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CIMARRON CORPORATION

P.0. 20X 315 ® CRESCENT, CK 72¢28

March 31, 2004

Mr. David Cates

DEQ Land Protection Division
707 N. Robinson

Oklahoma City, Ok 73102

Re: Cimarron Site
Burial Area #1 Groundwater Remediation Work Plan

Dear Mr. Cates:

In October 2003, Cimarron Corporation (Cimarron) submitted Work Plan, In Situ Bioremediation
Treatment of Uranium in Groundwater in Burial Area #1. DEQ commented on that work plan in a
letter dated January 13, 2004. Subsequent to that meeting, Cimarron and DEQ discussed these
comments during a meeting on February 12, 2004. As a result of those discussions, Cimarron is
able to respond to DEQ’s comments herein.

Development of a Site-Specific Groundwater Concentration Limit for Uranium

The primary issue addressed in DEQ’s comments pertains to the development of the 180 pCi/I limit
for uranium in groundwater stipulated in the license. Based on the January 13 letter, it appears to
have been DEQ’s understanding that the derivation of the 180 pCi/l uranium limit accounted for
only radiological effects due to the intake of uranium in contaminated drinking water. However,
DEQ personnel not currently involved in the Cimarron site participated in the development of that
limit and ensured that toxicological effects were considered. The following discussion presents an
overview of that history.

In August 1997, Cimarron submitted Work Plan for a Risk Assessment for Groundwater for the
Cimarron site to DEQ. DEQ approved the work plan in a letter dated October 24, 1997.

In June 1998, Cimarron submitted Risk Assessment for Groundwater to both DEQ and NRC. This
risk assessment was performed in accordance with the DEQ approved work plan, and established a
risk-based limit (a “re-opening” criterion) of 0.11 mg/L (110 ug/L) for uranium. This limit was
based strictly on toxicological effects and did not address radiological effects.

In July 1998, Cimarron submitted Decommissioning Plan for Groundwater to both DEQ and NRC.
This document stated that 180 pCi/l uranium in groundwater equates to an annual dose of 25
mrem/vr, based on a drinking water scenario. Page 9-7 of that document explained that a risk-based
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criteria of 0.11 mg/l equates to approximately 180 pCi/l (182.5 pCi/L at 1.2% enrichment —
calculated for Cimarron and presented in Table 9.1).

In August 1998, DEQ reviewed and commented on Risk Assessment for Groundwater. In
Comment #8, DEQ requested clarification that NRC’s documents address the radionuclide risks,
and that those risks not be a part of the chemical toxicity assessment.

On September 21, 1998, Cimarron responded to DEQ comments and submitted a revised Risk
Assessment for Groundwater. Section 4.2.3 of that document stated, “The potential risks associated
with uranium as a radionuclide have or are being addressed by the NRC (Cimarron, 1998) and as
such will not be considered as a part of the chemical constituent risk assessment in this document.”

In a letter dated January 4, 1999, DEQ accepted the Risk Assessment for Groundwater.

After reviewing this historical information, Cimarron maintains that a site-specific, risk-based
criteria has been developed in accordance with a DEQ-approved work plan, and the resulting limit
has been approved by DEQ for the Cimarron site. Consequently, this risk-based limit, which was
based on a drinking water scenario, should be implemented as the cleanup goal for the site rather
than the federally promulgated Maximum Contaminant Level (MCL).

Other Comments / Questions

DEQ Comment:

Please provide data to support the reported background concentrations and activities for the
various aquifers at the site, including uranium activity, TDS, chlorides, etc. The alluvial aquifer is
considered a source of drinking water (class II aquifer with designated beneficial use of public and
private water supply) according to state water quality standards.

Cimarron Response:

Cimarron and DEQ personnel have agreed on a list of parameters for which to analyze groundwater
from background water quality wells. The following wells were sampled the week of March 8,
2004; analytical results will provide background water quality information for the following
aquifers:

Sandstone A - Well 1325
Sandstone B — Well 1314
Sandstone C — Well 1328
Alluvium - Well T-52

Cimarron will submit this data to DEQ within 30 days of receipt of the laboratory report.
DEQ Comment:
Has there been a soil release limit established by NRC for the site? If so, whar is it and are there

any exceedences of this?

Cimarron Response:
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Site-specific soil release limits are stipulated in NRC License SNM-928, Amendment 18. These
soil release limits and the associated NRC regulatory criteria for applying those limits are listed in
Conditions #23 and #27. There are no exceedences of the soil release limits and associated criteria.
As stated above, a copy of License SNM-928, Amendment 18 is enclosed.

DEQ Comment:

We would require a longer time period of compliance monitoring than the two years of quarterly
monitoring described in the plan. Please find the enclosed Monitored Natural Attenuation (MINA)
policy.

Cimarron Response:

The MNA policy is not applicable to the remediation method proposed. However, Cimarron is
willing to continue to monitor the uranium concentration in groundwater for five years if this would
provide DEQ sufficient assurance that the immobilization is effective and permanent. Cimarron
maintains that developing a bank of iron sulfides at a concentration several orders of magnitude
higher than the concentration of uranium should provide adequate proof of stability. However,
Cimarron also understands that several years of data showing very low concentrations of uranium
will provide valuable “negative data” to assure the public that no threat to groundwater or surface
water remains at the Cimarron site.

DEQ Comment:

Prior to implementation of the forward in-situ reactive zone (fIRZ), approval from state UIC is
required. Also, prior to remediation, an approved work plan is required under OAC 252:611-5-
1(B). As yet, neither have been approved by DEQ.

Cimarron Response:

During discussions with ARCADIS (the contractor proposing to perform groundwater
remediation), ARCADIS has committed to obtaining all requisite permits prior to initiating field
work. This includes an underground injection permit. Cimarron will not begin the work until the
work plan (or a subsequent revision thereof) has been approved by both DEQ and NRC.

DEQ Comment:
Kerr-McGee will provide additional hydrogeologic and groundwater chemistry information,
including speciation of uranium, to the NRC and the State.

Cimarron Response:

Historic uranium concentrations, field-measured parameters (e.g., pH, conductivity, etc.), gross
alpha and beta, nitrate and fluoride data, and a summary of aquifer characteristics for Burial Area
#1 are submitted as an attachment to this letter.

Other groundwater chemistry information, including uranium speciation, was addressed during a
November 20, 2003 meeting with NRC, in which DEQ participated by telephone conference. This
issue was discussed during that meeting. DEQ’s notes on that meeting (included as an attachment
to the January 13, 2004 letter) stated, “This issue was addressed. They plan to acquire aquifer and
groundwater data prior to injecting TOC, and afterwards in an iterative process during treatment, to
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assess the effectiveness and to modify injection composition for TOC and other chemicals (buffers,
nutrients, iron and / or sulfates).” Cimarron plans to gather this information upon initiation of
remedial activities, and will submit this data to both DEQ and NRC as it is generated and validated.

DEQ Comment:
Kerr-McGee will consider the no-action scenario with time estimates for the plume to reach the

river, and the diluted concentration there based on a mixing calculation using Cimarron River base
flow and contaminated groundwater flux.

Cimarron Response:

An estimate of the time for the plume to reach the river, plus an estimate of the maximum
concentration of uranium in groundwater that will reach the river, is submitted as an attachment to
this letter. Because even the minimum flow of the Cimarron River is many orders of magnitude

greater than the quantity of groundwater discharging from Burial Area #1, no measurable increase
in the uranium concentration of the Cimarron River will ever be observed.

Other Issues Addressed in a February 18. 2004 E-mail
DEQ Issue I:
DEQ asked if there are existing agreements related to a consent order, environmental monitoring,

institutional controls, or provisions for reopening based on criteria established by the risk
assessment.

Cimarron Response: No consent order has been executed for the Cimarron site. The legal
requirement to remediate groundwater is contained within NRC license SNM-928. Cimarron
performs environmental monitoring at the site in accordance with the Radiation Protection
Program. There is no existing requirement to continue environmental monitoring or to maintain
institutional controls (such as access controls) after license termination. Only criteria for
“reopening” (performing additional groundwater remediation after license termination), which were
stipulated in Risk Assessment for Groundwater and approved by DEQ, have been formalized, not
provisions for a response action.

DEQ Issue 2:
The work plan indicates that Sandstone B and the alluvium in which uranium concentrations
exceed 180 pCi/l is not a drinking water aquifer. This should be corrected in the work plan.

Cimarron Response:

The work plan will be revised to clarify that these units are not being used as a drinking water
source, and that it is highly unlikely that they will ever be used as a drinking water source due to
their location in an area that is periodically inundated by floodwaters of the Cimarron River.

DEQ Issue 3:
DEQ also requested that KM address the use of institutional controls in this response.

Cimarron Response:
License Condition 27(d) states, “Access gates to the Cimarron facility shall be locked and secured
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gates when no personnel are on site, even after license termination. Cimarzon is willing to utilize
notices in the deed and other means of imposing legal restrictions on the use of the site to provide
both DEQ and NRC assurance that access to the facility will continue past license termination.
Cimarron would not execute such restrictions until both NRC and DEQ agree on their need and the
language used.

Summarv
Copies of the following documents are enclosed for DEQ review:
e October 24, 1997 — DEQ letter approving Work Plan for Risk Assessment
e July, 1998 — Decommissioning Plan for Groundwater
e August 12, 1998 —~ DEQ letter on Risk Assessment for Groundwater
o September 21, 1998 — Cimarron response to DEQ Comments
» September 1998 — Risk Assessment for Groundwater
e January 19, 1999 — DEQ letter accepting Risk Assessment for Groundwater
e May 28,2002 Cimarron License SNM-928, Amendment 18
e Uranium Travel Time and Estimated Maximum Concentration in the Cimarron River

Cimarron believes these responses address DEQ’s comments and concerns regarding the
remediation of groundwater in Burial Area #1 in accordance with the work plan submitted in
October. As you are aware, Cimarron hopes to schedule a meeting with NRC to address additional
technical and regulatory issues associated with this work plan. Cimarron will not be able to finalize
the work plan until these technical and regulatory issues have been addressed. Cimarron will notify
DEQ well in advance of any meetings and will provide DEQ with copies of correspondence with
NRC related to this work.

If you have any questions regarding these responses, please contact me at (405) 642-5152.

Sincerely,

2

Jeff Lux
Project Manager

Cc:  Kenneth Kalman, NRC Headquarters
Blair Spitzberg, NRC Region IV
Mike Broderick, DEQ
Scott Thompson, DEQ
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0CT 30 1997
S. Jess Larsen , Vice President
Cimarron Corporation Remediation O

P.O. Box 25861 Epartment
Oklahoma City, Oklahoma 73125

Dear Mr. Larsen:

The Department of Environmental Quality (DEQ) has reviewed the “Work Plan for a Risk
Assessment for Groundwater,” submitted by Cimarron Corporation. DEQ had a few comments
that can be addressed in the future risk assessment document submitted for our approval. Please
proceed to complete work on this document. Our comments are listed below:

1. Section 2-2 mentions criteria for addressing contaminants of concern. It may be that
the Technetium is not actually measured in more than five (5) percent of the samples (because of
failure to identify this as the reason for the unusual ratio of alpha to beta). However, this
contaminant still needs to be included in the radiological portion of the risk assessment.

2. Section 3-1 mentions that the trespasser scenario is unlikely; however, in the area
below the bluffs and between the bluffs and the river, some sort of pasture grasses are cultivated.
Occasional exposure to the water from those seeps by a farm worker should be included. This
occasional exposure does not need to include drinking the water from the seeps, but it is possible
that a farm worker could have dermal exposure to those seeps. Is the fencing in that area
sufficient to prevent this? It appeared that the access to the cultivated areas might be through the
area near the seeps.

-3. Section 3-2 use of the ninety-five (95) percent UCL is appropriate, but it is unclear as
to what the statement “the site will be used as the basis for evaluation in the risk assessment”
refers. By the site, are we including the Cimarron River and its alluvium?

4. . Pages 3-5 list some default assumptions for food consumption. It is recommended
that a larger consumption of fish be included in the risk assessment to account for subsistence
fishers. The Draft Revision to the Exposure Factors Handbook lists a weighted mean
consumption of fish in grams per day of 58.7 g/day. This amounts to 21 kg/vear, assuming 33
davs worth of fish consumption (Table 2.35). This is an estimate for a Native American
population of subsistence fishers. Use of this estimate may be very conservative, and some sort
of adjustment for other sources of fish rather than the Cimarron River should possibly be
included. The Draft (NCEA-W-005) is not formal guidance, but can be used in particular
instances to provide updated exposure estimates.



Page Two
Mr. Larsen
October 24, 1997

5. The summary proposed to use published toxicological benchmarks for ecological
receptors. [f those published data are from peer reviewed journals or publications, those
publications should be referenced. If the references are not readily available, copies of the papers
should be provided for review along with the risk assessment.

As you develop the assessment,.please keep in mend the need to reach consensus with the U.S.
Nuclear Regulatory Commission (NRC) conceming the acceptable groundwater cleanup level for
radionuclei.

Any questions about these comments should be addressed to Ms. Mary Jane Calvey at (405) 271-
5338, or to Mike Houts at (405) 271-7889.

Respectfully, :
/&@mv
Glen {onesy’Assistant Director
Water Quality Division

cc: Kenneth Kalman, NRC
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CIMARRON CORPORATION

P.O.BOA 25851 & OKLAHOMA CITY, OKLAHDME 73128

S.JSSS LARSEM
VICE PRESIDENT

July 30. 1998

Mr. Ken Kalman. Project Manager

Facilities Decommissioning Section

Low-Level Waste & Decommissioning Projects Branch
Division of Waste Management

Office of Nuclear Material Safety and Safeguards

U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001

Re: Docket No. 70-925; License No. SNM-928
' Cimarron Decommissioning Plan Groundwater Evaluation Report

Dear Mr. Kalman:

As requested. please find enclosed four (4) copies of the Cimarron Decommissioning Plan
Groundwater Evaluation Report for the NRC staff's review. One additional (1) copy was
forwarded to the NRC docket and another copy was also forwarded to NRC Region I'V.

The purpose of the Cimarron Decommissioning Plan Groundwater Evaluation Report is to
provide information regarding groundwater at the Cimarron Facility as requested by NRC for
inclusion in the Cimarron Decommissioning Plan. With the submission of this report. Cimarron
believes that it is now appropriate to approve the Cimarron Decommissioning Plan in support of
eventual license termination.

Please feel free to contact me if there are any additional questions or concerns.

Sincerely. %
4@& { Jaretpr—
{/ Jess Larsen

Vice President

Enclosures (4)

JI073098.0e]

# SJISSIDILEY OF KERR-MCGEE CORPORATION
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1.0 INTRODUCTION

The purpose of this report is to provide information regarding groundwater at the
Cimarron Facility for inclusion in the Cimarron Decommissioning Plan. This
report addresses vicinity and site geology/hydrology, a summary of closure
activities for facility areas with groundwater contamination, background and
affected area groundwater quality, the trending of environmental data for
affected areas and a proposal for additional work at Burial Area #1. The
attached Appendix #1 contains the Cimarron Environmental Data for the period
June, 1985 through March, 1898. This data was utilized to analyze exposure
pathways, a radiological dose assessment for groundwater, the chemical toxicity
of the contaminant of concern, a derivation of appropriate groundwater criteria,
and a program to address any lingering groundwater levels above the criteria.
With the submission of this report, Cimarron believes that it is now appropriate to

approve the Cimarron Decommissioning Plan.

Comprehensive background reports previously submitted to the NRC staff
addressing groundwater at the Cimarron Facility are cited extensively throughout
this document and include:
» Hydrological Information in the Vicinity of the Kerr-McGee Facility,
Logan County, Oklahoma, 1973.
o Hydrologic Water Balance, Option Two Burial Site and Vicinity,
Cimarron Corporation Facility, Crescent, Oklahoma, 19889.
+ Site Investigation Report for the Cimarron Corporation Facility, Logan
County, Oklahoma, September, 19889.
» Cimarron Facility Closure Responses to NRC Questions, 1990.
e Cimarron Facility Closure Responses to OSDH Comments, Cimarron
Site Investigation Report, 1990.
e Environmental Assessment of a Proposed Disposal of Uranium —

Contamination Soil at the Cimarron Uranium Plant, March, 1994.
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e Cimarron Radiologi_cal Characterization Report, October, 1994.

» Cimarron Decommissioning Plan, April, 1995

e Groundwater and Surface Water Assessment for Cimarron
Corporation’s Former Nuclear Fuel Fabrication Facility, Crescent,
Oklahoma, December, 1996.

» Recharge and Groundwater Quality Study for Cimarron Corporation’s
Former Nuclear Fuel Fabrication Facility, Crescent, Oklahoma,
December, 1996.

e Cimarron Corporation Responses to NRC Staff Comments Dated
March 13, 1997, on “Groundwater and Surface Water Assessment”
and “Recharge and Groundwater Quality Study”, May, 1997.

Cimarron Corporation believes that applicable conditions and criteria for
releasing the Cimarron site for unrestricted release can be met as proposed in
the Cimarron Decommissioning Plan and in this report. As a result, Cimarron
Corporation is requesting that this report become the groundwater assessment
part of the Cimarron Decommissioning Plan and be approved so that ali
remaining activities and final status surveys can be completed, leading ultimately
to the termination of License SNM-928.

The Cimarron Facility, located near Crescent, Oklahoma, was operated by Kerr-
McGee Corporation (Kerr-McGee) from 1966 to 1975 for the manufacture of
enriched uranium and mixed-oxide fuels. Cimarron Corporation is a wholly

owned subsidiary Kerr-McGee Corporation (Kerr-McGee).

The Cimarron site was originally licensed under two separate Special Nuclear
Material Licenses. Cimarron operated a production facility for the fabrication of
mixed oxide (plutonium and uranium) and enriched uranium fuel elements.
License SNM-928 was issued in 1965 for the Uranium Plant and License SNM-
1174 was issued in 1970 for the Mixed Oxide Fuel Fabrication (MOFF) Plant.
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Both facilities operated through 1975, at which time operations were terminated
and commencement of characterization/decommissioning efforts began. Since
1976, Cimarron has continued to decontaminate and remove equipment from the
facility, dismantle the buildings, and excavate soils under NRC Licenses SNM-
928 and SNM-1174. The facility grounds, originally 840 acres, were managed
for decommissioning under License SNM-928.

Decommissioning efforts for the MOFF Plant were completed in 1990, at which
time Cimarron applied to the NRC for termination of License SNM-1174 (August
20, 1990). The NRC terminated License SNM-1174 for the MOFF Plant on
February 5, 1993.

Based upon knowledge of site operations and the characterization .and
decommissioning work completed at the time, Cimarron prepared and submitted
the Cimarron Radiological Characterization Report to the NRC in October of
1994. Cimarron also prepared and submitted the Cimarron Decommissioning
Plan to the NRC in April, 1995. As described in these documents, the entire
840-acre site was divided into affected and unaffected areas. The Final Status
Survey Plan for the entire Cimarron 840-acre site has been divided into three
major areas, which contain both affected and unaffected areas. Each of these
three major areas were designated as Phases |, 11, and lll. These three Phases
were then each further subdivided into 5§ smaller “Sub-Areas” (i.e. A through E, F

through J, and K through O). (See drawing 95MOST-RF3, page 1-7.)

As discussed above, decommissioning efforts involving characterization,
decontamination and remediation for the 840-acres, licensed under SNM-928,
were initiated in 1976 and are nearing completion. The goal of the Cimarron
decommissioning effort is to release the entire 840-acre site for unrestricted use.
A small portion of the site will remain active and under the control of Kerr-McGee

Chemical LLC, which operates a small-scale Titanium Dioxide pilot plant. The
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status of Radiological Decommissioning for Phases |, Il, and lll is discussed

further below:

Phase |

The Final Status Survey Plan for Phase | was submitted to the NRC on
October 15, 1994 and was approved by the NRC via letter dated May 1,
1995. The Final Status Survey Report for Phase | was submitted to the
NRC on August 1, 1995 and confirmatory sampling was performed by
ORISE. The Phase | Area, consisting of unaffected Sub-Areas A, B, C, D,
and E, was released for unrestricted use via license amendment #13 on
April 23, 1996. License Amendment #13 reduced the licensed acreage
from approximately 840 acres to approximately 152 acres. The released

acreage was never utilized for any licensed activities.

Phase 1l

The Phase Il area contains both affected and some contiguous adjoining
areas and represents approximately 122 of the 152 acres remaining under
License SNM-928. The Final Status Survey Plan for Phase Il was
submitted to the NRC on July 11, 1995 and was approved by the NRC on
March 14, 1997. Phase Il includes Sub-Areas F, G, H, | and J and
includes former Burial Area #1, which was released for backfill and
seeding by the NRC in December, 1992. Also included in Phase Il are the
East and West Sanitary Lagoons, the Emergency Building, the
Warehouse Building (Uranium Building #4) and surrounding yard area, as
well as numerous natural drainage pathways. Cimarron has substantially
completed the remediation of each of the Phase |l Sub-Areas and the final
status surveys have either been completed or are currently underway.
The Final Status Survey Report of Sub-Area “J" was submitted to the
NRC in September, 1997, and represents the first Sub-Area of Phase |l to
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be submitted to the NRC. The NRC provided comments on Sub-Area “J"
to Cimarron via letter dated January 9, 1998 and Cimarron responded on
May 13, 1998.

Phase |l

The Phase lll area consists of affected areas only, and represents
approximately 30 acres. Phase lll includes Sub-areas K, L, M, N, and O.
The Final Status Survey Plan for Phase |l was submitted to the NRC in
June, 1997. The NRC provided comments to Cimarron on the Phase ||
Final Status Survey Plan via letter dated October 3, 1997 and Cimarron
responded to the NRC comments via letter dated December 5, 1997. The
NRC provided additional comments to Cimarron on the Phase !l Final
Status Survey Plan via letter dated February 9, 1998 and Cimarron
responded to these comments on June 26, 1998. The Phase lll area
includes the Uranium Processing Buildings and yard area, Burial Areas #2
and #3, the New Sanitary Lagoon, the BTP Option #2 Disposal Cell
(Burial Area #4), and the five former Waste Water Treatment Ponds.
These five former ponds consist of Uranium Waste Ponds #1 and #2, the
Plutonium Waste Pond, the Plutonium Emergency Pond and the Uranium

Emergency Pond.

These five former ponds had been previously released by the NRC in
1978. Waste Ponds #1 and #2 were revisited by the NRC in 1993. As a
result, Cimarron Corporation performed further remediation on Waste
Ponds #1 and #2 in accordance with the BTP Option #1 criteria and the
NRC volumetric averaging guidance. Cimarron is currently awaiting NRC
final review and release of Waste Ponds #1 and #2, as detailed in the

Sub-Area “O” Final Status Survey Report (Sub-surface).
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With the submittal of this Groundwater Evaluation Report, Cimarron has now
addressed all of the issues associated with the Cimarron Decommissioning Plan.
This report therefore addresses this last remaining issue (i.e., groundwater)

required for approval of the Cimarron Decommissioning Plan and eventual
license termination.
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2.0 GEOLOGY

The Cimarron facility lies in the Central Lowlands portion of the Great Plains
physiographic province. The local and regional topography is characterized by
low, rolling hills and incised rivers, streams, and floodplains. The site elevation
ranges from about 940 to 1010 feet above mean sea level. A principal
geomorphic feature at the site is the Cimarron River floodplain which is
approximately one-half mile in width and trends east-west. The river and
floodplain are bordered by a system of low lying cliffs and bluffs that overlook the
river. The facility is located in an upland area south adjoining the river and
includes portions of the floodplain and the adjoining cliffs and bluffs. The upland
elevation of the facility in former opérations areas is approximately 980 to 1,000
feet above mean sea level. The elevation of the floodplain is approximately 940
feet. Total relief across the site is approximately 50 to 70 feet. Local drainage is
toward the Cimarron River and its floodplain.

Regional and local hydrogeologic features have been described through
numerous characterization reports assembled for the Cimarron Facility. (See
Introduction). Regional and site geology are described in detail in the
Comprehensive Site Characterization Report (Grant, 1989) completed for the
application for on-site disposal of Option #2 materials. The Grant report
presented results of an extensive site hydrogeologic and geotechnical
characterization completed in 1989. Pertinent details from this report and more

recent additional investigations are summarized in this section.

2.1 Regional Geology

The regional geology is characterized as a gentle, West—southwest dipping
homocline of Permian bedrock. The sediments forming the Permian
bedrock were deposited in shallow marine and non-marine deltaic
environments. Quaternary-age alluvial and terrace deposits

unconformably overlie the erosional surface of the bedrock.
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2.2

Permian bedrock in the area includes (from younger to older) the
Hennessey Shale Formation, the Garber Sandstone and the Wellington
Formation. The Hennessey Formation is absent beneath the site, but is
present about four miles west of the facility. Regional dip of the Permian
beds at the surface is about 20 to 40 feet per mile to the west. A map
showing regional geology is included as Figure 2.1.

The Permian-age Garber Sandstone and underlying Wellington Formation
include lenticular sandstones interbedded within shales and mudstones.
The combined thickness of the Garber Sandstone and the Wellington
Formation is about 800 to 1,000 feet. The lithology of both units is similar,
consisting of interbedded sandstones, shales and mudstones with an
absence of fossils. The water-bearing characteristics of each formation
(e.g., hydraulic conductivity and water quality) also are similar. Since the
two formations are reportedly not readily distinguishable, they often are
considered as a single hydrostratigraphic unit, the Garber-Wellington
Aquifer (Wood and Burton, 1968).

The Quaternary deposits overlying the Garber Sandstone include terrace
deposits from earlier river channels and alluvium in the modern river
channels. The terrace deposits are located on the northern side of the
Cimarron River. The alluvium in the river channel floodplain on the south
side is unconformably deposited on the Garber Sandstone (Engineering
Enterprises, 1973).

Site Geology

A soil veneer, one to eight feet thick, covers most of the site. The shallow
bedrock at the site consists of sandstones and siltstones of the Garber
formation (Garber Sandstone). The Garber Sandstone is relatively thick in
the facility area and no other formations have been penetrated by drilling

conducted during the most recent investigations.
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Sand. 4ilt, clay, ind lenticular beds of gravel. Thickness
runges (rom about 30 to 100 feet and probably averages
about 30 feet along major streams. Along minor streams,
thicknesd ranges from a few feet to about 30 feet and prob-
ably averages about 25 feet. Alluvium is a major aquifer
in parts of quadrangle.

TERRACE DEPOSITS

Lenticular beds of sand. silt, clay, and gravel. Thickness
ranges {rom a few feet to about 100 feet and probably aver-
ages about 50 feet along major streams. These deposits are
major aquifers along Cimarron. Canadian, and North Cana-
dian Rivers,

DunNcAN SANDSTONE

Mainly red-brown to orange-brown fine-grained sandstone,
with some mudstone conglomerate and shale:; grades north-
ward into Cedar Hills Sandstone and Chickasha Formation
Thickness, 450 feet near Chickasha, 300 feet near Okla-
homa City, and 100 feet or more near Okarche.

BisoN ForMATION

Mostly red-brown shale: grades northward into many thin
greenish-gray calcitic siltstones and some orange-brown
fine-grained sandstunes and siltstones. Reeding Sancdstone
Bed at base, Thickness ranges from 95 feet in south to 120
feet in north.

Savt PLAINS ForMATION
Rud-brown blocky <hale
and orange-brown silt-
stone, grades southward
into Purcell Sandstone
in Norman area., Thick-
ness, 200 feet.

FAIRMONT SHALE
Red-brown blocky shale: grades into Garber Sandstone at
base. Thickness, 30 feet at Oklahoma City. 110 feet near
Purcell, and 120 feet near Kingfisher.

/GARBER SANDSTONE

Mostly vrange-brown to red-brown fine-grained sandstone.
irregularly bedded with red-brown shale and some chert
and mudstone conglomerate. Thickness ranges from 150
feet in south to 400 feet or more in north. The Garber and
underlyiny Wellington are major aquifers in Cleveland and
Oklahoma Counties.

WerLLNaToN FORMATION

Red-brown shale and vrunge-bhrown tine-grained sandstone.
containing much maroon mudstone conglomerate and chert
csrmglomerate to south. Thickness ranges From about 150
feet in south to 500 feet in north.

SOURCE: BINGHAM AND MOORE, 1975

FIGURE 2.1
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The Quaternary alluvium in the Cimarron River channel consists of sand,
silt, clay, and lenticular gravel beds. The alluvium is estimated to range
between 30 and 100 feet in thickness along major rivers such as the
Cimarron River, with an average thickness of about 50 feet. The depth of
alluvium in the vicinity of the site is important because of the extent
(vertical) to which the river has cut into the underlying sandstone layers.
The intersection of the alluvium with the underlying sandstones creates
discharge zones for the sandstones, and controls the lateral movement of
groundwater from beneath the site. The intersection of the alluvium with
the Garber Sandstone is discussed in more detail in Section 3.0, Site
Hydrogeology. Drawing No. 98-XSEC-1 (next page ) is a geologic cross
section showing the shallow subsurface stratigraphy underiying the center
of the site, and schematically extends north to the Cimarron River.

The deeper stratigraphic units in the area were penetrated by a proposed
deep test well that was completed in 1969. This well represents the
deepest borehole known to have been drilled in the immediate vicinity of
the site. The deep well which was located on the Cimarron facility
property near the former uranium plant has been plugged. The depth of
the well was 2,078 feet. The well was never permitted or used for
injection purposes or other site uses. The top of the geologic unit
immediately underlying the Garber Formation, the Wellington Formation,
was identified at 200 feet below the ground surface. The Wellington
Formation consists of 960 feet of red shale with several thin silistone
beds. The top of the Wolfcampian age Stratford Formation was found at
1,160 feet. 1t is 870 feet thick and consists of red and gray shale with thin
anhydrite beds in the upper part. The lower part of the Stratford

Formation is predominately red and gray sandy shale with three porous
sandstone members.
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2.2.1 Geologic Description of the Garber Sandstones/Mudstones
Across the site

The Cimarron Facility is directly underlain by the Garber Sandstone and
Wellington Formation. These geologic units collectively form the Garber-
Wellington Aquifer.

Three major sandstone units and two mudstone units have been identified
in borings drilled at the site. These sandstones have been informally
classified (from shallow to deep) as the A, B, and C sandstones (and in
some site reports as the 1, 2, and 3 sandstones respectively).
Thicknesses range from 30 to 55 feet for each of the sandstones.

The two predominant mudstones (the A and B mudstones) are each about
six to 14 feet thick, and separate the A sandstone from the B sandstone,
and the B sandstone from the C sandstone, respectively. The mudstones
generally are massive, with some zones of thin laminations in the upper
portions. The mudstones are less permeable than the sandstones, and
retard the vertical movement of groundwater. The sandstone and
mudstone units are discussed below.

. Sandstone A: As shown by Drawing No. 98-XSEC-1, the first water
bearing sandstone encountered at the site is referred to as
Sandstone A. This sandstone consists of up to 25 feet of red-to-tan
colored sandstone and silty sandstone on the western half of the
site. This sandstone may be well or poorly cemented, and is locally
cross bedded. Water level data collected from monitor wells show
that the sandstone is fully saturated at the southern boundary
(upgradient) of the site. The saturated thickness decreases to the
north where groundwater discharges as base flow into small, north-
flowing tributaries to the Cimarron River, and at seeps where the
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sandstone outcrops along the biuff. Well yield data collected during
aquifer tests and well development work indicates that Sandstone A
will not support a sustained pumping rate greater than
approximately one to two gallons per minute. Areas of this horizon
that are impacted by past facility operations are near the extreme
north of the facility (e.g., around Uranium Waste Ponds No. 1 and
No. 2).

Mudstone A: As shown by Drawing No. 98-XSEC-1, this sequence
of mudstone and silty mudstone ranges in thickness from six feet to
nearly 20 feet between Sandstone A from the underlying
Sandstone B. Water level data from monitor wells show that this
mudstone unit hydrologically separates the two sandstones.

Sandstone B: As shown by Drawing No. 98-XSEC-1, the second, or
intermediate, water bearing sandstone encountered at the site is
referred to as Sandstone B. This sandstone, which is similar in
lithology to Sandstone A, can be up to 30 feet in thickness on the
site. At the eastern edge of the site, Sandstone A has been eroded
to the extent that Sandstone B is the first water bearing sandstone
encountered. The sequences of sandstones and mudstones in this
area are shown by Drawing No. 98-XSEC-2 (next page); which
represents the shallow subsurface stratigraphy through the area
formally occupied by Burial Area #1.

Water level data collected from monitor wells in this sandstone
located at the central and western parts of the site show that the
saturated thickness decreases to the north where groundwater
discharges to both the alluvium of the Cimarron River and to seeps
in cliffs overlooking the river flood plain. At the eastern portion
(Burial Area # 1) of the site, Sandstone B generally discharges to
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the north to the alluvium. Well yield data collected during
development work indicates that Sandstone B will not support a
sustained pumping greater than approximately one to two gallons
per minute. Areas of this horizon that are impacted by past facility
operations are near the extreme north of the formation (i.e., around
Burial Area No. 1).

. Mudstone B: As shown by Drawing No. 98-XSEC-1, this sequence
of mudstones ranges in thickness from six feet to 14 feet between
Sandstone B and Sandstone C. Water level and water quality data
from monitor wells show that this unit hydrologically separates
Sandstone B from Sandstone C.

. Sandstone C: As shown by Drawing No. 98-XSEC-1, all
sandstones underlying the Mudstone B confining layer are
collectively referred to as Sandstone C. This sequence of
interlayered sandstones and mudstones is at least 100 feet in
thickness beneath the Cimarron site. The base of the fresh water
zone as defined by the USGS, is found within the shallow-most
strata of Sandstone C. Water-level data collected from monitor
wells constructed at various depths in this horizon show that the
sandstone is fully saturated, with pressure heads that increase with
increasing depth. Given the elevations of the potentiometric
surface, Sandstone C is discharging into the Cimarroh River as
base flow. The base of the high salinity interface was found in the
deeper strata of Sandstone C at a depth of 190 feet below grade.

2.2.2. Description of Sandstones

All three sandstones encountered during the numerous investigations can
be described as generally fine to very fine grained with well sorted

subangular to rounded grains. Variable silt content was observed in the
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sandstones. The estimated silt content ranges from less than 10 up to 50
percent. Where the silt content is high, distinction between sandstone and
siltstone is difficult. The sand grains are virtually all quartz, with minor
amounts of potassium feldspar and occasional mafic grains such as
magnetite. Micas are minor constituents. Intergranular porosity is
generally good, though obviously varies with silt content.

The sandstones typically are weakly cemented and friable. The
cementing agents appear to be calcite and hematite; however, silt and
clay-sized fractions in the matrix may also contribute to cementation. Thin
intervals are present occasionally that are well cemented and hard. These
intervals are frequently conglomeratic with gypsum and possibly barite
providing additional intergranular cement. The sandstones often are
cross-stratified with thin, silty laminae. The cross-stratification is planar
and is indicative of deposition in a fluvial/deltaic system. Cross
stratification was usually found near the middle of the sandstone intervals.

2.2.3 Description of Mudstone

Separating the sandstones are fine-grained, silty and shaley beds. These
beds were identified in the field as mudstones, a generic description
inferring their origin. Stratification within the mudstones is largely absent
and they lack the fissile nature characteristic of shales.

The mudstone units typically are poorly consolidated as indicated by the
tendency for core samples to deteriorate rapidly. The mudstone cores
have a consistency more like a very stiff to hard sandy silt or clay than
rock, even at depths greater than 100 feet below ground.

Encapsulating the mudstone layers were thin, bluish-gray zones or layers
that ranged from less than 0.1 inches to over 4 inches in thickness. These

layers tentatively were identified in the field as "reduction zones."
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Reduction spots were also observed. This phenomenon is common in red
bed formations and therefore is not considered unique to the site. In the
subsurface at the facility, the thickness of the bluish-gray layers is directly
proportional to the thickness of the silt and clay-rich layers they bound.

The reduction zones may represent intervals where ferric compounds
have been reduced to ferrous compounds. Ferrous iron is much more
soluble and more easily removed or transported by ground water. Al-
Shaieb (1977), attributed the reduction of ferric iron to a reaction with
hydrogen sulfide produced either by the contact of sulfate with
hydrocarbons, or hydrogen sulfide released directly from naturally
occurring hydrocarbons.

2.2.4 Chemical Environments

The chemical environment underlying the site is characterized by the
chemistry of the unsaturated and saturated zones of the A, B, and C
sandstones. The unsaturated zone environment will be dominated by the
chemistry of the soils and rock strata. The saturated zone will be
dominated by the chemistry of the ground water.

Groundwater at the site is oxygenated and slightly alkaline. The strata
appear-oxidized and have a relatively low cation exchange capacity. The

organic content of the strata is negligible.

2.3 References
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3.0 HYDROLOGY

Exploitable groundwater in the central Oklahoma region occurs principally in the
Permian-aged Garber/Wellington Aquifer. The Oklahoma Geological Survey
groups the Garber and Wellington formations together as a single hydrologic unit
on the basis of similar lithologies and water-bearing characteristics (Bingham and
Moore, 1975).

The EPA (40 CFR 270) and the NRC (10 CFR 40, Appendix A) both define an
aquifer as "a geologic formation, group of formations, or part of a formation
capable of yielding a significant amount of groundwater to wells or springs." This
definition, unfortunately, makes no specific reference to water quality, nor does it
define the term "significant." Therefore, in areas where a widely used and
recognized aquifer is present, other water-bearing zones that may yield lesser
amounts of water, or water of poorer quality, become less important, although
they may still meet the regulatory definition of aquifer. In such instances where
lesser yields are present, important considerations become those of locations of
impacts, availability of better sources of water, and potential for habitation. As
indicated by a wide range of data, Cimarron believes the shallow and deeper
groundwater at the site does not represent a potentially useful, viable or
sustainable source of potable water — particularly with regard to consideration of
higher quality alternate local sources of water (reservoirs and local water district).
Data that supports this position, including information regarding regional and
local hydrology, well yields, groundwater and surface water quality, and other
sources of water are discussed in the following sections.

3.1 Regional Hydrogeology

The water-bearing sandstones in the region are fine-grained and friable,
with interbedded siltstones, mudstones and shales. North of Oklahoma
County and into Logan County (where the site resides), the Garber-
Wellington Aquifer thins and becomes more fine-grained. This
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characteristic results in low aquifer permeability, resulting in a low amount

of water that can be produced from the aquifer.

Generally, the sandstones in the Garber-Wellington are lenticular and thin.
Their lenticular nature creates an environment within which water quality
and quantity can differ greatly from one location to an another
(Engineering Enterprises, 1973). For example, yields from six Garber
Sandstone wells near the site ranged from 20 to 90 gallons per minute
(opm), with hardness ranging from 212 to 2,240 parts per million (ppm)
and chloride ranging from 26 to 3,155 ppm (Engineering Enterprises,
1973). Monitoring wells on the site show similar ranges of constituent
concentrations, but less yield, and are discussed in greater detail in
Section 3.2.

3.1.1 Regional Groundwater Movement

The regional groundwater movement in the Garber-Wellington Aquifer
depends on the depth of the groundwater. There are two major changes
in the groundwater with depth. First, water-table (unconfined to semi-
confined) conditions generally exist in the upper 200 feet in the area
where the Garber-Wellington Aquifer crops out. Below 200 feet, and
where the aquifer is saturated, the groundwater is typically under confined
conditions. Second, there is a fresh-water/salt-water interface within the
Garber-Wellington Aquifer. The elevation of this interface ranges from
about 250 feet above mean sea level (fmsl) in the south to 850 fmsl in the
north (near the site). The fresh/saline interface is about 190 feet below the
ground surface in the vicinity of the site. This interface is shown on Figure
3.1.
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Groundwater in the shallow portions of the aquifer predominantly flows
laterally and discharges to surface drainage pathways formed by the
major rivers and streams. Upward flow near the discharge locations has
been interpreted from potentiometric surface measurements of shallow
groundwater (Carr and Marcher, 1977). This discharge maintains flows in
the major rivers and some larger streams, even during dry periods. The
movement of groundwater in the terrace and alluvial deposits is toward the
surface drainages followed by rivers and streams. At the site, this flow is
toward the north, culminating in the Cimarron River.

