrologic gradient to reach most
monitoring sites.

The unreasonableness of the travel times required for contaminant transport and that exceedences for
arsenic have occurred almost simultaneously, despite generally having to travel sgainst the hydiologiv
gradient is good reason to think that a more fundamental geochemical mechanisin for arsenic appearance
18 operative (assuming no systcmatic influences of the analytical procedurcs described above).

4.2 The Changing Groundwater Table

Changcs in the background arsenic concentration for wells could be prodused if the groundwater table
becume clevated or if the local flow direction shifts. Elevating the groundwater table would cause
groundwater to contact solids previously in the unsaturated vadose zone to potential release arsenic.

The variability in arsenic concentration for wells site wide suggests that flow direction shifts which cause
water to flow to a well from a somewhat diffcrent source area could Icad to ¢l WIges in concentation.

Over the past several years, there has been a gradual increase in the groundwatcr tablc clevation observed
in monitoring wells site-wide. Figure 3 illustrates the risc in water table clcvation for welis located on the
western margin of the 11c.(2) cell. It is not clear, however, if thesc solids can act as a source of arsenic or
not, although this has been suggested as a possible mechanism. For focus, Pigurc 4 illustratcs the
groundwater elevation rise in GW-57 and also plots the associated arsenic concentration.
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From Figure 4 it would appear that groundwater elevation and arsenic conccatration are fairly closely
linked. However, this rclationship does not appear to be as strong when directly graphing arsenic against
the corresponding water level, us is shown in Figure 5.
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Figure 5. Direct correlation of arsenic and elevation for GW-57.

As can be seen, the correlation is not overly strong. Jgnoring the data representing the highest
groundwa-er elevation and highest arsenic concentration, it would appear that there 1s only & munor
correlation. 1lowever, with the uncertainties associated with analytical procedures. the trend, or lack
thereof for arsenic 1s not as well constrained as it could be.

4.3 Arsenic in Placed Waste

The mass of waste placed m the 11¢.(2) cell and its associated arsemic concentration were reviewed to
determinc 1f sufficient arsenic occurs in the waste to account tor monitor well obscrvations. Most wastc
has had arsenic concenirations that were below the limits of detection. Several allotments had as much as

‘»on 3101E/970124 — '".""-“.
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S me/ke. Typical average concentrations of arsenic in soils can range from 0.1 (o 40 mp/kg worldwide.
Therefore, the material placed in the 11¢.(2) cell to date does not represent a material that is unusually
rich in arsenic. It does appcar, however, that sufficient arsenic occurs i the placed waste to account for
the total amount of arscnic that appears to be present in the local groundwater to a depth of about 10
feet.

4.4 Present and Future Activity

The correlations presented here for GW-57 will continue to be extended to other wells proximal to the

I 1e.(2) cell. Morc thorough evaluathons of the rclationship between groundwater elevation and the
obscrved arsenic concentration need 10 he completed before any conclusive statements can be madc as 1o
the influence of this process. Particularly, the availability of arsenic in the local solids will be quantified.

6. CONCLUSIONS

This prelimunary cvaluation of apparent excecdences for arsenic leads to several conclusions and
suggests several routes of investigation for future activities. All the activities are focused on providing a
scientific basis for undcrstanding the occurrence and movement of arsenic proximal to the 11e.(2) cell.

e The data produced by AWAL is incensistent wilh that produced by MS, with the latier routinely
fifty percent higher than he former. This means that the data collected by MS cannot be directly
comparcd to AWAL data collected for background. Submission of split samples to a laboratory that
specializes in the analysis of high salinity solutions may do much 1w take steps toward resolving the
discrepancies.

* The local groundwatcr lincar velocities are simply not great enough to conduct dissolved constituents
from the location of the placed waste to the point of obscrvation at monitoring wells.

* I'he change in local groundwater elevation may have contributed to arsenic loading at the well
locations from solids previongly lacated in the vadose zone. However, data will need to be collectod
to demonstrate that sulficient arsenic occurs in these solids and that leaching characteristics are
consistent with fluxcs required to produced observed groundwater concentrations.

o  Gioundwaler mwounding proximal to the 11e.(2) cell may have caused local changes in groundwater
flow direction that bring higher arsenic solution to well locations that previously had lower

concentrations. An analysis of thc change in arsenic concentraiion for all wells will be necessary to
evaluatc this hypothesis,
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