
March 28, 2007

Mr. Jeff Lux, Project Manager
Tronox Worldwide, LLC
P.O. Box 268859
Oklahoma City, OK 73126-8859

SUBJECT: REJECTION OF LICENSE AMENDMENT REQUEST  TO USE
BIOREMEDIATION ON GROUNDWATER CONTAMINATION AT THE
CIMARRON SITE IN CRESCENT, OKLAHOMA

Dear Mr. Lux:

By letter dated December 11, 2006, Cimarron Corporation (Cimarron) submitted a license
amendment request to use bioremediation on groundwater at the Cimarron site in Crescent,
Oklahoma.  On December 29, 2006, the U.S. Nuclear Regulatory Commission (NRC) staff
began a 90-day expanded acceptance review of the proposal in accordance with NUREG-1757
(Consolidated Decommissioning Guidance), Vol. 1, Section 5.3.  The purpose of an expanded
acceptance review is to determine if there is enough information in the decommissioning plan
for the NRC staff to perform a detailed technical review.  

In this instance, the expanded acceptance review included a limited technical review using
guidance provided to the NRC staff by Pacific Northwest National Laboratory, “Evaluating the
Efficacy of Uranium Bioremediation in the Subsurface:  Technical Bases and Performance
Indicators” (PNNL-16385).  The outcome of our review is that NRC is not accepting Cimarron’s
proposal to use bioremediation at this time because of deficiencies identified by our review. 
These deficiencies are identified in the enclosure.

The magnitude of the deficienicies is such that our acceptance would likely require multiple
rounds of requests for additional information from the NRC staff to resolve the deficiencies.  We
believe that it is more efficient for Cimarron to resubmit its request after it is revised to address
the deficiencies.  Principal among our concerns are the potential impact of flooding on the re-
mobilization of uranium after bioremediation has been performed and concerns we have in
regard to numerous factors affecting the groundwater flow model.
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We believe that Cimarron staff should meet with NRC staff to discuss the bioremediation
proposal and the path forward for the Cimarron site, including the schedule for
decommissioning the site.  Please contact Ken Kalman at (301) 415-6664 to arrange this
meeting. 

Sincerely,

/RA/

Keith I. McConnell, Deputy Director
Decommissioning Directorate
Division of Waste Management 
  and Environmental Protection
Office of Federal and State Materials

   and Environmental Management Programs  

Enclosure:  
Deficiencies in the Cimarron Corporation 
  License Amendment Request

Docket No.:  0700925
License No:  SNM-728

cc:  Cimarron Distribution List 
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DEFICIENCIES IN THE CIMARRON LICENSE AMENDMENT REQUEST

The Cimarron Corporation License Amendment Request (License No. SNM-928 docket no.
70-925) dated December 11, 2006, is deficient due to technical oversight and lack of
information in critical areas for demonstrating long-term performance.  These technical
oversight and information gaps were identified during the U.S. Nuclear Regulatory Commission
(NRC) staff review.  The review utilized information from the Pacific Northwest National
Laboratory (PNNL) technical letter report, “Evaluating the Efficacy of Uranium Bioremediation in
the Subsurface:  Technical Bases and Performance Indicators,” (PNNL-16385).  This report
documents lessons learned from a U.S. Department of Energy (DOE)-funded pilot
bioremediation field program for immobilizing uranium in sediments within an alluvial flood plain. 
The NRC staff review also used information from Regulatory Guide 4.15 (Interim Revision 2)
“Quality Assurance for Radiological Monitoring Programs (Inception Through Normal
Operations to License Termination) - Effluent Streams and the Environment.”

Deficiencies:

1. A major issue that should have been considered in the Site Decommissioning Plan
(SDP) is the potential impact of Cimarron River flooding on the re-mobilization of
uranium after the in-situ bioremediation has been performed. [This issue had been
identified earlier by the NRC staff, and the licensee attempted to address this issue in
their October 26, 2006, Response to NRC Staff Comments on the Conceptual Site
Model (please see Specific Comments #5 and Parking Lot Issues #16 in the response)]. 
In their response, the licensee provided dates of five Cimarron River floods between
1986 and 2006 that inundated portions of the uranium contaminant plume area in Burial
Ground #1 (BG #1) area.  If similar floods with these frequencies were to occur during
the 1,000-year compliance period, approximately 250 flood events would cover this
plume area.  The licensee also indicated that the flooding conditions persisted for 3 to 4
days.  Therefore, the frequency and duration of these flood events justify an evaluation
in the SDP of potential re-mobilization of uranium by oxygen or other chemicals
introduced to the vadose and saturated zones in the BG #1 and Western Alluvial (WA)
areas due to flood waters from the Cimarron River.