There are few potentiometric measurements in the lower part of the
aquifer; some water-level data are available in the Oklahoma City area,
several miles south of the site. Based on these measurements, deep
groundwater (e.g., groundwater below that whose flow is influenced by the
river channels, or below about 200 feet) movement is believed to be
generally down-dip in a west- southwesterly direction.

3.1.2 Regional Groundwater Recharge/Discharge

Groundwater movement is controlled by local and regional recharge and
discharge locations. The movement of groundwater in regional and local
systems has been examined by Toth (1963) and Freeze and Witherspoon
(1967). The local system overlays the regional groundwater system. The
large river systems form the regional discharge locations, while local
discharges may occur at smaller streams, as well as at the regional
discharge locations. One characteristic of a recharge location is that the
hydraulic head decreases with depth (downward flow), while in a
discharge area, the hydraulic head increases with depth (upward flow).

Regional recharge to the Garber-Wellington Aquifer is primarily by the
lateral movement of groundwater from outcrop areas located upgradient
and to the east and south of the site. The principal recharge area for
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precipitation and infiltration in the outcrop area for the Garber-Weliington
has been identified as being north of the Canadian River, south of Guthrie,
east of the Canadian County line and west of Shawnee (Johnson, 1983).

Johnson (1983) determined that surrounding the known recharge area is
an area termed a "potential recharge area". The potential recharge area
is a buffer surrounding the known recharge area, and includes any regions
that may recharge to the aquifer that are unknown or not mapped.
Johnson indicated that the potential recharge area extends about four
miles beyond the recognized recharge area. The Cimarron site is located
at the edge of the potential recharge area, and quite possibly beyond the
limit of this potential recharge area.

Groundwater recharge has been estimated to be between five and ten
percent of annual precipitation (annual precipitation is about 30 to 33
inches per year-(in/yr) in the immediate vicinity of the site) (Carr and
Marcher, 1977). Annual precipitation in the Oklahoma City quadrangle,
which includes the site, ranges between about 28 and 41 in/yr. Actual
evapotranspiration is on the order of 24 to 30 in/yr, with runoff ranging
between 2.5 and 8 infyr. Thus, an estimated 1.5 to 3.5 in/yr of
precipitation is available for recharge (Bingham and Moore, 1975).

Natural regional discharge from the shallow portions of the Garber-
Wellington Aquifer (as defined earlier) in the site area is to the Cimarron
River and feeding stream drainages, as indicated by troughs in the
potentiometric surface along the valleys of the Deep Fork, Bear Creek,
Cottonwood Creek and the Cimarron River. Carr and Marcher (1977)
indicate that upward flow occurs in areas where major streams, such as
the North Canadian River, are entrenched into the aquifer, and where
groundwater discharges to the alluvium. They also indicate that this
situation is analogously occurring in the vicinity of the Cimarron River.
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3.2

The locations of points or areas of discharge from the deeper portions of
the Garber Wellington Aquifer are unknown, but are presumed to be
outside of the central Oklahoma region (Carr and Marcher, 1977).
Discharge from the shallower portions of the aquifer are to the rivers and
streams that form the local discharge locations. This difference in
discharge characteristics demonstrates a separation of the shallower and
deeper flow zones in the Garber-Wellington Aquifer.

Site Hydrology

Groundwater is found in two types of geologic deposits found at the site
including the Quaternary aged alluvial deposits found beneath the river
and floodplain of the Cimarron River and in sandstone bedrock units of the
Pérmian-aged Garber Sandstone. The Garber Sandstone contains
interbedded sandstones, mudstones, and shales. The Garber Sandstone
forms the bedrock formation that outcrops in upland areas bordering the
Cimarron River. The alluvium was deposited in a deep channel that was
cut into the Permian bedrock.

Groundwater in the Garber Sandstone can be divided into two water
bearing zones including a shallow zone which includes groundwater found
in Sandstones A and B and a deeper zone associated with Sandstone C.
Groundwater in the shallow zone at the site is recharged from upland
sources, and from on-site reservoirs and from infiltration from precipitation.
Groundwater in the deeper zone is recharged regionally at upland
outcrops areas found in areas east of the site.

Shallow groundwater in Sandstones A and B discharges to a series of
seeps found in the cliffs and bluffs that are found adjacent to the floodplain
of the Cimarron River. Deeper groundwater found in Sandstone C
discharges to the alluvium deposits associated with the Cimarron River.
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Groundwater found in the lower portions of Sandstones B also discharges

to the river alluvium.

These groundwater flow systems are discussed in greater detail in the
following sections.

3.2.1 Site Groundwater

Shallow groundwater under the site occurs under water table and partially
confined conditions. The depth to water in the shallow wells ranges from
about 10 to 40 feet below ground level. Drawing No. SWPS-0 (next page)
is a map of the potentiometric surface for the shallow groundwater, and
illustrates the general elevations of the groundwater within this zone. The
groundwater contours shown for the western portion of the site represent
groundwater located within Sandstone A; the contours shown for the
eastern area of the site represent groundwater located within
Sandstone B.

All the rocks below the shallow water table are saturated. The deep wells
were screened in a confined sandstone (Sandstone C) that occurs
approximately 100 feet below the ground surface. Drawing No. DWPS-0
(page 3-9) is a map of the potentiometric surface defined by the deep
wells, and also illustrates the general elevation of groundwater within this
deeper zone.

3.2.1.1 Site Groundwater Movement

Shallow groundwater flow (Sandstones A and B) is influenced by local
topography and surface water bodies. Seepage faces are present along
the eroded slope found along the south side of the Cimarron River
floodplain. In the vicinity of Well 1334 (see Drawing No. SWPS-0),
seepage occurs at an elevation of about 964 feet with standing water
occurring in a marshy area at an elevation of about 960 feet. The incised
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drainages and bluff overlooking the river's floodplain exert local influences

on shallow groundwater flow.

The piezometric surface determined from shallow monitoring wells
(represented by Drawing No. SWPS-0) and deep monitoring wells
(represented by Drawing No. DWPS-0) indicates groundwater flow in the
Garber Sandstone is generally north-northwest toward the Cimarron
River. This local condition is contrary to the general regional westward
flow direction in the Garber-Wellington Aquifer (as discussed in Section
3.1.1 above). The movement of groundwater from both the shallow
(Sandstones A and B) and deeper (Sandstone C) monitored zones
beneath the site is toward the Cimarron River. This indicates fhat both
zones monitored at the site are part of a shallow (near-ground surface)
groundwater flow regime, and discharge is to the bluffs or to the alluvium

north of the site (Cimarron River).

The groundwater gradient for the shallow groundwater zone averages
approximately 0.025 (unitless) except where it steepens as a result of
proximity to discharge areas. Groundwater from the confined aquifer
screened by the deep wells (Sandstone C) flows at a gradient of
approximately 0.014. This deeper groundwater interval is at an elevation
that indicates it recharges directly to the Cimarron alluvium and
contributes to the base flow of the Cimarron River.

Each of the sandstone units discussed above in Section 2.2.1 contains
discontinuous mudstone or siltstone layers that may affect the movement
of groundwater through the aquifer. The mudstones typically have a
consistency of very stiff to hard sandy silt or clay even at depths greater
than 100 feet. As illustrated by the piezometric surface (Drawing No.
SWPS-0), there is a net downward vertical potential between the upper

water table aquifer and the lower confined units. However, based upon
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extensive site borings and investigations, there are significant confining
mudstone layers separating the lower confined groundwater zones from
the more shallow stratum. These mudstone layers promote lateral flow
north toward the seeps and river alluvium. The intersection of the alluvium
with the underlying sandstones creates discharge zones for the
sandstones and this further influences and controls lateral movement of
the groundwater.

Four wells completed in the shallow sandstones confirm that a confining
layer exists between Sandstones A and B. Well #1337 (Sandstone A)
was installed adjacent to Well #1338 (Sandstone B). For well locations
see Drawing No. 98MOST-R2 (next page). Groundwater elevations of
965 MSL verses 942 MSL were noted respectively between the two wells.
Similarly, Well #1340 (Sandstone A) and Well #1341 (Sandstone B) show
elevations of 961 MSL and 936 MSL respectively. These elevation
differences indicate a downward component of flow, but also suggest that
Mudstone A acts as a hydrological barrier layer between Sandstones A
and B. Also, these elevations provide additional data indicating that
groundwater in Sandstone A is unconfined and flows laterally northward,
discharging to the bluffs overlooking the south bank of the Cimarron River;
and that groundwater in Sandstone B also discharges north to both the
bluffs and the Cimarron River alluvium (see Drawing No. 98-XSEC-1,
page 2-5).

Groundwater in Sandstone C is confined throughout the site. In addition
to the increasing pressure heads with increasing depth, analytical data
illustrates that the intervening mudstones act as confining layers. This
analytical data is discussed in Section 3.4.2.3.

During installation it was noted that the groundwater level for Well #1339
(completed to a depth of 218 feet in the deeper part of Sandstone C), was
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higher than that recorded in the upper Sandstone C strata. This increased
pressure head indicates an upward component of flow, and supports the
projections that the Cimarron River is a discharge location for the deeper
groundwater. Also, these data show that the discharge pathway of the
deeper groundwater (Sandstones C and below) forms a hydraulic barrier
to the potential downward migration of the near surface groundwater.

Groundwater quality data for Well #1339 shows that the base of the
freshwater interface occurs at a depth of 190 feet below grade surface.
Groundwater in this zone (>11,000 mg/L TDS) contributes to the already
poor quality of the Cimarron River.

In summary, there are effective confining mudstone strata between each
of the groundwater zones of Sandstones A, B, and C. These mudstones
influence the lateral flow of groundwater and act to limit the potential
downward migration of shallow groundwater found in the A and B
sandstone units. Shallow groundwater in the A and B sandstones units
generally discharges to the incised drainage pathways and seeps found in
the low-lying bluffs and cliffs that border the floodplain of the Cimarron
River. Deeper groundwater in both Sandstone B and C discharges to the
alluvium deposits that underlie the Cimarron River and the adjoining
floodplain. As reported in Section 3.4.2.2, deeper groundwater is of poor
quality as a result of high TDS. The water of the Cimarron River is also of
poor quality as a result of generally higher TDS.

3.2.1.2 Hydraulic Properties of Water Bearing Strata

Hydraulic conductivities of the Garber Formation sandstones generally are
moderate. The sandstones are poorly cemented and show few diagenetic
effects. The primary porosity and permeability restrictions are the variable

amounts of fines present in the sandstones. Inspection of outcrops at the
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site and core samples revealed minimal jointing indicating that the effect of
fractures on hydraulic conductivities is expected to be low.

The hydraulic conductivity of the shallow aquifer (Sandstones A and B)
ranges from 2.3 x 10-4 cm/sec to 3.0 x 10-3 cm/sec. The mean of the
measured values is 1.01 x 10-3 cm/sec. The transmissivity of this aquifer
ranges from 9.9 ft sg/day to 108 ft sq/day.

The hydraulic conductivity of the deep aquifer (Sandstones C) ranges from
2.0 x 10-5 cm/sec to 1.0 x 10-3 cm/sec, with a mean of 4.4 x 10-4 cm/sec.
The transmissivity ranges from 4.6 ft sq/day to 254 ft sq/day.

3.2.2 Site Groundwater Recharge/Discharge

Aquifer tests indicate that there is no significant hydraulic connection
between Garber sandstone layers that are separated by shale layers
(Wood and Burton, 1968). This hydraulic separation between water-
bearing sandstones has been confirmed at the site as described earlier.
During unusually heavy precipitation in 1985, there was no noticeable
impact upon water levels in site monitoring wells completed in shallow
sandstones separated by mudstones (Sequoyah, 1985). Bingham and
Moore (1975) attribute the poor response to precipitation changes shown
by well hydrographs to the poor communication of the sandstones with the
surface or the recharge areas being a considerable distance from the well.

The site is located upgradient of a system of low-lying bluffs located
adjacent to the Cimarron River. As discussed in Section 3.2.1.1, the bluff
that borders the river floodplain influences the movement of shallow
groundwater at the site. An evaluation of the shallow and deeper
potentiometric surface maps for the site indicates that the groundwater
flow direction for both is toward the Cimarron River. The lowest

potentiometric elevation in the shallow monitoring well (Sandstone A)
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nearest to the river is about 960 fmsl (see Drawing No. SWPS-0). The
lowest potentiometric elevation in the deeper monitoring wells nearest to
the river is about 940 fmsl (see Drawing No. DWPS-0). The elevation of
the Cimarron River at normal flow is 927 to 930 fmsl near the site. The
elevation of the floodplain is about 940 fmsl (Engineering Enterprises,
1973). Seepage faces are present along the bluffs just above the
Cimarron River fioodplain (NRC, 1994). Seeps and standing water
similarly are reported at elevations between 960 and 964 fms! (NRC,
1994). The river stage is lower than the potentiometric surface for the
shallow and deep monitoring wells at the site. This finding suggests that
groundwater in both Sandstones B and C are hydraulically linked to the
river and groundwater in these units discharges to the floodplain alluvium
and the river. Whereas, groundwater in Sandstone A and the upper
portion of Sandstone B discharges to a series of seeps found along the
biuff just south of the river.

A hydrologic water balance has been performed for the site.' The analysis
followed the procedures presented in EPA/530/SW-168. The study
focused on the soil types that comprise the surface at the site, and
whether those soils contributed to rapid runoff or allowed percolation.
Three soil types were identified at the site, the compositions of which
typically generate high runoff and preclude rapid infiliration. Water
availability was represented by total precipitation, while water loss was
represented by evapotranspiration, surface runoff, and soil moisture
storage. The average recharge of shallow groundwater to underlying
strata is estimated to be low (5 to 10 percent of annual precipitation).
Significantly, evaluation of potential recharge at the site suggests that no
significant seepage occurs in years of average precipitation, but seepage
could occur in years of above-average precipitation (Lower, 1989).
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3.3

Additionally, the analyses by Toth (1963), Freeze and Witherspoon
(1967), support the interpretation of local discharge to seeps and to the
Cimarron River. Groundwater in the shallow Garber sandstones
underlying the site, and surface water that infiltrates through the site
moves lAateraIIy toward the Cimarron River, and does not become part of
the recharge to the deeper Garber-Wellington Aquifer.

Surface Water Hydrology

The principal surface-water bodies at the site are the three reservoirs
indicated on the site map and the Cimarron River (see Drawing No.
SWPS-0).

3.3.1 Local Surface-Water Bodies — Reservoirs

The water elevation of the three reservoirs was determined at the time the
monitoring wells were surveyed in 1989. The water elevations (i.e., spill
way elevations) for Reservoirs 1, 2, and 3 at that time were 959.3, 966.3,
and 959.7 feet above mean sea level, respectively.

The three reservoirs appear to influence shallow groundwater flow at the
site. Reservoirs 1 and 3 have water levels significantly below the water
table in the nearest wells indicating that shallow groundwater maintains
the water level of these reservoirs and hence provides the base flow for
the streams that exit the reservoirs.

3.3.2 Cimarron River

As discussed in Section 3.2.1.1, groundwater contained in the confined
Sandstones located under the site (i.e., Sandstone B and C) and the
deeper high salinity groundwater discharges to the Cimarron River as
base flow. The groundwater elevations show that the discharge pathways

of the deeper groundwater (Sandstone C and below) forms a hydraulic
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3.4

barrier to the potential downward migration of the near surface

groundwater.

The movement of groundwater through the Garber-Wellington Aquifer is
dependent upon depth and location. As shown on Figure 3.1 (page 3-3),
the principle component of groundwater movement in the shaliow sand-
bearing units of the Garber-Wellington Aquifer is lateral from recharge
areas along surface outcrops to points of discharge along exposures in
stream valleys. Figure 3.1 shows that the ultimate point of discharge for
the shallow groundwater in the vicinity of the Cimarron Facility is the
Cimarron River. The movement of groundwater in the deepest portions of
the Garber-Wellington Aquifer is thought to be down dip toward the
southwest.

Background Groundwater Quality

As discussed in the previous sections, there are two main occurrences of
groundwater in the area of this site south of the Cimarron River.
Groundwater is present both in the Garber sandstone and the floodplain
alluvium adjacent to the Cimarron River. These occurrences are

discussed separately.

3.4.1 Regional Groundwater Quality

The primary groundwater occurrence in the vicinity of the Cimarron facility
is within the Garber Sandstone and Wellington Formation. The water-
bearing portions of these formations are collectively known as the Garber-
Wellington Aquifer. These formations were deposited by streams in a
delta that occupied central Oklahoma during the Permian Age.

Figure 3.1 (page 3-3) shows the base of fresh water/salt water interface in
the Garber-Wellington Aquifer, which is defined by the U. S. Geological

Survey as groundwater having a total dissolved solids (TDS) of more than
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1,000 mg/L. The source of the fresh water is meteoric water derived from
the infiltration of precipitation, while the salt water is derived from connate
water trapped in deeper sediments deposited in a marine environment.
The base of the fresh water/salt water interface is deepest beneath
Oklahoma County, where much of the recharge occurs, rising to a more
shallow depth (about 190 ft below grade) to the north where recharge is
less and the Garber-Wellington Aquifer discharges into the Cimarron

River.

3.4.2 Site Groundwater Quality

Background groundwater quality has been addressed by two reports
(Chase, 1996 and Cimarron 1997) previously submitted to the NRC; these
reports demonstrate that water quality varies substantially across the site
and with depths on site. Historical groundwater analytical data are
discussed in the following sections.

3.4.2.1 Shallow Groundwater Quality

The shallow groundwater zones, identified as Sandstones A and B,
contain groundwater from local recharge that flows predominantly laterally
north toward the Cimarron River and to the sandstone outcrops located
along the northern bluffs. The water quality within these zones is
generally fair because they have been influenced by local precipitation
and surface water recharge. The ranges of onsite background
groundwater quality data for Sandstones A and B are shown in Table 3.1.
Wells #1314 (Sandstone B) and #1325 (Sandstone A) are located
upgradient from past site operations, and are considered background
wells.

Although not included in Table 3.1, background isotopic total uranium
concentrations can be determined from historic data. Total isotopic
uranium for Well #1314 has ranged from 1.4 pCi/L to 2.3 pCi/L with an
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average of 2.0 pCi/L. Total isotopic uranium for Well #1325 has ranged
from 1.7 pCi/L to 2.5 pCi/L with an average of 2.3 pCi/lL. These average
values would indicate that background uranium is similar for both
Sandstone A and B.

TABLE 3.1
RANGE OF VALUES FOR SELECT
CONSTITUENTS FOR BACKGROUND WATER QUALITY
SANDSTONES A AND B

Shallow Wells #1314 and #1325
Background Water Grant Data 1989 1996 Data
Quality
Hardness (mg/L) 253 - 284 228 - 522
Calcium (mg/L) 65-74 55-120
Magnesium (mg/L) 22-24 22 -54
Sodium (mg/L) 16 - 22 21-44
Bicarbonate (mg/L) 336 - 402 200 - 230
Chloride (mg/L) 8-16 7-16
Sulfate (mg/L) 8-10 8-11
Fluoride (mg/L) 1.0 0.31-0.64
Nitrate/Nitrite (mg/L) 9-14 1.80-9.30
Specific Conductance 900 500-600
(umho/cm)

Additionally, Sandstone A Wells #1324 and #1335 can be included in the
background water quality data set because, historically, they have been
upgradient of the BTP Option #2 cell established in early 1995. Total
isotopic uranium for Wells #1324 and #1335 have averaged 1.5 pCi/L and
2.3 pCill. respectively (with a range of 0.7 pCi/L to 3.7 pCi/L), which are
indicative of background uranium concentrations noted in the other
Sandstone A and B wells.

3.4.2.2 Deeper Groundwater Quality

Well #1328, which is completed in Sandstone C, can be considered an

upgradient well; it monitors the deeper groundwater zones which are not
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considered impacted by prior site operations. Background water quality
data for this well is shown in Table 3.2. Analytical results from three other
deep wells completed in Sandstone C also are included in Tabie 3.2.

Although not included in Table 3.2, the historical total isotopic uranium
concentrations have remained fairly constant. Total isotopic uranium for
Well #1328 has averaged 34.0 pCi/L during the period of 1989 to 1997
with a range of 27 to 44 pCi/L.

TABLE 3.2
GROUNDWATER ANALYTICAL RESULTS FOR
SELECTED CONSTITUENTS SANDSTONE C WELLS

Well Numbers

MW1321 | MW 1323 | MW 1328 [ MW 1332
Depth (ft.) 122 127 135 116
Hardness (mg/L) 1,698 1,641 1,634 1,751
Calcium (mg/L) 550 530 500 550
Magnesium (mg/L) 78.9 77.1 93.5 91.8
Sodium (mg/L) 65.2 244 127 300
Bicarbonate (mg/L) 223 149 149 137
Chloride (mg/L) 42.0 180 135 400 .
Sulfate (mg/L) 1,920 2,480 2,310 2,500
Fiuoride (mg/L) 0.2 0.2 0.2 0.2
Nitrate/Nitrite 1.01 1.77 2.14 1.82
(mg/L)
Spec. Cond. 2550 3,700 3,440 44,260
(mho/cm)
TDS (mg/L) 2,660 3,490 3,270 4,090

Well #1321 has averaged 18 pCi/L, and Well #1320 (adjacent to Well
#1321 and completed in Sandstone A) has remained fairly constant at an
average of 3.7 pCi/lL. Likewise, fluorides in Well #1321 have remained, in
general, fairly constant at background levels (<1 mg/L) further indicating
that this deeper zone has not been impacted by prior site operations and

that the intervening mudstones act as confining layers.
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Total isotopic uranium for both wells (i.e., #1321 and #1328) has ranged
from 11 pCi/lL to 44 pCi/L, which is considered within background
variances for this deeper sandstone layer.

3.4.2.3 Water Quality Varies With Depth

As discussed in the previous sections, the shallow groundwater zones
represent the part of the aquifer that carries modern recharge, while the
deeper zones contains saltier formation (connate) water remaining from
the original depositional environment. Changes in water quality with depth
are discussed in this section.

The total isotopic uranium concentrations for the two shallow Sandstone A
and B background welis, and the five deeper Sandstone C wells, are
summarized in Table 3.3. The monitoring well data indicates that
background groundwater total uranium concentrations increase with
depth.

TABLE 3.3
TOTAL ISOTOPIC URANIUM CONCENTRATIONS
Well Location Total Uranium Concentrations
(pCi/L)

Sandstone A

Well #1325 1.7-2.5
Sandstone B

Well #1314 14-2.3
Sandstone C

Well #1321 10.5-23.7
Well #1323 27.2-40.7
Well #1328 27.7-437
Well #1332 17.6 —-38.4
Well #1339 14.9

Additionally, analytical data shows that background groundwater quality

for certain other constituents, other than uranium, becomes poor with
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depth indicating a hydraulic disconnect between the sandstone layers (i.e.,
A/B and C). For example, sulfates in Well #1325 (Sandstone A) are 11
mg/L, whereas in #1321 (Sandstone C) it is 1,900 mg/L. Well #1339
(depth 218 feet), shows sulfates at 3,560 mg/L. Well #1338 is located
upgradient to former Uranium Waste Pond #2 (U-Pond #2).

The four wells completed in shallow Sandstone C, in general, showed
elevated dissolved solids concentrations (TDS) greater than 1,000 mg/L.
The TDS ranged from 2,660 mg/L to 4,090 mg/L.. Concentrations of
sulfates for the four shallow Sandstone C wells ranged from 1,920 mg/L to
2,500 mg/L. The hardness of the water calculated from the sum of the
magnesium and calcium ranged from 1,641 mg/L to 1,751 mg/L. These
results indicate very hard water. For these four wells, chioride ranged
from 43 mg/L to 400 mg/L. The deeper Sandstone C well, Well #1339,
which was completed to a depth of 218 feet below grade, has a TDS
exceeding 11,000 mg/L, with chlorides exceeding 3,700 mg/L. The
elevated concentration of TDS, chlorides, and sulfates in these wells attest
to the low infiltration rate of fresh water into Sandstone C from the upper
sandstone layers.

Nitrates also demonstrate that constituents in Sandstone C are at
background levels. Since June 1989, nitrates in Well #1321 have
historically been approximately 1 mg/L;: whereas in Well #1320
concentrations have ranged from 15 to 30 mg/l. Low nitrate
concentrations are also found in deep Wells #1323, #1328 and #1332,
averaging 1.5, 1.7, and 1.9 mg/L respectively similar to the value found in
Well #1321. This is not true for the shallower horizon where nitrates have
shown substantial variances across the site and adjacent to the site in the
shallowest groundwater zones. The greatest impact to nitrates in the
upper zones is attributed to the agricultural activities that have occurred
for several years uninterrupted as noted in the next section .
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3.4.2.4 Quality of Groundwater Adjacent to Site-

Several wells located adjacent to and upgradient of the site have shown
influence from local farming. Wells #1307 and #1303, which are located
south (i.e., upgradient) of the operational areas, both near Highway #33,
were sampled during the 1970's, 1980’s and early 1990’s as part of the
Cimarron environmental monitoring program. For Well #1307,
nitrates/nitrites ranged from 0.3 ppm (0.3 mg/L) to 270 ppm (270 mg/L)
from 1971 through 1977. From 1978 through 1991, the results were
reported in units of mg/L and varied from 1.0 to 104 mg/L. Well #1303
had concentrations of nitrate/nitrite of 0.98 ppm (0.98 mg/L) to 430 ppm
(430 mg/L) from 1971 through 1977. From 1978 through 1986, the results
were reported at <1 mg/L to 63 mg/L. The elevated nitrates are believed
to be a result of nitrogen fertilizers being used on agricultural fields.

Extensive site acreage were used for farming, most typically wheat crops.

The nitrate concentration in Well #1330 has ranged from 172 mg/L down
to 35 mg/L (the analytical result of <0.5 mg/L in 1993 was considered
erroneous data). This well is located near the edge of a cultivated wheat
field and upgradient of any prior production facility operations.

3.4.3 Water Quality of the Cimarron River and Floodplain

The Cimarron River located north of the Cimarron site, flows toward the
east. A considerable thickness of alluvium has accumulated within the
flood plain. These alluvial sediments generally consist of sand, silt and
gravel.

The Cimarron River, carries large amounts of chlorides from the Big Salt
plains area approximately 100 miles upstream from the site. A USGS
study (Blaz, 1995) completed for the Cimarron River near Guthrie over a
fourteen year period from 1949 to 1963 showed chlorides varying from
136 mg/L to 16,500 mg/L. Another USGS study reviewed all data
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collected from the Guthrie sample station up through 1978. For the
samples analyzed, 98% of the hardness values were greater than 180
mg/L and the average hardness concentration was 710 mg/L. These
concentrations result in a hardness classification for the river water as

very hard.

The Cimarron Facility environmental monitoring program includes
collecting and analyzing samples from upstream and downstream
locations. The river was last sampled in June 1997 and showed total
uranium concentrations of 8.1 pCi/L for the upstream location (i.e., sample
location #1201) and 7.3 pCi/L for the downstream location (i.e., sample
location #1202).

3.4.4 Justification for Well Locations On-Site

The Cimarron facility established an extensive and continuous
environmental monitoring program to determine the impact of facility
activities on the environment. This program consists of routinely collecting
and analyzing air, surface water, ground water, soil and vegetation
samples from the site and adjacent areas.

The environmental program includes many monitoring wells instalied
throughout the facility area for collection of groundwater samples from the
shallow, unconfined aquifer which occurs at depths less than 50 feet
below ground surface. Well #1311 through #1317 shown by Drawing No.
98MOST-R2 were installed during a site investigation in 1985. Boring logs
and well completion information for these wells, hydrologic and geologic
data, and analyses of groundwater collection from these wells were
utilized by Grant (1989) for planning the 1989 characterization
investigation.
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Grant's 1989 investigation was conducted to supplement the previous site
characterization. A total of eighteen (18) Wells (#1320 through #1336)
were installed during the 19809 field investigation. Wells were completed in
Sandstone A, Sandstone B, and Sandstone C groundwater zones. Data
gathered during this 1989 characterization was utilized to:

. characterize the stratigraphy and lithology of the soils and bedrock
strata at the site;

. characterize the aquifer properties including hydraulic conductivity,
groundwater flow direction and gradient;

. characterize the groundwater quality and determination of the
effects that facility operations may have had on groundwater
quality; and

. determine the mobility of radionuclides, particularly uranium, in the
subsurface and the ability of subsurface materials to retard
migration.

The 1989 Characterization Report (Grant, 1989) was completed as part of
Cimarron’s application for on-site disposal of NRC Branch Technical
Position (NRC, 1981) Option #2 soils. The Report included a presentation
of groundwater flow direction for both the shallow and deep groundwater

Zones.

With the completion of the 1989 well installations, groundwater monitoring
wells located upgradient, near, or downgradient to former waste
management areas and the uranium plant were in place. This system of

wells constitutes the facility’s groundwater monitoring program.

In early 1997, five additional wells were installed at the site to further
‘characterize the three designated sandstone layers. Four of the wells

completed in Sandstones A and B confirmed that a confining layer exists
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between Sandstones A and B. Well #1337 (Sandstone A) was installed
adjacent to Well #1338 (Sandstone B), with groundwater elevations of 965
MSL versus 942 MSL respectively. Similarly, Well #1340 (Sandstone A)
and Weli #1341 (Sandstone B) show elevations of 961 MSL and 936 MSL
respectively. These elevations confirm that Mudstone A acts as a
confining layer between Sandstones A and B. Also, these well elevations
provide further evidence that groundwater in Sandstone A discharges to
the cliff north of the site and groundwater in Sandstone B discharges to
both the cliff and the Cimarron River alluvium. Groundwater discharging
from the cliff north of Uranium Waste Pond #2 is monitored by surface
water location #1208.

The fifth Well #1339, completed at a depth of 218 feet, confirmed the
thickness of Sandstone C, the depth of the freshwater-saltwater interface,
and showed that pressure heads increase with increasing depth.
Groundwater in this zone, starting at a depth of 190 feet, shows very high
salinity (>11,000 mg/L TDS). Groundwater in this zone contributes to the
poor quality of the Cimarrron River.

Finally, in late 1997, three shallow wells were installed in the river alluvium
next to the Cimarron River. These Wells #1342, #1343, and #1344 were
installed to a depth of approximately 25 feet. Data from a separate boring
was used to locate the depth of the alluvium deposits.

A review of the potentiometric surface drawings (i.e., Drawing Nos.
SWPS-0 and DWPS-0) for the shallow and deep groundwater zones
demonstrates the direction of groundwater flow. Based upon the
numerous wells installed at the Cimarron site, shallow groundwater was
verified to move downgradient in a northerly direction and discharge to the
surface as seeps or in the subsurface to the Cimarron River alluvium.
Monitoring wells located downgradient from all former waste management
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areas are monitoring any shallow groundwater zones that may have been
impacted by prior site operations. This system is adequate for continued
tracking of the overall progress of site decommissioning and evaluation of
residual remaining impacts.

As discussed in Section 3.4.2.2 and 3.4.2.3, environmental monitoring
data verifies that groundwater within the deeper sandstone (Sandstone C)
has not been impacted by prior site operations. Continued monitoring of
this zone is not necessary.

Groundwater Quantity

At the site, three major sandstone units and two mudstone units have
been identified in borings drilled at the site. These sandstones have
different hydrologic properties, including the thickness of the saturated
material penetrated (see Drawing No. 98-XSEC-1 for illustration).

As discussed in Section 2.0, the mudstones generally are massive, with
some zones of thin laminations in the upper portions. The mudstones are
less permeable than the sandstones, retard the vertical movement of
groundwater, and promote lateral movement toward the sandstone
outcrops in the bluffs north of the site (Sandstones A and B), and towards
the alluvium of the Cimarron River (Sandstones B and C). The location
and thickness of these mudstones have been confirmed by several
investigations completed on site.

All three sandstones encountered during the numerous site investigations
can be described as generally fine-to very-fine grained with well sorted
subangular to rounded grains. Variable silt content was observed in the
sandstones. The estimated silt content ranges from less than 10 to up to
50 percent. The sandstones are poorly to well cemented. The primary
porosity restrictions are the variable amounts of fines present in the

3-27 Groundwater Evaluation Report



sandstones. Inspections of outcrops at the site and core samples
revealed minimal jointing indicating that the effect of fractures on hydraulic
conductivities is expected to be low.

Water generally moves very slowly through fine-grained rocks such as
siltstone and mudstone because the openings between the particles are
too small to transmit water freely; thus, yields of wells penetrating these
lithologic units are small. The substantial silt in the shallow sandstones
on-site are reflected by the low transmissivities and low yields measured
in the on-site wells.

Sandstone layers in the Garber-Wellington Aquifer to the east and south
of the site are fine-to medium-grained, and wells completed in this
formation produce greater amounts of water.

3.5.1 Potential Groundwater Withdrawal Rate from Wells On Site

A 24-hour pumping test was performed at the site in 1996 on Well #1325.
This well is an upgradient, Sandstone A well. Pre-test analysis of
available hydrogeologic data (e.g., hydraulic conductivity, saturated
thickness, and lithology) was used to estimate a maximum sustainable
pumping rate that could be maintained during the test. Well #1325 was
selected for the test because it was expected to be able to sustain a test
of 24-hour duration. The predicted pumping rate was on the order of one
to two gpm. A Theis analysis (Grant, 1996) predicted a drawdown of
about 6.3 feet within 24-hours.

The field results matched postulated results. A sustained pumping rate of
1.2 gpm yielded 6.5 feet of drawdown during the 24-hour test. The data
were analyzed using the Jacobs straight-line approximation to the Theis

solution. The recovery data from the test also were analyzed using the
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Theis recovery solution. These analyses yield similar results, with

transmissivity values of about 42 ft?/day.

A reduction in transmissivity was observed in the data after 480 minutes of
recovery, and yielded a transmissivity value of about 28 ft?/day. This
reduction in transmissivity is believed to be a result of the lenticular
structure in the Garber Sandstone. This suggests that long-term
sustainable pumping rates would be less than the 1.2 gpm rate used in the
pumping test.

Two additional wells (Wells # 1338 and #1341), which were completed in
Sandstone B, indicated from their development that this sandstone also

_yields relatively little groundwater. Both wells were pumped in an attempt

to establish a sustained pumping rate. Well #1338 yielded a rate of
approximately 1 gpm, whereas Well #1341 yielded a slightly higher rate of
2-3 gpm. These rates indicate a low transmissivity formation that would
probably yield very little water under long-term sustained pumping.

The bluffs overlooking the Cimarron River represents a large discharge
zone that continually drains Sandstones A and B. The upper sandstones
are no longer saturated as they approach the bluffs. Any water supply
wells located in these areas would experience a declining water level
because they would be pumping from an already partially dewatered zone.

Alternate Source of Water

Cimarron believes that an individual (intruder or even a potential resident)
would not likely incur the cost to drill a shallow well (or multiple wells) and
install a treatment system (to reduce hardness) when there are numerous
alternate sources of better quality water and greater volumes readily
available. Alternate sources are (1) the established rural water system
that presently supplies water to the site and (2) the two large unaffected
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reservoirs located on site. The unaffected reservoirs are recharged from
shallow groundwater which is upgradient from impacted areas on site.
The two reservoirs (Reservoirs #2 and #3) were originally constructed as
sources of process/drinking water during site operations in lieu of
groundwater which did not provide an adequate supply. The reservoirs
were used as the site water supply until the rural water system became
available. Of further importance is the belief on Kerr-McGee’s part that
the governmental system and its associated infrastructure will not fail for
any foreseeable future.
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4.0 HISTORY OF REMEDIAL ACTIONS/CLOSURES FOR

BURIAL AREAS #1 AND #2, AND WASTE PONDS #1 AND #2

These areas are discussed below in detail due to the fact that groundwater in

these distinct areas has been impacted from previous site operations.

4.1

Burial Area #1

Burial Area #1 was constructed in 1965 and was opened in 1966 for
disposal of radioactive material in accordance with 10 CFR 20.302.
Radioactive waste material buried in this area included drummed thorium
contaminated waste from the Kerr-McGee Cushing, Oklahoma Facility in
addition to materials from the Cimarron facility operations. Burial Area #1
was closed and capped in 1970. The site burial records reveal that
approximately 1,303 kg of depleted uranium, 148 kg of enriched uranium,
and 5,555 kg of natural thorium were buried in Burial Area #1 (Cimarron
Corporation, October, 1994). Due to soil settling over the Burial Area #1
trenches, an investigation was initiated in 1984 to establish an appropriate

remedial action.

In February of 1985, several monitoring wells were installed in the vicinity
of Burial Area #1 (i.e. Monitoring Wells #1314 through #1317). In May of
1985, a number of soil samples from nine boreholes around the perimeter
of this area were obtained to a maximum depth of twelve feet. In 1986, a
borehole gamma scan was completed on the four trenches contained
within Burial Area #1 and the immediate area surrounding Burial Area #1.
Based upon the sample/survey data and the continued slumping within
Burial Area #1, the decision was made to excavate Burial Area #1 and
ship the materials to an off-site low-level radioactive waste disposal

facility.
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From 1986 through 1988, the Burial Area #1 trenches were excavated
and all excavated waste was packaged and shipped off-site to a
commercial low-level radioactive waste disposal facility. Waste shipment
records indicated that approximately 65,000 ft* of drummed waste was
shipped off-site. Approximately 16,000 ft* of contaminated soil (Option #2
concentrations) was also removed and stockpiled in the East U-Yard
Area. These contaminated soils were subsequently placed in the NRC
approved on-site BTP Option #2 Disposal Cell (ORISE, November 1,
1994).

ORAU performed interim confirmatory surveying and sampling of
remediated Burial Area #1 in August of 1988 and highlighted eight (8)
locations that required further remediation (ORISE, January 31, 1989).
Cimarron Corporation performed additional remediation in these locations.
After this additional excavation of Burial Area #1, soil samples were taken
from O to 4 feet below the excavated depth of Burial Area #1 on a 10-
meter by 10-meter grid. This grid sampling/surveying revealed several
areas requiring further remediation. An additional 14,000 ft® of
contaminated soil (Option #2 concentrations) was removed and added to
the previously stockpiled contaminated soil (i.e. 16,000 ft*) located in the
East U-Yard Area. After this remediation was completed, additiona! soil
samples were taken from 0 to 4 feet below the re-excavated depth of
Burial Area #1 on a 10-meter by 10-meter grid. These sample results
confirmed that Burial Area #1 had been remediated and that any
remaining contaminated soils met the BTP Option #1 criteria.

ORAU again performed confirmatory surveying and sampling for Burial
Area #1 in December of 1991 and confirmed that Burial Area #1 had been
remediated in accordance with the BTP Option #1 criteria (ORISE,
January 7, 1991 and ORISE, November 18, 1991). The ORAU Final
Report for Burial Area #1 was issued in July of 1892 (ORISE, July 22,
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1992). Based upon the ORAU Final Report, the NRC released Burial
Area #1 for backfilling with clean soil via License Amendment #9 to SNM-
928 (December 28, 1992).

During the period March through July 1993, clean soil was transported
and placed in the excavated Burial Area #1. Final grading of Burial Area
#1 was completed in July of 1993. Random surface soil sampling of the
final graded surface was completed in August of 1993. Detailed
information regarding the remediation and closure of Burial Area #1 can
be found in Section 7.0 of the Cimarron Radiological Characterization

Report (Cimarron Corporation, October, 1994).

Burial Area #2

Burial Area #2 was utilized in the early 1970’s for the disposal of on-site
generated industrial solid waste from Cimarron site activities. During an
investigation of this area in 1890, there were indications that radioactive
waste materials were present in the waste materials in Burial Area #2.
Remediation of Burial Area #2 was initiated in 1991.

Remediation and characterization efforts for Burial Area #2 resulted in the
identification and excavation of all BTP Option #2 and Option #4 soils
from Burial Area #2. Excavated Option #2 soils were stockpiled and
sampled in accordance with the NRC approved in-situ sampling protocol
prior to being placed in the on-site BTP Option #2 Disposal Cell. All
Option #4 soils were packaged and shipped off-site for disposal to a
commercial low-level radioactive waste disposal facility. Industrial waste
removed from Burial Area #2 was also packaged and shipped off-site for
disposal to a commercial low-level radioactive waste disposal facility.
Soils from unaffected areas were utilized to backfill the excavations and
were also sampled and analyzed. Additional information regarding Burial

Area #2 can be found in Section 8.0 of the Cimarron Characterization
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Report (Cimarron Corporation, October, 1994) and in the FSSR for Sub-
Area “L” - Subsurface (Cimarron Corporation, May, 1996).

