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CIMARRON CORPORATION
P.O. BOX 315 * CRESCENT, OK 73028

September 4, 2008

Mr. Kenneth Kalman
Office of Nuclear Materials Safety & Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Re: Docket No. 70-925; License No. SNM-928
Addendum to June 2, 2008 License Amendment Request

Dear Mr. Kalman:
Cimarron Corporation (Cimarron) met with NRC and DEQ at the Cimarron site on July 16, 2008.
During that meeting, Cimarron provided NRC management an overview of the status of
decommissioning at the Cimarron site, and provided information related to the above-referenced
license amendment request (LAR). NRC also desired to-address Cimarron's proposal to
implement a two-phased effort, beginning with "initial treatment" and progressing to "full-scale",
when NRC had requested a pilot test prior to approving full-scale remediation.

Cimarron maintained that the initial treatment process proposed by ARCADIS in the LAR
should satisfy NRC's concerns, and explained that monitoring provided in the plan would
generate the required information. Cimarron acknowledged that the work plan did not clearly
specify conditions which must be demonstrated during initial testing to justify proceeding to full-
scale remediation.

In a follow-up July 30 teleconference with NRC technical staff, Cimarron described four sets of
conditions which must be demonstrated to assert that groundwater remediation is successful.
The purpose of this letter is to document specific criteria which must be met to proceed with the
design and implementation of the full-scale remediation system. This letter is submitted as an
addendum to the June 2, 2008 LAR.

Condition #1 -Reactant Must be Distributed Throughout the Impacted Area
ARCADIS must demonstrate that amendments can be distributed throughout each of the
impacted areas, including the alluvial areas, the finer-grained materials present in the transition
zones of both Burial Area #1 and the Western Alluvial Area, and the sandstone of both Burial
Area #1 and the Western Upland Area. ARCADIS will establish six initial treatment systems in
the three areas of concern as described in Section 5.2.1 and depicted in Figure 5-2 of the LAR.
ARCADIS will demonstrate that amendments are being distributed in the hydrogeological
environments present in all these areas. The amendments most likely to be injected are TOC and
ferrous sulfate. However, both TOC and ferrous sulfate are consumed as they move through the
water-bearing zone, so it is impractical to use TOC or sulfate to measure success in distributing
amendments.
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ARCADIS proposed to inject a tracer (e.g., fluorescein dye) in the injection system and to
monitor groundwater for the specified tracer at locations between and/or downgradient of the
injection wells. The tracer will move through the water-bearing zone in a manner similar to the
amendments, but is not susceptible to degradation as are the TOC and ferrous sulfate.

As described in Section 5.2.1 of the LAR, extraction and injection will continue for at least seven
days, or until monitoring yields steady-state conditions for the tracer. The injections will then be
discontinued, and monitoring will continue through declining concentrations to evaluate the
stability of the tracer.

Success criteria - ARCADIS must demonstrate delivery of the tracer to monitoring locations in
all six areas. In monitoring wells, both the attainment of a steady-state tracer concentration and
subsequent decline in tracer concentration after shutting down the injection system must be
determined prior to moving on to full-scale remediation.

Condition #2 - Uranium Concentrations Must be Reduced to Below Release Criteria
Section 5.2.1 states that amendment (organic carbon solution) injection will be initiated after
completing the tracer testing. ARCADIS will monitor groundwater during amendment injection
for those parameters for which results can be obtained quickly and economically. Figure 5-1
shows this as a step preceding full-scale remediation, but Table 5-1 does not make this clear.

ARCADIS will monitor groundwater for pH, temperature, dissolved oxygen, and uranium
activity. These parameters can be reported within a short turnaround time, and evaluation of
these parameters will provide the information needed to determine when to collect groundwater
samples for laboratory analysis of TDS, sulfate, sulfide, total dissolved iron and ferrous iron,
alkalinity, and uranium mass concentration.

ARCADIS must be able to demonstrate that uranium concentrations are statistically significantly
decreasing while reducing conditions are being established. ARCADIS will demonstrate that
uranium concentration reduction corresponds with the establishment of reducing conditions.