2. Attachment 2 to the SDP outlines the ground-water flow model.  This model only
considers steady-state flow and does not consider transient recharge and flow
conditions which may affect uranium transport.  Furthermore, the model considers river
flow conditions as constant surface-water elevations and does not consider seasonal
flow variations.  The SDP needs to provide a discussion of the dynamics of the
environmental processes that will control and influence uranium behavior.  Similarly, the
flow dynamics occurring in the principal transport pathways to compliance points need to
be considered, especially for directional changes in the regional and local ground-water
flow fields.

3. The SDP report does not consider transient and dynamic processes and events which
influence geochemical conditions.  These processes and events should include local
recharge due to rainfall, surface-water flow changes due to drought, and seasonal and
periodic flooding.  These event-driven processes can affect ground-water gradients, flow
rates, and water table fluctuations, which may induce changes to the ground-water
chemistry.  Recharge at the site can be highly transient, and should not be represented, 
in the ENSR Corporation’s (ENSR’s) ground-water flow model as a percentage of mean
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annual precipitation.  Furthermore, this recharge can also affect the geochemistry and
microbial activity by introducing oxygen, carbon, nitrates and other chemical
constituents.

4. The NRC staff will not be able to perform the detailed review of the licensee’s ground-
water flow models of the BG #1 and WA areas without the final calibration input and
output files (electronic files) for the MODFLOW and MODPATH model runs using the
GMS 6.0 modeling package.  The licensee should provide these files with the
appropriate documentation via CD or DVD so that the NRC staff can independently
verify these calibration runs.

5. The SDP indicated that the MT3DMS code was used to develop a three-dimensional
transport model.  This transport model was based upon ENSR’s three-dimensional
ground-water flow model using the MODFLOW code.  The MT3DMS-based model was
used to simulate geochemical transport during the in-situ bioremediation procedures. 
The transport models (i.e., for the BG #1 and WA areas) used outputs from the
calibrated MODFLOW-based models.  However, the SDP did not provide any
information on the calibration of these transport models.  The SDP needs to provide the
calibration procedures for the transport models.  In order to conduct independent
reviews of the transport models, the NRC staff should be provided with the final
calibration input and output files (electronic files) to review the MT3DMS model runs. 
The licensee should provide these files with the appropriate documentation via CD or
DVD so that the NRC staff can independently verify these calibration runs. 

6. The SDP does not discuss unsaturated zone characterization and modeling.  If a
considerable source of residual uranium is in the unsaturated zone, characterization and
modeling of the unsaturated flow and transport conditions is also warranted.  This
characterization relates to the earlier discussion on ground-water recharge and water-
table fluctuations.  The capillary fringe which lies directly above the water table is
dynamic and represents a transition zone for the ground-water flow, geochemistry and
microbial activity.

7. In the SDP there is minimal discussion of quality assurance (QA) and quality control
(QC) protocols.  The SDP does state that the QA program satisfies the applicable
requirements of 10 CFR Part 50 Appendix B and Nuclear Quality Assurance, Level 1
(NQA-1) (see ASME NQA-1, 1994 reference).  The SDP should contain a detailed
QA/QC program plan specific to characterization, monitoring, and modeling to confirm
the efficacy of the uranium bioremediation program.  For instance, the QA for the
radiological monitoring program could follow the guidance in Regulatory Guide (RG)
4.15.  Details on the depth, spacing and location of both the injection and monitoring
wells within the contaminant plumes needs to be provided and based on model
predictions.  Information on data management, analysis and reporting should also be
included.  The most up-to-date and current guidance for QA/QC of radiological
measurements can be found in RG 4.15 Interim Revision 2 “Quality Assurance for
Radiological Monitoring Programs (Inception Through Normal Operations to License
Termination) - Effluent Streams and the Environment.”  RG 4.15 provides a framework
for the various activities that need to be developed and implemented to ensure the
quality of data and results for confirming the long-term effectiveness of the uranium 
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bioremediation process.  If RG 4.15 is not used, the SDP needs to provide the
framework, details and rationale for a QA/QC program to the NRC staff.

8. A major issue not addressed in the SDP is the difficulty in determining injection and
subsurface distributions due to nonhomogeneities in the soil and rock matrices.  The
PNNL report suggests a staged approach in which the injections and monitoring are
done repeatedly to assure a three-dimensional spread of the reductants and additives
into the subsurface, and for confirming that the reducing process is proceeding as
designed.  Furthermore, the need for additional wells, and modification to the scheduled
frequency of injection and monitoring, evolves from an analysis of the measurement of
performance indicators within a staged approach.  The SDP needs to specify details on
a staged approach and how decisions will be made based on monitoring of the
performance indicators.