Soil samples were coliected in May of 1990 on a 10-meter by 10-meter
grid at depths from O to 4 feet, in one-foot intervals. Additional soil
sampling was performed in 1991, 1994 and 1995 to increase the
frequency of sampling to correspond to a 5-meter by 5-meter grid. In
addition, samples were also obtained in some areas to depths of up to 6

feet, in one-foot increments, and composited.

Approximately 20,000 cubic feet of Option #4 waste, with an average
activity of 300 pCi/g uranium, was excavated and shipped off-site for
disposal to a commercial low-level radioactive waste disposal facility.
Burial Area #2 was remediated such that all remaining soils were at or
below the BTP Option #1 criteria.

The NRC Staff supervised a confirmatory sub-surface sampling effort for
Burial Area #2 on October 30, 1996. Based upon the results of this
confirmatory sampling effort, the NRC staff approved of backfilling Burial
Area #2. During the period January 7-14, 1997, Burial Area #2 was
backfilled with clean soil and final grading was completed. Burial Area #2
was remediated such that all remaining soils were at or below the BTP

Option #1 criteria.

Uranium Waste Pond #1

Uranium Waste Pond #1 was built in September of 1970 and was an
asphalt pitch, felt-paper and pea-gravel-lined evaporation pond that was
rectangular in shape. Axis measurements along the centerline to the top
of the dike were approximately 300 feet by 110 feet. The bottom area

was approximately 23,000 ft> in size and the capacity was approximately
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1,152,000 galions at a maximum depth of 8 feet (Cimarron Corporation,
October, 1994).

The decommissioning of Uranium Waste Pond #1 was initiated in March
of 1976 with the construction and installation of a dike across the south
half of Waste Pond #1. This constructed dike consisted of a four-foot
plywood barrier that was covered with an EPDM liner. This dike was
weighted and staked to the bottom and sidewalls of Uranium Waste Pond
#1. The installation of this dike enabled the sediments in Uranium Waste

Pond #1 to be consolidated into a much smaller area.

Excess water from Uranium Waste Pond #1 was decanted and pumped to
Uranium Waste Pond #2 beginning on April 13, 1976 and continuing
through April 22, 1976. In April of 1976, water from the Plutonium
Emergency Pond and the Uranium Emergency Pond was also pumped to
Uranium Waste Pond #1 to facilitate their closure. No visible sludge
remained in either the Plutonium Emergency Pond and the Uranium
Emergency Pond after all water was pumped to Uranium Waste Pond #1.

The solidification of the sludge remaining in Uranium Waste Pond #1
commenced on July 30, 1976. The solidification process was
accomplished by using a pump to fill 55-gallon drums with the
contaminated sludges, which were then placed on conveyors adjacent to
the mixing operation. After filling the 55-gallon drums with contaminated
sludges (approximately 80-85%), a mixer was inserted and Portland
cement was gradually added to produce a solidified waste form. Waste
solidification operations were completed on October 27, 1976 for Uranium
Waste Pond #1.

A total of 865 55-gallon drums (approximately 6,500 cubic feet) of

solidified waste sludges from Uranium Waste Pond #1 were generated
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which contained approximately 3,000 grams of U-235. This solidified
waste from Uranium Waste Pond #1 was shipped off-site to a commercial

low-level radioactive waste disposal facility.

Uranium Waste Pond #1 was sampled by Cimarron Corporation, the
Oklahoma Department of Health (predecessor agency of the Oklahoma
Department of Environmental Quality) and the NRC after completion of
the water treatment project and the subsequent sludge solidification. The
Oklahoma Department of Health sampled Uranium Waste Pond #1 in
October of 1977 and the NRC sampled Uranium Waste Pond #1 in
November of 1977. The analysis results from these sampling events were

then compared for consistency.

Cimarron Corporation received written permission from the Oklahoma
Department of Health to backfill and cover Uranium Waste Pond #1 on
March 2, 1978. Cimarron Corporation received written permission from
the NRC to backfill and cover Uranium Waste Pond #1 on July 10, 1978.
Uranium Waste Pond #1 was subsequently backfiled and covered
between August 3, 1978 and November 1, 1978. Uranium Waste Pond
#1 was closed by crushing the asphalt liner into the pond. The clay dike
material and clean soil was utilized to fill in the depression of

approximately four feet.

A December 14, 1978 NRC Inspection Report stated that the burial of the
“five liquid effluent retention ponds was completed during the inspection.”
Initial seeding and fencing were performed between November 2, 1978
and March 20, 1979. Sprigging and fertilization of Uranium Waste Pond
#1 was performed from July 18, 1979 to October 30, 1979.

On January 8, 1993, the NRC sent a letter to Cimarron Corporation

stating the following: “... the five former wastewater ponds that were
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closed in 1978 must be addressed in detail. A thorough characterization
of these ponds must be included, and the Decommissioning Plan must
describe how you plan to address any contamination in excess of levels
acceptable for release for unrestricted use.” As a result of this letter from
the NRC, Cimarron Corporation initiated an extensive characterization

program for Uranium Waste Pond #1.

In March of 1993, a 10-meter by 10-meter grid was established for
Uranium Waste Pond #1 and 1-foot composited soil samples were
obtained via coring down to a depth of 6 feet. Several samples revealed
concentrations exceeding the Option #1 level (i.e. 30 pCi/g) in several
locations. Additional samples were collected in these locations down to a
depth of 9 feet. In addition, random sampling was also performed on
Uranium Waste Pond #1 down to a depth of 12 feet, which demonstrated
that total uranium concentrations were below 30 pCi/g below 10 feet in
depth. This information is discussed in detail Section 12.0 of the

Cimarron Characterization Report.

Additional characterization work was initiated in 1996 to supplement the
characterization work performed in 1993. The characterization work
initiated in 1996 on Uranium Waste Pond #1 was performed to
supplement the original 10-meter by 10-meter grid sampling size, such
that the sampling frequency was reduced to a maximum of a 5-meter by
5-meter grid size. The additional composite samples obtained in 1996
were collected in one-foot intervals to a depth of 6 feet. Approximately
1,600 soil samples were collected during these characterization efforts.
Offset sampling was also performed in-numerous locations to determine

the aerial extent of residual concentrations of total uranium.

Based upon reviews of the 5-meter by 5-meter grid sample results,
Cimarron Corporation performed additional characterization work.
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Twenty-one (21) locations with elevated concentrations of total uranium at
the 5-6 foot depth interval were selected for additional offset sampling.
These samples were obtained in one-foot intervals to a depth of 10 feet
unless rock was encountered and resulted in 780 additional samples
being obtained. In 1997, additional 5-meter by 5-meter grid locations

were also selected for sampling below 6 feet in depth.

In response to the NRC staffs comments on the Cimarron
Decommissioning Plan (Cimarron Corporation, April, 1995) dated July 1,
1997, Cimarron Corporation committed to re-enter and decommission
Uranium Waste Pond #1 under the BTP Option #1 criteria as applied
through the NRC’s guidance on “Methods for Surveying and Averaging
Concentrations of Thorium in Contaminated Sub-surface Soil. The
derivation of the enriched uranium guideline values based upon this NRC
guidance is discussed in detail in the Cimarron FSSR for Phase lil, Sub-
Area “O” - Subsurface (Cimarron Corporation, March, 1998) which is
currently being reviewed by NRC staff.

A comprehensive review of all the characterization data identified 14
locations with composite sample results exceeding the guideline value
developed under the NRC guidance documents (i.e. 220-pCi/g total
uranium). Remediation of Waste Pond #1 was performed with a trackhoe
excavator.  Surface soils were removed to gain access to the
contaminated soils with concentrations above the guideline value.
Excavation of contaminated soils exceeding the guideline value continued
as necessary down to a depth of approximately 12 feet unless rock was
encountered. Excavated contaminated soils were stockpiled and sampled
in accordance with the NRC approved in-situ sampling protocol prior to
being placed in the on-site BTP Option #2 Disposal Cell. Approximately
23,000 cubic feet of BTP Option #2 soils were removed from these 14
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locations. Soils from unaffected areas were utilized to backfill the

excavations and were also sampled and analyzed.

Utilization of the NRC guidance, coupled with Cimarron’s desire to assure
full compliance, resulted in an additional excavation of soil volumes from
Uranium Waste Pond #1 (Uranium Waste Pond #1 was previously
excavated in 1976). Additional soil sampling and confirmatory surveys
were also performed after these areas were excavated. The complete set
of all characterization data for Uranium Waste Pond #1 was evaluated
under the NRC's guidance (“Methods for Surveying and Averaging
Concentrations of Thorium in Contaminated Sub-surface Soil") to
demonstrate that the soils within Uranium Waste Pond #1 were in

compliance with the BTP Option #1 criteria.

Uranium Waste Pond #2

Uranium Waste Pond #2 was built in January of 1971. Uranium Waste
Pond #2 had a compacted clay bottom liner with EPDM poly-rubber
sidewalls anchored at the bottom and the top of the dike. Axis
measurements along the centerline to the top of the dike were
approximately 405 feet by 270 feet. The bottom area was approximately
90,000 ft* in size and the capacity was approximately 3,025,000 gallons at
a maximum depth of 4 feet (Cimarron Corporation, October, 1994).

The decommissioning of Uranium Waste Pond #2 was initiated in March
of 1976. Excess water from Uranium Waste Pond #1 was decanted and
pumped to Uranium Waste Pond #2 beginning on April 13, 1976 and
continued through April 22, 1976. Uranium Waste Pond #2 was closed
and decommissioned without the removal or solidification of sludge due to

the fact that sludge was never generated in Uranium Waste Pond #2.
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Uranium Waste Pond #2 was sampled by Cimarron Corporation, the
Oklahoma Department of Health (predecessor agency of the Oklahoma
Department of Environmental Quality) and the NRC after completion of
the water treatment project. The Oklahoma Department of Health
sampled Uranium Waste Pond #2 in October of 1977 and the NRC
sampled Uranium Waste Pond #2 in November of 1977. The analysis
results from these sampling events were then compared for consistency.
Cimarron Corporation received written permission from the Oklahoma
Department of Health to backfill and cover Uranium Waste Pond #2 on
March 2, 1978. Cimarron Corporation received written permission from
the NRC to backfill and cover Uranium Waste Pond #2 on July 10, 1978.
Uranium Waste Pond #2 was subsequently backfilled and covered
between August 3, 1978 and November 1, 1978. Uranium Waste Pond
#2 was closed by removing the EPDM poly rubber sidewalls, and the
underlying clay dike material and clean soil was utilized to partially fill in

the depression of approximately four feet.

A December 14, 1978 NRC Inspection Report stated that the burial of the
“five liquid effluent retention ponds was completed during the inspection.”
Initial seeding and fencing were performed between November 2, 1978
and March 20, 1979. Sprigging and fertilization of Uranium Waste Pond
#2 was performed from July 18, 1979 to October 30, 1979.

On January 8, 1993, the NRC sent a letter to Cimarron Corporation

stating the following: “... the five former wastewater ponds that were
closed in 1978 must be addressed in detail. A thorough characterization
of these ponds must be included, and the Decommissioning Plan must
describe how you plan to address any contamination in excess of levels
acceptable for release for unrestricted use.” As a result of this letter from
the NRC, Cimarron Corporation initiated an extensive characterization

program for Uranium Waste Pond #2.
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In early 1993, a 10-meter by 10-meter grid was established for Uranium
Waste Pond #2 and 1-foot composited soil samples were obtained via
coring down to a depth of 6 feet. Several samples revealed
concentrations exceeding the Option #1 level (i.e. 30 pCi/g) in several
locations. Additional sampling, including random sampling, was also
per'formed on Uranium Waste Pond #2 down to a depth of 12 feet, which
demonstrated that total uranium concentrations were below 30 pCi/g
below 9 feet in depth. This information is discussed in detail in Section
12.0 of the Cimarron Characterization Report.

Additional characterization work was initiated in 1996 to supplement the
characterization work performed in 1993. The characterization work
initiated in 1996 on Uranium Waste Pond #2 was performed to
supplement the original 10-meter by 10-meter grid sampling size, such
that the sampling frequency was reduced to a maximum of a 5-meter by
5-meter grid size. The additional composite samples obtained in 1996
were collected in one-foot intervals to a depth of 5 feet. Approximately
3,300 soil samples were collected during these characterization efforts.
Offset sampling was also performed in numerous locations to determine

the aerial extent of residual concentrations of total uranium.

Based upon reviews of the 5-meter by 5-meter grid sample results,
Cimarron Corporation performed additional characterization work.
Twenty-nine (28) locations with elevated concentrations of total uranium
were selected for additional offset sampling. These samples were
obtained in one-foot intervals to a depth of 5 feet and resulted in

approximately 400 additional samples being obtained.

In response to the NRC staffs comments on the Cimarron
Decommissioning Plan (Cimarron Corporation, April, 1995) dated July 1,
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1997, Cimarron Corporation agreed to re-enter and decommission
Uranium Waste Pond #2 under the BTP Option #1 criteria as applied
through the NRC's guidance on “Methods for Surveying and Averaging
Concentrations of Thorium in Contaminated Sub-surface Soil”. The
derivation of the enriched uranium guideline values based upon this NRC
guidance is discussed in detail in the Cimarron FSSR for Phase IlI, Sub-
Area “O" - Subsurface (Cimarron Corporation, March, 1998) which is
currently being reviewed by NRC staff.

A comprehensive review of all the characterization data identified 29
locations with composite sample results exceeding the guideline value
developed under the NRC guidance documents (i.e. 220-pCi/g total
uranium). Remediation of Waste Pond #2 was performed with a trackhoe
excavator.  Surface soils were removed to gain access to the
contaminated soils with concentrations above the guideline value.
Excavation of contaminated soils exceeding the guideline value continued
as necessary down to a depth of approximately 9 feet. Excavated
contaminated soils were stockpiled and sampled in accordance with the
NRC approved in-situ sampling protocol prior to being placed in the on-
site BTP Option #2 Disposal Cell. Approximately 7,000 cubic feet of BTP
Option #2 soils were removed from these 29 locations. Soils from
unaffected areas were utilized to backfill the excavations and were also

sampled and analyzed.

Utilization of the NRC guidance, coupled with Cimarron’s desire to assure
full compliance, resulted in an additional excavation of soil volumes from
Uranium Waste Pond #2 (Uranium Waste Pond #2 was previously
excavated in 1976). Additional soil sampling and confirmatory surveys
were also performed after these areas were excavated. The complete set
of all characterization data for Uranium Waste Pond #2 was evaluated

under the NRC’s guidance (“Methods for Surveying and Averaging
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4.5

Concentrations of Thorium in Contaminated Sub-surface Soil”) to
demonstrate that the soils within Uranium Waste Pond #2 were in

compliance with the BTP Option #1 criteria.

Summary

As discussed above in sections 4.1 through 4.4, Burial Areas #1 and #2
and Uranium Waste Ponds #1 and #2 have been remediated such that all
materials exceeding the BTP Option #1 criteria have been removed.
These materials have either been shipped off-site for disposal to a
commercial Low-level Radioactive Waste Disbosal Facility or placed in the
NRC approved BTP Option #2 Disposal Cell.

The remediation of Burial Area #1 was completed and this area was
backfilled in 1993, the remediation of .Burial Area #2 was completed and
this area was backfilled in 1997, and the remediation of Waste Ponds #1
and #2 were also completed and the areas were backfilled in 1997.

Significant volumes of BTP Option #2 and #4 materials were removed
from Burial Areas #1 and #2 and Waste Ponds #1 and #2. The majority
of this remediation work was completed recently, between 1993 and 1997.
As a result, the source terms from these four areas that were available for

potential contamination of the groundwater have recently been removed.

A review of historical groundwater data reveals that groundwater in the
four areas described above (Burial Areas #1 and #2 and Waste Ponds #1
and #2) has been impacted by previous site operations. The trending
analysis which is included in Section 5.0 demonstrates that the
groundwater monitoring results are continuing a downward trend (i.e.
confirming that maximum site concentrations in groundwater have already

occurred). This also coincides with the recent removal of the sources of
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potential groundwater contamination from Burial Areas #1 and #2 and
Waste Ponds #1 and #2.
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5.0 GROUNDWATER QUALITY IN IMPACTED AREAS

Several groundwater/surface water characterization and assessment studies
have been performed for the Cimarron Facility to determine whether or not
groundwater has been impacted by previous site operations and, if so, the extent
of that impact. Results of those studies have been discussed in previous
sections of this Report and are further summarized in this Section. Also, the
anticipated behavior of operations derived species in the shallow subsurface is
discussed briefly in this Section. The Cimarron facility implemented an extensive
and continuous environmental monitoring program for determining the impacts of
facility operations and subsequent remediation on the environment. This Section
reviews historic and current groundwater data to determine impacts from past
operations; and discusses changes to groundwater quality since issuance of the
Grant Report (1989). These historic data are provided in Appendix attached to
this Report.

The facility’s annual environmental reports submitted to the NRC over the last
twenty (20) years have revealed that groundwater has been impacted in localized
areas by previous site operations. Additionally, the Grant (1989) report,
submitted in support of the BTP Option #2 On-Site Disposal Cell application,
concluded that groundwater near or downgradient of former waste management
areas has been impacted by previously managed waste materials. Grant also
explained the-mechanisms by which uranium entered the groundwater at these
affected areas and discussed those mechanisms that would further mitigate the
impacts as closure progressed. A decreasing concentration trend is to be
expected and should continue with the removal of the source of contamination
(e.g., source term) during the decommissioning process. Grant predicted “that
separation of the uranium and the production salts would lead to decreasing
mobility.” This means that without a continuing recharge of complexing ions such
as fluoride or nitrate, the uranium remaining would become less and less mobile.
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As discussed in Section 4.0, the Uranium Waste Ponds (U-Ponds), process
building areas, and former waste (302 burials) burial areas have been
remediated per BTP Option #1 criteria. With source removal complete, the
detection of constituents above background at the monitoring wells reflect
residual amounts of constituents remaining either in the soil, in the unsaturated

zone, or in the water-bearing stratum.

To briefly discuss the impact to the groundwater and trending associated with
affected areas onsite, environmental data is presented in this Section. The 1996
“Groundwater and Surface Water Assessment” (Chase 1996) included a
comprehensive evaluation of the entire sitewide environmental monitoring data
base. The evaluation concluded that the analytical data for the shallow
groundwater near or downgraident from the four former waste management
areas discussed below should be included in trend analyses for illustrating the
downward concentration trend for residual contamination in groundwater at the

site.

5.1 Burial Area #1

Well #1315 was installed between trenches into the shallow groundwater
monitoring area formerly occupied by Burial Area #1. A cross section
showing the location of this well in relation to the groundwater is provided
by Drawing No. 98-XSEC-2 (Ref. To Section 2.0, page 2-8). When Burial
Area #1 was excavated the trenches remained open for several years
resulting in some residual activity (Option #1 concentrations) leaching
from the \)adose zone into the shallow groundwater. Cimarron believes
that with the sources removed, and the area backfiled with clean
unaffected soil, and vegetated, the general decreasing groundwater
concentration trends noted since 1988 will continue. This decreasing
trend is shown by Figure 5.1. Well #1315 peaked in March 1990 at 8,080
pCi/L with the most recent analysis (March 1998) showing a total uranium
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of 2,200 pCi/lL. The last four quarters have averaged 1,866 pCi/L total

uranium.

As noted by Figure 5.1, the concentration of total uranium in Well #1315
decreased rapidly from its peak in March 1990 to September 1990 (i.e.,
from 8,070 pCi/L to 2,386 pCi/L, respectively). In order to determine if
continued decreases in groundwater concentrations were occurring from
September 1990 forward, a plot of these concentrations for total uranium
was completed. Figure 5.2 shows total uranium data for the monitoring
period for Well #1315 from September 1990 forward. The computer
generated linear curve fit function (i.e., Corel Quattro Pro Version 6)
shows an average decrease in total uranium concentration of 5.3% per
year for this data set.

Downgradient from Well #1315, two additional wells were installed (Wells
#1316, and #1317). The total uranium concentration trending for Well
#1316 is shown by Figures 5.3. Well #1316 shows continued decreasing
trending; with Well #1316 peaking at 1,880 pCi/L in 1991 and decreasing
to 109 pCi/L for the latest analysis. Trending for Well #1317 is shown by
Figure 5.4; this figure shows a slightly increasing total uranium
concentration. However, Well #1317's latest analytical result (March
1998) shows total uranium at 62.7 pCi/L; this well peaked at 499 pCi/L in
1990. The June 1997 result of 408 pCi/L total uranium may be an
anomalous result because it does not fit the data set. With this data point
treated as an outlier, the concentrations show a continually decreasing
trend.

Site water quality data for these wells monitoring former Burial Area # 1
reflect removal of the source and the immobility of uranium in the
subsurface. Wastes were buried in this management area and later
exhumed and disposed off-site. Upgradient Well #1314 shows
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background U-238 concentrations of about 2 pCi/L. Concentrations have
increased across the former burial area, and decreased rapidly with
distance downgradient of the area. Migration around this area reflects the
influence of the leachate chemistry upon uranium Kd's . Within the former
burial area, Kd's probably are much smaller than in the natural system.
The Kd's increase with distance from the facility as the groundwater
chemistry approaches that of the native groundwater.

As discussed, the concentrations of total uranium in Well #1315, located
within the former burial ground, and Well #1316, located near Well #1315,
peaked in years 1990 and 1991 respectively and are subsequently
decreasing in concentration. The temporary increase is believed to be
related to rainfall retention and percolation during the time the trench was
open and being excavated. The area remained open waiting NRC
approval to backfill. This former burial area was excavated between 1986
and 1988 and the excavation remained open until early 1993. The area
was backfilled and contoured to promote drainage.

A recently installed well (Well #1344) adjacent to the Cimarron River,
downgradient former Burial Area #1, shows a total uranium concentration
of 4.5 pCi/L. This concentration is considered equivalent to the 7 to 8

pCi/lL average total uranium concentrations recorded for the Cimarron
River.

The change in total uranium concentrations with distance from the former
burial ground reflects the influence of the changing groundwater chemistry
upon uranium with distance from the source and the influence from
surface water infiltration and subsurface dispersion. The mobility of
uranium in the groundwater is further discussed in Section 6.2.
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Uranium Waste Pond #2

Well #1336 and surface water seep location #1208 monitor the
groundwater impacted from former U-Pond #2. A cross section showing
the location of the wells and seeps relative to the groundwater is provided
by Drawing 98-XSEC-1 (Ref. To Section 2.0). The total uranium and
gross beta trending for Well #1336 are included with this section and are
shown on Figures 5.5 and 5.6. The location (Well #1336) shows a
continued downward trending in residual concentrations of total uranium.
Also, starting in 1997, Tc-99 has been monitored and also has shown a
continued decreasing trend from 2,590 to 1,600 pCi/L in the most recent
analysis. The decrease in Tc-99 also is reflected by the gross-beta
downward trend for Well #1336 (Figure 5.6).

The Seep, #1208, also was monitored for Tc-99 and showed a decreasing
trend in activity from 3,960 to 2,306 pCi/l. for the most recent analysis
completed in March 1998. Total uranium monitored at Seep #1208 has
shown a decreasing trend from 303 pCi/L in 1993 to 48.4 pCi/L in the most
recent analysis in March 1998. Cimarron believes, in general, that the
decreasing trends in groundwater constituents will continue and will be
further mitigated now that former U-Pond #2 was further remediated and
then capped, crowned and vegetated.

As discussed in Section 3.2.1.1, two wells were installed recently
northeast and downgradient of former U-Pond #2 for the purpose of
verifying that a semi-confining layer (Mudstone A) exists between
Sandstones A and B under this area. The groundwater elevations verified
that an aquitard was present between the two sandstones. Total uranium
analytical results from June 1997 were 11.7 pCi/L for Well #1337
(Sandstone A) and 1.2 pCi/lL for Well #1338 (Sandstone B). The
analytical results demonstrate that the underlying Sandstone B located

below this U-Pond has not been impacted by previous site operations.
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5.3

Finally, Sandstone A below and downgradient of Waste Pont #2 is
unsaturated due to the proximity of the seeps along the bluffs.

Uranium Waste Pond #1

This former U-pond area contains two well locations which show that
groundwater has been impacted by prior site operations. Those locations
are monitored by Wells #1312 and #1313. Trending for these wells for
total uranium and gross beta are included with this section and are shown
in Figures 5.7 through 5.10. These locations show a continued
decreasing trend in residual concentrations of total uranium. Since 1997,
Tc-99 has been monitored for both wells and also has shown decreases in
concentration. Tc-99 for Well #1312 has decreased from a high of 3,680
to 1,856 pCi/L for the most recent analysis. Well #1313’s most recent
analysis for Tc-99 was 562 pCi/L. The decrease in Tc-99 also is reflected
by the gross-beta downward trending for Welis #1312 and #1313 shown
by Figures 5.8 and 5.10.

For Well #1312, gross alpha has decreased from a high of 2,220 pCi/L in
1985 to the most recent analysis in March of 15.8 pCi/L; total uranium for
the March sample was 32.1 pCi/L. Similarly, for Well #1313, gross alpha
has decreased from a high of 1,510 pCi/L in 1992 to the most recent
analysis in 1998 of 30 pCilL; total uranium for the March sample was 39.3
pCi/L. Cimarron believes that the decreasing trends in groundwater
constituents will continue since additional source removal has been
completed. Final backfilling and contouring of U-Pond #1 has been
completed.

When the two additional wells (Nos. 1337 and 1338) were installed near
U-Pond #2, two wells (Nos. 1340 and 1341) also were installed east and
downgradient of former U-Pond #1. Well #1340 was completed in
Sandstone A and Well #1341 in Sandstone B. Analytical results for total
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5.5

uranium from the latest sampling event, June 1997, show 3.9 pCi/L for
Well #1340 and 2.2 pCi/L for Well #1341. The total uranium concentration
in Well #1341 is indicative of background meaning that this zone has not
been impacted by prior site operations.

Burial ‘Area #2

This area contains one monitoring well, Well #1331, located downgradient
from former Burial Area #2 which indicates that constituents in
groundwater are elevated, but are also decreasing in concentration.
Figure 5.11 represents the trending for groundwater monitored for total

uranium.

Recent remediation at Burial Area #2 may be influencing the constituents
in this well. Cimarron has completed the removal of the buried waste and
the grading, backfilling, and contouring of Burial Area #2. This
remediation should mitigate any further affects upon groundwater in this
area. The highest concentration of total uranium for Well #1331 was 388
pCi/L recorded in June 1990; the latest sampling results shows 145 pCi/L.
This recent concentration is slightly elevated above the 128 pCi/l
recorded in April 1996, but still reflects an overall decreasing trend in total

uranium concentration.

All Other Monitored Locations for Shallow Groundwater

The other Sandstone A monitoring wells on-site that are located
downgradient from previously closed process areas have shown minimal,
if any, impact from prior site operations. The eleven monitoring wells
sampled in June 1997 showed total uranium concentrations ranging from
1.2 pCi/L to 13.2 pCi/L, with the highest concentration representing Well
#1333. The average total uranium concentration for these eleven wells
was 6.2 pCi/L.
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5.6

Three monitoring wells were installed recently adjacent to the Cimarron
River for determining the thickness of the alluvium and for sampling the
groundwater within this zone. Well #1342 was installed near Highway #74
as an upgradient alluvium well; and Wells #1343 and #1344 were installed
north of U-Pond #2 and former Burial Area #1 (see Drawing No. 98MOST-
R2 included in Section 3.0). These wells were sampled in March 1998
and show total uranium of 6.5 pCi/lL for Well #1342, 18.7 pCi/L for Well
#1343 and 4.5 pCi/l. for Well #1344. Also, as noted in Section 3.4.3, total
uranium measured for the Cimarron River was 8.1 pCi/L. upstream and 7.3
pCi/L downstream. These data reflect background conditions for the
Cimarron River.

Other Monitored Locations for Surface Water / Seeps

Monitored location surface drainage/seep #1206 includes a combination of
collection points for both surface run-off and shallow seeps. This
monitored location is shown on Drawing No. 98MOST-R2. The water
monitored collects from a combination of prior waste management areas
including seeps and surface runoff. These areas have subsequently been
remediated, and include a former pipe line area, a surface storage area,
waste ponds, and a burial area. During extreme dry periods there may be
no water available for sampling this location. Also, during wet periods
surface run-off affects the analytical results.

Analytical data for this location shows the downward trend for total
uranium expected as a result of continued remediation and source
removal. The total uranium peaked in 1994 at 517 pCi/L; the first quarter
1998 data shows a total uranium concentration decreasing to 189 pCi/L.
The average concentration for total uranium is 161 pCi/l. for the last four
quarters when data is available; for the December 1997 sampling event,
the location was dry.
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5.8

5.9

The three reservoirs located on site are monitored under the sitewide
environmental monitoring program. These reservoirs are recharged by a
combination of surface run-off and shallow groundwater. Surface water
location #1204 monitors Reservoir #1 which also is designated the West
Lake. Monitoring location #1205 is for Reservoir #2, and location #1209 is
for Reservoir #3. The 1997 analytical data for total uranium was 4.0 pCi/L
for #1204; 0.8 pCi/L for #1205; and 2.9 pCi/L for #1209. These results
show no effects from prior site operations.

Deep Monitoring Well

As discussed in Section 3.2.1, the monitoring wells located on site that
monitor the deeper groundwater zones have shown total uranium
concentrations ranging from 11 to 44 pCi/L. These concentrations are
considered within background variances for these deeper sandstone
layers. Historical data for uranium and other constituents monitored
indicated that these deeper zones have not been impacted by prior site
operations.

Summary

The historical and more recent groundwater and surface water
investigations clearly show that groundwater radionuclide impacts have
continued their decreasing trends from the levels presented in the 1989
Grant report. With additional sources removed in these areas and the site

in the final phase of decommissioning, these recorded decreasing trends
will continue.
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6.0 DISCUSSION OF PREVIOUS PATHWAY EVALUATIONS

This section discusses previous human exposure pathway evaluations
performed by the NRC and Cimarron. In addition, Cimarron performs routine
monitoring of radiation workers and monitors the environment to ensure that
operations are performed in a manner that conforms with all regulatory
requirements and exposures are ALARA. The results of actual measurements
are presented as these are generally considered to be the best data for

assessment of operational impacts.

6.1 NRC Safety Evaluation Report (SER) and Environmental Assessment
(EA) for Disposal of On-site BTP Option #2 Soils
This subsection provides an overview of the Safety Evaluation Report
(SER) (USNRC, 1994) and Environmental Assessment (EA) (USNRC,
1994a) performed by the NRC to address health, safety, and
environmental effects from an authorization for the on-site disposal of low-
enriched uranium in the NRC Branch Technical Position (BTP) (USNRC,
1981) Option #2 concentration range. Although the intent of this
Groundwater Report is primarily to address current groundwater issues,
the SER is also relevant as it provides additional information related to the
potential impacts associated with the on-site disposal of the BTP Option
#2 material. The analysis is important as it evaluates conditions that
present the highest soil concentrations to remain at the site. Any other
remediated areas will have impacts that are significantly lower than the

Option #2 disposal cell.

The SER and EA provide a significant amount of information that is
directly applicable to the assessment of any other affected areas at the
facility. This section lays the groundwork for determination of the relative

impacts associated with former Burial Areas #1 and #2, and Uranium
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Waste Ponds #1 and #2, in comparison with the impacts projected for the
approved BTP Option #2 Disposal Area.

6.1.1 Discussion/Description of the NRC’s SER and EA

In 1987, Cimarron requested an amendment to License No. SNM-928 to
dispose on-site soils containing low concentrations of enriched uranium
(i.e., BTP Option #2 materials). The original request was made in
accordance with the requirements of 10 CFR 20.302 (currently 10 CFR
20.2002) (USNRC, 1998) using NRC's BTP criteria. The proposed

method for disposal was to bury those soils on-site.

Pursuant to this request, the NRC prepared a SER and an EA which
evaluated the health, safety, and environmental issues related to
Cimarron’s proposal. Based upon these evaluations, the NRC issued
License Amendment No. 10 to License No. SNM-9828, authorizing the
burial of up to 500,000 cubic feet of soil contaminated with low-enriched
uranium in the BTP Option #2 concentration range. License Condition
No. 23 was issued by the NRC on November 4, 1994 and limited the
maximum concentrations allowable for disposal based upon the solubility
of the material. Importantly, the NRC’s maximums were based upon 100
percent solubility of the uranium, which would result in the highest

projected concentrations in groundwater.

The EA prepared by NRC staff provided a general description of the site
and proposed BTP Option #2 Disposal Area, and presented information
regarding the climate, meteorology, demographics, land and water usage,
wetlands, biology, surface water hydrology, geology and hydrogeology,
site geochemistry, and radiological background for the facility. This

information was used to determine the expected environmental impacts
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from the BTP Option #2 disposal. The environmental impacts considered
included the potential for groundwater contamination, intrusion into the
disposed material, direct radiation exposure, and inhalation or ingestion.
The EA also considered the potential radiological doses and addressed
State of Oklahoma concerns regarding non-radiological chemical impacts
from the disposal of the BTP Option #2 materials. As such, the NRC
analysis represents the highest exposure scenario for any soils residing at

the Cimarron site.

6.1.1.1 Pathways Considered in the SER and EA

The stated purpose of the SER was “to consider the potential radiological
impacts on worker health and safety associated with the movement and
disposal of uranium-contaminated soil on the Cimarron site”. The SER
considered doses to workers from the direct exposure pathway and from
the inhalation pathway. In its conclusion, the SER states that “The
samples in the 0-30 picocuries/gram range (BTP Option 1) have
acceptably low concentration so that the enriched uranium may be buried

without restriction.”

The purpose of the EA was to deterrnin-e the impact of the BTP Option #2
burial on the public and the environment. The EA states that “NRC poliCy
on on-site disposal of uranium contaminated soil pursuant to 10 CFR
20.2002 (formerly 10 CFR 20.302) is described in the ‘Branch Technical
Position on Disposal or Onsite Storage of Thorium or Uranium Wastes
from Past Operations (46 FR 52061, October, 23, 1981)."

The primary pathway considered in the EA was the groundwater pathway,
as doses from this pathway were not previously considered in the NRC
BTP. Inthe BTP, NRC staff considered the radiation doses that members
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of the public could conceivably be expected to receive from direct
radiation, ingestion of food raised on the site, and gamma and inhalation
dose due to physical intrusion into the contaminated soil. The results of
the generic calculations are used in the EA and are corrected for the
average activity in the BTP Option #2 Disposal Area to present estimates
of the potential dose from the disposal activity. Doses to the nearest off-
site resident from earthmoving activities are also calculated in the EA.

These calculated doses are presented in Section 6.1.1.4.

Based upon the results of the EA, the NRC concluded that the impact on
the public and the environment would be minimal, and made a Finding of
No Significant Impact (FONSI).

6.1.1.2 Assumptions/Parameters

The SER applied only to workers at the Cimarron facility, and estimated
exposures that would occur during the movement of contaminated soil
into the disposal cell. The activities considered in the SER also included
the placement and compaction of contaminated soils in the disposal cell.
The SER assumed that the soil was contaminated at 70 pCi/g, total
uranium, and that workers were exposed to inhalation Class Y. The
particle size chosen was 1 micron. The duration of the exposure was 6
months, and the average. air concentration utilized was 2.7 E-12 pCi/mL.
As discussed in Section 6.3, this assumed concentration has been shown
to be very conservative, based upon the results of actual measurements

performed in the field.

The SER also calculated the effective dose equivalent from exposure of
radiation workers to direct radiation. The RESRAD code was used for this

evaluation. For this estimate, it was assumed that workers would be
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exposed continuously for one year during earthmoving and other
activities. The exposure geometry used was a planar field contaminated
with 70 pCi/g uranium.

The EA assumed that 500,000 cubic feet of low-enriched (3%) uranium at
70 pCi/g was buried, and that the cell would have a 4 foot cover. The
source term assumed was 1.9 Ci total uranium. The solubility for the
uranium was assumed to be 100 percent. In addition, the Kd value used
was 339 ml/g. The solubility and Kd values used in the EA are
considered to be conservative, and will result in projected estimates of
exposure that are higher than reality. These parameters are addressed in
more detail in Section 6.2. The well that supplied drinking water, irrigation
water, and livestock water was placed at a distance of one foot ffom the
doanradient edge of the disposal area, resulting in a travel time of 0.1
year. The groundwater flow velocity used was 10 feet/ly. The porosity of

the soil was assumed to be 0.33, and the soil density was 1.9 g/cm?.

The nearest residence was chosen at the current distance of 0.8
kilometers. Uses of land in the vicinity were assumed to be row crop
cultivation, grazing, or construction.

6.1.1.3 Methods

The methods used in the SER for calculation of inhalation dose involve
standard health physics calculations equating the concentration of
uranium contaminant in the air to the dose received. The concentration of
uranium in air is multiplied by the total volume of air breathed by the
worker. This result is then multiplied by a dose conversion factor to obtain

the committed effective dose equivalent.
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The SER also addressed the potential for exposure from direct radiation.
The effective dose equivalent was determined using the RESRAD code,

assuming a planar source with a uranium concentration of 70 pCi/g.

The EA used several methods to calculate doses. The leaching and
subsurface migration of uranium from the BTP Option #2 Disposal Area
was modeled using the simplified one-dimensional contaminant transport
code TRANSS (Simmons, 1986). The TRANSS model is a convective-
dispersive transport program that has been modified to allow for
radioactive decay of the source and to simulate adsorption (Kd), solubility

in water, and concentration or diffusion barrier controlled releases.

There were no calculations performed for direct radiation from exposure to
the buried materials, since the NRC concluded in the BTP that
contaminated soil buried under Option #2 conditions (i.e., at least 1.2
meters (4 feet) below the surface) would not expose any member of the
public. The same 1.2 meters of cover would essentially eliminate the
uptake of uranium by food or pasture crops and correspondingly reduce
the amount of uranium that could be ingested by consuming food
produced on-site.

The EA did consider the possibility of physical intrusion into buried
contaminated soil, for the site that is released for unrestricted use. The
EA made use of calculations performed for the BTP which showed that
even an extreme intrusion into the buried Option #2 soil would result in an
annual organ dose of no more than 170 mrem, which is equivalent to a
total effective dose equivalent (TEDE) of 5 mrem for uranium soluble in

lung fluid to 20 mrem for insoluble uranium.
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Calculations of the potential annual dose to the nearest resident (0.8
kilometers southeast) due to blowing dust was caiculated using the
GENeration Il (Napier, 1988) radiological pathways and dosimetry model
(GENII). In addition, the toxic effects (non-radiological) due to the residual

uranium activity were addressed in the EA.

6.1.1.4 Results

The SER concluded that the major radiological impact to workers would
be from the inhalation of dust during earth movement activities. The
calculated maximum annual exposure was 408 mrem, with 405 mrem due
to dust inhalation and 3 mrem due to external occupational exposure.
This projection can be compared to the actual dose received by the
workers who placed the Option #2 soils into the on-site disposal cell. As
of this date (through June, 1998), facility monitoring records (personnel
dosimeter and lapel air monitors) show there has not been any dose
assigned due to external exposures and that a single radiation worker has
been assigned a dose due to intake of 0.32 mrem. The placement of
materials into the BTP Option #2 disposal cell was an extensive relocation
effort, with work done in close proximity or contact with the Option #2
material. Any future intruder into on-site soils containing residual activity
would not create levels of airborne radioactivity as high as those produced
during the placement of the soils into the Disposal Area. Therefore,
based upon actual monitoring results, it is unlikely that any future intruder
would receive any exposure due to the inhalation of residual Option #1
soils located within former Burial Areas #1 and #2, or from Uranium Waste
Ponds #1 and #2.