Success criteria - Statistically significant reduction in uranium concentration is observed in all
six initial treatment zones as reducing conditions are achieved, as demonstrated by DO, ORP,
iron, and sulfate monitoring results.

Condition #3 - A "Bank" of Iron Sulfide Must be Created in the Soil to Prevent Remobilization
To demonstrate longevity of the remediation effort, ARCADIS must establish a bank of iron
sulfide sufficient to yield an iron sulfide to uranium ratio of 80:1. However, it is neither practical
nor necessary to develop this ratio during the initial treatment phase. In fact, it is not necessary
that this ratio be developed at each and every spot; this ratio must be averaged volumetrically in
each material type throughout the areas of impact. ARCADIS must demonstrate that a bank of
iron sulfide is being built up in both low- and high-permeability material in each of the initial
treatment system areas.

Figure 5-1 of the LAR shows that soil sampling will be performed at the end of the initial
treatment system operation. Groundwater data obtained during the operation of the initial
treatment system are expected to provide assurance that the required geochemical conditions



have been established in soil. Consequently, it was assumed that soil sampling will only need to
be performed one time - at the conclusion of operation of the initial treatment system. Of course,
if the success criteria are not demonstrated in a single soil sampling event, initial treatment will
continue and the sampling will be repeated.

Table 5-1 of the LAR states that samples will be collected from three borings in each area of
impact, with two samples taken from different depths from each boring. This would yield a total
of 18 soil samples site-wide. Based on conversations with NRC, this has been revised so that,
for each of the six initial treatment areas, soil samples will be collected from one boring near one
injection well and one near one monitoring well. Sampling techniques will be used to minimize
the disturbance to the area adjacent to the wells; the volume of soil that is retrieved will be
minimized to prevent large void volumes. If a boring yields two different types of material
within the saturated zone (e.g., clay from 10 - 12 feet and sand from 14 - 16 feet), more than one
sample may be collected from a boring. This determination will be made based on the boring log
generated during installation of the wells, or the logs of existing wells. A maximum of two
samples will be collected from each boring, for a maximum of 24 total soil samples.

Soil samples will be analyzed for the parameters listed in Table 5-1 of the LAR. Analytical
results will be evaluated to determine that iron sulfide is being developed in all material types at
all locations. In addition, analytical results need to demonstrate that iron sulfide concentrations
are generated at multiples of uranium concentrations, such that a reduction in uranium
concentration corresponds to an increase in iron sulfide concentration.

Success Criteria - Iron sulfide concentrations must exhibit a statistically significantly increase in
samples collected from borings relative to corresponding samples collected from borings at a
similar location during baseline analysis prior to initiating treatment. Finally, it must be
demonstrated that increases in iron sulfide concentrations correspond to reductions in uranium
concentrations for associated wells.

Condition #4 - Uranium Must not Remobilize if the Water Bearing Zone Becomes Oxic
NRC, DEQ, and Cimarron agree that uranium should remain immobilized as long as the water
bearing zones maintain a reducing environment. NRC is less certain that, should the water
bearing zone become oxidizing, uranium would not remobilize at concentrations exceeding the
180 pCi/I release criterion. ARCADIS will run column tests utilizing site soils and site
groundwater to demonstrate that, even if infiltrating groundwater generates an oxidizing
environment, the concentration of uranium in effluent will not exceed the release criterion.

ARCADIS will collect soil from borings located in impacted areas near four of the six initial
treatment areas. The column tests can only be practically performed on samples of
unconsolidated soil, so sandstone from Burial Area #1 and the Western Upland area will not be
collected for column testing. This is reasonable because the fine-grained soil in the two
transition zones and the cleaner sands of the deeper alluvium represent "ends of the spectrum",
with the silty sandstone being in the middle of the spectrum. It is reasonable to presume that if
the fine-grained soil and clean sands yield acceptable results in column tests, the silty sandstone
would yield acceptable results.