9. The monitoring program for the number of monitoring sites (i.e., 11 monitoring wells for
the three uranium plumes, see page 36 of Arcadis report), and the frequency of
monitoring (i.e., 2 years of quarterly monitoring, see page 36 of the Arcadis report) to
check for re-mobilization of uranium, is not adequate.  The level of uncertainty
associated with re-mobilization of uranium in the proposed in-situ bioremediation and
decommissioning may need a more extensive and iterative monitoring program. 
Therefore, the proposed monitoring program in the SDP needs to be justified for its
adequacy to confirm long-term performance.

10. The SDP should provide geologic logs, well, geoprobe statistics (e.g., well depths, well
diameters, and ground-water elevations), and uranium concentrations in the monitoring
wells and geoprobes installed during early 2006 in the WA Area and Western Upland
(WU) areas to further characterize the uranium in the ground water (see Figure 4-13
from Conceptual Site Model (Revision - 01) Cimarron Site, Crescent, Oklahoma October
2006 by ENSR Corporation).

11. The SDP needs to provide additional information on the remediation procedure (see
pages 25 and 26 of SDP Attachment 1) of the ground-water system in the WU area
where the licensee proposes to use infiltration and recovery trenches with treated
ground water to remove uranium from the ground water.

12. The SDP needs to provide additional information on the numerical ground-water flow
model that ENSR developed to evaluate flow to a receptor trench in the WU area (see
Comment #5 on Page 3 of the October 26, 2006, Response to NRC Staff Comments on
the Conceptual Site Model).  The input and output files (electronic files) of the numerical
model should be provided with the appropriate documentation via CD or DVD so that the
NRC staff can independently verify this model.

13. The geochemical conceptual model assumes that heterogeneous (between phases) and
homogeneous (within a phase) equilibria are attained for the biologically-mediated
reduction of oxidized species and minerals within the water-table aquifer by the addition
of molasses.  By introducing an excess of reductants into the system, the redox
conditions will be buffered for an extended period of time.  Key to this model is that the
reduced constituents must remain immobile.  The SDP does not provide information on
how the uranium currently associated with the solids will react when molasses is
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injected.  If the uranium is presently sorbed to iron oxyhydroxides, conversion of these
solid phases to sulfides could release more uranium into the ground water.  Since the
geochemical model assumes equilibria, it cannot predict whether the uranium will
desorb or precipitate. Therefore, the conceptual models need to consider non-
equilibrium conditions and its affect on uranium behavior.

14. The assumption that phases in the future would be more sorptive than those now
present is unfounded.  The licensee will need to provide evidence to support that
assumption.

15. The SDP indicates that uraninite will be precipitated first, followed by Iron Sulfide (FeS)
which would be laid down over the Uranium Oxide as a FeS coating.  Although
geochemical modeling can be used to estimate when the various phases will precipitate,
it can not estimate where the precipitate will form.  The SDP needs to provide
supporting evidence for this coating process.

16. The “Geochemical Modeling Evaluation” in the SDP concludes that the highest
concentration of uranium in the aquifer can be 1400 Fg/L in 155 years after the
bioremediation.  Using the conversion factor of 1.63 pCi/Fg from the Arcadis
geochemical model, to convert micrograms to picoCuries (Table 1), yields 2282 pCi/L.
Since this value exceeds the 180 pCi/L limit for uranium under License Condition 27.b.,
the modeling needs to justify that ground water containing this amount of uranium would
be safe for a resident farmer.

16. The SDP needs to justify the assumption of equilibrium, and the lack of characterization
of the solid phases present.  The work plan in the SDP indicates that mineralogical
analyses will be performed using X-ray diffraction (XDS), and scanning electron
microscopy (SEM) with energy dispersive X-ray probing to determine the presence of
uraninite, hematite, calcite etc.  For minerals that constitute less than 5 percent of the
bulk, X-ray diffraction is unsuitable.  Minor amounts of phases would be below detection
limit using this tool.  SEM and XDS methods could be used to help characterize the
mineralogical phases at specific locations.  Backscattered electrons can also be used to
identify locations where uranium resides.  Extraction procedures may also be
appropriate for determining the association of uranium with the soil. [Methods employed
by Davis and Curtis (2003) on Naturita Site materials may be a useful reference, as well
as the approaches described by Long and Yabusaki (2007).] 

References:

ASME NQA-1, (1994),“Quality Assurance Program Requirements for Nuclear Facilities (with
Addenda),” American Society of Mechanical Engineers (ASME).

Davis, J.A. and Curtis, G.P., (2003), Application of Surface Complexation Modeling to Describe
Uranium (VI) Adsorption and Retardation at the Uranium Mill Tailings Site at Naturita, Colorado,
U.S. Nuclear Regulatory Commission, NUREG-CR- 6820.

Long, P.E. and Yabusaki, S.B., (2007), “Evaluating the Efficacy of Uranium Bioremediation in
the Subsurface: Technical Bases and Performance Indicators,” Pacific Northwest National
Laboratory, PNNL-16385 .
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