The TRANSS code, which was run to determine the potential impacts due

to groundwater contamination, showed that there was no calculated
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impact (i.e., no measurable increase) due to the leaching of uranium from
the BTP Option #2 Disposal Area for many thousands of years. The net
downward movement of uranium will be much slower than the downward
movement of infiltrating water because of the adsorption of uranium onto
soil and rock. The TRANSS code predicted that after 1,000 years, the
uranium concentration in the intruder well would still be at natural
background levels. This prediction held even when the most conservative
Kd value (339 mL/g at Well #1336) was input into the code. This signifies
that chemical constituents, at levels such as those found in soils near the
waste ponds, would not produce measurable increases in uranium
concentration. All of these assumptions apply to any remaining on-site
residual activity, e.g., Waste Ponds #1 and #2 and former Buriél Areas #1
and #2.

As stated in Section 6.1.2.3, there were no calculations performed for
direct radiation from exposure to the buried materials, due to the shielding
effect of the cover materials. The same cover would essentially eliminate
the uptake of uranium by food or pasture crops and correspondingly
reduce the amount of uranium that could be ingested by consuming food
produced on-site. Residual Option #1 materials in Uranium Waste Ponds
#1 and #2 are below four feet of cover. Residual materials are present in
other areas of the facility at Option #1 levels'(i.e., 0 to 30 pCi/g total

uranium).

The physical intrusion scenario evaluated in the EA showed that even an
extreme intrusion into the buried Option #2 soil would result in an annual
total effective dose equivalent (TEDE) of less than 7 mrem, without regard
to solubility. The EA further states that “Such a dose is considered to be

quite small compared to doses from natural background radiation...”.
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6.2

The potential annual TEDE to the nearest resident (0.8 kilometers
southeast) due to blowing dust was calculated to be 0.67 mrem for the
BTP Option #2 Disposal Area. This dose was calculated using
conservative assumptions and is also insignificant in relation to

background.

The EA states that “The current NRC standard for uranium exposure of
occupational workers is based on a nephrotoxicity standard of 3
micrograms of uranium per gram of kidney continuously maintained for a
lifetime.” The EA also concluded that toxic effects from the ingestion of
uranium would require groundwater concentrations in the hundreds of
picocuries per liter, while the TRANSS code analysis showed that the
uranium concentration will not exceed 1 pCi/L over a time period of
100,000 years. The toxicity of uranium is addressed in more detail in
Section 8.0.

Adequacy of Previous Cimarron Environmental Assessments

The EA that was discussed in Section 6.1 was performed by the NRC in
March 1994 and was based upon site characterization data developed by
James L. Grant and Associates (Grant, 1989 and 1990) in support of
Cimarron's application for on-site disposal of Option 2 soils. The
pathways analysis and dose model performed by the NRC verified the
earlier dose evaluation completed by Grant. The Grant evaluation can be
considered a conservative representation any maximum of future
exposure from residual uranium contained in media remaining at the

Cimarron site.
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6.2.1 Grant Analysis (1989/1990)

In the 1989 Report, Grant completed a computer simulation of the
potential for leaking and migrating of contaminants from the Option #2
landfill. The simulation used the TRANSS model (Simmons, 1986). As
noted in Section 6.1.2.3, the TRANSS model is a one-dimensional,
convective, dispersive transport program based on Van Genuchten
analytical solutions, modiﬂed to include the simultaneous decay of the
source and released radionuclides. The program can model
concentration or solubility limited releases, adsorption (Kd) limited

releases, or diffusion beneath a barrier to the water table.

Simulations of distribution coefficient-limited releases were performed to
predict uranium migration through the unsaturated zone to the water table,
and through the saturated zone to the Cimarron River alluvium. For the
release model, five samples of site soils, rock and groundwater were
analyzed by the Kerr-McGee Technical Center to determine equilibrium
distribution coefficients (Kd) for uranium. This test provides a measure of
the affinity of the selected elements for soil and rock and the solubility of
the material in the rock/groundwater system. The experimentally derived
Kd values for the uranium range from 339 mL/g to 2,829 mL/g. This range
of Kd's is representative of different conditions found on-site in
groundwater due to influence from prior site operations, and for the
natural background groundwater. For example, the derived Kd values of
339 mlL/g was measured from aquifer matrix material collected from the
installation of Well #1336 which is located within an impacted area. The
higher Kd's (i.e., 2,829 mL/g) were derived from matrix material collected

from upgradient non-impacted wells.
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Two simulations of uranium leaching and migration to the water table
directly below the proposed landfill were performed using Kd values
representative of the range of aquifer matrix materials. Kd values of 2,000
ml/g and 300 mlL/g were used. With a Kd of 2,000 mL/g, a maximum
leachate concentration of about 4 pCi/lL was seen at the end of the
flowtube in approximately 237,000 years. A Kd of 300 mL/g produces a
maximum Ieachaie concentration of about 27 pCi/L at the end of the

flowtube in approximately 36,000 years.

The results of the TRANSS model simulation support interpretations that
leaching and migration of uranium in the subsurface of the Cimarron
facility will be limited. The simulations show that the combined effects of
precipitation, adsorption and dilution of uranyl complexes will prevent
significant migration of uranium from the on-site disposal cell and other

areas on-site when residual uranium is present.

6.2.2 Discussion of Existing Impacted Areas

The mobility of uranium at the site depends upon the chemistry of the
groundwater, soils, and rocks. The stability and mobility of particular
species in the subsurface depends primarily on active matrix adsorption
sites, ligands available for complexation, and pH and Eh of the
groundwater. Uranium has limited solubility in the slightly alkaline and
oxidizing groundwater typical of the site. As demonstrated by the derived
Kd's, the solubility is higher near the ponds because of the altered
groundwater chemistry in these areas and the presence of complexing

agents, e.g., fluoride and nitrate.

The dominant uranium species in the natural environment are uranyl

complexes. Uranium exists in the hexavalent state as the uranyl ion UO,*?
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in this environment (Grant, 1989). The solubility of uranium is limited by
precipitation and adsorption on the aquifer matrix. Uranyl hydroxide and
uranium trioxide will precipitate from slightly alkaline and oxidizing
groundwater. These compounds are relatively insoluble. Uranyl ions in

solution also will be sorbed onto the aquifer matrix.

The distribution coefficient (Kd) tests demonstrate that uranium will have
limited solubility in the subsurface groundwater (Grant, 1989). Final
concentrations of uranium in the Kd test solutions ranged from 1.2 to 9.9
pCi/L. These concentrations are consistent with naturally occurring
uranium concentrations in the shallow groundwater samples from most of
the monitoring wells. The combined effects of uranium precipitation and
absorption on the shallow aquifer matrix materials appear to produce
equilibrium concentration of uranium in Cimarron groundwater that are
less than 10 pCi/lL.

Concentrations of uranium above the typical equilibrium level have been
detected in some on-site monitoring wells. These wells are located down-
gradient from the closed uranium waste ponds and former Burial Areas #1
and #2. Materials stored in these areas have caused changes in the
chemistry of the groundwater. The process wastewater discharged to the
U-ponds contained dissolved uranium and was significantly different
chemically from the natural groundwater, resulting in the higher uranium
concentrations near the ponds. Likewise, leaching of materials stored at
the former burial locations would alter the groundwater chemistry in those

areas.

Uranium concentrations in the groundwater decreases rapidly with

distance from the source (e.g., Uranium Waste Ponds). Uranium
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complexes of fluoride, nitrate and sulfate may be more soluble than
uranium carbonate salts, and the complexes often are not sorbed as
strongly. Increased competition between uranium and other cations for a
limited number of sorption sites increases the concentration of uranium in
solution relative to the uranium sorbed on the soils. As anions are
stripped from the ligands to react with matrix material (e.g., F~ with Ca**),
the uranium ion becomes susceptible to formation of more insoluble
species and eventually sorbs on clays where it is tightly bound. The
competition for exchange sites and the complexing of the uranium by
other ions diminishes in importance downgradient of the former waste
management areas as dilution and chemical reactions cause the modified
groundwater to become more akin to the native groundwater than to the

leachate.

With the closure of the former Uranium Waste Ponds and excavation of
the former Burial Areas, the residual concentrations of uranium and
solubilizing ligands remaining in soil will no longer possess the solubility-
enhancing factors present within these former sources. Since the
uranium concentrations in soil left in place will be far less than that placed
into the Option #2 on-site disposal cell, the potential concentration of
uranium in groundwater that leaches from the in-situ soils will be less than
that predicted for the On-Site Disposal Cell. Under the remediation
process, the highest concentrations of uranium and ligands in the soil
went to the Option #2 On-Site Burial Area, thus making it the “worst case”

scenario for the site.

6.2.3 Uranium Solubility in Soil
The previously discussed groundwater pathway models, including the EA,

assumed that in-situ uranium was 100 percent soluble. This turns out to
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have been a very conservative assumption. In 1997, Cimarron employed
the services of an outside laboratory to perform solubility tests on
representative soil samples collected from the two uranium waste pond
areas and from the on-site Option 2 disposal cell. These tests were
approved by the NRC via letter dated December 10, 1996 (USNRC,
1996). A total of six sample locations were included in the study, two from
each location. The “yearly” solubilities were determined to range from
26.7 percent to 33.3 percent, with an average of 28.9 percent.
Additionally, the average solubilities measured for the three locations
were essentially the same (29.9 for Uranium Waste Pond #1, 27.7 for
Uranium Waste Pond #2, and 29.2 for the On-Site Disposal Cell). Since
the solubilities are similar, the three areas will perform in a similar fashion
in the future with respect to constituent migration. Migration from the
closed waste management areas will be much less pronounced than from
the former Uranium Waste Ponds and burial grounds because the
remaining impacted in-situ soils will not influence groundwater chemistry,
and because only soils with low levels of uranium will be present at
license termination. Leaching of the uranium will be limited by solubility
and by sorptive processes in the soil. Migration of uranium that does

leach will be limited by the sorption of the material in the subsurface.

Finally, since the total uranium activity permitted to be placed into the on-
site disposal cell (i.e., 1.9 curies) far exceeds the residual activity
estimated to be present in the two former Uranium Waste Pond areas
(i.e., 0.17 Ci for Uranium Waste Pond #1 and 0.44 curies for Uranium
Waste Pond #2), the pathway analysis and dose model performed for the
On-site Disposal Cell represents a conservative upper boundary
evaluation. Additionally, the assessment completed for the On-Site

Disposal Cell assumed (Grant, 1989) a conservative solubility (i.e., 100
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percent vs. 29.2 percent) and evaluated Kd's as low as 300 mL/g. These

assumptions added additional conservatism to the overall evaluation.

Field Measurements

Field measurements of exposure provide a more accurate assessment of
the actual exposures that may have occurred. During operations involving
the movement and/or placement of BTP Option #2 materials into the
disposal cell, Cimarron performed ambient environmental air monitoring,
area monitoring upwind and downwind of operations, and breathing zone
monitoring of radiation workers. In addition, Cimarron has a system of
TLD monitors to monitor environmental exposure to direct radiation.
Radiation workers are also required to wear direct radiation monitoring
badges.

Results of these measurements showed that no worker received an
annual exposure greater than the facility ALARA goals. The ALARA goals
are set by the site ALARA Committee and are 100 mrem TEDE
(individual) and 300 mrem TEDE (collective, all radiation workers)
annually. The ALARA goals include doses from all operations, including
the movement and placement of BTP Option #2 soils. The cumulative
dose assigned to radiation workers was 3.2 mrem during the BTP Option
#2 soil relocation activities. This dose was assigned to a single individual
and was based upon a lapel sampler that had very low air volume. In
addition, environmental monitoring results have not indicated any
measurable impacts above background associated with the disposal of
the BTP Option #2 materials in the on-site disposal cell (i.e., Burial Area
#4).
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These field results indicate that the modeling and assessments performed
by the NRC were conservative. The actual doses to workers and the
general public were substantially overestimated, based upon the field

results.
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7.0 DOSE ASSESSMENT FOR ALL SIGNIFICANT SOURCE

AREAS ONSITE

This section discusses the impacted areas at the facility where concentrations of
total uranium or Tc-99 in groundwater significantly exceed background
concentrations. The BTP Option #2 Disposal Cell is not addressed in this
section as it has been previously discussed in Section 6 and has not been
determined to contribute to concentrations of radioactive contaminants in the
groundwater. The four areas specifically addressed in this section include
former Burial Areas #1 and #2, and Uranium Waste Ponds #1 and #2. In those
areas the sources have been excavated and only some residual soils meeting

O.ption #1 criteria remain.

As discussed in Section 6, the soil pathway in any affected area will not
significantly influence groundwater concentrations as the concentrations are
significantly below BTP Option #2 conditions which have been previously
modeled. Cimarron believes that the only pathway of concern for those areas is
groundwater and that any projected doses will continue to decrease with time.
This section evaluates the dose from the groundwater pathway as the only

significant exposure concern.

The dose conversion factors for total uranium and Tc-99 are also discussed in
this section. In addition, doses are calculated for each of the wells monitored at

the facility, assuming consumption of 2 liters per day by reference man.

7.1 ICRP-69 Ingestion Model for Uranium .
The ICRP-69 (ICRP, 1995) Ingestion Model presents current scientific

knowledge pertaining to uptake and distribution of uranium in the human
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body. The uranium model is based upon biokinetic models for
gastrointestinal absorption and transfer compartments within the body. A
full discussion of the ICRP Gastrointestinal Model is provided in ICRP
Publication 56 (ICRP, 1989). ICRP Publication 69 presents age-
dependent doses to members of the public, and gives ingestion dose

coefficients for uranium.

ICRP Publication 69 reviewed recent gastrointestinal absorption data for
dietary forms of uranium. Based upon the data reviewed, the ICRP
Committee adopted a value for gastrointestinal absorption (f,) of 0.02.
This absorption factor is consistent with the value utilized in the chemical
toxicity evaluation in Section 8.0. The ICRP models also incorporate
tissue weighting factors to “represent the factor by which the equivalent
dose in a tissue or organ is weighted to represent the relative
contributions of that 'tissue or organ to the total detriment resulting from
uniform irradiation of the body” (ICRP, 1991).

7.1.1 Dose Conversion Factors (DCFs) for Uranium and Tc-99
ICRP Publication 69 (Part 3) presents age dependent doses to members
of the public from intake of uranium. The adult DCFs for uranium are

summarized in Table 7.1.

The DCF for Tc-99 is taken from EPA Federal Guidance Report No. 11
(EPA, 1988). The committed dose per unit intake is 3.95E-10 Sv/Bq
(1.46E-06 mrem/pCi). The gastrointestinal absorption fraction (f,) for Tc-
99 given in the EPA guidance is 0.8. The NRC stated in a letter from Mr.
Kenneth Kalman to Mr. Jess Larsen dated March 13, 1997 (USNRC,
1997) that a Tc-99 concentration of 3,790 pCi/lL would result in an

effective dose of 4 mrem/y (assuming consumption of 730 liters/y by
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reference man). The Tc-99 DCF used by Cimarron is consistent with this

value.
TABLE 7.1
DOSE CONVERSION FACTORS FOR URANIUM
Sv/Bq Ingested | mrem/pCi Ingested
Uranium-234 5.0E-08 1.85E-04
Uranium-235 4.7E-08 1.74E-04
Uranium-238 4.5E-08 1.67E-04

Notes: 1) Values in the table represent effective dose for an adult.
2) To convert Sv/Bq to mrem/pCi, multiply Sv/Bq by 3700.

7.1.2 Calculation of an Overall DCF for the Total U Isotopic Ratios at
Cimarron

The previous section presented DCFs for the individual uranium isotopes

of concern at Cimarron. The DCFs for the individual isotopes range from

1.67E-04 mrem/pCi for Uranium-238 to 1.85E-04 mrem/pCi for Uranium-

234. Thus, the isotopic mixture, or activity percentage of each of the three

uranium isotopes will not significantly affect the hypothetical dose to a

person drinking water from a well established at the Cimarron facility.

The isotopic ratios for soils at Cimarron have been previously established
in the NRC's “Environmental Assessment Associated with the BTP Option
#2 Onsite Disposal Cell at Cimarron” (NRC, 1994). The Environmental
Assessment used activity percentages of 79% for Uranium-234, 1.7% for
U-235, and 20% for Uranium-238. As stated above, the DCFs for each of

the three uranium isotopes are similar. The activity percentages for soil
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were used as weighting factors to determine the total uranium DCF, as

shown below.

1.85E-04 mrem/pCi (0.79) + 1.74E-04 mrem/pCi (0.017) + 1.67E-04 mrem/pCi (0.20)

=1.83E-04 mrem/pCi of total uranium.

The DCFs for Uranium-234, Uranium-235, Uranium-238, total uranium,
and Tc-99 are summarized in Table 7.2 and Table 7.3 along with the
concentrations that would result in an effective dose of 4 mrem/y and 100
mrem/y (Tc-99), or 25 mrem/y and 100 mrem/y (Uranium). These.

concentration values were selected for comparison purposes.

Dose Calculations Based Upon Well Sample Results

This section presents the hypothetical effective annual dose that could be
received by a reference man drinking 2 liters every day from each of the
ground water monitoring wells and surface water monitoring locations at
the Cimarron facility. Of course, as discussed in Section 3.6 of this report,
it is highly unlikely that an individual would use any of the on-site wells as
a drinking water supply. The data presented are for calendar year 1997
and the first quarter of 1998. Tc-99 analyses were performed only when
indicated based upon gross beta to gross alpha activity ratios exceeding
3:1 and gross beta activity exceeding 30 pCi/L. Those areas were around
Uranium Waste Ponds #1 and #2. Total uranium is calculated by
summing the isotopic uranium data for each date and location. The
effective annual dose is calculated through application of the DCF to the
total activity taken into the reference man. Table 7.4 presents the isotopic
uranium and Technetium-99 laboratory results for each location by

sampling date.
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7.2.1 Burial Area #1 Dose Calculation

Burial Area #1 is surrounded by four wells. Well #1314 is upgradient of
the burial area, while Wells #1315, #1316, and #1317 are within or
downgradient of the burial area. As shown in Table 7.4, the total uranium
concentration in Well #1314 averaged 2 pCi/lL, resulting in an effective
dose to the hypothetical individual of approximately 0.3 mrem/y from
ingestion of uranium. There is no Tc-99 associated with Burial Area #1.
(Note: As stated above, the use of a DCF for enriched uranium will not
have a significant effect upon the dose calculation when naturally

occurring uranium isotopic activity ratios are present).

Well #1315 (located in former Burial Area #1) had the highest
concentrations of uranium for this area, and also for all monitoring wells
within the Cimarron site boundary. This well averaged 1,993 pCi/L, with a
resultant annual effective dose of 269 mrem calculated for the

hypothetical individual.

Wells #1316 and #1317 are downgradient of former Burial Area #1. The
calculated annual effective doses for the hypothetical individual were 16

mrem and 32 mrem, respectively, for the two wells.

7.2.2 Uranium Waste Pond #1 Dose Calculation

Wells #1311, #1312, and #1313, #1340, and #1341 have been used to
monitor Uranium Waste Pond #1. Well #1311 is upgradient of the Pond,
while Well #1312 is West of the Pond and Well #1313 is downgradient.
Wells #1340 (Sandstone A) and #1341 (Sandstone B) are located side by

side in an area east of the Pond.
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Upgradient Well #1311 showed low levels of total uranium and Tc-99.
The reported concentration for Tc-99 (March, 1997) is near the reported
laboratory detection limit. The annual effective dose to the hypothetical
individual for this well was calculated to be 0.53 mrem due to uranium and
0.02 mrem due to Tc-99, and is within the range of other upgradient and

background wells.

Well #1312 continued to show a low level of impact from past operations.
The total uranium and Tc-99 concentrations in this well averaged 26 pCi/L
and 2,152 pCi/lL, respectively. The concentration of Tc-99 dropped from
3,680 pCi/L in March, 1997, to 1,850 pCi/lL in March, 1998. The
calculated average annual effective dose for this well was 3.5 mrem

(uranium) and 2.3 mrem (Tc-99).

Well #1313 had average total uranium and Tc-99 concentrations of 38
pCi/lL and 1,047 pCi/L. The calculated annual effective dose to the
hypothetical individual was 5.1 mrem (uranium), and 1.1 mrem (Tc-99) for

this well.

The concentration of total uranium in Wells #1340 and #1341 was 3.9
pCi/L and 2.2 pCilL, respectively, for the single sampling event in June,
1997. These concentrations correspond to annual effective doses of 0.5

mrem and 0.3 mrem for the two wells (hypothetical individual).

7.2.3 Uranium Waste Pond #2 Dose Calculation

Uranium Waste Pond #2 is monitored by one seep (#1208), four shallow
groundwater wells (#1320, #1336A, #1337, and #1338), and one
Sandstone C deep well (#1321). The seep is located on the bluff
Northeast of the Pond. Wells #1320 and #1321 are located within the
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former Pond area near the Southwest corner. Well #1336A is located
downgradient of the Pond, just north of the Northwest corner. Wells
#1337 (Sandstone A) and #1338 (Sandstone B) are located side by side

at a location Northeast of the Pond.

Seep #1208 averaged 40 pCi/L total uranium and 2,836 pCi/L Tc-99
during 1997 and the first quarter of 1998. Tc-99 concentrations dropped
from 3,960 pCi/L in March, 1997, to 2,300 pCi/L in March, 1998. It is
unlikely that this seep would be used as a drinking water source on a
consistent basis due to the low volumes of water available. Even so, the
average annual effective dose to the hypothetical individual was

calculated to be only 5.4 mrem (uranium) and 3 mrem (Tc-99).

Wells #1320 and #1321 were monitored in June, 1997. The calculated
effective doses for these wells due to uranium were 0.3 mrem and 2.2
mrem, respectively. The average total uranium concentration in Well
#1336A was 41 pCi/L, while the average Tc-99 concentration was 1,840
pCi/L. Tc-99 concentrations decreased from 2,590 pCi/l. during March,
1997, to 1,600 pCi/L in March, 1998. The annual effective dose for this
well was calculated to be 5.5 mrem (uranium), and 2 mrem (Tc-99).

Wells #1337 and #1338 had total uranium concentrations of 11.7 pCi/L
and 1.2 pCi/L, respectively in June, 1997. The annual effective dose for

these wells is calculated to be 1.6 mrem and 0.2 mrem, respectively.

7.2.4 Burial Area #2 Dose Calculation
Wells #1332 and #1333 are located to the east of Burial Area #2. These
wells are somewhat upgradient to the Burial Area, but are also

downgradient of the West Sanitary Lagoon. Well #1333 is a Sandstone C
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deep well. Well #1331 is located in a draw to the northwest of the Burial

Area.

Wells #1332 and #1333 had total uranium concentrations of 29 pCi/L and
13 pCi/L, respectively, during 1997. These concentrations correspond to
annual effective doses of 3.9 mrem for Well #1332, and 1.8 mrem for Well
#1333. The average total uranium concentration at Well #1331 was 160
pCi/L, which equates to an annual effective dose of 22 mrem to the
hypothetical individual.

7.2.5 Summary of Annual Doses for Burial Area #1, Uranium Waste
Ponds #1 and #2, and Burial Area #2

Table 7.5 provides a summary of the calculated annual average doses for

the four operationally affected areas discussed in this section. As

discussed above, the doses are hypothetical in nature and assume that

reference man consumes 2 liters from the same affected well each day of

the year. [n all cases, the Tc-99 dose is less than 2.5 mrem, and the total

uranium dose is less than 22 mrem, except at former Burial Area #1.

7.2.6 Other Areas

Well data and dose calculations for other surface water and ground water
monitoring locations is presented in Table 7.4. The calculations
performed for other wells at the facility do not indicate that there is the
potential for any individual to receive greéter than 4 mrem per year from
Tec-99 or 5 mremly from total uranium. These calculations are very
conservative and assume that an individual (i.e., reference man)

continuously drinks 2 liters of water each day from the selected well.
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TABLE 7.2
DOSE CONVERSION FACTORS FOR INGESTION AND CONCENTRATIONS
EQUIVALENT TO 25 and 100 mrem/year (effective dose) - URANIUM

Dose Conversion Factor

Dose Conversion Factor

Concentration equal

Concentration equal

f1 CDE (Sv/Bq) CDE (mrem/pCi) Organ to 25 mrem/y (pCi/L) to 100 mrem/y (pCI/L)
[ 0.02 ] 5.00E-08 [ 1.85E-04 [effective | 185 | 740 |
[[0.02 ] 4.70E-08 | 1.74E-04 [effective | 197 [ 788 |
[0.02 ] 4.50E-08 [ T67E-04 [effective | 206 [ 823 ]
[ 0.02 ] 4.93E-08 | 1.82E-04 Jeflective | 188 | 751 |

1) Doses are calculated for reference man.
2) Total U DCF (based on the aclivity fractions used for U-234 (79%), U-235 (1.7%), and U-238 (20%) in the NRC's Option #2
Onsite Disposal Environmental Assessment), in Sv/Bq =
3) Uranium data are based on ICRP Publication 69, "Age-Dependent Doses to Members of the Public from Intake of
Radionuclides: Part 3 Ingestion Dose Coefficients”, 1995.

4.93E-08

TABLE 7.3
DOSE CONVERSION FACTORS FOR INGESTION AND CONCENTRATIONS
EQUIVALENT TO 4 and 100 mremlyear (effective dose) - Tc-99

f1

Dose Conversion Factor
CDE (Sv/Bq)

Dose Conversion Factor
CDE (mrem/pCi)

Organ

Concentration equal
to 4 mrem/y (pCi/L)

Concentration equal
to 100 mrem/y (pCi/L)

[ 0.8

3.95E-10

[ TAGE-06

|effective

| 3749

| 93730 |

1) Tc-99 data are based on EPA Federal Guidance Report #11, "Limiting Values of Radionuclide Intake and Air Concentration
and Dose Conversion Factors for Inhalation, Submersion, and Ingestion,” EPA-520/1/88-020, Sept., 1988.
2) Doses are calculated for reference man.




N

Assumptions/Notes:

TABLE 74

CALCULATION OF ANNUAL DOSE FROM DRINKING SURFACE WATER AND/OR
WELL WATER AT CIMARRON
CALENDAR YEAR 1997 AND 1s! QUARTER 1998

person drinks 2 kiters per day
Federa! Radiation Guidance Report No. 11 DCF's for T¢-99

ICRP Publication 69 DCF's for Uranium-234, 235, and 238
Annual dose in mremly is effective dose (i.e. whole body equivalent)

No background subtraction performed
Tc-99 data available at selected locations only

EPA MCL for Tc-99 (equivalent to 4 mrem/y effective dose) = 3750 pCit

WP = Waste Pond, BA = Burial Area
ND = Not Detected (i.e.. <MDA)

NM = Measurement not required (gross beta less than 30 pCUL and/or beta/alpha ratio <310 1)

Sample
Location Date (U)
SURFACE WATER
1201 697
1202 6/97
1204 6/97
1205 o7
1206 a7
1206 6/97
1206 8197
1206 12797
1206 3/98
1206 Average
1208 397
1208 6197
1208 8/97
1208 12187
1208 398
1208 Average
1209 697
WELLS
1307 6597
1311 397
131 6/97
1311 Average
1312 397
1312 6/97
1312 9197
1312 12797
1312 e
1312 Average
1313 6197
1313 /97
1313 12197
1313 s
1313 Average
1314 697
1315 317
1315 6/97
1315 97
1315 12197
1315 398
1315 Average
1316 397
1316 697
1316 9197
1316 12/97
1316 398
1316 Average
1317 6797
1317 398
1317 Average
1318 6197

U234 U238
{pc)  {pC1)

55 0.4
4.1 0.4
16 ND
05 ND
125.0 §3
1170 37
972 52
No Sample-Dry
115.0 8.6
1136 6.0
370 1.8
83 0.6
247 13
40.1 1.8
29.0 1.8
278 15
1.7 0.1
34 0.1
13 0.1
30 0.4
22 03
18.% 0.7
18.7 0.9
172 0.8
14.8 22
210 1.1
18.0 1.1
310 1.0
282 1.0
225 12
27.7 13
274 1.4
13 0.1
1410.0 760
17700 742
546.0 248
822.0 68.3
1320.0 25.0
117386 537
738 a7
136.0 5.0
535 24
532 4.0
65.6 31
76.4 36
247.0 117
335 28
1432 73
27.9 17

U-238
(pCUY)

25
3.1
05
0.2

332
424
256

64.5
414

1z
35
8.0
136
176
109

11

15

0.9
21
15

58
6.0
57
6.0
10.0
67

100
84
72
103
8.0

0.6

819.0
1200.0
3740
579.0
855.0
7654

334
595
242
28
40.7
361
150.0
204
e52

48

Isotoplc U,
total (pC¥) fromuranium (pCUN)

8.1
73
21
0.7

1635
1631
128.0

188.1
161.0

505
124

555
484
402

29

5.0

23
55
398

25.0
256
27
230
321
25.9

420
are
309
383
s

20

2305.0
30442
9449
1469.3
2200.0
1992.7

111.0
2005
80.1
80,0
1094
1162

408.7
627
2057

344

mremly

1.09
0.99
0.28
0.09

22,08
2203
17.29

25.54
21.74

6.82
1.67
4.59
7.50

542

0.39

0.68

0.31
0.74
0.53

338
346
3.20
311
4.34
3.50

567
5.08
417
531
5.06

027

31129
41112
127.61
198.43
287.11
269.11

14.99
27.08
10.82
10.60
1477
15.69

£5.19
B.47
31.83

4.65

Te-89

NM
NM
NM
NM

122
254
54.4

NM
307

3960.0
2800.0
3040.0
2080.0
2300.0
28360

NM

NM

18.1
NM
18.1

3680.0
14700
2190.0
1570.0
1850.0
2152.0

1190.0
1560.0
874.0
562.0
1046.5

NM

NM
NM
NM
NM

NM

NM
NM
NM
NM
NM
NM

NM
NM
NM

NM

mremfy
from Tc-99

NM
NM
NM
NM

0.01
0.03
0.06

NM
0.03

422
2988
324

245
3.02

NM

NM
0.02
0.02

392
157

167
1987
229

127
1.66
0.83
0.60
1.12

NM

NM
NM
NM
NM

NM

NM
NM
NM
NM
NM
NM

NM
NM
NM

NM

Comments

Cimarron Rrver, upstream
Cimarron River, downstream
Reservoir #1 (West Lake)
Reservoir #2 (East Lake)

East of Sanitary Lagoons
East of Sanitary Lagoons
East of Sanitary Legoons
East of Sanitary Lagoons
East of Sanitary Lagoons
East of Sanitary Lagoons

Seep on biuff NE of WP#2
Seep on blufl NE of WP#2
Seep on bluff NE of WP#2
Seep on biuff NE of WP#2
Seep on biufl NE of WP#2
Seep on bluff NE of WP#2

Reservoir #3

Junction Hwys 33/74

Waste Pond #1, upgradient
Waste Pond #1, upgradient
Waste Pond #1, Wesl side

Waste Pond #1, West side
Waste Pond #1, West! side
Waste Pond #1, West side
Waste Pond #1, West side
Waste Pond #1, West side
Waste Pond #1, West side

Waste Pond #1, downgradient
Waste Pond #1, downgradient
Waste Pond #1, downgradient
Waste Pond #1, downgradient
Waste Pond #1, downgradient

Burial Area #1, upgradient

Burial Area #1, downgradient
Bunal Area #1, downgradient
Burial Area #1, downgradient
Bunal Area #1, downgradient
Burial Area #1, downgradient
Burial Area #1, downgradient

Bunal Area #1, downgradient
Burial Area #1, downgradient
Burial Area #1, downgradient
Bunal Area #1, downgradient
Burial Area #1, downgradient
Bunal Area #1, downgradient

Buria! Area #1, NNW
Bunal Area #1, NNW
Buria! Area #1, NNW

Eas! U Plant Yard



Location Date (U)

1320 6/97
1321 6/97
1322 6/97
1323 6/97
1324 697
1325 697
1326 397
1328 697
1326 o197
1326 12/97
1326 Average
13278 6/97
1328 6/97
1329 6/97
1330 6/87
1331 6/97 ,
1331 0/97
1331 12/87
1331 3/98
1331 Average
1332 6/97
1333 6/97
1334 6197
1335A 697
1336A 397
1336A 6/87
1336A 0/97
1336A 12/97
1336A 3/08
Well 1336A Average
1337 6/97
1338 6/97
1340 697
1341 6/97
1342 10797
1342 12/97
1342 398
1342 Average
1343 10/97
1343 12/97
1343 3/98
1343 Average
1344 10/97
1344 12197
1344 3198
1344 Average

Sample

U234
{pCin)

1.2
1.1
7.5
20.0
08
0.8
5.0
4.8
4.0
29
42
3.1
207
45
7.4
1270
137.0
126.0
110.0
125.0
18.9
0.1
7.4
1.6
375
232
236
229
28.7
27.2
8.0

0.7

U235
(pCN)

ND
0.2
0.1
0.6

ND

0.5
0.2
0.2

47
6.7
1.4
3.2
6.5

03
0.3
03
ND

8.1
14
18
0.8
3.1
3.0

0.6
0.1
0.2
0.1

03
03
03
0.30

0.9
1.0
0.6
0.8

0.1
0.2
0.1
0.1

u-23s
(pCin)

1.0
53
38
8.7

0.4

12
10.5
20
28
25.0
31.0
274
31.5
28.7
8.3
3.8
3.2
0.7
15.0
9.1
72
8.1
123
10.3
341
04
10
0.6

17
3.1

243

13.8
9.5
7.6

103

35
1.0
1.9
21

isotopic U, mremly
total (pCl1) from uranium
22 0.30
16.6 2.24
114 1.54
30.3 4.09
13 0.18
13 0.18
73 0.99
7.4 0.96
52 0.70
47 0.63
6.1 0.82
4.3 0.58
317 4.28
6.7 0.90
104 1.40
156.7 21.16
174.7 23.59
164.8 22.26
1447 19.54
160.2 21.64
28.5 3.85
13.2 1.78
10.9 147
23 0.31
60.6 8.18
334 4.51
326 4.40
31.8 429
441 5.96
40.5 5.47
M"7 1.58
1.2 0.16
39 0.53
22 0.30
57 0.77
8.3 1.12
6.5 0.88
6.83 0.92
35.6 4.81
24.5 3.31
18.7 2.53
263 355
86 1.16
2.9 0.39
4.5 0.61
53 0.72

Tc-99
{(pCN)

34.0
NM
NM
NM
NM
NM

219
131

41.3
NM

254
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

2590.0
1930.0
1880.0
1200.0
1600.0
1840.0
NM
NM
NM
NM

114
NM
NM
114
125
NM
NM
125
9.0
NM

NM
8.0

mremly
from Tc-99

0.04
NM
NM
NM
NM
NM

0.02

0.01

0.04
NM

0.03
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

276

2.06

200
128
.7
1.86
NM
NM
NM
NM

0.01
NM

0.01

0.01
NM
NM

0.01

0.01
NM
NM
0.01

Comments

Waste Pond #2

Waste Pond #2 (deep)

N of Bidg. #4 @ flamm. stor. pad

N of Bldg. #4 @ flamm. stor. pad (deep)
BTP Opt. #2 disp. area, East

BTP Opt. #2 disp. area, upgradient
East of U Plant Yard

East of U Plant Yard

East of U Plant Yard

East of U Plant Yard

East of U Plant Yard

West of Bldg. #1

South of Bidg. #1 (deep)

South of Bldg. #1

South of Bldg. #1

West of Burial Area #2

West of Burial Area #2

West of Burial Area #2

West of Burial Area #2

West of Buria! Area #2

NW of West Sanitary Lagoon {deep)
NW of West Sanitary Lagoon

Sanitary Laggons, downgradient

West of BTP Option #2 Disposal Area
Waste Pond #2, downgradient

Waste Pond #2, downgradient

Waste Pond #2, downgradient

Waste Pond #2, downgradient

Waste Pond #2, downgradient

Waste Pond #2, downgradient

Waste Pond #2, NE

Waste Pond #2, NE

Waste Pond #1, East

Waste Pond #1, East

NW of facility near site boundary

NW of facllity near site boundary

NW of facllity near site boundary

NW of facllity near site boundary

N of Waste Pond #2 near site boundary
N of Waste Pond #2 near site boundary
N of Waste Pond #2 near site boundary
N of Waste Pond #2 near site boundary
N of Burial Area #2 near site boundary
N of Burial Area #2 near site boundary

N of Burial Area #2 near she boundary
N of Buria! Area #2 near site boundary



TABLE 7.5

SUMMARY OFAVERAGE ANNUAL DOSE AT FOUR AREAS
CALENDAR YEAR 1997 AND 1st QUARTER 1998

Average Annual Dose

Average Annual Dose

Area Well # | Total Uranium (mrem) | Technetium-99 (mrem) | Comment
Burial Area #1 1314 0.27 Not Measured* Upgradient
1315 269 Not Measured* Downgradient
1316 15.7 Not Measured* Downgradient
1317 31.8 Not Measured* Downgradient
Uranium Waste Pond #1 1311 0.53 0.02 Upgradient
1312 35 2.3 West Side
1313 5.1 1.1 Downgradient
Uranium Waste Pond #2 1325 0.18 Not Measured* Upgradient
1320 0.3 0.04 Near Southwest Corner
1321 2.2 Not Measured* Near Southwest Corner (deep)
1336A 5.5 2.0 Downgradient
1337 1.6 Not Measured* Northeast of Pond
1338 0.16 Not Measured* Northeast of Pond
Burial Area #2 1331 21.6 Not Measured* West of Burial Area in Draw
1332 3.9 Not Measured* NW of West Sanitary Lagoon (deep)
1333 1.8 Not Measured* NW of West Sanitary Lagoon

Not Measured* = Measurement of Tc-99 is performed only when gross beta concentration exceeds 30 pCi/L and beta/alpha ratio
is equal to or exceeds 3 to 1.




8.0 DISCUSSION OF CHEMICAL TOXICITY EVALUATION

In addition to radiogenic properties, uranium is considered to have chemical
toxicity. The ICRP and others have indicated that risk evaluation of uranium in
drinking water is more properly based on chemical toxicity rather than on
hypothetical radiological toxicity, which has not been observed in either humans
or animals (Wrenn, 1985; ATSDR, 1997). Therefore, the potential chemical
téxicity associated with the highest concentration of uranium in groundwater at
the Cimarron site, i.e., Burial Area #1, is discussed in this section. It should be
noted that chemical toxicity risk is not additive with hypothetical radiological
toxicity. Further, uranium is not considered to have chemical carcinogenic

effects.

Technetium-99 was not evaluated for chemical toxicity, since its chemical
toxicity, if any, is not well documented and the dose was within the EPA dose
standard of 4 mrem for man-made radionuclides. The highest annual
radiological dose from drinking water with Tc-99 present at the site is

approximately 3 mrem/year (TEDE), as described in Section 7.0.

8.1 Uranium Chemical Toxicity

8.1.1 Comparative Chemical and Radiogenic Toxicities

Uranium is a chemical substance which has biological effects related to its
radioactivity and its chemical interaction with body tissues, namely the
kidney. Although uranium may present a radiological health hazard,
uranium-associated cancers have not been seen in humans. At this time,
the US Environmental Protection Agency (EPA) has not classified uranium
for carcinogenicity (EPA, 1998). The results of studies in both humans and

animals are consistent with this conclusion that uranium does not present a
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chemical carcinogenic risk (ATSDR, 1997). Therefore, carcinogenic risk is

not considered in the chemical toxicity assessment.

Non-cancerous adverse effects to the lung and cardiovascular systems
have been noted in animal species. The potential for these adverse non-
cancerous radiological health effects is dependent on several factors,
including the distribution in the various body organs, the biological retention
time in the tissues, the energy and intensity of the radiation, and the half-
life; the potential for such effects is independent of the chemical toxicity.
However, because the specific activities of natural and depleted uranium
are low, no radiological health hazard is expected from exposure to natural
and depleted uranium (ATSDR, 1997).

Uranium forms compounds and complexes of different solubilities. The
chemical toxicity of the compound or complex is related only to chemical
properties and is unrelated to the specific activity or isotopic number. The
chemical toxicity of natural, depleted, and enriched uranium is identical
because chemical action depends only on chemical properties which are
identical (ATSDR, 1997).

Current toxicological evidence is suggestive that the toxicity of uranium is

largely due to its chemical properties rather than its radiogenic properties.