Groundwater samples Corresponding to the groundwater in each of these four soil samples will
be collected from impacted and unimpacted wells yielding water quality similar to that of the
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corresponding soil sample (based on information presented in Conceptual Site Model, Rev. 01).
For instance, referring to Figure 4-7 of this report, if a soil sample were collected for a column
test near TMW-13, groundwater for this column test would be collected from this well and an
unimpacted well yielding high sulfate (similar to Sandstone C) water. ARCADIS will ensure
that site groundwater used in tests reflects the chemistry of groundwater associated with the soil
sample used in the column test.

Reducing conditions will be created in each batch of soil sample and corresponding groundwater
from an impacted well until the required ratio of iron sulfide to uranium is achieved. Once this
ratio is achieved, the soil will be packed into columns for the column tests. Unimpacted site
groundwater will be run through the column until oxidizing conditions are created within the
column. Both during leaching and after oxidizing conditions are established, samples of the
effluent from each column will be analyzed for uranium to demonstrate that the iron sulfide has
retarded the remobilization of uranium at concentrations exceeding the release criteria.
ARCADIS' column testing procedure, included as Attachment 1 to this letter, provides more
description of the performance of these column tests.

Success criteria - Uranium concentrations in leachate from all columns is less than 180 pCi/l
total uranium in'all samples collected after reducing conditions are established, through the
attainment of oxidizing conditions in the column.

The above descriptions of testing for all four descriptions is intended to clarify and/or supersede
the descriptions of the same tests in Section 5.2 of the June 2 license amendment request. For
instance, Cimarron is replacing the column testing described in the license amendment request
with the column testing described above, since it is our understanding that this more accurately
reflects NRC's desire for a bench-scale demonstration of the process than what was proposed in
the June 2 submittal.

Cimarron recognizes that the above-listed success criteria must be demonstrated for each of the
four above listed conditions before ARCADIS will be authorized to proceed with the design and
implementation of full-scale remediation in all areas. If you have any questions regarding this
proposed addendum to the June 2, 2008 license amendment request, please call me at 405-775-
5194 (OKC) or 405-642-5152 (mobile).

Sincerely,

Jeff Lux
Senior Project Manager

Cc: Jack Whitten, NRC Region IV
David Cates, DEQ
Mike Broderick, DEQ
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Attachment 1: Column Testing to Demonstrate the Protective Role of Iron Sulfide
Relative to Uranium Immobilization

Jeff Gillow, Ph.D. and Boyce Clark, Ph.D.
ARCADIS, U.S., Inc.

September 3, 2008

1.0 INTRODUCTION

The NRC has requested a bench-scale test to examine the potential remobilization of uranium from soil
after in situ treatment. This test will provide data to satisfy one of the four NRC acceptance criteria prior to
proceeding to full-scale in situ groundwater treatment. This test replaces the final oxidative aging test
proposed in the June 2, 2008 in-situ bioremediation work plan. This attachment presents a conceptual
summary of the column test procedure as illustrated in the attached Figure 1.

2.0 CONCEPTUAL SUMMARY OF COLUMN TESTS

Column testing will be performed on soil collected from within areas of uranium impact at the Cimarron
site, and within the areas to be treated by the full-scale in situ reactive zone (IRZ) treatment program. The
soil, and corresponding groundwater, however will be obtained outside of the zone of influence of the
initial treatment areas to ensure that:

1) The injection well system will not be affected by creation of void volumes in the aquifer due to
removal of soil cores near the injection well.

2) The soil will be representative of the geochemical conditions within the area of uranium
impact.

The column experiment will proceed through a "reducing phase," and an "oxidizing phase." The reducing
phase will involve a batch incubation and the oxidizing phase will be a column test. First the untreated soil
will be placed into glass bottles and site groundwater containing uranium will be added to the bottle along
with amendment (organic carbon) and reagents (ferrous sulfate) to simulate the field treatment protocol.
The bottle will be purged with nitrogen to remove air from the headspace, and reducing conditions will be
established (through the introduction of organic carbon to stimulate microbial activity [identical to the
process used in the field]) to promote the precipitation of uranium in the soil, and to create iron sulfide.
The batch incubation method for the reducing phase of the test will provide the opportunity to remove
samples of groundwater and soil. Analysis of samples that are periodically removed from the bottles will
provide a means to track the progress of uranium reduction as well as the production of iron sulfide. After
an appropriate mass of iron sulfide is created and uranium is precipitated, the reduced soil will be packed
into a column. Site groundwater (collected from an area outside of the uranium impact) will then be
introduced into the column. This groundwater will have dissolved oxygen at an ambient site
concentration (-3 mg/L) as well as background concentrations of nitrate, and represents future
groundwater entering the areas of impact from upgradient. Dissolved oxygen and sulfate will be
monitored in the column effluent, and the uranium concentration will be measured during the
establishment of oxidizing conditions in the groundwater.