In terms of chemical toxicity, renal toxicity is the major adverse effect of

uranium. Exposure of the general public to natural uranium is unlikely to

pose an immediate lethal threat to humans. No human deaths have been

reported that are definitely attributable to uranium ingestion; therefore, no

lethal dose has been reported for humans. One study reported renal

effects in humans following exposure to uranium, while several other

studies have found no increased deaths in uranium workers due to kidney
disease (ATSDR, 1997).
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Animal studies have reported renal effects associated with chronic
inhalation and oral exposure to uranium. Lethal doses of uranium in
animals (dog) have been reported to be as low as 14 mg/kg-day following
23-day oral exposures. Uranium chemical toxicity depends on the solubility
of the uranium compound tested (higher solubility compounds having
greater toxicity, especially in the Kidney), route of exposure, and animal
species (Elless et al, 1997). However, the available data in both humans
and animals is sufficient to conclude that even for soluble compounds,

uranium has a low order of metallotoxicity in humans (ATSDR, 1997).

8.1.2 Gastrointestinal and Dermal Absorption Rates

Uranium is absorbed from the intestine or the lungs, enters the
bloodstream, and is rapidly deposited in the tissues, predominantly kidney
and bone, or excreted in the urine. In the bloodstream, uranium is
associated with red cells, and its clearance is relatively rapid (Taylor, 1997).
The fractional absorption of uranium compounds following oral exposure is
generally considered to be quite low and mostly dependent upon chemical
form and length of time since the last intake of food. Human drinking water
studies indicate that absorption of ingested uranium is 0.006 to 0.015
(mean fraction absorption). Wrenn et al (1985) reviewed the literature
regarding gastrointestinal absorption and concluded that fractional
absorption is most likely 0.01 to 0.02 and is reasonably independent of age
or the mass of uranium ingested. Leggett and Harrison (1995) reported that
average gastrointestinal uptake of uranium in adult humans appears to be
about 0.01 to 0.015. Differences with age in uranium uptake were not
noted; therefore, it would appear that fractional absorption is in the same
range for children. EPA has also indicated no differences in fractional
absorption of children aged one and older (Eckerman, et al, 1998). Based
on this information, ATSDR (1997), USEPA (1998) and Karpas et al (1998)

have reported that the reference fraction for gastrointestinal absorption of
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8.2

relatively soluble ingestion uranium should be less than 0.02. This
absorption factor has been utilized in the intake calculations for the

Cimarron site.

There is suggestive evidence in animals that certain uranium compounds in
pure form may be absorbed through intact skin; however, there is a paucity
of data with regard to potential absorption of uranium in water through skin
(ATSDR, 1997). Therefore, the default dermal absorption rate for
inorganics of 1 x 10® cm/hr has been utilized in Cimarron's risk evaluation
(EPA, 1992).

8.1.3 Chemical Toxicity Values

No chronic effects have been reported in humans following oral exposure to

uranium (ATSDR, 1997). Data available from populations occupationally

“exposed to high concentrations of uranium compounds through inhalation

and information studies in experimental animals indicate that the critical
organ for chronic .uranium toxicity is the proximal tubule of the kidney (EPA,
1997d). In humans, chemical injury reveals itself by increased catalase
excretion in urine and proteinuria. The lowest dose of uranyl nitrate that
caused body weight loss and moderate nephrotoxicity in rabbits was 2.8
mg/kg-day (EPA, 1997d). This value was modified by an uncertainty factor
of 1000.to provide the current Reference Dose (RfD) of 3E-03 mg/kg-day.
The RfD is an estimate of a chemical dose at which consumption over a
lifetime would not be likely to result in the occurrence of chronic, noncancer
effects (EPA, 1997d).

Chemical Exposure Evaluation

Groundwater represents the primary media of concern for the Cimarrron
site. Soils and deposited Option #2 materials at the site have previously

been determined not to present any potential threats to human health or
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the environment (NRC, 1994). Due to the nature of the site, exposures
associated with re-entrained particulate materials in air are unlikely to
occur. Reservoirs and the Cimarron River have been monitored for over a
decade and no exceedences of MCLs have been noted and therefore,

these surface waters do not constitute a potential exposure media.

8.2.1 Potential Exposure Scenarios for Groundwater

8.2.1.1 Vicinity Groundwater Use

The Garber-Wellington Aquifer is a primary water supply for Logan
County. In the County, municipal (to a limited "extent) and irrigation
waters are drawn from groundwater; however, domestic water usage from
wells in the vicinity of the site is minor due to the high naturally occurring
hardness. The area is served by a rural water district (Grant, 1989). In
general, groundwater in the alluvium is not used because of its salinity.
Area investigations have shown there are four (4) domestic water supply
wells screened in the Garber-Wellington Aquifer and located within a
three-mile radius of the Site, on the south side of the Cimarron River
(Grant, 1990). All of these wells are in an upgradient direction of the
Facility. The average depth of these wells is 116.5 feet. Evaluation of
these wells has demonstrated no impacts to off-site groundwater quality
from the Cimarron site. The downgradient receptor for groundwater from
the site is the Cimarron River. These data may also reflect these off-site
wells have been completed in a more permeable part of the Garber-
Wellington Aquifer which is located east of the site and runs north-south
across the State (Chase, 1997).

8.2.1.2 Current Use Exposure Scenario (Trespasser)

The site is under the control of Cimarron such that potential receptors are

limited to a trespasser or agricultural worker who may be exposed to
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“seeps” resulting from the discharge of shallow groundwater in the areas
of the bluffs at the site. The assumptions used in evaluating each of the
scenarios are conservative to ensure that the estimated risks are greater

than any actual exposure will likely be.

Other activities presently occurring within the Cimarron site are work
involved with the overall decommissioning of the site, periodic ground
maintenance (i.e., cutting the native grass), periodic environmental
assessment activities, and non-radiation related research involving
titanium dioxide pigment. Groundwater is not utilized by Cimarron
personnel for any purpose; therefore, it does not constitute an exposure

pathway for on-site workers.

There are significant portions of the site surroundings under agricultural
use, therefore, cultivation activities as required are performed by an
agricultural lease holder. Groundwater is not utilized at the site for
irrigation purposes in these unrestricted use areas; therefore, it does not

constitute an exposure pathway for agricultural workers.

The former processing area site is controlled with regards to the potential
for unauthorized persons being on site by the presence of a security
fence, and currently also by security guards. Potential receptors, such as
trespassers, are not likely to be drawn to this area for any type of
recreational activity due to the fencing and overall nature of the site. The
Cimarron River is not used for recreation activities in this vicinity. The only
potential exposure to impacted groundwater, therefore, is limited to a few
localized “seeps” along the bluffs. The limited volume of groundwater
discharging at these seeps and their location make it highly unlikely that

water could be consumed as a drinking water supply = by agricultural
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workers or trespassers. |f a trespasser should happen upon the site, the

exposure to groundwater would be highly unlikely.

It is possible, although not highly probable, that a trespasser could have
limited dermal contact with water from the “seeps”, using it to wash dirt
from hands and forearms. Therefore, as a worst case scenario, a
situation which assumes contact with the water from the “seeps” on the
hands and forearms of an adult trespasser was determined to be the most
likely completed exposure scenario for evaluation. This scenario was also
used in the non-radiological constituent risk assessment performed for the
Oklahoma DEQ. The potentially complete pathway for current exposure

considered for evaluation is:

e dermal contact with shallow groundwater.

8.2.1.3 Future Use Exposure Scenario (Groundwater Consumer)

Due to the nature of the groundwater underlying the Cimarron Site and
the availability of surface and supplied water systems, the development
of the groundwater resources for drinking, irrigation and livestock watering
purposes is unlikely to occur. Studies (Grant, 1996; Chase, 1997) have
revealed that, in general, the shallow aquifer would not yield the long-term
sustainable pumping rate for groundwater at the site greater than
approximately one to two gallons per minute. Further, groundwater near
the site is hard to very hard, and naturally high in dissolved solids,
chloride, and nitrates which further limit its usage. Most importantly and
as described above, the ready access to other higher quality water
supplies and the generally less-than-acceptable quality and quantity of the
groundwater underlying the site, make the use of groundwater unlikely to
occur, even if there are no controls on use of the Site. Moreover,

governmental institutions and their associated support infrastructure will
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remain in place, further limiting the possibility of any use of such a limited

water source by a future resident.

Although the groundwater at the site would not typically be utilized for a
drinking water supply because of its poor quality and marginal yield, the
risk evaluation conservatively assumes that the waters could be utilized
on an individual basis for domestic consumption. Therefore, a future
exposure scenario which assumes consumption of groundwater and
dermal exposure associated with domestic use was evaluated. Direct
ingestion of groundwater is anticipated to represent the majority of the
exposure potential due to the poor dermal absorption of uranium (see
Section 8.1.2). The potentially completed pathways considered for

evaluation for this scenario are:

» ingestion of water,

o dermal contact with water.

8.2.1.4 Exposure Point Concentrations for Groundwater

Table 8.1 summarizes the shallow groundwater data for the site for 1997
and first quarter 1998. The 95 upper confidence limit (95th UCL) of the
arithmetic mean was calculated for the shallow groundwater system and
the water surfacing at the “seeps” as shown in Table 8.1. Collectively,
these concentrations are considered the exposure point concentrations
used to evaluate the potential risk associated with the site. The use of
95UCL values to evaluate chemical toxicity is standard practice for
chemical risk assessment in order to estimate reasonable maximum
exposure levels. This is in contrast to the standard use of average
concentrations when evaluating radiogenic risk as in Section 7.0. Both
the shallow groundwater system data and the “seeps” data were utilized

to evaluate the current trespasser scenario. The maximum concentration
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in the shallow groundwater was utilized for the future-use groundwater

consumer scenario.

8.2.2 Calculated Potential Daily Intake Values for Uranium

Chemical intake estimates are based on EPA methodology (EPA, 1989).
All exposure equations used to calculate dose and intake from the
ingestion of chemicals in soil and from dermal contact are presented in
Table 8.2.

8.2.2.1 Current Use Exposure Scenario

The trespasser scenario assumed that a trespasser will have contact with
the water from the “seep” for 1.5 hours per trespass event; this value is
the EPA default value for adult time spent out of doors. It was assumed
that 12 trespass events occurred per year. This value is consistent with
the EPA default value for frequency of recreational water contact of 1
event per month (i.e., 12 per year). Since such contact is unlikely to occur
over the colder months, this estimate is extremely conservative. The
surface area of the hands and forearms of the adult trespasser was
assumed to be 1,980 cm? which is the mean surface area as reported by
EPA (EPA, 1997).

8.2.2.2 Future Use Exposure Scenario

The analysis of the future groundwater consumer scenario for domestic
consumption of groundwater assumes that these waters serve as the sole
source of drinking water for'a user. It will be assumed that the water user
will potentially consume water (2 L/day) and have dermal contact (full-
body) with water from the shallow groundwater system 365 days/year for
a 30 year period. Chemical intake estimates utilized were drawn from
NRC and USEPA default exposure parameters (Kennedy, 1992; EPA,
1989; EPA, 1991; EPA, 1992a; EPA 1997a). The exposure factors

8-0 Groundwater Evaluation Report



utilized in the risk evaluation and their source are summarized in
Table 8.3.

8.2.3 Human Health Risk Characterization

8.2.3.1 Chemical Noncarcinogenic Dose-Response

Compounds with known or potential noncarcinogenic effects are assumed
to have a dose below which no adverse effect occurs or, conversely, above
which an adverse effect may be seen. This dose is the threshold dose.
The threshold dose is called a No Observed Adverse Effect Level (NOAEL).
The lowest dose at which an adverse effect occurs is called a Lowest
Observed Adverse Effect Level (LOAEL). By applying uncertainty factors to
the NOAEL or the LOAEL, RiDs for chronic exposures to chemicals with
noncarcinogenic effects have been developed by EPA. The uncertainty
factors account for uncertainties associated with the dose-response
relationship such as the effects of using an animal study to derive a human
dose-response value, extrapolating from high to low doses, and evaluating
sensitive subpopulations. The source of the published dose-response value
used in this evaluation was EPA's Integrated Risk Information System
(IRIS) (EPA, 1997a).

For chemicals with noncarcinogenic effects, an RfD provides reasonable
certainty that no noncarcinogenic health effects are expected to occur even
if daily exposures were to occur at the RfD level for a lifetime. The RfD and
exposure doses are expressed in units of milligrams of chemical per
kilogram body weight per day (mg/kg-day). 4The oral RfD for uranium is
3.0E-03 mg/kg-day, as discussed in Section 8.1.3.
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8.2.3.2 Human Health Risk Characterization

Risk characterization combines toxicity and exposure information to arrive
at qualitative and quantitative evaluation of any potential human health
hazards. The potential noncarcinogenic risk to each potential human
receptor from ingestion of contaminants in groundwater was quantitatively

evaluated.

For the chemical assessment, risk is defined as the estimate of exceeding
toxic effect thresholds for noncarcinogens. A probabilistic approach is not
used to estimate the potential for noncarcinogenic health effects. Instead,
the potential for noncarcinogenic effects is evaluated by comparing the
average daily exposure (intake) over a specified time period (exposure
duration) with a RfD derived for similar exposure periods for each
chemical. This ratio of exposure is called a hazard quotient (HQ)

calculated as:

intake (mg |/ kg — day)
RfD (mg [/ kg — day)

HQ =

HQ's may be summed to obtain a hazard index (HI) for each chemical and
specific pathway. An HQ or Hl greater than one has been defined as the
level of concern for potential adverse noncarcinogenic health effects
(EPA, 1989).

8.2.3.3 Risk Estimates for the Cimarron Facility

The noncarcinogenic risk estimates calculated are presented in
Tables 8.4 through 8.9. The results are discussed in the following

subsections.
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On-Site Current Use Trespasser

The noncarcinogenic HQ/HI for dermal contact with shallow groundwater
at the 95th UCL concentration of 1.07E-04 for the trespasser scenario is
considerably less than the target level of 1.0 (Table 8.4). The dermal
contact HQ/H! of 3.53E-05 for waters at the seeps where exposure is
more likely to occur is also well below the target level of 1.0 (Table 8.5). If
average concentrations had been utilized, the calculated HQ/HI would
have been considerably lower. Therefore, the uranium compounds in

groundwater at the site do not pose a hazard to a trespasser.

On-site Future Use Groundwater Consumer

The total noncarcinogenic HQ/HI associated with uranium for an on-site
groundwater consumer was evaluated at both the 95th UCL concentration
for the site and the maximum concentration at Well 1315 (3.1 mg/L)
[3,044 pCi/l] which is located at Burial Area #1. The total
noncarcinogenic HQ associated with dermal contact with uranium at the
maximum concentration was an order of magnitude below the target level
of 1.0.(Table 8.6). For ingestion, when fractional absorption of 2 percent
is utilized, the HQ for ingestion of groundwater at the maximum
concentration by a resident farmer is 5.90E-01 which is less than the
target level of 1.0 (Table 8-7). The total HI (7.34E-01) for uranium
considering both the dermal and ingestion pathways for the groundwater
consumer exposed at the site maximum concentration is below the target
level of 1.0. If the average concentration had been utilized as the basis of
the risk calculation, the calculated HQ/H! would have been even lower.
As can be noted from these data, direct ingestion of groundwater

constitutes the major component of exposures and the HQ.

The 95th UCL concentrations were also evaluated (Tables 8.8 and 8.9).

As with the maximum concentrations, the dermal contact and ingestion
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when gastrointestinal absorption of 2 percent is utilized, the total HI of
5.44E-02 is well below the target level of 1.0. The evaluation
demonstrates that it is unlikely that adverse health effects would occur if a
groundwater consumer utilized groundwater at the Cimarron site at the
highest impacted well for domestic purposes. Again, it can be noted that
direct ingestion of groundwater contributes the majority of the HQ.
Further, if the average concentration had been utilized as the basis of the
risk calculation, the calculated HQ/HI would have been even lower. Use
of groundwater at any other location on-site would result in exposure
levels which would be significantly less than that evaluated at the highest

concentration well.

8.2.4 Uncertainties In The Chemical Toxicity Evaluation

The risks calculated in this assessment are single point estimates of risk
rather than probabilistic estimates. Therefore, it is important to discuss
uncertainties inherent in the risk assessment in order to place the risk
estimates in proper perspective. Uncertainties can be associated with
sampling data adequacy, exposure assessment variables, and toxicity

values.

Uncertainty is inherent in selection of data to represent the exposure point
concentrations for the Site. Considerable data on uranium concentrations in
groundwater, which had been collected since 1985, was available for use in
the evaluation. The data collection program at the Cimarron Site has been
comprehensive and hence, the uncertainty associated with the identification

of exposure point concentrations for analysis is low.

Selection of the future use exposure scenario at the Facility may result in an
overestimation of potential risk. Due to the water quality and the availability

of rural water, it is unlikely that site groundwater would be utilized for

8-13 Groundwater Evaluation Report



8.3

domestic consumption. The conservative nature of the scenario selected for
analysis ensures that the potential risks are not underestimated, and are, in

fact, likely to be greatly overstated.

The variables used for the exposure assessment were extremely
conservative and would lead to an overestimation of risk. The exposure
intake assumptions were those determined by the NRC and/or the EPA.
The conservative nature of the assessment results in an overestimation of

potential risk.

There is a great deal of inherent uncertainty in the toxicity values used for
assessing potential risk to humans. Sources of uncertainty for calculating
toxicity factors include extrapolation from short-term to long-term exposures,
the amount of data supporting the toxicity factors and extrapolation from
animal experiments. To the extent that humans differ from animals, the
Facility-specific risk estimates based on these animal toxicity data may not

reflect actual risk to humans.

In general, the assumptions built into this assessment are based on best
practice and tend to overestimate rather than underestimate potential risks,
including conservative assumptions for exposure point concentrations and

exposure scenarios.
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TABLE 8.1
1997 AND FIRST QUARTER 1998 CHEMICAL CONSTITUENT DATA SUMMARY AND BENCHMARK COMPARISON FOR
CIMARRON RIVER, SEEPS, AND SHALLOW GROUNDWATER SYSTEMS

CIMARRON CORPORATION
Benchmark Values
Above/Below viaxsmum
Frequency Background | Contaminant | Above/Below
Contaminant Range of Detection Mean 95th UCL Background Values Level MCL

Shallow Groundwater Upgradient

Total Uranium (mg/L) 0.0007 - 0.003 313 0.002 0.003 NA NA 0.02 Below

Total Uranium (pCilt) 1.3-5.0 3/3 2.77 5.0 NA NA 30 Below
Shallow Groundwater Downgradient

Total Uranium {mg/L) 0.0005 - 3.1 67/67 0.12 0.23  |0.0007-0.003 ?{  Above 0.02 Above

Total Uranium (pCiiL) |  1.2.3,044 67/67 161.4 278.7 13-50 @  Above 30 Above
Water at Seeps

Total Uranium (mg/L) 0.007 - 0.114 9/9 0.05 0.076 [0.0007-0.003 @|  Above 0.02 Above

Total Uranium (pCilL) | 12.4-189.1 9/9 93.0 136.9 13-50 @  Above 30 Above

") As determined by modified HASL300 analytical method

@ Background values based on 1997 Shallow Groundwater Upgradient Well Data.
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TABLE 8.2
PATHWAY-SPECIFIC FORMULAS USED FOR CHEMICAL EXPOSURE CALCULATIONS

Dermal Contact with Contaminants in Water

Cy xSA x PC x EF x ED x ET x CF

Intake (mg | kg | day) BW % AT
where:

C. =Chemical concentration in water (mg/Lg)

CF =Conversion factor for chemical fraction of water
(1 L/1000cm?)

EF =Exposure frequency (days/year)

ED =Exposure duration (years)

BW  =Body weight (kg)

AT =Averaging time for pathway-specific exposure
period

ET =Exposure time (hours/day)

SA =Skin surface area available for contact (cm?)

PC =Chemical-specific dermal permeability constant (cm/hr)

Drinking Water Ingestion
Cy XCF x IR x ABS x EF x ED x FI

Intake (mg | kg | day) = B v AT
where: C,, =Chemical concentration in drinking water (2 g/L)
CF =Conversion factor (10 mg/7g)
Fi =Fraction Ingested from contaminated source
IR =Ingestion rate (1/day)

ABS  =Fractional Absorption (unitless)
EF =Exposure frequency (days/year)

ED =Exposure duration (years)

BW  =Body weight (kg)

AT =Averaging time for pathway-specific exposure period
(days)
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TABLE 8.3

SUMMARY OF EXPOSURE FACTORS

inorganics {cm/hr)

Exposure Factor . Value Source
Body Weight {BW} (kg) adult : 70 NRC
Averaging time (AT) (days) noncarcinogens: exposure duration EPA

x 365

Drinking water ingestion adult: 2 NUREG-
{IRyare) adult (L/day) 5512
Exposure frequency (EF) residential: 365 NRC
(days/year) trespasser: 12 EPA
Exposure time (ET) residential 0.5 EPA
{hours/event) trespasser 1.5
Exposure duration (ED) residential - adult: 30 NRC
residential (years) trespasser: 8 EPA
Gastrointestinal Absorption adult 0.02 ATSDR
{ABS]) (unitless)
Skin surface area - adult {SA) | hands/forearms: 1,980 EPA
{em?) full body: 19,400
Dermal absorption rate - 1x 103 EPA
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TABLE 8.4, SUMMMARY OF INTAKE AND RISK ASSOCIATED WITH DERMAL CONTACT WITH SHALLOW GROUNDWATER
TRESPASSER SCENARIO, CIMARRON CORPORATION

95th UcL Surface | Permeability Exposure Exposure Body Average Daily| RID
Chemical Concentration Area Constant %ﬁ’::::; Frequency { Duration Weight T’::g:g;"g) Intake (mg/ka| (mgfkg- q’:ja:l:;:gt
(mg/L) (sq cm) (cmvhr) (dayslyear) (years) (ka) 4 day) day)
Uranium 0.23 “ 1980 1.00E-03 1.5 12 8 70 2920 321E-07 | 3.00E-03| 1.07E-04
™ 278,7 pCiL
TABLE 8.5. SUMMARY OF INTAKE AND RISK ASSOCIATED WITH DERMAL CONTACT WITH WATER AT THE SEEPS
TRESPASSER SCENARIO, CIMARRON CORPORATION
95th UCL Surface | Permeability | Exposure | Exposure Exposure Body Averadin Average Daily| RfD Hazard
Chemical Concentration Area Constant Time | Frequency | Duration | Welght | (3ayg) Intake (mgfkg-| (mafkg- | o ceont
(mgL) {sq cm) (cmv/hr) (hours) | (dayslyear) (years) (kg) day) day)
Uranium 0.076 Wi 1980 1.00E-03 1.5 12 B 70 2920 1.06E-07 | 3.00E-03] 3.53E-05
™ 136.9 pCill
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TABLE 8.6. SUMMARY OF INTAKE AND RISK ASSOCIATED WITH DERMAL CONTACT WITH SHALLOW GROUNDWATER
GROUNDWATER CONSUMER SCENARIO AT 1997/FIRST QUARTER 1998 MAXIMUM CONCENTRATION, CIMARRON CORPORATION

Maximum

Surface

Permeability

Exposure

Exposure

Average Daily

Chemical Concenfration Area Constant 5;:: :s(uhr:; Frequency | Duration We!B:(!’y(k ) T'An\::ra(giangs) Intake (mg ;;D day) ql{;;:;;:t
(mgnt) (saem) | (emihr) (days) [ (yearsy |0 @ VS (motkg-day) y
Uranium 3.1 19400 1.00E-03 0.5 365 30 70 10950 4.30E-04 3.00E-03 1.43E-01
Maximum Concentration: Well 1318, 3/97, 3,044 pCiAL
TABLE 8,7. SUMMARY OF INTAKE AND RISK ASSOCIATED WITH INGESTION OF SHALLOW GROUNDWATER
GROUNDWATER CONSUMER SCENARIO AT 1997/FIRST QUARTER 1998 MAXIMUM CONCENTRATION, CIMARRON CORPORATION
Maximum Ingestion Exposure Fractlonal | Exposure Average
Chemical Concentration Rate Frequency | Absorption | Duration Body':N elght 1{,‘ v‘:?gznz) Dally Intake RMD da(n)lglkg- (;{:;7;:(
(mgn.) (Uday) (days) (unitless) | (years) (ka) me (days) (mafkg-day) y
Uranlum 3.1 2 365 0.02 30 70 10950 1.77E-03 3.00E-03 5.90E-01
Maximum Concentration: Well 1315, 3/97, 3,044 pCiL.
TOTAL HAZARD INDEX FOR GROUNDWATER CONSUMER SCENARIO: 7.34E-01
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TABLE 8.8. SUMMARY OF INTAKE AND RISK ASSOCIATED WITH DERMAL CONTACT WITH SHALLOW GROUNDWATER
GROUNDWATER CONSUMER SCENARIO AT 95th UCL. CONCENTRATION, CIMARRON CORPORATION

95th UCL

Surface

Permeabillity

Exposure

Exposure

Body

Average Dally

" Hazard
Chemlcal Concentratlon |Area (sq| Constant T!'Er:zosu(;]er) Frequency | Duration Welght T?;Zr?g;;z) Intake  (mgl/kg- (mg I?(;?day) Q::t?:nt
(mglL) cm) (cmthr) (days) (years) (kg) day)
Uranium 0.23 e 19,400 1.00E-03 0.5 365 30 70 10950 3.187E-05 3.00E-03 1.06E-02
278.7 pCill.
TABLE 8.9. SUMMARY OF INTAKE AND RISK ASSOCAITED WITH INGESTION OF SHALLOW GROUNDWATER
GROUNDWATER CONSUMER SCENARIO AT 95th UCL CONCENTRATION, CIMARRON CORPORATION
95th UCL Ingestion Fractlonal Exposure | Exposure Averaging | Average d
Chemical Concentration Rate Absorption | Frequency | Duration BOd{':N )e Ight Time Dally Intake mg Iig?day) : ua::;;nt
(mgiL) (L/day) (unitless) (days) (years) g (days) |(mglkg-day)
Uranium 0.23 ) 2 0.02 365 30 70 10950 1.31E-04 3.00E-03 4,38E-02
) 278.7 pCiL
TOTAL HAZARD INDEX FOR GROUNDWATER CONSUMER SCENARIO: 5.44E-02
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9.0

9.1

JUSTIFICATION FOR SITE UNRESTRICTED RELEASE
LICENSE TERMINATION

Discussion Of The NRC December, 1997 Proposed Values

Cimarron requested NRC review the Commission Action Plan for
Decommissioning and other potentially applicable drinking water
standards and interpret their potential application at the Cimarron site as
unrestricted use release criteria. The NRC conducted the review and
proposed reference standards which Cimarron should consider for the
protection of groundwater resources at the site in December, 1997 (NRC,
1997). In their letter, the NRC referenced the “Interim Primary Drinking
Regulations” in 40 CFR Part 141 as possibly applicable standards and
also stated that other groundwater criteria could be proposed by

Cimarron.

For Tc-99 and other beta emitters, the cited reference standard (NRC,
1997) was based on the total average annual concentration of beta
particle and photon radioactivity from man-made radionuclides which
would result in an annual whole body dose of less than or equal to 4
mrem/year (based on consumption of 2 L/day of water) (EPA, 1976).

The NRC's referenced limit (NRC, 1997) for uranium was 30 pCi/L or 0.02
mg/L (20 pg/L) as provided in the proposed 1991 EPA Maximum
Contaminant Level (EPA, 1991). This proposed level was based on
chemical toxicity, not radiation effects. In developing this limit, EPA
assumed a fractional absorption equal to 1.0 and therefore, multiplied the
RfD of 3E-03 mg/kg-day (See Section 8.1.3) by 70 kg and divided by 2
liter per day water intake to derive a drinking water exposure limit and

then applied a 20 percent relative source contribution factor to arrive at
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9.2

0.02 mg/L MCL value. In proposing the standard, EPA indicated that the
MCL was based on kidney toxicity rather than the carcinogenic potential
associated with the radiogenicity of uranium. In general, EPA and ATSDR
have characterized the carcinogenic potential of uranium as low (EPA,
1991; ATSDR, 1997).

The NRC also indicated that the reference standard for Radium-226 was
20 pCi/L and for adjusted gross alpha of other alpha emitting
radionuclides (excluding uranium and Radium-226), the standard was 15
pCilL.

Discussion Of Overlapping Requirements With Oklahoma
Department Of Environmental Quality (DEQ) For Chemical

Constituents

The DEQ, the successor agency to the Oklahoma Department of Health,
has asserted jurisdiction over the chemical constituents: nitrate, fluoride
and uranium (chemical toxicity only) in groundwater at the Cimarron site.
As a part of the review of the site, the DEQ requested that Cimarron
prepare a risk assessment for groundwater which addressed the three
chemical contaminants since some site data exceeded the Oklahoma
Drinking Water Standards (which are equivalent to the EPA Maximum
Contaminant Levels) for fluoride, nitrate, and uranium of 4 mg/L, 10 mé/L,
and 0.02 mg/L (30 pCi/L), respectively.

A work plan (RSA, 1997) was prepared and approved by DEQ (DEQ,
1997) which outlined the exposure scenarios to be addressed in the
assessment. As a part of the review of the work plan, the DEQ concurred
with Cimarron’s assertion that because of the naturally occurring
dissolved solids, chloride and nitrate content, the low long-term

sustainable pumping rates, and the availability of high quality alternative
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water sources, groundwater consumption by a domestic user was unlikely
to occur in the future. Therefore, a resident farmer scenario was excluded
from the assessment sent to DEP for assessment of current and/or future

groundwater use at the site.

A trespasser scenario equivalent to the trespasser scenario evaluated in
Section 8.2 was utilized for the assessment prepared for DEQ. The
Hazard Index for noncancer risks calculated for fluoride, nitrate, and
uranium were several orders of magnitude below the acceptable value of
one. It was concluded that the groundwater at the site did not pose a risk

to human health or the environment for these constituents.

Cimarron anticipates that DEQ will not require any corrective actions at
the site in light of the absence of any meaningful likelihood of the use of
the affected water. Rafher, DEQ will require continued monitoring of the
groundwater in localized areas for some period of time, as well as on-
going oversight of the property by Cimarron. As a part of the risk
assessment Cimarron has proposed “re-opening criteria” to the DEQ. The
“re-opening” criteria represent risk-based concentrations which will be
utilized to assess any need for continued monitoring of groundwater and
oversight by Cimarron.

Cimarron proposed use of a background concentration of nitrate for the
“re-opening criterion”.  The State concurred. The background
concentration approach was proposed because upgradient groundwater
and unaffected wells on site contain nitrate levels which exceed the
drinking water standard, primarily related to the use of nitrogen-based
fertilizers in the agricultural activities on-going on and surrounding the site.
Based on data from the last time a monitoring well was sampled, eighteen

(18) of the 27 downgradient shallow groundwater wells and “seeps” were
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found to have nitrate concentrations below 40 mg/L, the current
background concentration arising from agricultural activities on and
around the site. Areas which have nitrate levels above background and
are affected by past facility operations are the two “seeps”, Uranium
Waste Pond #1 and Uranium Waste Pond #2.

For fluoride, the Maximum Contaminant Level of 4 mg/L was proposed for
use as the “re-opening criteria”. Evaluation of the groundwater data from
the last time a monitoring well was sampled, revealed that 21 6f the 27
downgradient shallow wells and seeps have fluoride concentrations below
the Maximum Contaminant Level of 4 mg/L. Elevated fluoride
concentrations occur in the area of Waste Pond No. #1 and Waste Pond
No. #2. In those areas, the highest fluoride concentration occurring during
1997 and first quarter 1998 was 88 mg/L. When only dermal exposure is
considered (the most likely exposure scenario), the fluoride

concentrations in the shallow groundwater are not a concern.

A risk-based “re-opening criterion” was proposed for uranium (chemical
toxicity). The risk-based criterion was based on the unlikely scenario that
a resident farmer would consume site groundwater as the sole source of
water for domestic uses. Consumption by ingestion was the only
exposure route considered, since it had been demonstrated that dermal
exposure contributed only minimal exposure. Because of the nature of
uranium and it's poor to non-existent percutaneous absorption, DEQ did
not require potential dermal absorption be included in the calculation of
the risk-based “re-opening” criterion. The proposed risk-based “re-
opening criteria” for uranium is 0.11 mg/L based solely on ingestion of
groundwater and on an assumed fractional absorption of 1.0. Table 9.1
presents the calculation of the chemical risk-based criterion. For uranium,

ali but two of the 27 downgradient shaliow wells and “seeps” have
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9.3

9.3.1

uranium concentrations below the 0.11 mg/L “re-opening criterion”; in fact
20 of the 27 downgradient wells and “seeps” have uranium concentrations
on the last sampling below the Maximum Contaminant Level of 0.02 mg/L
(30 pCi/L). When the actual fractional absorption for uranium of 0.02 is
utilized, the risk-based criteria is 5.5 mg/L; all of the wells and seeps meet

this criteria.

These chemical data and the risk assessment is provided in the document
entitted Risk Assessment for Groundwater, Cimarron Corporation, .
Crescent, Oklahoma submitted to the DEQ on June 2, 1998.

Proposed Unrestricted Use Radionuclide Release Criteria

Cimarron is proposing the following criteria for radiological constituents in
groundwater to be utilized by the NRC in evaluating the site groundwater
regime for unrestricted release. In some cases, the concentrations are
different from those proposed as standards by the NRC in December,
1997 (NRC, 1997). The different standard for uranium is justified based on
the scientific underpinnings of the limit, site hydrogeology, current and
future land uses, the existence of a strong governmental infrastructure,
and Cimarron’s continued control and use of the facilities for non-
radiological research and development activities associated by Kerr-

McGee's Chemical Division.

Criteria for Technetium

Cimarron agrees with the use of a dose-based criteria for Technetium
based on an annual dose equivalent to the total body of 4 mrem/year. As
discussed in Section 7.0, the dose equivalent calculated for groundwater
at the Cimarron site, based on 1997 sampling results, are all below the 4
mrem/year criteria. Therefore, the site has met the criteria for unrestricted

release for this species.
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9.3.2 Criteria for Uranium

Cimarron proposes use of a risk-based criterion for uranium of 0.11 mg/L
(180 pCI/L) total uranium, which corresponds to a theoretical annual dose
of approximately 25 mrem/year calculated utilizing the method discussed
in Section 7.1. The calculation of the risk-based criterion is presented in
Table 9.1 and assumes only the direct ingestion of groundwater. It
assumes that an adult resident would consume 2 L of water per day,
every day for a period of 30 years, and absorbs 100 percent (fractional
absorption of 1) of the uranium in the water. A fractional absorption of
1.0, which is considerably above the measured fractional absorption of
uranium of 0.2, was utilized in order to allow for significant conservatism
in the calculation of the criterion. Because uranium is poorly absorbed
through skin, potential dermal absorption does not represent a major
contributor to the risk and thus, was not included in the calculation of the

risk-based criterion.

As discussed in Section 9.1, the reference standard for uranium
suggested by the NRC, the current EPA-proposed MCL for uranium,
allows for water consumption to contribute only 20 percent of the total
exposure. Consistent with previous determinations at the site as
discussed in Section 6, Cimarron has attributed 100 percent of potential
exposure to ingestion of groundwater, since other potential exposure
routes are insignificant. The attribution of 100 percent of the potential
exposure to direct ingestion of water accounts for the differences in the
risk-based criterion proposed by Cimarron and the reference standard
proposed by the NRC.

As was noted in the discussion in Section 8.1.2, the gastrointestinal
fractional absorption of soluble uranium salts is generally less than 0.02

which is considerably below the assumed fractional absorption rate of 1
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for the criterion concentration. If the actual fractional absorption rate of
0.02 is utilized, the risk-based criterion would be 5 mg/L (calculated by
dividing the criteria calculated in Table 9.1 by the fractional absorption of
0.02). Therefore, the risk-based 0.11 mg/L criterion selected for use is still

extremely conservative.

It should be noted that it in light of the conservative nature of the
assumptions that were applied in the development of the criterion, the true
potential likelihood of developing an adverse effect associated with the
consumption of groundwater which is at or below the criterion level is
extremely low and may be zero. Further, because of the difference in

chemical risk and radiogenic dose, the two doses or risks are not additive.

The concentration of 0.11 mg/L for uranium is consistent with the “re-
opening criterion” or no. further action proposed to the DEQ and with
preliminary media goals set forth by EPA Regions 3, 6 and 9 (EPA, 1997,
1996b, 1996a) for use in evaluating contaminated sites. Further, this
concentration is generally consistent with a revised MCL (0.05 to 0.07
mg/L) under consideration by EPA for promulgation in 2000 (Kirk, 1998) in
which EPA has determined that the fractional absorption and source
contribution factor need to be adjusted from the originally proposed MCL.
Of course, the MCL proposed by the EPA in 1991 has never been

promulgated as a final regulation and thus has no binding legal effect.

Further, as shown by Section 7.1 and Table 7.2, the risk-based criteria for
uranium of 0.11 mg/L (180 pCi/L) corresponds to a theoretical annual
dose of approximately 25 mrem/year. The limit thus is also consistent with
generally accepted radiation dose-based criteria, that is, annual radiation
doses at or below 25 mrem/year are generally considered acceptable. As

discussed in Section 8.1.1, due to the low specific activity of uranium in
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groundwater it is unlikely that radiation doses of this magnitude would

even occur.

Reviewing the data from the last sampling event of each of the 27 shallow
downgradient monitoring wells and “seeps” at the Cimarron site, all but
two locations (MW-1315 and SW-1206) are below the proposed risk-
based criteria. All of the monitoring wells and “seeps” would be far below

the less conservative 5 mg/L risk-based concentration for uranium.
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TABLE 9.1 CHEMICAL RISK-BASED UNRESTRICTED USE RELEASE CRITERIA

CIMARRON CORPORATION
Ingestion | Fractional Exposure | Exposure Body Weight Averaging RID Chemical Risk-based
Chemical Targlt:‘tdl::zard Rate (IR) | Absorption | Frequency | Duration ((’B\XI,V) (i:) Time (AT) (mglkg-day) Criteria (mg/L)
(L/day) (unitless) | (EF) (days) | (ED) (years) (days)
Uranium 1 2 1 365 30 70 10950 3.00E-03 1.1E-01 @

Chemical Risk-based Criteria (mg/L) = (THI x BW x AT) / EF x ED x (1/RfD) x (IR x FA)

where:
THI=
BW =
AT =
EF =
ED=
RID =
IR=
FA=

Target Hazard Index

Body Weight

Averaging Time = ED x 365 days/year
Exposure Frequency

Exposure Duration

Oral Reference Dose

Ingestion Rate

Fractional Absorption

See Table 8.3 for source of default values.
® 1.1E-01 mg/L is equivalent to 182.5 pCilL.
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10.0 CONCLUSION

As demonstrated in this report, Cimarron believes that all of the conditions and
criteria for approval of the Cimarron Decommissioning Plan, including a
derivation of appropriate groundwater criteria and a program to address any
remaining groundwater impacts above the criteria, have been met. Also within
this report, Cimarron has addressed each of the NRC staff comments regarding
groundwater as described in NRC letters dated November 18, 1997 and
December 18, 1997, as well as NRC staff comments provided in the NRC letter
dated February 26, 1998 regarding the February 17, 1998 meeting with NRC
staff in Washington, D.C.

As discussed in this report, there are effective confining mudstone strata
between each of the groundwater zones of Sandstones A, B, and C found on-
site. These mudstones influence the lateral flow of groundwater and act to limit
the potential downward migration of shallow groundwater between the three
sandstone units. Shallow groundwater in the A and B sandstone units generally
discharges to‘ the incised drainage pathways and seeps found in the low-lying
bluffs and cliffs that border the floodplain of the Cimarron River. Deeper
groundwater in both Sandstones B and C discharges to the alluvial deposits that
underlie and comprise the Cimarron River bottom and the adjoining floodplain.
Also, as discussed in this report, deeper groundwater is of poor quality and has

not been impacted by prior site operations.

As documented in this report and in previous submittals to the NRC, the
background quality and quantity of groundwater at the Cimarron site varies
significantly, but is generally poor to marginal. The bluffs overlooking the
Cimarron River represent a very large discharge zone that continually drains the
upper sandstones and, in fact, the upper sandstones are not saturated in those
site areas near the bluffs. Any recovery wells located in these areas, which
include the areas impacted by prior site operations (e.g. Waste Ponds #1 and
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#2), would experience a further decline in water level because they would be
pumping from an already partially de-watered zone. Under these conditions,
Cimarron believes it is highly unlikely that an individual would incur the cost to
drill wells and install treatment systems (to reduce hardness) for that
groundwater when alternate sources of better quality water with higher volumes
are readily available. Alternate sources of water include the rural water system
that presently supplies water to the site and the surrounding vicinity, and the
large on-site reservoirs. The on-site reservoirs were constructed and used as
sources of process and drinking water during early facility operations in lieu of
groundwater that did not provide an adequate supply or quality. The rural water

district was not available until after operations at the facility ceased.

The historical and more recent groundwater and surface water investigations
clearly show that groundwater radionuclide impacts have abated and continue
their decreasing trends from those levels presented in the 1989 Grant report.
With additional sources removed in these areas and the site in the final phase of

decommissioning, these recorded decreasing trends will continue.

As discussed in Sections 7.0, 8.0 and 9.0, Cimarron proposes the use of a
uranium criterion for groundwater, based upon consideration of chemical toxicity
and radiological impacts, to account for the limited possibility that the
groundwater may be used in the future. The proposed uranium criterion
corresponds to 0.11 mg/L for total uranium, or approximately 25 mrem/year
TEDE to the hypothetical individual drinking the water. This report demonstrates
that all areas of the Cimarron site meet the criterion for Tc-99 as proposed by
NRC (i.e., 4 mrem/y TEDE). These proposed criteria serve to ensure that any
risk of chemical toxicity or radiological impact to members of the public will be

avoided.

The results of analyses undertaken in this report clearly show that, using
conservative methods, only the shallow groundwater (Cimarron River alluvium) in
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close proximity to former Burial Area #1 at the Cimarron site exceeds the
proposed uranium criterion. Former Burial Area #1 is within the Cimarron River
flood plain and is prone to inundation on a regular basis, thereby minimizing the

likelihood of a downgradient residence or well.

In order to address the fact that groundwater in the vicinity of former Burial Area
#1 does not meet the proposed criterion, Cimarron is moving forward with a
further evaluation of former Burial Area #1 utilizing the protocols described

below:

A. Cimarron will continue to monitor Former Burial Area #1 groundwater
on a quarterly basis. Even though Cimarron believes that groundwater
concentrations will continue to decrease, it will conduct additional
studies for the purpose of understanding the attenuation mechanisms.
These studies will include additional hydrogeologic evaluations of the

general area.

B. Former Burial Area #1 is being surveyed and mapped using both
conductivity and magnetometer non-intrusive subsurface investigation
techniques. In an effort to assure that no other solid wastes remain:

1. Any areas that are suspect due to the above studies will be

investigated.

2. Any discovered waste (e.g., drums, scrap, eic.) will be removed,
properly packaged and shipped to an appropriate disposal site.

3. Any suspect localized area soils that are revealed as a result of
waste removal activities will be evaluated utilizing the NRC's

Branch Technical Position and volumetric averaging guidance.
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These activities will serve to assure that any identifiable source of
lingering groundwater contamination is identified and removed.

C. Cimarron, through its parent Kerr-McGee Corporation, will retain and
control the property areas formerly licensed under SNM-928 until the
proposed groundwater criteria are met. In the unlikely event that the
uranium concentrations do not decline sufficiently during the

monitoring period, Cimarron will prepare a corrective action program.

The main plant site area will continue to be used by the Chemical Division,
KMCLLC., for pilot plant studies related to titanium dioxide pigment activities.
These research activities do not require the use or application of radioactive
materials. With the submission of this report, Cimarron believes that it is now
appropriate to approve the Cimarron Decommissioning Plan.
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TABLE A-1
CIMARRON FACILITY - ENVIRONMENTAL SURFACE WATER

'\‘.#1201 - CIMARRON RIVER GROSS | GROSS 238 234 235
\.__..f UP-STREAM ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCilL pCilL ma/L ma/l ma/L pCi/L | pCi/lL | pCi/L
6/85 <10 <20 <0.2 <5 0.005
6/86 <10 21 0.3 4 0.004
6/87 <10 <20 0.4 <1 0.01
6/88 ) 11 <20 <1 <1 0.018
6/89 <10 <20 0.12 0.67 0.006
6/90 10 <20 <0.5 1.4 0.005 3.61 4.21] 0.033
6/91 <10 <20 0.4 0.65
6/92 <10 <20 <0.4 0.8 0.006
6/93 <10 <20 <0.2 0.5 0.008
6/94 <10 <20 3.8 0.1] <0.005
6/95 3.2 12.1 0.1 0.11 0.001
4/96 4 9 0.37 <0.05] 0.0085 2.66 3.63 0.37
6/97 14.5 ND 0.4 5.3 2.5 5.5 0.1
TABLE A-2
- CIMARRON FACILITY - ENVIRONMENTAL SURFACE WATER
. , |#1202- CIMARRON RIVER GROSS | GROSS 238 234 235
N DOWN-STREAM ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCi/L pCi/lL mg/L mg/L mg/L pCi/lL | pCi/lL | pCi/L
6/85 23 22 <0.2 <5] <0.002
6/86 <10 <20 0.3 4 0.004
6/87 14 <20 04 1.1 0.021
6/88 14 <20 <1 <1 0.018
6/89 <10 <20 <0.20 0.6] <0.005
6/30 <10 <20 <0.5 <0.5{ <0.005 2.2 447| 0.084
6/91 <10 <20 <0.4 <0.5
6/92 <10 <20 <0.4 0.8 0.007
6/93 <10 <20 <0.2 0.5 0.008
6/94 <10 <20 3.9 0.1] <0.005
6/95 3.9 16.2 0.2 <0.05 0.005
4/96 : 10 15 0.38 <0.05{ 0.0085 2.50 3.29 0.25
6/97 15.4 15.7 0.4 <0.05 3.1 4.1 0.1
:_v:'




TABLE A-3
CIMARRON FACILITY - ENVIRONMENTAL SURFACE WATER

#1204 - POND WEST GROSS | GROSS 238 234 235
RESERVOIR #1 ALPHA | BETA NO3 (N) U U U U
SAMPLE DATE pCill | pCit | malt ma/L ma/L pCilL pCilL | pCilL
6/85 22 <20 0.4 2| <0.002
6/86 <10 <20 0.4 1] 0.006
6/87 <10 <20 0.3 2.4{ <0.005
6/88 23 <20 <1 17| 0.029
6/89 10 <20 0.33 1|  <0.005
6/90 10 <20 <0.5 0.55| <0.005 2.4 9.4 0.21
6/91 12 <20 <0.4 <0.5
6/92 <10 <20 <0.4 1] <0.005
6/93 <10 <20 <0.2 3.6 <0.005
6/94 <10 <20 0.3 0.1} <0.005
6/95 14 11.9 0.1] <0.05| 0.002
5/96 10.5 11 0.38 0.25| 0.0097 2.53 9.26 0.45
6/97 11.8 12.7 0.5 0.2 0.5 1.6 ND
TABLE A-4

CIMARRON FACILITY - ENVIRONMENTAL SURFACE WATER
#1205 - RESERVOIR#2 | GROSS | GROSS 238 234 235
EAST ALPHA | BETA F NO3 (N) u U U U
SAMPLE DATE pCilL | pCiL | mglL ma/L mg/L pCilL | pGilt | pCiL
6/85 16 <20 0.3 <0.2| <0.002
6/86 <10 <20 0.3 <1|  0.002
6/87 <10 <20| 0.3 2| <0.005
6/88 <10 <20 <1 <1| <0.005
6/89 <10 <20 0.34 0.94] <0.005
6/90 <10 <20 <0.5 <0.5| <0.005 0.37 0.61 0.02
6/91 <10 <20 <0.4 <0.5
6/92 <10 <20 <0.4 09| <0.005
6/93 <10 <20 <0.2 <0.7| <0.005
6/94 <10 <20 0.3 0.1]. <0.005
6/95 1.3 3.3 <0.1| <0.05| 0.001
4196 1 3.6 0.29]  <0.05| 0.0011 0.54 0.79]  0.099
6/97 8.9 8.9 0.3 3.4 0.2 0.5 ND




TABLE A-5
CIMARRON FACILITY - ENVIRONMENTAL SURFACE WATER

#1206 - SEEP/ GROSS | GROSS 238 234 235 Tc-99
SURFACE DRAINAGE | ALPHA | BETA F NO3 (N) u u U u

SAMPLE DATE pCi/lL pCi/lL mg/L mg/L ma/L pCi/ll pCi/lL pCi/L pCill
6/85 185 216 4 130 0.15

6/86 130 199 3.4 21 0.11

6/87 27 <20 1.4 5.7 0.039

6/88 330 150 2.7 36 0.39

6/89 190 52 2 80 0.13

6/90 260 62 3.4 53 0.14 69.0 230.0 9.1

6/91 195 76 4.1 87 0.17 61.77 162.6 7.13

6/92 126 <20 2.7 3.7 0.093 30.161 126.65 5.03

6/93 11 <20 1.9 0.5] <0.005 <5.9 <4.95 <2.6

6/94 261 37 3.6 61 0.14 182 252 83.4

6/95 59.6 28.1 2.5 35.9 0.063

4196 258 77.6 3.5 39 0.2 63.5 164.3 8.68

12/96 96.2 55.2 0.053 27.6 76.6 2.2

397 162.0 40.5 16.6 0.01 33.2 125 5.3 12.2
6/97 273.0 116.0 3.7 48.9 0.096 42.4 117 37 254
9/97 155 64.1 4.2 58.4 25.6 97.2 52 54.4
12/97 DRY DRY DRY DRY DRY DRY DRY

3/98 89.3 30.5 3.6 16.7 64.5 115 9.6
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TABLE A-6
CIMARRON FACILITY - ENVIRONMENTAL SURFACE WATER

#1208 - SEEP NORTH; GROSS | GROSS 238 234 235 Tc-99
U Pond #2 ALPHA | BETA F NO3 (N) U U U
SAMPLE DATE pCi/L pCilL mg/L mg/L ma/L pCi/L pCi/lL pCill | pCilL
6/85 <10 <20 0.6 0.61  <0.002
6/86 46 600 18 15 0.008
6/87 <10 <20 0.8 2.6 0.005
6/88 <10 <20 <1 <1 0.007
6/89 <10 <20 <0.2 1.3] <0.005
6/90 <10 <20 <0.5 6.8] <0.005 0.55 13 0.041
6/91 41 106 8.5 64 0.007 297 14.52 0.67
6/92 10 21 <0.4 6.7] <0.005 1.61 8.047 0.36
6/93 286 30 34 49 0.2 77.1 217 9.2
6/94 1016 2360 35 16501  <0.005 26.3 52.5 9.3
6/95 ND 72.8 0.3 953 0.005
4196 50 2890 34 1000 0.033 13.3 33.8 1.85
10/96 247 2590 32.5 1750 <.6
12/96 288 3190 0.026 14 38.3 2.8
3/97 88.5 2210 1244 0.035 11.7 37 1.8 3,960
6/97 103 3060 62.5 1440 3.5 8.3 0.6 2,800
9/97 169 2590 31.8 1040 0.025 8 24.7 1.3 3,040
12/97 88.1 2730 30.7 1250 12.6 35 0.4 2,080
3/98 18.6 1330 276 915 17.6 29 1.8 2,300
TABLE A-7
CIMARRON FACILITY - ENVIRONMENTAL SURFACE WATER
#1209 - RESERVOIR #§ GROSS | GROSS ) 238 234 235
WEST ALPHA | BETA F- NO3 (N) U U U u
SAMPLE DATE pCill pCi/lL mg/L mg/L mg/L pCilL pCi/lL pCilL
6/85 <10 <20 8.1 43] <0.002
6/86 <10 <20 04 2 0.002
6/87 <10 <20 0.2 1] <0.005
6/88 <10 <20 <1 <1] <0.005
6/89 <10 <20 0.45 0.661 <0.005
6/90 <10 <20 <0.5 <0.5| <0.005 0.11 0.45 0.038
6/91 <10 <20 <04 <0.5
6/92 <10 <20 <0.4 0.7] <0.005
6/93 <10 <20 <0.2 0.5 <0.005
6/94 <10 <20 23 0.2
6/85 ND 6.7 0.1 0.05 0.002
4196 1.6 2.5 0.31 <0.05 <.001 0.31 0.41 0.108
6/97 2.3 7.7 0.3 3.03 1.1 1.7 0.1
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TABLE A-8
CIMARRON FACILITY - ENVIRONMENTAL GRONDWATER SAMPLE RESULTS

ENVIRONMENTAL| GROSS | GROSS 238 234 235 | Tc-99
WELL NO. 1311 ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCi/l pCilL mg/L ma/L ma/L pCilL | pCilL | pCilL | pCilL
6/85 10 31 <0.2 57{ <0.002
4/86 <10 <20 1.0 80 0.003
6/86 <10 <20 0.4 87 0.003
6/87 <10 <20 0.4 34 0.005
6/88 <10 <20 <1 38| <0.005
3/89 <10 23 <0.2 66 0.77 0.99] 0.018
6/89 10 <20 0.32 0.34| <0.005
10/89 <10 <20 0.21 45| <0.005 1.01 1.37| 0.029
6/90 32 45 <0.5 69| <0.005 1.87 4.11| 0.084
6/91 <10 <20 <0.5 36
6/92 32 49 <0.2 160| <0.005 1.65 4.02 0.1
6/93 13 <20 0.3 69| <0.005 1.7 1.6 0.4
6/94 <10 <20 0.6 20.5f <0.005 0.3 24.1 1.1
6/95 5.3 7.8 0.3 17.9] <0.001 0.4 1.2 0.1
4/96 5.8 5.1 0.48 151 0.0029 0.89 1.52] 0.14
12/96 ND 3.6 <.001 1.2 1 0.1
3/97 4.4 16.4 78.4 <.001 0.9 1.3 0.1 18.1
6/97 13.3 18.3 0.5 55.3 2.1 3 0.4
TABLE A-9

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL| GROSS | GROSS 238 234 235 | Tc-99
WELL NO. 1312 ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCill pCi/lL mg/L mg/L mal/l pCi/L | pCi/L | pCilL | pCi
6/85 2220 8272 83 <20 0.26
4/86 340 11800 96 1560 0.25
6/86 94 7300 59 1310 0.017
6/87 41 65 18 620 0.045
6/88 90 231 22 480 0.144
3/89 59 2370 50 1020 15.3 4161 1.23
6/89 250 8000 54 1100 0.15
10/89 64 6200 <0.2 980 0.076 22.7 75 1.7
6/90 200 1320 <0.5 490 0.017 7.3 20.1 1.02
6/91 953 2620 31 837 0.033 10.8 32.7 1.9
6/92 840 1200 28 530 0.029 9.44| 30.52| 1.33
6/93 116 176 <.2 320 0.012 10.7 30.2 3.3
6/94 348 521 22 406 0.016 0.6 1.6 0
6/95 82.6 1670 22.2 12 0.025 7.9 23.3 1.4
4/96 37 2600 36 736* 0.028 9.26 27.8] 1.33
10/96 8.9 29.6 1.6 856
12/96 34.6 1940 0.01 5.8 20.8] 1.20
3/97 33.5 1550 723 0.02 5.8 18.5 0.7{ 3680
6/97 92.5 1230 20.6 527 6.0 18.7 0.9] 1470
9/97 31.3 1610 21.4 435 5.7 17.2 0.8] 2190
12197 27.3 1800 24.4 604 5.5 13.0 02| 1570
3/98 15.8 1400 20.5 521 10.0 21.0 1.1] 1850

*Data from resample event.




CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

TABLE A-10

ENVIRONMENTAL| GROSS | GROSS 238 234 235 Tc-99

WELL NO. 1313 | ALPHA | BETA F |NO3(N)| U U U U

SAMPLE DATE pCill | pCi. | mg/ | mo | mall | poit | poik | poin | pcin

6/85 453 1512] 120 <5] _ 0.070

4/86 140 208 140 630| 0.078

6/86 230]  3000| 157 690 0.077

6/87 84 25) 120 450| 0.078

6/88 61 241 3.1 570! 0.128

3/89 260{  2200{ 140 720 30 84 2.7

6/89 345  6400| 221] 1100/ 0510

10/89 100]  3100] <0.2 540] 0.120] 367 130 2.65

6/90 sao]  5760| 200] 1100] o0.90] 4.3 287 6.3

6/91 . 880]  2004{ 135 734] o0.10] 358 1158 5

6/92 1510 1580 97 640| 0.062] 20.19] 69.08 2.83

6/93 647 791 89 410] 0.032] 177 457 2.9

6/94 936 1240 100 497| 0.046 2.7 215 0.8

6/95 115] 2960 108 509| 0.048] 152 46.8 2.8

4/96 28.5 1202 87 280] 0.023] 8.88 24 1.71

10/96 8.3 25.9 1.9 1410

6/97 65.8 768 78.5 366 10.0 31.0 1.0 1190

9/97 65.4 1280 85| 1600 8.4 28.2 1.0 1560

12197 26.7 955 88 341 7.1 21.1 0.1 874

3/98 30.6 614 82 194 10.3 27.7 1.3 562
TABLE A-11

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL| GROSS | GROSS 238 234 235

WELL NO. 1314 | ALPHA | BETA F |NO3(N)| U U U U

SAMPLEDATE | pCiL | pCiL | moi | mai | moh | poiL | pcik | pcCiL

7/85 <10 <20] 04 2] <0.002 ~

6/86 <10 <20| 15 9| 0.002

6/87 <10 <20| 1.3 4.8  0.005

6/88 <10 <20] 1.8 12| 0.007

3/89 <10 <20] <02| 036 0.31 0.77] 0.039

6/89 21 <20 <1 1| 0.016

10/89 <10 <20| <0.2 2.1] <0.005] 0.48 1.47|  0.027

6/90 <10 <20{ <0.5 1.8] <0.005]  0.69 161  0.022

6/91 <10 <20 <05 2

6/92 <10 <20 <0.4 2| <0.005

6/93 <10 <20 <2 24| <005

6/94 <10 <20 1.2 0.5] <0.005

6/95 ND 56/ 020] 1.86] 0.002 0.6 1.6 0.1

4/96 0.7 16| 031 18] <001] 056 124] 0012

6197 2.9 18| 04| 948 0.6 1.3 0.1
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TABLE A-12

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS GROSS 238 234 235
WELL NO. 1315 ALPHA BETA F NO3 (N) U U U )
SAMPLE DATE pCi/L pCi/lL ma/L ma/L mal/L pCi/L pCillL pCi/L
7/85 3125 189 <0.2 11 5.56

6/86 5400 740 0.5 5 7

6/87 3850 2450 0.6 6.7 4.9

6/88 3800 988 <1 <2 4.83

9/88 3560 240 <1 <10 - 4.07

12/88 6760 390 0.52 6.7 2038 3517 87
3/89 6440 660 0.22 13 1550 3570 110
6/89 5680 14120 <1 30 0.66

10/89 2600 2200 0.38 6.5 4.21 2180 3270 130
1/80 5420 195 1.8 0.36 2000 3720 165
3/90 7000 770 1.6 9.8 8.8 2860 4890 230
6/90 6000 1300 1.2 6.1 5.81 2680 4090 162
9/90 1710 560 <0.5 4.5 2.05 970 1370 46
12/90 2500 300 2.56 1100 1870 51
6/91 2460 229 0.57 4 2.87 944.6 1243.6 69.6
6/92 2590 273 0.4 6.3 2.8 921.18 1386.56 69.91
6/93 2970 250 0.6 7.3 2.86 1240 2000 71.3
12/93 1440 115 0.5 3.8 1.27 550 790 38.7
3/94 2190 427 2.87 969 1490 65.38
4/94 1340 167 1.96 788 1190 70.7
5/94 2470 337 2.896 903 1250 170
6/94 1710 148 1 <0.1 1.3 609 853 77.8
7/94 1.75 476 750 74.9
B8/94 1.54 614 898 55.7
9/94 1.43 526 842 43.1
10/84 14

11/94 399 457 118
12/94 1.41

1/95 1.49 676 950 51.7
2/95 2530 232 2.66 1050 1490 85.1
3/95 1540 126 1.99 545 811 52.9
4/95 1650 673 2.77 987 1620 75.5
5/95 1400 611 2.66 981 1640 143
6/95 1340 438 0.50 4.84 2.46 857 1340 56.4
7/95 2510 226 2.78 813 1260 70.7
8/95 806 274 1.36 505 753 40.4
9/95 484 105 1.04 262 420 222
10/85 1680 105 2 534 763 45.4
11/95 939 266 2.26 640 941 51.1
12/85 2450 258 2.79 792 1230 61.1
1/96 2320 407 3.2 741 1180 46.6
2/96 1970 362 2.85 1020 1460 173
3/96 2950 286 2.53 838 1540 86.5
4196 2600 474 0.6 7.8 1.9 999 1710 87
5/96 3520 319 3.1 593 996 52.9
6/96 19840 184 1.76 578 807 45.4
7/95 1660 119 1.6 482 712 427
8/95 846 72.4 1.42 392 585 54
9/95 1180 96.8 1.06 434 682 23.5
10/86 685 112 0.9 254 375 30.4
11/96 1760 159 1.9 868 1280 57.5
12/96 1880 229 1.87 655 1070 43.8
3/97 3700 477 3.1 819 1410 76
6/97 3440 639 0.6 10.3 1200 1770 74.2
9/97 1080 145 0.7 8.32 374 546 249
12/97 1040 321 0.6 7.75 563 694 18.4
3/98 2100 755 0.5 18.7 855 1320 25




TABLE A-13

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL|] GROSS | GROSS 238 234 235
WELL NO. 1316 ALPHA BETA F NO3 (N) U U U U
SAMPLE DATE pCilL pCillL ma/L ma/L mg/L pCilL pCi/L pCi/lL
7185 200 <20 <0.2 11 0.19
6/86 608 140 0.8 4 1.6
6/87 420 300 0.6 4.6 0.54
6/88 378 116 <1 12 0.3
3/89 331 100 <0.20 16 67 210 10
6/89 820 160 <1 57 0.73
10/89 320 200 0.14 12|  0.539 236 590 11.6
6/90 680 77 <0.5 9.2 0.57 215 547 22
6/91 2030 138 0.52 17 1.7 556.1 1262 62.4
6/92 776 85 0.4 5.9 0.68] 222.62] 505.1] 23.79
6/93 473 37 0.5 7.7 0.35 164 388 234
12193 474 43.3 0.6 1.1 0.37 50.7 111 5.6
3/94 163 28.6 0.23 96.5 174 4
4/94 89.7 23.1 0.21 63.1 143 6.1
5/94 232 57.8 0.27 71.8 155 13.4
6194 233 <20 1.4 <0.1 0.18 B4 166 14.6
7/94 0.18 40.5 937 5
8/94 0.14 37 89.2 3.2
9/94 0.07 20.1 482 2.1
10/94 0.07
11/94 64.8 79.3 25.8
12194 0.10
1/95 0.17 64.8 152 6.8
2/95 132 225 0.16 702]  154.0 8.6
3/95 290 16.4 0.45 133| _ 293.0 17.2
4/95 92 63.7 0.2 71.6| 168.0 10.5
5/95 120 51.2 0.187 58.7 137 13.5
6/95 290 46.4 0.267 67.2 153 5.9
7195 204 25.4 0.28 89 186 12.3
8/95 146 62.1 0.146 48.2 107 45
9/95 135 39.4 0.288 73.5 157 6.1
10/95 154 18.2 0.16 47.4 108 3.5
11/95 73.6 25 0.151 434 100 4.6
12/95 116 60.8 0.164 40.3 94.1 4.7
1/96 165 20.5 0.137 48 106 12.7
2196 131 40.2 0.158 67.6 166 25.1
3/96 61.8 15.6 0.109 24.5 73.9 7.9
4196 85 15.5 0.52 6.2| 0.082 29.8 70.8 4.1
5/96 102 21.8 0.087 36.7 73.1 9.4
6/96 86 17.6 0.063 28.8 65 2.7
7196 74.2 28.9 0.052 19.4 40.9 2.3
8/96 47.4 18 0.042 19 37.3 1.5
9/96 49.4 11.3 0.087 18.8 51.7 4.8
10/96 72.7 19.9 0.051 245 47.8 7.4
11/96 103.0 17.1 0.101 33.5 73.8 3.5
12196 169.0 29.2 0.105 33.7 85.1 3.1
3/97 172.0 22.0 0.110 33.4 73.9 3.7
6/97 190.0 18.3 0.6 9.9 50.5] 136.0 5.0
9/97 90.5 3.3 0.5 12.2 242 53.5 24
12197 50.4 4.7 0.6 8.0 21.6 482 15
3/98 55.0 11.2 0.4 6.9 40.7 65.6 3.1




TABLE A-14
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1317 ALPHA BETA F NO3 (N) u U U U
SAMPLE DATE pCi/L pCilL ma/L mglL ma/l pCill. pCi/lL Ci/lL
7185 20 27 <0.2 25| <0.002

6/86 <10 21 0.4 8 0.02

6/87 13 <20 0.3 2.2 0.01

6/88 105 <20 <1 <1 0.128

12/88 165 29 0.1 0.4 22.8 38.6 1.7
3/89 66 26 <0.20 0.38 8.1 15 0.58
6/89 49 <20 <1 2 0.070

10/89 68 <20 <0.2 0.27 0.083 32.2 49.7 1.88
1/90 84 <20 1.1 7.2 34.9 57.4 1.94
3/90 92 <20 2.5 7.9 0.088 34.6 527 1.87
6/90 440 91 <0.5 0.71 0.31 160 326 12.9
9/90 260 39 <0.5 1.1 0.24 118 193 11
12/90 160 29 0.21 82.9 127 4.85
6/91 171 <20 <.5 <5 0.2 65.8 99 5.1
6/92 311 41 0.4 1.1 0.33] 108.5] 163.4 8.57
6/93 286 37 0.2 0.5 0.26 100 170 3.8
6/94 56 20 1 <0.1 0.046 11.3 18.2 1.2
6/95 141 62 0.10 0.10 0.228 7641 131.0 8.0
5/96 156 B7 0.24 0.11 0.12 67.01 109.8 7.3
6/97 328 98.7 0.3 2 150 247 11.7
3/98 27.8 14.5 0.2 1.68 20.4 39.5 2.8




CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

TABLE A-15

ENVIRONMENTAL GROSS GROSS 238 234 235 Tc-99
WELL NO. 1320 ALPHA BETA F NO3 (N) U U U U
SAMPLE DATE pCi/lL _ pCilL ma/L ma/L ma/L pCi/L pCi/L. oCilL pCill
3/89 <10 <20 0.42 20 3.1 5.58 0.17
6/89 12 <20 0.55 18 <0.005
10/89 10 <20 0.49 15 0.005 1.3 2.99 0.045
6/90 <10 <20 <0.5 16| <0.005 0.85 1.48 0.27
6/91 10 <20 0.5 17
6/92 14 <20 0.7 21| <0.005
6/93 14 24 <.2 25 <.005 0.80 14 0.1
6/94 19 <20 0.9 27| <0.005 10.7 20.8 0.6
6/95 12.7 59.6 0.70 32.8 0.002 04 1.1 0.1
4/96 3.9* 20.9* 0.66 21 0.002 0.81 1.48 0.146
6/97 11.6 30.3 0.8 26.1 1 1.2 ND 34.0
* Data from Resample Event
TABLE A-16

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS GROSS 238 234 235
WELL NO. 1321 ALPHA BETA F NO3 (N) 8] U U U
SAMPLE DATE pCi/L pCi/L mg/L ma/L ma/L pCi/L pCi/L pCilL
3/89 18 26 <0.2 9.1 275 8.1 0.12
6/89 14 <20 <D.2 3.0 0.015
10/89 18 <20 <0.2 1.6] <0.005 6.8 15 0.2
6/90 16 <20 <0.5 1.6 0.015 7.4 16 0.29
6/91 22 <20 <0.5 <0.5 0.021 6.9 14.3 0.3
6/92 20 <20 <0.2 1.0 0.016 5.28 12.88 0.31
6/93 21 <20 04 1.3 0.012 6.4 14.5 0.3
6/94 16 <20 2 0.9 0.007 37 6.6 0.22
6/95 38.9 17.8 0.20 0.89 0.015 5.2 11.6 0.4
4/96 14.2 7.8 0.30 0.59 0.015 4.87 11.76 0.59
6/97 30.7 ND 0.40 1.81 5.3 11.1 0.2
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. TABLE A-17 _
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1322 ALPHA BETA F NO3 (N) U U U U
SAMPLE DATE pCilL pCi/lL mg/L ma/L ma/L pCi/lL pCifL pCilL
3/89 15 <20 <0.2 9.2 3.9 8.2 0.13
6/89 17 <20 0.28 7.5 0.008
10/89 16 <20 <0.2 6.0 0.010 5.19 11.5 0.31
6/90 11 <20 <0.5 5.9 0.010 3.5 8.7 0.26
6/91 26 <20 <1 8.4 0.018 6.98 22.11 0.47
6/92 16 <20 0.4 4.7 0.010 3.29 7.43 0.26
6/93 22 <20 0.2 3.9 0.006 1.9 12.9 5.6
6/94 16 <20 0.9 4.8 0.006 3.4 6.3 0.4
6/95 40.4 37.6 0.40 21 0.009 3.1 6.2 0.4
5/96 5.7 10.7 0.42 5.2 0.011 3.5 6.14 0.53
6/97 344 16.5 0.3 6.3 3.8 7.5 0.1
TABLE A-18

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1323 ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCi/lL pCi/l mg/L mg/L mg/L pCilL _pCilL pCi/ll
3/89 51 <20 <0.20 1.7 9.8 17 0.42
6/89 37 <20 <0.2 1.6 0.028
10/89 31 <20 <0.2 1.1 <0.005 13.1 27.1 0.45
6/90 38 <20 <0.5 1.9 0.034 10.8 26.7 0.22
6/91 172 44 <0.4 1.2 0.035 11.6 23.8 0.53
6/92 32 <20 <0.2 2.1 0.033 10.91 22.47 0.51
6/93 32 <20 <.2 1.7 0.021 12.6 22.1 1.3
6/94 42 <20 2.2 1 0.014 0.7 0.8 0
6/95 80.9 34.1 0.20 1.72 0.033 8.7 18.4 0.7
5/96 34 0 0.27 1.2 0.038 11.8 226 0.96
6/97 25.9 16 0.2 1.72 9.7 20 0.6
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TABLE A-19
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1324 ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCilL pCilL ma/L ma/L mg/L pCi/L pCi/lL pCilL
3/89 <10 <20 0.26 18 0.2 0.44 0.022
6/89 <10 <20 1.3 18| <0.005
10/89 <10 <20 0.29 17] <0.005 0.54 1.07 0.022
6/90 <10 <20 <0.5 22| <0.005 0.62 1.156 0.048
6/91 <10 <20 <1 18
6/92 10 <20 04 14 <.005
6/93 <10 <20 0.3 14 <.005
6/94 <10 <20 0.9 9.9 <0.005
6/95 6.0 9.3 0.50 11.9 0.002 0.5 1.3 0.1
4/96 13 2.8 0.63 6.1 0.0013 043 0.81 0.157
6/97 3.7 12.4 0.7 11.2 04 0.9 ND
TABLE A-20

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1325 ALPHA | BETA F NO3 (N) U U U
SAMPLE DATE pCilL pCilL ma/L mg/L mg/L pCi/L pCi/L pCi/lL
3/89 <10 <20 0.35 13 1 149 0.046
6/89 <10 <20 <1 51 0.006
10/89 <10 <20 0.46 13| <0.005 0.82 1.63 0.028
6/90 <10 24 <0.5 13| <0.005 0.64 1.76 0.094
6/91 <10 <20 0.5 14
6/92 <10 <20 04 14.4| <0.005
6/93 <10 <20 0.3 14| <0.005
6/94 <10 <20 0.8 14.7] _ <0.005
6/95 5.3 6.3 0.50 14.7 0.001 3.4 10.3 0.6
4/96 1.7 5.1 0.64 93| 0.0012 0.49 1.08 0.096
6/97 3.1 ND 0.7 17.8 0.3 0.9 0.01
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TABLE B-21
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS | GROSS 238 234 235 Tc-99
WELL NO. 1326 ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCi/lL pCilL ma/l ma/L mg/L pCi/L pCi/L pCi/lL pCi/L
3/89 14 25 <0.20 14 1.48 4.43 0.058
6/89 175 9640 1.2 21 0.014
10/89 16 <20 <0.2 16| <0.005 2.25 5.2 0.11
6/90 16 21 <0.5 17 0.007 2.3 5.8 0.79
6/91 14 <20 <1 10
6/92 17 20 0.3 15 0.006 1.98 0.74 0.08
6/93 16 <20 <2 14 <.005 2.6 5.1 0
6/94 19 <20 0.5 14.5] <0.005 6.3 14.3 0.6
6/95 62.9 56.9 0.30 300 0.006 1.4 3.6 0.2
4/96 96 457 0.39 5.5| 0.0053 2.41 5.15 0.45
10/96 1.5 2.8 0.2 8.6
12/96 3.8 26.7 0.003 2.4 3.7 0.2
3/97 18.5 30 25.2 0.004 1.6 5.0 0.7 21.9
6/97 24.8 28.1 0.2 16.6 2.2 4.8 0.1 13.1
9/97 12.5 17.8 0.4 17.8 0.006 1.1 4 0.1 41.3
12/97 5.9 10.8 0.4 19.4 1.7 2.9 0.1
TABLE A-22
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1327 B ALPHA | BETA F NO3(N)|. U U U U
SAMPLE DATE pCi/lL pCi/L ma/L mg/L ma/L pCi/l pCi/L pCi/L
3/89 <10 <20 0.2 8.2 1.562 2.8 0.14
6/89 <10 <20 0.36 6.6| <0.005
10/89 <10 <20 <0.2 8.3 0.007 4.18 6.8 0.069
6/90 <10 <20 <0.5 7.2| <0.005 1.43 2 0.29
6/91 <10 <20 <0.5 7.5
6/92 <10 <20 0.5 10§ <0.005
6/93 11 <20 10 10 0.006
6/94 <10 <20 0.8 7.9] <0.005
6/95 5.2 1.4 0.40 8.20 0.004 1.8 2.3 ND
5/96 1.6 2.9 0.48 5.8] 0.0046 1.53 3.24 0.165
6/97 4.7 5.3 0.3 8.19 1.2 3.1 ND
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TABLE A-23
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1328 ALPHA BETA F NO3 (N) U U u U
SAMPLE DATE pCi/l pCi/L ma/l mg/L mg/L pCi/lL pCi/L pCi/l.
3/89 29 <20| <0.2 2.2 9 18 0.66
6/89 23 201 <0.2 2 0.03
10/89 30 <20| <0.2 1.8 0.04 15.1 28.2 0.37
6/90 35 <20f <0.5 2.1 0.033 14 25 0.41
6/81 38 <20| <04 1.7 0.034 11.2 21 0.51
6/92 31 <20 0.4 1.9 0.032 10.58 21.79 0.49
6/93 31 <20 <2 2 <.005 11.3 18.9 1.8
6/94 28 <20 3 0.4 0.02 11.1 21.5 0.8
6/95 31.1 17.9] 0.20 1.86 0.034 10.2 19.6 1.3
4/96 17 161 0.23 1.3 0.037 11.59 23.1 0.77
6/97 76.9 6.5 0.1 1.8 10.5 20.7 0.5
TABLE A-24
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1329 ALPHA BETA F NO3 (N) U U u U
SAMPLE DATE pCilL pCi/L mg/L mg/L. mg/L pCi/lL pCi/L pCi/l.
3/89 12 <20| <0.20 04 2.04 5.3 0.093
6/89 <10 <201 0.32 3.8 0.006
10/89 <10 <20| 0.29 3.5 <0.005 2.54 6.11 0.099
6/90 70 <20| <0.5 3.5 0.08 33.9 47.3 3.1
1/91 <10 <20] <04 4.5
6/92 <10 <20 <0.4 3.9 0.006
6/93 <10 <20 0.2 4.1 <.005
6/94 <10 <20 4.3 0.7 <0.005
6/95 52 16.8{ 0.30 6.22 0.005 1.6 2.9 0.1
4/96 26" 9.5*1 043 5.7 0.0065 2.22 4.25 0.223
6/97 16.7 54 0.2 12.6 2 4.5 0.2

*Data from Resample Event
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TABLE A-25
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1330 ALPHA | BETA NO3 (N) U U U
SAMPLE DATE pCi/L pCi/L malL mag/L ma/L pCi/lL pCilL pCi/L.
3/89 16 62 <0.2 172 2.4 5.17 0.1
6/89 19 25 <0.20 130 0.007
10/89 <10 55 <0.2 110 0.007 3.6 8.5 0.26
6/90 18 <20 <0.5 77 0.009 2.99 9.2 0.38
6/91 <10 <20 0.91 77
6/92 22 21 <4 68 0.01 3.28 7.43 .33
6/93 27 <20 0.5 <5 <.005 24 7.3 0.3
6/94 18 <20 1 55 0.006 3.8 9 0.9
6/95 8.8 234 0.40 44 0.007 2.9 9.5 0.6
5/96 4 15.8 0.59 351 0.0083 3.29 8.19 0.61
6/97 19.1 25.2 0.5 42.3 2.8 7.4 0.2
TABLE A-26

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1331 ALPHA | BETA F NO3 (N) U U u U
SAMPLE DATE pCilL pCi/L mg/L ma/L mag/L pCilL pCi/lL pCi/lL
3/89 190 23 <0.2 5.7 35 126 3.7
6/89 280 39 0.29 14 0.114
10/89 167 62 <0.2 11 0.12 63 309 0.85
6/90 330 25 <0.5 8.6 0.17 54 324 10.5
6/91 347 20 <0.5 14 0.17 72.1 120.98 4.56
6/92 289 <20 <0.4 10.3 0.13 41.85] 193.13 9
6/93 135 <20 0.2 9.3 0.036 38.5 118 9.3
6/94 198 <20 1.1 22.6 0.09 40.5 139 25.1
6/95 250 40.8 0.30 17.00 0.103 38.7 168 10.8
5/96 111 23 0.47 17 0.071 23.9 100.2 5.23
6/97 202 29.9 0.5 18.0 25.0 127.0 4.7
9/97 200 134 0.6 26.0 31.0 137.0 6.7
12/97 134 19.5 0.6 32.3 25.5 116.0 4.5
3/98 131 25.1 0.6 222 31.5 110.0 3.2
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TABLE A-27
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

&
i

ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1332 ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCi/L pCi/lL mo/L ma/L ma/l. pCi/L pCi/L pCi/lL
3/89 23 <20 1.3 3.4 6.4 13.9 0.12
6/89 15 <20 <0.2 2 0.023
10/89 17 <20 <0.2 0.39 0.031 13.1 25.3 0.042
6/90 32 <20 <0.5 1.5 0.03 13 23 0.33
6/91 31 <20 <0.4 2.5 0.032 10.6 19.8 0.48
6/92 30 <20 <0.4 1.2 0.03 9.92 2043 0.46
6/93 35 <20 <2 1.6 0.026 12.9 19.7 0.7
6/94 39 <20 4.5 0.3 0.008 12.7 21.4 1.5
6/95 77 55.7 0.30 1.50 0.035 10.1 19.2 0.8
4/96 18.9 9.1 0.87 5 0.012 4.42 12.27 0.88
6/97 107 53.7 0.2 <.05 9.3 18.9 0.3
TABLE A-28