Figure 5-2 of the June 2008 Groundwater Decommissioning Plan (GDP) defines the initial treatment
areas. The soil samples that will be collected for column tests will come from the following four areas:

1) The downgradient portion of the area of impact in the sandy alluvium in Burial Area #1 (BA#1)
(near well TMW-1 3).

2) The transitional alluvium in BA#1 in the middle of the uranium area of impact (near well TMW-9).
3) The downgradient portion of the area of impact in the sandy alluvium in the Western Alluvial Area

(WAA) (near wellT-77).
4) The transitional alluvium in WAA in the middle of the uranium area of impact near the bedrock

escarpment (nearT-64).

Therefore soil will be collected from locations dominated by sand (1 and 3, above) and dominated by
finer-grained lithology (2 and 4, above). The column tests will therefore employ samples that are chosen
to represent the end-members of soil types encountered within the areas of uranium impact.

3.0 COLUMN TESTING PROCEDURE

3.1 Soil Sampling

A sample of soil will be retrieved from BA#1 and from the WAA, within the area planned for full-scale
treatment, and near but outside of the radius-of-influence of the initial treatment program, as described
above. The untreated soil samples will be taken with an acetate-lined steel core sampling sleeve of the
appropriate diameter (-1.5 inches) and length (-3-4 feet, or multiple 1-foot cores). Upon removal from the
subsurface, the core(s) will be capped with plastic and wrapped with parafilm and vinyl tape and placed in
a cooler on dry-ice. The sample will be shipped to a University laboratory (Colorado School of Mines or
equivalent lab that maintains a license to handle radioactive material [specifically enriched uranium]).

3.2 Soil Mineralogical Testing

Prior to commencing column testing, the core sample will be analyzed for baseline mineralogy. The core
will be extruded, homogenized by mixing, and subsamples will be removed (at 4 locations along a 1-ft
core) for analysis of the following:

1) Total uranium and iron content by acid digestion and ICP-MS.
2) Extractable iron by dilute hydrochloric acid extraction (for amorphous iron)
3) Extractable iron by citrate-bicarbonate-dithionite extraction (for total iron oxyhydroxide).
4) Acid-volatile sulfide and simultaneously extractable metal analysis (AVS-SEM) to determine the

iron sulfide content.
5) Acid-base accounting analysis (ABA) to determine the amount of sulfide-sulfur present in the soil.

The results of this analysis will constitute baseline soil mineralogical testing.

3.3 Column Testing

The baseline geochemical modeling work, presented in the June 2008 GDP, specifies that the
concentration of reactive iron required for protection of the immobilized uranium, relative to re-oxidation
over 1000 years, is 0.03 wt % (300 mg Fe/kg soil). In addition, the 80:1 Fe:U mass ratio is also specified
*by the baseline geochemical modeling to provide enough total sorptive capacity to immobilize any
uranium that may be oxidized. Treatment is complete when these two criteria are met. Therefore, batch
incubations with the samples described above will be treated with organic carbon and ferrous sulfate to



establish these conditions in the laboratory. Multiple batches will be prepared so that adequate material
is available for the column test, and the batches will be analyzed for the appropriate mineralogy. Details
of the treatment procedure are provided here.