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1333 ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCi/lL pCi/lL ma/L ma/L ma/L pCilL pCi/L pCi/L
3/89 47 <20 <0.20 6.3 6.2 18 0.71
6/89 26 <20 0.39 3.4 0.018
10/89 12 <20 <0.2 2.8 0.002 9.54 26.6 0.91
6/90 32 <20 <0.5 3.5 0.025 9.2 26 0.61
6/91 20 <20 <0.5 2.1 0.033 5.91 14.55 0.02
6/92 25 <20 <0.4 1.5 0.016 5.25 10.89 0.49
6/93 28 <20 0.5 1.6 0.016 8.2 21.6 1.6
6/94 20 <20 1.3 1.5 0.01 2.8 9.7 0.2
6/95 53.4 47.9 0.60 4.00 0.013 0.5 1.7 0.2
4/96 17 17 1.2 0.037 11.77 20.6 1.06
6/97 374 28.8 0.5 55 3.8 9.1 0.3
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TABLE A-29
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1334 ALPHA | BETA F NO3 (N) u U U U
SAMPLE DATE pCilL pCilL mg/L ma/L mg/L pCillL pCi/lL pCilL
3/89 30 <20 0.26 6.1 5 13.2 0.23
6/89 25 <20 0.44 3.9 0.016
10/89 <10 <20 <0.2 1.4 0.005 232 354 1
6/90 43 <20 <0.5 1.9 0.044 23.6 37 1.46
6/91 22 <20 <0.5 1.5 0.025 7.0 14.3 0.2
6/92 12 <20 042 1.5 0.01 3.28 7.43 0.3
6/93 11 <20 0.5 1.11 <0.005
6/94 15 <20 0.3 2| <0.005 14 3.7 0.2
6/95 46.5 15.3 0.40 2.99 0.027 6.6 10.7 0.4
5196 13.2 74 0.56 2 0.021 6.82 11.1 0.81
6/97 14.8 4.9 0.6 2.8 3.2 74 0.3
TABLE A-30

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS | GROSS 238 234 235
WELL NO. 1335 ALPHA | BETA F NO3 (N) U u U U
SAMPLE DATE pCilL pCi/L mg/L mg/L mg/L pCi/lL pCi/lL pCi/lL
3/89 <10 <20 0.24 22 1.25 1.64 0.1
6/89 <10 <20 0.41 22 <0.005
10/89 <10 <20} 0.26 22| <0.005 1.52 2.14 0.023
6/90 <10 <20 <0.5 23] <0.005 0.74 1.22 0.022
6/91 <10 <20 <0.5 23
6/92 <10 <20 <0.4 20} <0.005
6/93 <10 <20 0.3 0.3] <0.005
6/94 <10 <20 0.9 20{ <0.005
6/95 ND 25 0.30 17.91 0.001 0.3 0.6 ND
4/96 1.6 0.2 0.58 14| 0.0017 0.62 1.03 0.069
10/96 (1335A) 5 7 8.7 <.001 0.5 0.7 0.1
6/97 17.9 11.7 0.6 8.8 0.7 1.6 ND
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CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

TABLE A-31

ENVIRONMENTAL GROSS | GROSS 238 234 235 Tc-99
WELL NO. 1336 ALPHA BETA F NO3 (N) U U U U

SAMPLE DATE pCiL pCill. ma/l mo/L ma/l. pCi/l. pCi/lL pCi/L pCi/L
3/89 140 4970 17 1260 23 76 24

6/89 170 11000 <1 860 0.015

10/89 28 8300 <0.2 1600 0.02 5.83 19.6 0.3

6/90 980 5300 55 1600 0.077 32.2 99 34

6/91 1010 2082 28 980 0.062 17.8 73.57 2.61

WELL NO. 1336 OUT OF SERVICE AFTER 1991 - REPLACED WITH 1336A 6/94

WELL NO. 1336A

6/94 682 1100 36 673 0.014 5.7 173 1.1

1/95 38.1 1140 0.016 5.8 19.3 1.0

2/85 31 948 0.011 6.9 18.1 14

3/95 37 1060 0.026 5.9 18.1 0.7

4/95 53.4 1740 0.017 7.8 22.2 0.8

5/95 18.5 1980 0.024 6.7 19 2.1

6/95 67.6 2150 33.70 ND 0.023 7.3 243 1.1

7/95 80.3 1500 0.028 7.1 20.8 0.8

8/95 93 2090 0.022 6.1 236 1.3

9/95 40.1 937 0.018 4.5 14.9 0.8

10/85 50.8 1490 0.025 8.2 23.7 0.8

11/95 287 1340 0.029 7.6 217 1.0

12/95 32.3 1630 0.026 7.3 20.0 1.2

1/96 43.1 1700 0.020 12.6 242 6.6

2/96 21.0 1290 0.022 21.8 74.1 15.8

3/96 41.6 1170 0.032 23.4 47.3 ND

4/98 39 1398 32 400 0.024 8.6 253 1.09

5/95 93.1 1210 0.022 13.1 22.8 33

6/95 54.1 1330 0.023 9.4 26.8 1

7195 91.5 1060 0.034 11.7 31.8 3.6

8/96 88.7 1520 0.034 327 47.3 17.1

9/96 158 1470 0.027 12.1 36.2 2

10/86 117 1730 0.029 13.1 30.7 5.2

11/96 39.8 1400 0.026 8.3 27.9 1.3

12/96 69.9 1340 0.021 7.1 24.6 1.2

3197 46.6 1520 786 0.028 15 37.5 8.1 2590
6/97 614 1430 35.2 766 9.1 23.2 1.1 1930
9/97 54.9 1390 31.5 589 0.027 7.2 23.6 1.8 1880
12/97 109 2200 37.5 725 8.1 22.9 0.8 1200
3/98 27.2 1400 34.3 667 12.3 28.7 3.1 1600
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TABLE A-32

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS GROSS 238 234 235
WELL NO. 1337 ALPHA BETA F NO3 (N) U U U U
SAMPLE DATE pCilL pCi/L ma/L ma/L mg/L pCilL pCi/L pCilL
2/97 39.3 343.0 10.8 86.7 <.05 5.0 13.3 0.5
6/97 17.0 143.0 7.6 51.9 3.1 8.0 0.6
TABLE A-33

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS GROSS 238 234 235
WELL NO. 1338 ALPHA BETA F NO3 (N) U U U U
SAMPLE DATE pCilL _pGilL mg/L mg/L mg/L pCi/lL pCi/L pCilL
2/97 44.6 130.0 1.3 244 0.09 1.0 2.8 0.1
6/97 10.1 102 0.8 33.1 04 0.7 0.1
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TABLE A-34

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS GROSS 238 234 235
WELL NO. 1339 ALPHA BETA F NO3 (N) U U U U
SAMPLE DATE pCill pCilL mal/l mg/L mga/L pCilL | pCilL pCi/L
2/97 40.3 9.8 0.5 <.05 0.1 37 11.0 0.2
TABLE A-35

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS GROSS 238 234 235
WELL NO. 1340 ALPHA BETA F NO3 (N) U U U U
SAMPLE DATE pCi/l. pCi/l mg/L mg/L ma/L pCi/L pCi/lL pCi/L
2/97 53.1 430.0 14.1 213 0.12 0.9 34 0.1
6/97 7.8 144.0 237 127 1.0 2.7 0.2
9/97 10.0 98.6 35.7 109

TABLE A-36

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS GROSS 238 234 235
WELL NO. 1341 ALPHA BETA F NO3 (N) U U U U
SAMPLE DATE pCi/lL pCi/L ma/L ma/l ma/L pCi/L | pCilL | pCiL
2/97 10.9 117.0 5.0 28.6 0.16 1.3 1.8 ND
6/97 30.0 620.0 0.3 230 0.6 1.5 0.1
9/97 1.1 184.0 0.7 73.2

A-20




N

Y

TABLE A-37

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL GROSS | GROSS 238 234 235 Tc-99
WELL NO.1342 (West) ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCi/L pCilL ma/L ma/lL | -mall pCi/L pCi/L pCilL pCilL
10/97 20.2 21.0 0.6 0.15 1.7 3.7 0.3 114
12/97 14.3 1.2 0.3 112 3.1 4.9 0.3
3/98 1.1 9.5 0.3 0.95 25 3.7 0.3
TABLE A-38

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS | GROSS 238 234 235 Tc-99
WELL NO. 1343 (Middle) ALPHA | BETA F NO3 (N) U U U U
SAMPLE DATE pCilL pCilL mg/L ma/L mg/L pCi/lL pCilL_|_pCilL pCilL
10/97 82.6 46.5 0.5 19.2 13.8 209 0.9 12.5
12/97 25.2 7.9 0.5 32.2 9.5 14.0 1.0
3/98 9.8 104 04 7.99 7.6 10.5 0.6

TABLE A-39

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
ENVIRONMENTAL GROSS | GROSS 238 234 235 235
WELL NO. 1344 (East) ALPHA | BETA F NO3 (N) U U U U U
SAMPLE DATE pCi/L pCill. mg/L mallL ma/L pCiL pCi/lL pCill. pCilL
10/97 24.4 17.5 0.3 0.58 3.5 5.0 0.1 8.0
12/97 4.1 10.0 0.5 0.36 1.0 1.7 0.2
3/98 0.3 6.9 04 1.1 1.9 2.5 0.1
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Safety & Environmental
Akairs Division

AUG 18 1938

Remediation Department

MARK COLEMAN et 4 sl L FRANK KEATING
Executive Director OKLAHOMA DEPARTMENT OF ENVIROMMENTAL QUALITY Governor

August 12,1998

S. Jess Larsen. Vice President
Cimarron Corporation
P.O. Box 25861
Oklahoma City. OK 73125
RE:Risk Assessment for Groundwater
Cimarron Corporation. Crescent. OK
Dear Mr. Larsen:

We have received and reviewed the above referenced document. We offer the following
comments:

I. Section 1.2 should include a reference to the NRC Risk Evaluation documents
specifically with the major conclusions from that document in the text.

12

The concluding paragraph from Section 2.1 states that there is no exposure to the
media. when it would be more correct to state that there is no hazard from exposure
to the media. ‘

(9¥)

The data summary in Section 2.2 states that Recognized standard tield sampling and
analytical procedures were used. Please reference the analytical procedures by EPA
or NRC method number. Please clarify whether analyses for uranium were reported
in mg/kg or picocuries per liter. In this section. please include an acknowledgement
of the jumps in levels of nitrates etc. around 1994. Some sort of rationale for these
sudden elevations may help the reader who is less familiar with the site understand
that there may be an explanation as to why these levels are so much higher.

4. Section 2.3. in the last paragraph. the first two sentences appear to be conflicting.
Please clarify.

n

Section 3.1.1 details demographics from the 1990 census. Prior to 1990 there
appeared to be a rather rapid increase in development. with several golf courses and
housing developments. There is at least some reasonable potential to expect future
residential development in the near vicinity. Please acknowledge that demographic
patterns may exhibit strong changes at the next decennial census. Should the “re-
opening criteria” be utilized. a current demographic assessment must be made.

6. Table 3.2 gives a value of 0.5 for Exposure Time (ET). The text gives a value ot 1.3
hours per event. Please claritv. Please specify which EPA document is used for the
various defaults and for the chemical specific permeability constants. Table 3.2 has a
30 year exposure duration for the trespasser scenario. but Table 3.4 uses S vears tor
exposure duration. [t would be more appropriate to use the 30 year duration

707 HORTH ROBINSON. R.0. BOX 1677, OKLAHOMA CITY, OKLAHOMA 73101-1677
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S. Jess Larsen Page Two August 12,1998

10.

exposure. Please recalculate the Risk estimates to reflect this. If an § vear exposure
duration is actually proposed. then further justification for less than a standard
exposure must be provided.

Section 4.2.1 details the toxicity for nitrates. There is no mention of a
carcinogenicity assessment for nitrates. Please include the information as to whether
nitrates have been classified for carcinogenicity.

Section 4.2.3 details the toxicity of uranium. Please include in the discussion the fact
that the NRC documents address the radionuclide risks. and that those risks are not a
part of the chemical toxicity assessment. Please relate the dose in mg/kg-day to the
radiological dose of picocuries per liter for comparison sake only.

Section 7.1.2, second paragraph, second sentence should be amended to state that the
uranium concentrations were within Oklahoma Water Quality Standards as
established by the Oklahoma Water Resources Board. and did not exceed upstream or
background concentrations.

Section 7.1.5. please clarify the meaning of'the heading for this section.

Section 8.0 should include the statement that. should re-opening criteria be
addressed. MCLs and background concentrations existing at the time of re-opening
will be used to assess the applicability of the re-opening criteria. The Sentence which
states that “This represents an extremely conservative basis, since EPA generally
allows the use of a target hazard index of 17 is confusing. The calculation of a
hazard index was done with standard EPA defaults so is no more or less conservative
than the usual method.

Section 9.0 should explain in the last paragraph the rationale for developing re-opening
criteria at this time, and an explanation of when and how the criterta would be used
(This is a repetition of the section on re-openers, but is needed here for clarity.)

The Risk Assessment for the chemical constituents of concern is complete with these corrections. Please
verity that the Estimated Risks will not change with the difference between the 0.5 and 1.5 hours per events
being rectified. If you have questions or need additional information. please contact me at (405) 702-8100.

Sincerely,

-
[
’

‘h\f

=

P

)
e

15l

Glen W. Jones. Assistant Director
Water Quality Division

Gl:jf

cc:

Kenneth L. Kalman
US. Nuclear Regulatoryv Commision



CIMARRON CORPORATION

PC BCx25287 o OKLAHOMA CITY OKLAHOMA 73125

S JESS LARSEN
VICE SRESIDENT

September 21, 1998

Mr. Glen W. Jones

Assistant Director

Water Quality Division

Oklahoma Department of Environmental Quality
P. O.Box 1677

Oklahoma City, Oklahoma 73101-1677

Re:

Risk Assessment for Groundwater
Cimarron Corporation, Crescent, Oklahoma

Dear Mr. Jones:

Cimarron Corporation (Cimarron) appreciates the comments on our Risk Assessment for
Groundwater provided in your letter dated August 12, 1998. Cimarron has prepared this letter
of response to your comments and has incorporated the changes as discussed below into the
revised document which accompanies this letter. Cimarron would encourage that the previous
version of the risk assessment document, dated June 2, 1998, be discarded. For
convenience, the comments from the August 12 letter have been stated below and the specific
response to the comment follows each comment.

1.

Section 1.2 should include a reference to the NRC Risk Evaluation documents
specifically with the major conclusions from that document in the text.

Appropriate text summarizing the conclusions in the Decommissioning Plan Ground
Water Evaluation Report submitted to the NRC has been included in the document on
page 1-5.

The concluding paragraph from Section 2.1 states that there is no exposure to the
media, when it would be more correct to state that there is no hazard from exposure to
the media.

Concur. The sentence has been revised to incorporate the suggested change on page
2-2.

The data summary in Section 2.2 states that recognized standard field sampling an*’
analytical procedures were used. Please reference the analytical

A SUBSIDIARY OF KEM



Glen W. Jones Page 2

ODEQ

September 21, 1998

procedures by EPA or NRC method number. Please clarify whether analyses for
uranium were reported in mg/kg or picocuries per liter. In this section, please include
an acknowledgment of the jumps in levels of nitrates, etc., around 1994. Some sort of
rationale for these sudden elevations may help the reader who is less familiar with the
site understand that there may be an explanation as to why these levels are so much
higher.

The following analytical procedures were utilized: Isotopic uranium - modified HASL
300; nitrate - EPA Method 353.2; and fluoride - EPA Method 340.2. The results for
uranium have been reported in both mg/L and pCi/L. Since the risk assessment
addressed only chemical toxicity based on the mg/L results, only the mg/L results were
included in the data tables in Appendix A.

The levels of nitrate peaked at the “seeps” (#1206 and 1208) in 1994. This peak is
probably attributable to the leading edge of the plume reaching the area of the “seeps”.

Section 2.3, in the last paragraph, the first two sentences appear to be conflicting.
Please clarify.

The paragraph has been rewritten in order to clarify that the upgradient (e.g.
background) deep groundwater system exceeds the MCL for uranium. Further, the
variance in the deep groundwater system uranium concentrations for both upgradient
and downgradient wells are within the variance expected for the deep groundwater
system and are therefore, not in excess of background levels.

Section 3.1.1 details demographics from the 1990 census. Prior to 1990 there
appeared to be a rather rapid increase in development, with several golf courses and
housing developments. There is at least some reasonable potential to expect future
residential development in the near vicinity. Please acknowledge that demographic
patterns may exhibit strong changes at the next decennial census. Should the “re-
opening criteria” be utilized, a current demographic assessment must be made.

A statement as requested has been added to Section 3.1.1 as well as to Section 8 on
page 8-1 to indicate that the demographic patterns will be re-evaluated at the time the
“re-opening” criteria is utilized.

Table 3.2 gives a value of 0.5 for Exposure Time (ET). The text gives a value of 1.5
hours per event. Please clarify. Please specify which EPA document is used for the
various defaults and for the chemical specific permeability constants. Table 3.2 has a
30 year exposure duration for the trespasser scenario, but Table 3.4 uses 8 years for
exposure duration. It would be more appropriate to use the 30 year duration exposure.
Please recalculate the Risk estimates to refiect this. If an 8 year exposure duration is
actually proposed. then further justification for less than a standard exposure must be
provided.
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September 24, 1998

10.

71.

The 0.5 value in Table 3.2 was a typographical error. An exposure time of 1.5 hours
per trespass event was utilized in all of the calculations. The EPA documents utilized
as references have been cited in Table 3.2. Tables 3.3 and 3.4 have been amended
to refiect an exposure duration of 30 years. Because the exposure duration is utilized
in both the numerator and denominator in the average daily intake calculation
equation, there are no differences in the calculated average daily intakes and no
resultant changes in any of the calculated hazard indices.

Section 4.2.1 details the toxicity for nitrates. There is no mention of a carcinogenicity
assessment for nitrates. Please include the information as to whether nitrates have
been classified for carcinogenicity.

A statement indicating that nitrates are not known to have carcinogenic potential and
have not been classified as to carcinogenicity has been added to Section 4.2.1.

Section 4.2.3 details the toxicity of uranium. Please include in the discussion the fact
that the NRC documents address the radionuclide risks, and that those risks are not a
part of the chemical toxicity assessment. Please relate the dose in mg/kg-day to the
radiological dose of picocuries per liter for comparison sake only.

Text has been added to Section 4.2.3 (page 4-3) that indicates that radionuclide risks
are being addressed by the NRC and have been included in the report entitled,
Decommissioning Plan Ground Water Evaluation Report, dated July, 1998.

As requested a comparative radiological intake of pCi/kg-day has been calculated
based on the Cimarron specific mg to pCi conversion. However, since hypothetical
radiation dose calculations are conducted using International Commission on
Radiological Protection (ICRP) methods and dose conversion factors, there is no direct
correlation between the RfD and radiation dose.

Section 7.1.2, second paragraph, second sentence should be amended to state that
the uranium concentrations were within Oklahoma Water Quality Standards as
established by the Oklahoma Water Resources Board, and did not exceed upstream or
background concentrations.

The requested text has been added to Section 7.1.2 on page 7-3.

Section 7.1.5, please clarify the meaning of the heading for this section.

The heading contained a typographical error; the correct heading is “Selection of
Endpoint to Receptor”.

Section 8.0 should include the statement that. should re-opening criteria be addressed.
MCLs and background concentrations existing at the time of re-opening will be used to
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12.

assess the applicability of the re-opening criteria. The Sentence which states that “This
represents an extremely conservative basis. since EPA generally allows the use of a
target hazard index of 1" is confusing. The calculation of a hazard index was done with
standard EPA defaults so is no more or less conservative than the usual method.

The text has been amended to include a reference to the MCL and background
concentrations and to delete the confusing sentence.

Section 9.0 should explain in the last paragraph the rationale for developing re-opening
criteria at this time, and an explanation of when and how the criteria would be used.
(This is a repetition of the section on re-openers, but is needed here for clarity.)

Text has been added to Section 9.0 (page 9-1) to reiterate the use of the “re-opening
criteria”. '

Cimarron sincerely appreciates the timely manner in which you and your staff reviewed the
prior submission and also this opportunity to respond to the comments provided by the
Department. We trust that our response will be satisfactory and a letter of approval for the risk
assessment and concurrence with the summary and conclusions presented in Section 9 will
be forthcoming. If you have any questions, please do not hesitate to contact me.

Sincerely,

2 F

Jess Larsen
Vice President

Enclosure

j1092188.le1
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RISK ASSESSMENT FOR GROUNDWATER
CIMARRON CORPORATION
CRESCENT, OKLAHOMA
SEPTEMBER 17, 1998

1.0 INTRODUCTION
The Cimarron Facility (Site), a wholly owned subsidiary of Kerr-McGee Corporation

(Kerr-McGee) is located in central Oklahoma (Figure 1-1), and began operations in
the 1960's to fabricate nuclear fuel. The Site is located near the town of Crescent
on the bluffs above the floodplain on the south side of the Cimarron River. The site
covers approximately 840 acres. The purpose of this document is to present the risk
assessment conducted to evaluate the potential risks associated with the current
chemical contaminants in the groundwater arising from historical activities at the
Cimarron-site.

Historically, the facility operated under two Nuclear Regulatory Commission (NRC)
Special Nuclear Materials Licenses SNM-928 (uranium) and SNM-1174 (mixed
oxide) After 1975, the plant ceased fabrication operations and initiated
decommissioning activities. All decommissioning activities have been conducted in
accordance with NRC guidelines in effect at the time of decommissioning.
Decommissioning activities for the uranium facility are nearing completion. In 1996,
688 acres of the site below the bluffs, identified as Unaffected Area (Phase 1) on
Figure 1-2, were released by the NRC for unrestricted use .

As a part of decommissioning activities, certain soils and soil-like materials from the
site were buried in a NRC-approved on-site disposal cell. A maximum quantity of
500,000 cubic feet of soils which met the NRC Branch Technical Position (BTP)
Option 2 criteria weré authorized by the NRC for disposal in the on-site disposal
area. Impacted materials exceeding the Option 2 criteria were removed, packaged,
and disposed of at a licensed off-site low-level radioactive waste (LLRW) disposal
facility. Prior to the construction of the disposal cell, the NRC prepared an
environmental assessment which concluded that the cell would not result in any
potential threats to human health or the environment (NRC, 1994). The Oklahoma

1-1 HAS71129711201\REPORTS\R001.D0C
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State Department of Health was consulted as a part of the NRC environmental
assessment and concurred with NRC's finding regarding potential chemical
contaminants in groundwater (NRC, 1994).

The site, as currently configured, contains former facilities that have been or are
being closed, surface water impoundments, and an approved BTP Option 2 on-site
burial area for soils and other materials (See Figure 1-3). Other areas depicted on
Figure 1-3 as burial areas have been previously exhumed and Option 4 soil or
material and Option 2 trash shipped off-site to licensed LLRW disposal facilities.
Some chemical contaminants associated with the site operations have migrated to
the shallow groundwater system underlying the site.

The site has been divided into three (3) major areas, designated Phases |, Il and ll,
as depicted on Figure 1-2. These three Phases have then been further subdivided
into five (5) smaller “Sub-Areas”, A through E, F through J, and K through O,
respectively. The status of Phases |, Il, and lll, with respect to decommissioning, is

discussed below:
Phase |

The Final Status Survey Plan for Phase | was submitted to the NRC and
approved on May 15, 1995. The Final Status Survey for Phase | has been
completed, the Report submitted to the NRC, and confirmatory sampling by
the NRC contractor has been completed. The Phase 1 Area, consisting of
unaffected Sub-Areas A, B, C, D and E, was released for unrestricted use on
April 23, 1996; thereby reducing the acreage held under the NRC license
from 840 to approximately 152 acres.

1-2 H\971129711201\REPORTS\R001.D0OC
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Phase |l

The Phase |l area contains both affected and some contiguous unaffected
areas and represents approximately 122 of the 152 acres remaining under
the NRC license. The Final Status Survey Plan for Phase Il has been
submitted and was approved by NRC on March 17, 1997. Phase |I includes
Sub-Areas F, G, H, | and J and includes the areas identified as Burial Area
No. 1, the East and West Sanitary Lagoons, the MOFF Plant Building exterior
and yard area, the Emergency Building, the Warehouse Building (Uranium
Building No. 4) and surrounding yard area, as well as numerous drainage
areas. Cimarron has substantially completed the remediation of each of the
Phase [l Sub-Areas and the Final Status Survey have either been completed
or are currently underway. The Final Status Survey Report for Sub-Area J
was submitted to the NRC in September, 1897; the NRC has provided
comments which Cimarron is currently finalizing responses to these

comments.
Phase lll

The Phase lll area contains mostly affected areas and a few small unaffected
areas, and represents approximately 30 acres. Phase lll includes Sub-Areas
K, L, M, N and O and includes the Uranium Processing Buildings énd yard
area, Burial Area Nos. 2 and 3, the new Sanitary Lagoon, the BTP Option 2
Disposal Cell (Burial Area No. 4), and the five former Waste Water Treatment
Ponds. These five ponds consists of Uranium Waste Pond Nos. 1 and 2, the
Plutonium Waste Pond, the Plutonium Emergency Pond, and the Uranium
Emergency Pond. The Final Status Survey Plan for Phase Il was submitted
to the NRC in June, 1997. The NRC has provided comments to Cimarron
and responses have been submitted to NRC by Cimarron in December,
1997. The NRC provided additional comments on the Plan in February, 1998

and Cimarron is currently finalizing the responses to these NRC comments.
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1.1 Obijectives of the Study
Cimarron Corporation has been proceeding with site decommissioning since 1975.

NRC guidance has been followed during site decommissioning to ensure timely and
safe decommissioning. The NRC has retained jurisdictibn over groundwater quality
issues pertaining to radionuclides resulting from licensed activities (NRC, 1997) as
specified by a letter to Cimarron:

“...NRC has a regulatory role to review the criteria for NRC licensed material
occurring in groundwater.”

The Oklahoma Department of Environmental Quality (DEQ), as the environmental
regulatory agency for Oklahoma, has jurisdiction for groundwater quality issues
related to non-radiological chemical contaminants at the site.

In the course of the decommissioning activities, several reports which detail the
groundwater and surface water quality in and around the site have been prepared
and submitted to the NRC and the DEQ (Chase, 1996, 1996a, 1996b, 1997; Grant,
1989, 1990). In response to requests for additional information, reports which
evaluate the geology and the groundwater recharge associated with the site have
been prepared (Cimarron, 1998). These reports have formed the basis for this

assessment.

In order to assist the DEQ in final decision making regarding the chemical
constituents in the groundwater associated with the site activities, Cimarron and
DEQ determined that a risk assessment which focused on this media would be
appropriate. Accordingly, this report provides the results of that risk assessment and
presents the derivation of “re-opening” and unrestricted use criteria for use by the
DEQ.

14 H\97112\9711201\REPORTS\R001.D0C
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1.2 Methodology for.the Risk Assessment

The risk assessment was conducted in accordance with the Work Plan for a Risk
Assessment for Groundwater (RSA, 1997) submitted to the DEQ on August 23,
1997 and approved by DEQ on October 24, 1997. " Based on jurisdictional
decisions made by the NRC in November, 1997 (NRC, 1997), certain elements in
the Work Plan were modified. The decision of the NRC to retain jurisdiction over the
radionuclides in the groundwater at the site resulted in this assessment being
focused solely on the chemical contaminants in groundwater; therefore, no
radiological dose assessments were performed for this report. Because Technetium
99 (Tc-99) is not known to be associated with non-radiological health effects, it was
not included in this assessment. Further, since all the chemical contaminants in the
receiving Cimarron River were well below the Maximum Contaminant Levels (MCL),
the downstream resident scenario was not pursued. These changes to the Work
Plan were discussed and approved by the staff of the DEQ on January 30, 1998.

A radiological dose assessment for groundwater at the site was included in a recent
report (Cimarron, 1998) submitted to the NRC. The report was prepared in support
of the decommissioning plan for Cimarron which is consideration by the NRC. The
major conclusions from this evaluation included the following:

» the background quality and quantity of groundwater at the Cimarron site varies,
but is generally poor to marginal;

« the historical and recent groundwater and surface water investigations show that
groundwater radionuclide impacts have abated and continue their decreasing
trends;

« all areas of the Cimarron site meet the criteria for Tc-99 as proposed by the
NRC; and

« only the shallow groundwater in close proximity to former Burial Area No. 1
exceeds the proposed uranium criterion. However, since this area is in the
Cimarron River flood plain and is prone to inundation on a regular basis, the
likelihood of a downgradient residence or well being installed is minimal.

1-5 H\9711219711201\REPORTS\R001.00C
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The risk assessment utilized an approach and methodology consistent with the
guidance developed by the National Research Council (1983) and the US
Environmental Protection Agency (EPA) (EPA, 1989). The Council, established by
the National Academy of Sciences to further scientific kﬁowledge and to advise the
federal government, developed the four-step paradigm for conducting human
health-based risk assessments. The paradigm includes the following steps: (a)
Data Evaluation/ldentification of Chemicals of Concern (COCs); (b) Toxicity
Assessment; (c) Exposure Assessment; and (d) Risk Characterization.

Additionally, the risk assessment addressed ecological concerns. The ecological
risk assessment follows a similar paradigm as the human health risk assessment.
The approach for the ecological portion of the risk assessment is described in
Section 7.0.

1.3 Report Organization
Consistent with EPA's Risk Assessment Guidance for Superfund (RAGS) (EPA,
1989) and the four-step process, it is also necessary to evaluate the physical and -

chemical characteristics at the site and to evaluate the uncertainties associated with
each of the four (4) steps. A general description of the site geology and
hydrogeology is provided which describes the COC to affected media along with
appropriate citations to previously provided and detailed site hydrogeological
descriptions. The uncertainty section qualitatively describes the sources and
potential impacts of uncertainty associated with the risk assessment.
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Risk Assessment for Groundwater September 17, 1998
Cimarron Corporation, Crescent, Oklahoma

2.0 IDENTIFICATION OF POTENTIAL CONSTITUENTS OF CONCERN
Potential COCs are the constituents detected in groundwater at the Cimarron-site

that have the potential to pose a hazard to humans or the environment and are
evaluated in consideration of the risk potentially associated with the site. This
section identified the potential COCs for the Facility.

2.1 Sources, Types, and Distribution

in order to identify the constituents that have the potential to be in groundwater or
surface water at the site or transported off-site, it is important o understand the
activities that were carried out in the past at the Cimarron Facility.

Cimarron conducted fuel fabrication activities on a small portion of the site.
Enriched uranium was processed and fabricated into fuel pellets. In general,
uranium hexafluoride was converted to .ammonium diuranate which was further
reduced in a calciner to uranium oxide powder. The powder was further processed
into pellets. The facility operated until 1975. During the course of the operation of
the facility, production waste materials were stored in various ponds and lagoons as
licensed by the NRC. Solutions meeting applicable discharge limits were directed to
the Cimarron River under NPDES permit. Since 1976, Cimarron has been
decontaminating and removing equipment from the facility, demolishing buildings,
closing ponds and excavating soils. The majority of the buildings at the site have
been decontaminated to meet unrestricted use criteria or dismantled and removed.
Concrete, subfloor drains and piping, as well as contaminated soils have been
excavated and either shipped off-site to licensed facilities or placed in the approved
on-site disposal cell. The main process building (Building No. 1) is in the process of
final decontamination and the warehouse building (Building No. 4) is currently being
utilized by Kemr-McGee for non-nuclear chemical process development. Building
No. 4 has been surveyed and has been released by the NRC for use by Kerr-
McGee. As a result of the nuclear fuel production activities, the shallow
groundwater at some isolated locations on-site has been impacted by the chemical

contaminants, uranium, nitrate, and fluoride.

2-1 H:AS711219711201\REPORTS\R001.DOC
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Impacted soils that are found to exceed BTP Option 1 criteria at the site have been
removed and relocated either in the NRC approved on-site disposal cell or off-site to
a LLRW disposal facility. Soils meeting BTP Option 1 criteria have been left in place
in accordance with NRC guidelines. USNRC BTP Optidn 2 criteria have remained
on-site in the disposal cell. Therefore, impacted soils do not represent an
environmental media of concemn for the risk assessment.

The on-site Reservoirs have been monitored for over a decade and no exceedences
of MCLs have been noted and therefbre, surface waters in these reservoirs do not
constitute a potential hazard from exposure to the media.

2.2 Data Summary

The data for use in the risk assessment were taken from groundwater data collected
during the on-going decommissioning period. Several previously compiled reports
identify the constituents that have been associated with the historic operations at the
Cimarron facility. These reports contain the data that have been compiled and
serve as the primary source of data for the risk assessment. These reports have
been previously provided to the DEQ. The reports used include:

o Site Investigation Report for Cimarron Corporation Facility, Logan County,
Oklahoma prepared by James L. Grant & Associates, Sept. 12, 1989.

o Cimarron Facility Closure Response to NRC Questions prepared for Cimarron
Corporation by James L. Grant & Associates, May 10, 1990.

e Groundwater and Surface Assessment for Cimarron Corporation’s Former
Nuclear Fuel Fabrication Facility, Crescent, Oklahoma prepared by Chase
Environmental Group, Inc., 1996.

e Recharge and Groundwater Quality Study for Cimarron Corporation’s Former
Nuclear Fuel Fabrication Facility, Crescent, Oklahoma prepared by Grant
Environmental, Inc., 1996.

e Discussion of Groundwater Quality and Quantity in Vicinity of Cimarron
Corporation’'s Former Nuclear Fuel Fabrication Facility, Crescent, Oklahoma
prepared by Chase Environmental Group, Inc., 1997.

Additional data obtained from groundwater sampling events in March, June,
September, and December 1997 were also included in the data set for the risk

22 H:\97112\9711201\REPORTS\R001.D0C
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assessment. The data utilized in the risk assessment is summarized in tabular form
in Appendix A. The data has been evaluated and reduced based on EPA guidance
as outlined in EPA Guidance for Data Usability in Risk Assessment (EPA, 1990).

Data are available for the site from 1985 to 1997. A comprehensive analysis of
trends in the data and representativeness was contained in the report entitled,
Groundwater and Surface Assessment for Cimarron Corporation’s Former Nuclear
Fuel Fabrication Facility, Crescent, Oklahoma prepared by Chase Environmental
Group, Inc., in 1896 (Chase, 1896a). The purpose of that report was to review the
historical groundwater and surface water data generated under the Cimarron
Facility’s environmental monitoring program as well as compilation and analysis of
results obtained from independent sampling efforts completed in 1996. Recognized
standard field sarhpling and analytical procedures were utilized for all sampling and
analyses consistent with NRC and EPA guidances. The following analytical
procedures have been utilized for the site data: (a) isotopic uranium, modified HASL
Method 300; (b) nitrate, EPA Method 353.2; and (c) fluoride, EPA Method 340.2.
The results for nitrate and fluoride have been reported in mg/L. The results for
uranium have been reported both in mg/L and/or pCi/L. Since the chemical risk
assessment utilizes only data in mg/L, only the mg/L results were included in
Appendix A.

The environmental data generated under the Cimarron Facility environmental
monitoring program has been submitted to the NRC annually since the early 1970's.
The data was subjected to quality assurance/quality control procedures. Figure 2-1
identifies the locations of the monitoring wells and Cimarron River sampling
locations. Figure 2-2 presents the contours at the Facility.

More recent comprehensive sampling of groundwater at the Facility has been
accomplished by contract personnel associated with Chase Environmental Group,
Inc. following the -Groundwater and Surface Water Sampling and Analysis Plan,
dated April 26, 1996 (Chase, 1996). Chase utilized recognized standard field

2-3 H:\S7112\9711201\REPORTS\R001.00C
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sampling and analytical procedures consistent with NRC and EPA methods cited
above. The data was subjected to quality assurance/quality control procedures.

The 1996 Chase report (Chase, 1996a) evaluated thé consistency of the 1996
comprehensive sampling data with data collected in previous years by Cimarron. In
general, it was concluded that the data set was essentially consistent with regards
to quality and representativeness. The compilation and review of the data indicated
that there have been varying degrees of impact to the groundwater system
underlying various portions of the site (i.e., groundwater in some areas of the site
have not been impacted while others have been). The trending analysis performed
by Chase indicates that the groundwater data would suggest that concentrations of
the COCs are continuing a downward trend, which coincides with the removal of the
sources of contamination during the decommissioning process. The concentrations
appear to have peaked in 1994, especially at SW-1206 and SW-1208. These peaks
are probably related to the leading edge of the plume reaching these sampling
locations. The COCs appear to be trending downward at these sites as well. It is

anticipated that this downward trend in contaminant levels will continue.

Summary statistics for the COCs, including concentration range, mean
concentration, and frequency of detection are provided in Appendix A ahd
summarized in Table 2-1. The data is presented for the Cimarron River as well as
the shallow and deep groundwater systems. Data from surface water sampling
locations SW-1206 and SW-1208 were included with the shallow groundwater data

since they represent part of the overall shaliow groundwater system.

The statistical summary also included calculation of the upper confidence limit of the
arithmetic mean (the upper 95" percentile limit on the mean) (95UCL) by
Assessment Area and for the Cimarron River. If a detected chemical was below the
sample detection limit or sample quantitation limit, one-half the detection limit was
used to calculate the 95UCL. The frequency of occurrence for site chemicals was

also noted.

2-4 H:\9711219711201\REPORTSIR001.00C
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2.3 Selection of Potential COCs
Based on historical process information and the findings of the investigations

described in Section 2.2 and comparisons of the summary data with human health
benchmark values, including Maximum Contaminant Levels (MCLs), and
background concentrations, COCs have been determined for the site. The human
health benchmark values are summarized in Table 2-2. Background concentrations
identified in previous reports based on upgradient or upstream wells (e.g., Well Nos.
1307, 1314, 1321, 1325, and 1328) or sampling sites (e.g., SW No. 1201) were
utilized as background concentrations. Table 2-1 provides these comparisons.

The potential chemical COCs identified for the facility residing in the shallow

groundwater are fluoride, nitrate, and uranium.

As can be noted from a review of Table 2-1, there are no COCs present in the
Cimarron River in excess of background and human health benchmark
concentrations. The concentrations at the upstream and downstream Cimarron
River sites are essentially equivalent. It was, therefore, concluded that downstream
river water users were at no risk from the site related constituents and the

assessment was concluded at this point with the concurrence of the DEQ.

There are no COCs outside of the background variances for the deep groundwater
system. Total isotopic uranium in upgradient wells at the site (Well Nos. 1321 and
1328) as well as in some of the downgradient wells has been above the MCL. The
total isotopic uranium in the deep groundwater wells has ranged from 11 pCi/L to as
high as 44 pCi/L; however these concentrations are considered within background
variances for the deep sandstone layer. Based on the trend analysis performed by
Chase, the generally poor quality of this grouhdwater system underlying the site,
and conclusions regarding the potential use of the deep groundwater system as a
water supply, no additional anaiysis was conducted with regard to the deep

groundwater system.

2-5 H:\9711219711201\REPORTS\R001.DOC
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TABLE 2-1
CHEMICAL CONSTITUENT DATA SUMMARY AND BENCHMARK COMPARISON FOR
CIMARRON RIVER, DEEP AND SHALLOW GROUNDWATER SYSTEMS

CIMARRON CORPORATION
Benchmark Values
Above/Below] Maximum
Frequency Background | Contaminant | Above/Below|
Contaminant Range of Detectlon Mean 95th UcL Background Values Lavel MCL

Clmarron River - Upstream (Table A-1

Fluorida (mg/L) <0.2-38 813 0.54 1.08 NA NA 4 Below

Nitrate (mg/L) <0.05 - 5.34 o3 1.32 2.21 NA NA 10 Below

Tolal Uranlum (mgnt) 0.001 - 0.018 11142 0.007 0.009 NA NA 0.02 Below
Clmarron River - Downstream (Table A-2)

Fluoride (mgiL) <0.2-3.9 613 0.54 1.09 <0.2-38" Below 4 Below

Nitrate (mg/L) ) <0.05-4 6113 0.82 1.48 <0.05-5.34 Below 10 Below

Total Uranlum (mg/L) <0.002 - 0.021 812 0.007 0.011 0.001 -0.018 " Below 0.02 Below
Deep Groundwater - Upgradient (Tabla A-4)

Fluoride {mgn.) <0.2-2 511 0.38 0.71 NA NA 4 Below

Nitrate (mg/L) <0.5-9.1 1011 2.00 3.48 NA NA 10 Below

Total Uranlum (mg/L) <0.005 - 0.021 1011 0.01 0.02 NA NA 0.02 Below
Deep Groundwaler Downgradient (Tabla A-5)

Fluotide (mgnL) <0.2-5 14133 0.50 0.83 <0.2.5% Below 4 Betow ¥

Nitrate (mg/.) <0.05-5 3233 1.70 1.98 <0.05-9.1 % Below 10 Below

Total Uranlum (mg/L) <0.01 -0.040 31133 0.025 0.030 | <0.005-0.021™]  Above 0.02 Above ¥
Shallow Groundwater Upgradlent (Table A-6)

Fluoride (mg/L) <0.2-2 18127 053 0.70 NA NA 4 Below

Nitrate (mgnL) 0.36 - 51 227 9.50 13.34 NA NA 10 Below

Total Uranlum (mgA.) 0.0007 - 0.016 13125 0.003 0.004 NA NA 0.02 Below
Shallow Groundwater Downgradient (Tabla A-7)

Fluoride (mg/L) <0.1 - 221 2141297 11.30 14.78 <0.2-21 Above 4 Above

Nitrate (mg/L) <0.1- 1,750 2911305 163.5 2026 0.36-51 Above 10 Above

Tolal Uranium (mgit) 0.0004 - 0 328/382 0.40 054 |0.0004-0.018" Above 0.02 Above
Shallow Groundwater at Seeps (Table A-3)

Fluoride {mgn) <0.2-62.5 26/30 10.1 156 <0.2.2W Above 4 Above

Nitrate (mg/L) <{-1,750 34132 348 548.5 05-.511 Above 10 Above

Tota! Uranlum (mg/L) <0.005 - 0.39 27134 0.08 0.10 | <0.001-0.016"]  Above 0.02 Above

" Background values based on Clmarron Rivar Upstream.