After baseline soil mineralogy sampling the soil will be placed into thick-walled, wide-mouthed screw-top
glass bottles with Teflon-lined plastic closures. This will be done inside of an anaerobic (nitrogen-filled)
gloved-box. Site groundwater will be added (after purging with nitrogen gas) and molasses and ferrous
sulfate will also be added to stimulate microbial activity and provide a substrate for the formation of iron
sulfide. Reducing conditions will be established and confirmed through the analysis of dissolved uranium,
iron, and sulfate. A subsample of soil will be removed to assay for iron sulfide and uranium in the solid
phase. Once appropriate conditions are met (specified above), the liquid will be decanted and the soil will
be removed with a stainless-steel spatula and wet-packed (using the liquid decant from the batch
incubation) into the column. Once filled with soil, the 2-foot, approximately 4-inch diameter thick-walled
clear PVC column will be capped at either end and mounted vertically inside of an anaerobic glove box.
.The end-caps will consist of in-line 1 micron filters to prevent soil particles from exiting the columns. The
weight of the soil added to the column will be recorded. Column testing will proceed as follows:

1) Anoxic site groundwater (prepared by purging site groundwater with nitrogen to remove dissolved
oxygen) will be allowed to flow through the column, in an upflow direction, until it is fully saturated.
The flow of anoxic site groundwater through the column will continue for 1-2 days at which point
the pH, dissolved oxygen, iron, uranium, and sulfate concentration in the water will be measured.
This will establish baseline effluent parameters.

2) Site background groundwater at ambient oxygen concentration, along with a conservative tracer
(fluorescein or rhodamine) will be introduced into the column. The dissolved oxygen content of
the influent water will be measured, as well as pH, sulfate, and nitrate concentration in the influent
water. The conservative tracer will be used to determine column pore volume and to examine the
retardation of dissolved oxygen through the column.

3) Samples will be collected at each pore volume (flow will be established so that replacement of
one pore volume requires approximately 1-2 days) and measured for tracer concentration, pH,
dissolved oxygen (using an in-line dissolved oxygen probe), dissolved iron, and dissolved
uranium, and sulfate and nitrate.

4) The column experiment will be terminated when any one of the following criteria are met:

* 5 days after dissolved oxygen breaks through the column
0 Uranium breaks through the column at >180 pCi/L

We will frequently monitor for dissolved oxygen breakthrough, and once observed, we will collect samples
to determine the trend in uranium concentration. If, for example at approximately 60 days of operation at
a flowrate of 1 pore volume every 2 days, we observe dissolved oxygen breakthrough, then we will have
simulated -125 years of groundwater flow. This duration of simulated flow is based upon the 1-D
geochemical modeling (Section 3.4.3.3 of the GDP) where we prepared the model so that one pore
volume represents 4.2 years of flushing with groundwater. Based upon the data that we obtain up to this
point where oxygen breaks through, and 5 days past it, we will extrapolate to performance over 1,000
years. This extrapolation will be based upon the results of the concentration of uranium in the column



effluent, the rate of uranium leaching (if any), and the remaining mass of uranium in the column
(determined by mass balance calculation).

4.0 SUMMARY

The column test described above has been developed in specific response to an NRC request. It is one
of four acceptance criteria specified by the NRC in order to obtain the approval necessary to allow the in-
situ, bio-remediation program to advance to full-scale. The column test is intended to demonstrate that
the iron sulfide geochemistry necessary to sequester uranium in soils, thereby preventing uranium
concentrations in groundwater from ever exceeding a threshold value of 180 pCi/L, can be established.
Specifically, results obtained from the column test will be used to demonstrate that 1) uranium in
groundwater in Burial Area #1 and the Western Alluvial Area can be reduced to and maintained at
concentrations below the 180 pCi/L treatment level after ambient (oxygenated) conditions return
(following completion of active remediation) and that 2) post-treatment, uranium concentrations in
groundwater will permanently remain below the 180 pCi/L treatment level. Accordingly, the results of the
column test will pre-empt the need for long-term monitoring at the site once basic (two to three year)
remedy performance monitoring has been concluded. In addition to providing the requested ..
demonstration, information obtained from the column study will be used to optimize the amendment
applications performed in the field to create the widespread geochemical conditions required to achieve
lasting treatment of the groundwater impacted by uranium.



Figure 1. Column Testing Approach
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