) Background values based on Deep Groundwater Upgradient,

) A portion of the background levels exceed the MCL; thersfore, the background favel becomes the controfling benchmark vatue,
) Background values based on Shallow Groundwater Upgradient,

HAST 11219711201 MISC\RATAB2-4
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TABLE 2.2
SUMMARY OF HUMAN HEALTH BENCHMARK VALUES

Contaminant Benchmark Value Source

Fluoride Maximum Contaminant Level | 4 mg/L EPA
Region VI (Ingestion and 2.2 mg/lL EPA, Region VI
Inhalation ) Tap Water
Media-Specific Screening
Level

Nitrate Maximum Contaminant Level | 10 ma/L EPA
Region Vi (Ingestion and 58 mg/L EPA, Region VI
Inhalation) Tap Water Media
Specific Screening Level

Uranijum Maximum Contaminant Level | 0.02 mg/L EPA
(proposed)
Region VI (Ingestion and 0.11 mg/L EPA, Region Vi
Inhalation) Tap Water Media

Specific Screening Level

EPA - Environmental Protection Agency
EPA, Region VI - EPA Region VI Human Health Media-Specific Screening Levels, October 30, 1997.

H:97112\9711201\MISCA\TABLE2-2.D0C




Risk Assessment for Groundwater September 17, 1998
Cimarron Corporation, Crescent, Oklahoma

3.0 HUMAN EXPOSURE ASSESSMENT
The purpose of the exposure assessment is to estimate the nature and magnitude

of potential exposures associated with a Facility. The exposure is briefly described,
so that potential human receptors and exposure paihways can be identified.
Estimated exposure point concentrations for each COC in groundwater are
presented and the associated contaminant intake by human receptors across
multiple pathways is estimated.

3.1 Potentially Exposed Populations

3.1.1 Demographics and Land Use

The area in the vicinity of the Facility is predominantly rural, with scattered
residential dwellings. The U.S. Census for 1990 indicated a population of 29,011 in
Logan County. Projected future growth in the area is expected to be about eight
percent. Within a five-mile radius of the Facility, the population in 1990 was 2,537
with a distribution of 27.4 percent ages 0 through 19, 55.9 percent ages 20 through
64, and 16.7 percent age 65 and over. The population in the area is 90.5 percent
white and 5.0 percent Native American with the remaining 4.5 percent divided
between several other ethnic backgrounds (U.S. Census, 1990). Demographic
patterns may exhibit changes at the next decennial census.

Land use in the area of the Facility and south of the Cimarron River is classified as
primarily agricultural, principally grazing with some cultivation of wheat, alfalfa, and
other grain type crops. Grazing and wheat cultivation have been done on much of
the acreage comprising the immediate facility grounds. This acreage has since
been released from NRC license for unrestricted use.

The Garber-Wellington Aquifier is a designated primary water supply source for
Logan County. In the County, municipal, and to a limited extent, irrigation waters
are drawn from groundwater; however, domestic groundwater usage in the vicinity
of the site is minor due to the high naturally occurring chloride content. The area is

3_1 H:\97112\8711201\REPORTS\R001.D0C
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served by a rural water district (Grant, 1989) which draws its water from areas
upgradient of the Facility. Groundwater in the alluvium is not widely used because

of its salinity and lower yields.

3.2 Potential Receptors

Area investigations have shown four domestic water supply wells screened in the
Garber-Wellington Aquifier and located within a three-mile radius of the Site, on the
south side of the Cimarron River (Grant, 1990). This direction is upgradient of the
Facility. The average depth of these wells was 116.5 feet. Evaluation of these wells
has demonstrated no impacts from the Cimarron-site and they are completed in a
more permeable part of the Garber-Wellington aquifer which is located east of the
site and runs north-south across the State (Chase, 1997). As previously discussed,
since the site will remain under the control of Cimarron, potential receptors would be
limited to trespasser or agricultural workers that may be exposed to “seeping”
shallow groundwater in the areas of the bluffs at the site. The assumptions used in
evaluating each of the scenarios are conservative to ensure that the estimated

doses are greater than projected actual future exposure.

3.3 Exposure Pathways

The site, presently licensed under SNM-928 by the NRC, is owned by Cimarron
(Kerr-McGee Corporation) subsidiary and will remain under the ownership of Kerr-
McGee Corporation in the future. Kerr-McGee’s Chemical Corporation operates a
R & D pilot plant at the site. The pilot plant does not utilize nuclear materials or
feedstocks. Portions of the Cimarron-site that were previously released from license
number SNM-928 for unrestricted use are owned by Cimarron and are currently in
use for agricultural purposes; these areas are reasonably anticipated to remain in
similar agricultural use. Groundwater is not utilized for irrigation or livestock
watering purposes on the site.

The only other activities occurring at the Cimarron-site are work involved with the

overall decommissioning of the site, periodic ground maintenance (i.e., cutting the

3-2 H:\9711218711201\REPORTS\R001.DOC
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native grass), periodic environmental assessment activities, and research involving
titanium dioxide pigment. Groundwater is not utilized by Cimarron or Kerr-McGee
personnel for any purpose; therefore, it does not constitute an exposure pathway for
on-site workers. The Facility at one time obtained dridking water from an on-site
reservoir but hooked into the rural water district when it became available. There are
portions of the site under agricultural use, therefore, cultivation activities as required
are performed by an agricultural lease holder. Groundwater is not utilized at the site
for irrigation purposes. Therefore, it does not constitute an exposure pathway for

agricultural workers.

The entire site is surrounded by fencing and is posted against trespassing. The
former processing area is controlled with regards to the potential for unauthorized
persons being on-site by the presence of a security force. The only potential
exposure to impacted groundwater is limited to a few localized “seeps” in the bluffs.
Small amounts of groundwater surface as “seeps” in a localized area of a steep
slope above the Cimarron River Flood Plain. The limited volume of groundwater
discharging at these seeps and their location make it highly unlikely that water could
be consumed as a drinking water supply for trespassers. If a trespasser should
happen upon the site, the exposure to groundwater would be highly unlikely. it is
possible, although not highly probable, that a trespasser could have limited dermal
contact with water from the “seeps” using it to wash dirt from hands or forearms.
Other potential receptors are not likely to be drawn to this area for any type of
recreational activity due to the fencing and overall nature of the site. The area does
not present an attractive sight for people floating on the river to beach and visit the
area. Therefore, as the worst case, a scenario which assumes contact with the
water from the “seeps” on the hands and forearms of an adult trespasser was
deemed the most probable and evaluated. The potentially complete pathway

considered for evaluation is:

« dermal contact with shallow groundwater.

3-3 H:A\97112\871120NREPORTS\RO01.00C
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Since the site will remain under the institutional control of Kerr-McGee Corporation
in the foreseeable future, the development of the groundwater resources for
drinking, irrigation and livestock watering purposes will not occur. Furthermore,
there are other and more attractive water sources (e.g., the reservoirs and the rural
water supply). The quality and yield of groundwater on the site have been
extensively reviewed in the 1996 Grant Report (Grant, 1996) and the 1997 Chase
Report (Chase, 1997). These studies have revealed that in general the shallow
aquifer would not yield a long-term sustainable pumping rate for groundwater at the
site at greater than approximately one (1) gallon per minute. Further, groundwater
near the site is hard to very hard, and naturally high in dissolved solids, fluoride,
chloride, and nitrates which further limit its usage. The ready access to other higher
quality water supplies and the generally less-than-acceptable quality and quantity of
the groundwater underlying the site, make the use of groundwater unlikely to occur,
even in the absence of institutional controls. Therefore, a future use scenario for
groundwater was not considered except as necessary for development of

“reopening criterion” as discussed in Section 8.0.

3.4 Exposure Point Concentrations

The 95UCL of the arithmetic mean were calculated for the shallow groundwater
system and the groundwater at the “seeps” as shown in Table 2-1 and Appendix A.
Collectively, these concentrations are considered the exposure point concentrations
used to evaluate the potential risk associated with the site. The shallow
groundwater system data was utilized to evaluate the future trespasser scenario,
whereas the groundwater at the “seeps” was used in the evaluation of the current

trespasser scenario.

3.5 Estimation of Intake and Dose

Chemical intake estimates are based on EPA methodology presented in RAGS
(EPA, 1889). The exposure equation used to calculate intake from dermal contact
with groundwater is presented in Table 3-1.

3_4 H:\9711219711201\REPORTS\R001.00C
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3.5.1 Scenario-Specific Assumptions and Intake Parameters

The trespasser scenario assumed that a trespasser would have contact with the
groundwater from the “seep” for 1.5 hours per trespass event; this value is the EPA
default value for adult time spent out of doors. It was assumed that 12 trespass
events occurred per year. This value is consistent with the EPA default value for
frequency of recreational water contact of 1 event per month (i.e., 12 per year). The
surface area of the hands and forearms of the adult trespasser was assumed to be
1,980 cm? which is the mean surface area as reported by EPA.

Chemical intake estimates are based on EPA methodologies as presented in the
EPA guidances as identified in Section 1.0 (EPA, 1989; EPA, 1991; EPA, 19925;
EPA 1997¢e). The exposure factors utilized in the risk assessment are summarized
in Table 3-2.

3.6 Summary of Exposure Estimates
The average daily intake for the chemical contaminants are contained in Tables 3-3

and 3-4 for the current and future on-site trespasser scenario, respectively.

3-5 H:AS7112\9711201\REPORTS\R001.D0C



TABLE 3-1

PATHWAY-SPECIFIC FORMULAS USED FOR CHEMICAL EXPOSURE CALCULATIONS

Dermal Confact with Contaminants in Water

CwxSAxPCxEFxEDxETxCF
Intake (mg / kg / day) =
(g / kg / day) W e AT
where:
C. =Chemical concentration in water (mg/Lg)
CF =Conversion factor for chemical fraction of water

(1 L/1000cm?)
EF =Exposure frequency (days/year)

ED =Exposure duration (years)
BW  =Body welght (kg)
AT =Averaging time for pathway-specific exposure
period
ET =Exposure time (hours/day)
SA =Skin surface area available for contact (cm?)
PC =Chemical-specific dermal permeabillity constant (cm/hr)

Drinking Water Ingestion
CowxCFxIRxEFxEDx FI
Intake (mg / kg / day) W x AT
where: C,, =Chemical concentration In drinking water (ug/L)
CF =Converslon factor (10 mg/ug)
Fi =Fraction Ingested from contaminated source
IR =Ingestion rate (1/day)
EF =Exposure frequency (days/year)
ED =Exposure duration (years)
BW  =Body welght (kg)
AT =Averaging time for pathway-specific exposure
period
(days)

HA9711219711201WISC\TABLE3-1.00C
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TABLE 3-2

SUMMARY OF EXPOSURE FACTORS

Exposure Factor Value Source
Body Weight (BW) (kg) adult : 70 EPA, 1988, 1991
child: 15
Averaging time (AT) (days) carcinogens: 25,500 EPA, 1988, 1991
noncarcinogens: exposure
duration x 365
Drinking water ingestion (IR,qe) adult: 2 : EPA, 1989, 1991
adult (L/day) child: 1
Exposure frequency (EF) (days/vear) | trespasser: 350 EPA, 1991
Exposure time (ET) (hours/event) trespasser 1.5 EPA, 1997e
Exposure duration (ED) (years) trespasser: 30 EPA, 1991
Skin surface area - adult (SA) (cm?) hands/forearms: 1,980 EPA, 1997e
Dermal absorption rate - inorganics 1x10% EPA, 1992a

cm/hr)

HAS71129711201WMISC\DEFFACT.DOC




TABLE 3-3

C

SUMMARY OF INTAKE AND RISK ASSOCIATED WITH DERMAL CONTACT WITH CURRENT ON-SITE TRESPASSER SCENARIO
CIMARRON CORPORATION

S

T
Nf*‘ s ‘;-i q,a .L"";H*s)

d Wy 404
Mknﬁ:‘ui’uﬂ.’:\ L)

%JJSB"
i M}
”@ma

1.00E-03
1.00E-03
1.00E-03

Fluoride |
Nitrate 546.5
Uranium 0.1

2.18E-05
7.62E-04
1.39E-07

Concentration; 95th UCL for Shallow Groundwaler at "Seeps” from Table A-3.
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TABLE 3-4
SUMMARY OF INTAKE ASSOCIATED WITH DERMAL CONTACT WITH FUTURE ON-SITE TRESPASSER SCENARIO
CIMARRON CORPORATION

AT My v FH R N R L : Average Dally Intake
" Concentratlon "=-'SA IR RS el er | LS EF AT
C al | iy BT at A B ED (yrs) | BW (k mg/kg/da
i 'f;‘?“_"?rf'*: gl A f._(c'ngg) aﬁf«‘»?ﬂ?{:"'f (h'r./qu) aysiyn| L 7S B KO qdaysy | e
Fluoride 14 78 1,980 1.00E-03 1.b 12 30 70 10950 2.06E-05
Nitrate 202.6 1980 1.00E-03 1.5 12 30 70 10950 2.83E-04
Uranium 0.54 1980 1.00E-03 1.6 12 30 70 10950 7.53E-07

Concentration: 95th UCL Goncentration from Downgradient Shallow Groundwater System from Table A-7.
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4.0 HUMAN HEALTH TOXICITY ASSESSMENT
It is necessary to identify the types of adverse health effects COCs may cause and to

define the relationship between the dose of COCs and the likelihood or magnitude of
an adverse effect (response). Adverse effects are characterized as carcinogenic or
"noncarcinogenic," (i.e., potential effects other than cancer). Sources of the published
dose-response values used in this risk assessment included EPA's Integrated Risk
Information System (IRIS) (EPA, 1997a).

4.1 Chemical Noncarcinogenic Dose -Response

Compounds with known or potential noncarcinogenic effects are assumed to have a
dose below which no adverse effect occurs or, conversely, above which an adverse
effect may be seen. This dose is the threshold dose, generally referred to as a No
Observed Adverse Effect Level (NOAEL). The lowest dose at which an adverse effect
occurs is called a Lowest Observed Adverse Effect Level (LOAEL). By applying
uncertainty factors to the NOAEL or the LOAEL, reference doses (RfDs) for chronic
exposures to chemicals with noncarcinogenic effects have been developed by EPA .
The uncertainty factors account for uncertainties associated with the dose-response
relationship such as the effects of using an animal study to derive a human dose-
response value, extrapolating from high to low doses, and evaluating sensitive

subpopulations.

For chemicals with noncarcinogenic effects, an RiD provides reasonable certainty that
no noncarcinogenic health effects are expected to occur even if daily exposures were
to occur at the RfD level for a lifetime. RfDs and exposure doses are expressed in
units of milligrams of chemical per kilogram body weight per day (mg/kg-day).
Table 4-1 summarizes the dose-response information for the constituents with
potential noncarcinogenic effects for the oral route of exposure. For each chemical,
the dose-response value, and the reference for the dose-response value is presented.
In addition, the target organ and critical effect upon which the dose-response value is

based are also presented for each chemical.

4-1 H:A9711219711201\REPORTS\R001.D0OC



',_l_.‘

Risk Assessment for Groundwater September 17, 1998
Cimarron Corporation, Crescent, Oklahoma

4.2 Toxicity Profiles of Constituents

4.2.1 Nitrate

Nitrates accumulate in soils from the application of fel;tilizers, human and animal
waste, bacterial nitrogen fixation, mineral dissolution, and plant and animal tissue
breakdown. Ingested nitrate is converted in the gut to the toxic nitrite ion, which is
readily absorbed. After absorption, the nitrite ion binds to hemoglobin in the blood and
oxidizes it, reducing the oxygen-carrying capacity of the blood and decreasing the rate
of release of oxygen. The oxidized hemoglobin is called methemoglobin. The primary
toxicity of nitrate is methemoglobinemia, which is a function of the balance between
circulating levels of nitrite and methemoglobin reductase activity. Nitrate is a normal
component of the human diet with typical daily intake in the 75 mg/day range (EPA,
1897d).

Symptoms of methemoglobinemia can be cormrelated with the percentage of
methemoglobin in the blood as follows: less than 10 percent methemoglobin
individuals are asymptomatic; moré than 25 percent methemoglobin produces
weakness, rapid pulse, and tachypnea (rapid breathing); more than 50 to 60 percent
methemoglobin can be fatal (EPA, 1997d). These symptoms reflect the progressive
decrease in the availability of oxygen. Infants are more sensitive to the production of
methemoglobin and, therefore, are considered the most sensitive population. The
route of exposure for infants is the use of contaminated water for mixing formula.
Healthy adults are reported to be able to consume large quantities of nitrate in
drinking water with relatively little, if any effect (NAS, 1977). Nitrate exposure levels
are frequently converted to the nitrogen concentration in the nitrate by dividing the
nitrate number by 4.4. The RfD is based on human epidemiological surveys which
have determined a NOAEL of 1.6 mg/kg/day for eary clinical signs of
methemoglobinemia in infants. Due to the strength of the data, modifying and
uncertainty factors of 1 were used to develop the RfD (EPA, 1997d).
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Neither, the IARC nor EPA have evaluated nitrate for carcinogenic potential (EPA,
1997d; IARC, 1982). There are limited findings which are suggestive but not firm
evidence of a causal link to cancer and high intake of nitrate (NAS, 1977).

Nitrate is readily absorbed across the gastrointestinal tract with the majority of the
absorption occurring in the stomach. There is a general paucity of data with regards
to dermal absorption of nitrate from water. Therefore, the default dermal absorption of
water of 1 x 10° cm/hr was utilized in the risk assessment (EPA, 1992).

42.2 Fluoride

Fluorides are binary compounds containing fluorine (F). Fluorine is an element found
in the earth’s crust. The mean fluorine content found in United States alluvial soils is
465 ppm (ATSDR, 1993). Naturally occurring fluoride can be found in surface and
groundwaters, and in food. Appreciable amounts of fluorides are released into the
atmosphere by active volcanoes and fumaroles. Fluoride dusts and gases are also
released into the atmosphere by many types of industrial sources. The United States
and Canada have been fluoridating drinking water since 1945 in an effort to reduce
the incidence of dental caries. The chemicals normally used for this purpose are
sodium fluoride, sodium fluorosilicate, and fluorosilicic acid. Fluoride is also frequently
added to toothpaste, mouthwash and vitamin and mineral supplements (NAS, 1977).
The average daily intake of fluoride is 2 to 3 mg/day. The fluoride content of
groundwater generally ranges from 0.02t0 1.5 mg/L (ATSDR, 1993). Soluble fiuoride
is rapidly and extensively absorbed in the gastrointestinal tract; however, with the
exception of hydrogen fluoride, there are no data available which would quantitate the
rate of dermal absorption (ATSDR, 1993). Therefore, a dermal absorption rate equal
to that of water (1 x 10° cm/hr) was used in the risk assessment (EPA, 1992).

Chronic exposure to fluorides affects the bones, teeth, and kidneys. Repeated
exposure may result in the deposition of fluoride in bone, producing increased bone
density and osteosclerosis. Also nasal congestion and bronchitis have been

associated with chronic low-level inhalation exposure to hydrogen fluoride. In drinking
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water, high levels of fluoride can produce marked osteofluorosis in individuals
consuming the water. According to epidemiological population studies as reported by
the Agency for Toxic Substances and Disease Registry (ATSDRY), no impairment of or
effect on the general health status could be detected among persons drinking
fluoridated water (ATSDR, '1993). The cumrent RfD is based on development of
objectionable dental fluorosis at a level of 0.06 mg/kg/day (EPA, 1997d).

Although several studies suggest that there might be a link between fluorides and
cancer in humans, the Intemational Agency for Research on Cancer (IARC) has
concluded that existing evidence of carcinogenic action in humans is inadequate
(IARC, 1982). According to IARC, the National Toxicology Program subjected sodium
fluoride to a long-term toxicity and carcinogenicity study using rats and mice. Four
rats in the high dose and one rat in the medium dose group developed
osteosarcomas. This type of cancer was not observed in controls but the results are
considered equivocable.

4.2.3 Uranium

Uranium is ubiquitous in the environment, present in the earth’s crust at approximately
4 parts per million. Uranium is absorbed from the soil into plant tissues to an extent
that depends on the plant species and the depth of its root system (ATSDR, 1990).
The main dietary source of natural uranium of the general population is food such as
potatoes, bakery products, meat and fresh fish. Total dietary intake of uranium from
the consumption of average foods and beverages is approximately 1 pg per day;
approximately 20 to 50 percent of that total can come from drinking water. The U. S.
mean concentration of uranium in surface water and groundwaters were 1.1 and 3.2
pCi/l., respectively (ATSDR, 1990).

The fractional absorption of uranium compounds following oral exposure is generally
considered to be quite low (less than 2 percent for soluble compounds and less than
0.2 percent for insoluble compounds). The fractional absorption is mostly dependent
upon chemical form and length of time since the last intake of food. Human drinking
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water studies have revealed that the mean fractional absorption of ingested uranium is
in the range of 0.006 to 0.015 (0.6 to 1.5 percent). Wrenn et al (1985) reviewed the
literature regarding gastrointestinal absorption and concluded that fractional
absorption is most likely 0.01 to 0.02 and is reasonably. independent of age or the
mass of uranium ingested. Leggett and Harrison (1995) and Eckerman et al (1998)
have similarly concluded no differences in fractional absorption between children and
adults.

There is suggestive evidence in animals that certain uranium compounds in pure form
may be absorbed through intact skin; however, there is a paucity of data with regard
to potential absorption of uranium in water through skin (ATSDR, 1990). Therefore,
the default dermal absorption rate for inorganics of 1 x 10° cm/hr was utilized in the
risk assessment (EPA, 1992).

Exposure of the general public to natural uranium is unlikely to pose an immediate
lethal threat to humans. No human deaths have been reported that are definitely
attributable to uranium ingestion; therefore, no lethal dose has been reported for
humans. Pure uranium is not an external radiation hazard, as it emits mainly low
energy alpha radiation. The potential risks associated with uranium as a radionuclude
have or are being addressed by the NRC (Cimarron, 1998) and as such will not be

considered as a part of the chemical constituent risk assessment in this document.

Lethal doses of uranium in animals have been reported to be as low as 14 mg/kg-day
following 23-day oral exposures. Uranium toxicity depends on the solubility of the
uranium compound tested (higher solubility compounds having greater toxicity), route
of exposure, and animal species (Elless et al, 1997). However, the available data in
both humans and animals is sufficient to conclude that even for soluble compounds,
uranium has a low order of metallotoxicity in humans (ATSDR, 1997).

No chronic effects have been reported in humans following oral exposure to uranium.

Data available from populations occupationally exposed to high concentrations of
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uranium compounds through inhalation and information studies in experimental
animals indicate that the critical organ for chronic uranium toxicity is the proximal
tubule of the kidney (EﬁA, 1997d). In humans, chemical injury reveals itself‘by
increased catalase excretion in urine and proteinuria. It would appear that the major
health concem associated with exposures to uranium in groundwater are related to

chemical toxicity rather than potential radiation doses.

Animal studies have demonstrated renal effects associated with chronic oral exposure
to uranium. Lethal doses of uranium in animals (dogs) have been reported to be as
low as 14 mg/kg-day following 23-day oral exposures. The lowest dose of uranyl
nitrate that caused body weight loss and moderate renal damage in rabbits was 2.8
mg/kg-day (EPA, 1997d). This value was modified by an uncertainty factor of 1000 to
provide the current RfD. Based on the conversion factor for uranium established for
the Cimarron site, the RfD of 3E-03 mg/kg-day is approximately equivalent to 4.98
pCi/kg-day. This comparison is offered for informational purposes as requested by
the DEQ; it should not be utilized for direct comparisons of intake and potential
radiation dose.

At this time, the EPA has not classified uranium for carcinogenicity (EPA, 1998a). The
results of studies in both humans and animals are consistent with this conclusion
(ATSDR, 1997).
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TABLE 41

DOSE-RESPONSE DATA FOR CONSTITUENTS WITH POTENTIAL
NONCARCINOGENIC EFFECTS

: Oral RfD Target Organ
Compound CAS? (mg/kg-day) Reference System
Fluoride 7782414 6.0E-02 IRIS fluoridosis, teeth
Nitrate 14797650 1.6E+00 IRIS blood effects
Uranium 7440611 3.0E-03 IRIS kidney effects

3Chemical Abstracts Service Registry Number.

IRIS = Integrated Risk Information System Database, 1997
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5.0 HUMAN HEALTH RISK CHARACTERIZATION

51 Methodolo
Risk characterization combines toxicity and exposure information to arrive at

qualitative and quantitative evaluations of any potential ‘human health hazard. For
Cimarron, the potential noncarcinogenic risk to each potential human receptor from

dermal exposure to contaminants in groundwater was quantitatively evaluated.

A probabilistic approach is not used to estimate the potential for noncarcinogenic
health effects (EPA, 1989). Instead, the potential for noncarcinogenic effects is
evaluated by comparing the average daily exposure (intake) over a specified time
period (exposure duration) with a RfD derived for similar exposure periods for each
chemical. This ratio of exposure is called a hazard quotient (HQ) calculated as:

_ intake (mg / kg — day)
" RfD(mg!kg—day)

HQ

HQ’'s may be summed to obtain a hazard index (HI) for each chemical and specific
pathway. An HI greater than one has been defined as the level of concern for
potential adverse noncarcinogenic health effects (EPA 1989).

5.2 Risk Estimates for the Cimarron Facility

The health risk summary calculated for all site study areas are presented in

Tables 5-1 and 5-2. The results are discussed in the following subsections.

5.2.1 On-Site Current and Future Trespasser

The noncarcinogenic HQ for both the current and future trespasser scenario is
considerably less than the target level of 1.0 for each of the COCs. Because the
target organ is different for each COC, it is not appropriate to sum the HQs. The
long-term health risks of the COCs in the shallow groundwater at the site should not
pose a hazard to the trespasser either at the current conditions on the site or in the

future. It is anticipatéd that the concentrations of the COCs will continue to
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decrease, thereby decreasing any potential risks to even lower levels than

presented in Tables 5-1 and 5-2. .
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TABLE 5-1
SUMMARY OF INTAKE AND RISK ASSOCIATED WITH DERMAL CONTACT CURRENT
ON-SITE TRESPASSER SCENARIO
CIMARRON CORPORATION

i iiAverage Daily:dntake | Cemaedl i s o SRS
: G ST DN oo : PR PRI IR s TS T
i ~(mglka/day, Amglkolday)...| ... Hazard Quotient
coeE 4| %5 %(Noncarcinogens). O SRR ] I S
Fluoride 2.18E-05 6.00E-02 3.63E-04
Nitrate 7.62E-04 1.60E+00 4,76E-04
Uranium 1.389E-07 3.00E-03 4,65E-05
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TABLE 5-2
SUMMARY OF RISK ASSOCIATED WITH DERMAL CONTACT -

/ .
FUTURE ON-SITE TRESPASSER SCENARIO
CIMARRON CORPORATION -

e h :Average Daily lntake RFD - .
Chemical 1| = (mglkglday) M Hazard Quotlent
e | B ..,(mglkglday)
SR ESETE 2R ,,-(Noncarcmogens) [ IR SETERL
Fluoride 2.06E-05 6 OOE 02 3 44E 04
Nitrate 2.83E-04 1.60E+00 1.77E-04
Uranium 7.53E-07 3.00E-03 2.51E-04

o/
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6.0 UNCERTAINTY IN THE ASSESSMENT PROCESS

The risks calculated in this assessment are single point estimates of risk rather than

probabilistic estimates. Therefore, it is important to discuss uncertainties inherent in
the risk assessment in order to place the risk estimates in proper perspective.
Uncertainties can be associated with sampling data adequacy, selection of potential
COCs, exposure assessment variables, and toxicity values.

Uncertainty is inherent in the selection of potential COCs for analysis and is
associated with a number of factors. The identification of potential COCs for a human
health evaluation relies on both data from the monitoring program and knowledge of
Facility activities. The COCs were selected based on Facility history and include the
major constituents likely to significantly impact risk. Considerable data on the COCs
included in this assessment have been collected over the years especially since 1985.
The data collection program at the Facility is comprehensive and hence, the
uncertainty associated with the identification of potential COCs for analysis is low.

The variables used for the exposure assessment were extremely conservative and
would lead to an overestimation of risk. The exposure intake assumptions were
generally the EPA default values. The conservative nature of the assessment would

result in an overestimation of potential risk.

There is a great deal of inherent uncertainty in the toxicity values used for assessing
potential risk to humans. Sources of uncertainty for calculating toxicity factors include
extrapolation from short-term t0 long-term exposures, the amount of data supporting
the toxicity factors and extrapolation from animal experiments. To the extent that
humans differ from animals, the Facility-specific estimates based on these animal
toxicity data may not reflect actual risk to humans.

Finally, the potentially synergistic or antagonistic effects of constituent mixtures are

not evaluated as part of the risk estimation process. Rather, risks are based on the
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assumption that the toxic effects of constituents are considered to be independent of
other constituents at the Facility.

In general, the assumptions built into this assessment are based on best practice and
tend to overestimate rather than underestimate potential risks, including conservative

assumptions for exposure point concentrations and exposure scenarios.
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7.0 ECOLOGICAL RISK ASSESSMENT
The approach to a screening-level ecological risk assessment employed for the

Cimarron-site follows EPA’s Ecological Risk Assessment Guidance for Superfund:
Process for Designing and Conducting Ecological Risk Assessments (EPA, 1996Db)
and Guidelines for Ecological Risk Assessment (EPA, 1998b). The process
employs a Facility-wide approach and uses conservative assumptions regarding
contaminant exposure and effects. Maximum measured groundwater
concentrations from across the Facility were compared to benchmark “no effect
thresholds” for receptor species which have the most potential to be affected by the
COCs. Table 7-1 summarizes potential ecological benchmark values for aquatic
and terrestrial biota. In general, the shallow groundwater values are below any of

the ecological benchmark values.

7.4 Screening-level Problem Formulation and Effects Evaluation

The purpose of a scfeening-level ecological risk assessment is to evaluate briefly the
nature and extent of contamination, the fate and transport mechanisms, the
mechanisms of ecotoxicity associated with contaminants and the likely receptors that
could be affected. Endpoints are then chosen to evaluate ecological risk from the
shallow groundwater system for which exposure pathways are complete.

7.11 Environmental Setting and Contaminants
The potential COCs for the Facility, identified in previous investigations, include the
chemicals, fluoride, nitrate and uranium. Section 7.1.2 describes the potential

chemicals of concern and their relationship to past facility operations.

7.1.1.1 Terrestrial Biota

The Facility is located in a gently rolling uplands area, with incised river and stream
pattens. Near the drainages, terrace deposits are common as a mantle on the
bedrock from abandoned channels. Additionally, alluvium is present in the drainage
bottoms as floodplain deposits. The region is within the central prairies region. The
ecology of the area has been slightly modified by industrial activity on the site, grazing,

and by the clearing of forest for cultivation and pasture.
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The Facility itself is primarily an upland area. The woodlands are dominated by
several species of oaks and hickories. Forests along streams and in river
bottomlands are dominated by species such as cottonwood, sycamore, sweetgum,
red oak, and water oak. Pastures and fields on the'Facility are dominated by
Bermuda, rye, and fescue grasses. Wheat is the grain typically cultivated for harvest.

The Facility fauna are dominated by both woodland and grassland species. Some
120 bird species are known to breed in the region and a few hundred other species
migrate through or over-winter in the area. Woodlands, brushlands, and wetlands
typically support a larger number of bird species than do fields and pastures. About
65 species of mammals and 70 species of amphibians and reptiles are native to the
region. Important game species that occur on the Facility include the bobwhite quail,
white-tailed deer, red and gray squirrel, and eastern cottontail.

7.1.1.2 Aquatic Biota

The Cimarron Facility is adjacent to the Cimarron River. The Cimarron River traverses
an agriculturally active portion of Oklahoma. The river water in the vicinity of the site is
of relatively poor quality and carries a heavy-sediment and salt load as a result of
natural impact from sources upstream to the Cimarron Facility. Heavy mineralization
(predominantly chloride) is present from the Great Salt Plains area located about 100
miles upstream. The upstream water quality typically exceeds both human health and
aquatic biota related benchmark concentrations. The River receives recharge from
shallow groundwater at the site.

7113 Floodplains and Wetlands

Floodplains at the Facility are associated with the Cimarron River. A broad floodplain
is located along the northern border of the Facility. The floodplain is under active
cultivation to the rivers edge. No large marshes or swamps occur on the Facility.
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7114 Threatened and Endangered Species

The Oklahoma Natural Heritage Inventory database for Logan County identified
several special category species (endangered, threatened, or category 2) that occur in
the vicinity of the Cimarron Facility (ONHI, 1997). |

Endangered and/or threatened species that might be found in the vicinity include the
interior least tem and the bald eagle. The Arkansas River Shiner, a threatened
species, and the Red River Shiner and Arkansas Speckled Chub may be found in the
area. River otters are species of special concemn in Oklahoma; however, they have
not been observed in the area of the Facility. Oklahoma beardtongue may be present
in Logan County; although it has not been noted at the Cimarron Facility (ONHI,
1997).

7.1.2 Contaminant Fate and Transport Mechanisms

The contaminant transport mechanisms at the Facility potentially involve infiltration of
contaminants through and from surface and subsurface soil to shallow groundwater.
Facility activity related groundwater contaminant plumes have been mapped for the
Facility. Contaminant migration through groundwater transport has been very limited
due to the nature of the aquifer and the environmental fate of the contaminants. A
more complete evaluation of groundwater impacts can be found in the various reports
prepared by the Facility. The shallow aquifer impacts noted are localized and
associated with past facility waste management and disposal operations, notably solid
waste burial areas and process water retention ponds.

Surface water transport of contaminants off-site have not been noted. For the
Cimarron River, the uranium concentrations were within the limits specified in the
Oklahoma Water Quality Standards, as established by the Oklahoma Water
Resources Board, and did not exceed upstream or background concentrations.
Downstream nitrate and fluoride concentrations were not found to be different than
those at the upstream Cimarron River sampling location. The concentrations of all the
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COCs have remained relatively constant over the twelve (12) year sampling period,
indicating negligible, if any, impacts from site activities.

713 Ecotoxicity
None of the COCs at the Facility are subject to significant biomagnification or
bioaccumulation through the food chain with the possible exception of nitrate uptake

by plants.

Uranium has two (2) modes of ecotoxicity; one through radiation dose and the other
through direct toxicity due to ingestion of uranium metal. The ecotoxicity of the
radionuclides depends on the types and energies of radiation they emit, the tissues
irradiated and their sensitivity and for intemal exposures, and the biological half life of
the radionuclide in the receptor’s body. Chemical toxicity effects include heavy metal
poisoning that can impair kidney function. As with humans, ecological receptors are
generally more sensitive to the metal toxicity than to radiological effects at the
associated low doses (ATSDR, 1990). Fish exhibit very low assimilation efficiency for
uranium in aquatic settings, therefore, no biomagnification of uranium from the aquatic
food chain is expected to occur (ATSDR, 1990). For plant uptake, uranium may be
restricted to the root system and may only be present in the outer root membrane and
not in the interior of the root. No translocation ‘of uranium from soil to the above
ground part of plants has been observed (ATSDR, 1990).

Chronic ingestion of fluoride by animals can lead to bone, tooth and hoof
abnormalities with possible severe cases of fiuorosis resulting in chronic diarrhea
(ATSDR, 1993). The EPA has not determined an Ambient Water Quality Criteria for
Aquatic Organisms for fluoride (EPA, 1997d).

Nitrate is a required nutrient, and is naturally present in limited quantities in many
terrestrial and aquatic ecosystems, however, excessive use of nitrate fertilizer can
lead to concentrations of nitrate in plant tissues that are toxic. Chronic nitrate
ingestion by cattle can lead to decreased weight gain, decreased milk production,
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.poor reproductive capacity, and digestive tract and respiratory disorders. Levels in
animal feeds should not exceed 5000 mg/kg and death can occur through ingestion of
15,000 mg/kg of nitrate (ATSDR, 1993). Ruminant animals may also develop
methemoglobinemia through the consumption of nitrate and subsequent reduction in
the rumen of nitrate to the toxic nitrite. Uptake of nitrate into plant tissues can occur
that are in excess of soil concentrations, particularly under adverse growing conditions
(ATSDR, 1993). The EPA has not provided an Ambient Water Quality Criteria for
Aquatic Organisms for nitrate due to the recognition that concentrations that would
exhibit toxic effects on fish can rarely occur in nature (EPA, 1997d).

71.4 ldentification of Complete Exposure Pathways

Facility COCs present in localized shallow groundwater areas and to a very limited
extent have expressed their presence in surface sources as “seeps” in the bluff. The
primary complete exposure pathway of contaminants at the Facility is through
exposure of biota to surfacing shallow groundwater at the “seeps”. Uptake of shallow
groundwater by plants and subsequent ingestion of plants along with incidental water
ingestion are the most likely routes of contaminant exposure to biota.

With shallow groundwater at depths of about 10 to 30 feet at the Facility and deep
rooted vegetative cover sparse over much of the impacted areas (burial areas and
ponds) overlying the contaminant plumes, there is no significant exposure potential to
plants from groundwater contaminants, except in the areas immediately adjacent to

the “seeps”.

715 Selection of Endpoint to Receptor

Based on the exposure pathways ecological receptors are selected based on the
concept of “limiting species”. For the purpose of screening risks, a receptor is chosen
that may be mostly exposed and potentially sensitive to Facility contaminants. For this
Facility a small mammal (meadow vole) with a high rate of ingestion to body weight

- ratio and a small home range may be considered the limiting species.
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7.1.6 Selection of Benchmarks

Screening-level benchmarks are used to evaluate the potential for Facility
contaminants to cause ecological effects. (See Table 7-1.)

Meadow vole dietary benchmarks for chemical toxicity for hranium, nitrate and fluoride
ingestion were taken from Sample et. al., 1996 and represent the concentration in
water that would not be expected to result in adverse effects assuming 100 percent

utilization of impacted water.

7.2 Screening-Level Risk Assessment

Maximum facility-area exposure concentrations of shallow groundwater media from
the 1997 data are presented in Table 7-2. Only shallow groundwater media are
evaluated since impacts here present the only significant complete exposure pathway
under the historical and future use assumptions.

7.21 Screening-Level Risk Calculation (HQ)

The ratio of the benchmark to maximum present media concentration is used to
express potential ecological risk as a hazard quotient (HQ). The larger the HQ the
more likely are the ecological risks to the receptor from the estimated exposure to the
contaminated media. The calculated HQs for the various Facility impacts are
presented in Table 7-2. The analysis shows HQs for chemical toxicity all are below
1.0, which means the risk for contact with the media in its present concentration and
scenario is considered acceptable.

7.2.2 Uncertainty Assessment

The benchmarks developed by Sample et al, 1996 for chemical toxicity are based on
the protection of individuals as derived from laboratory studies of related species and
apbropriate conservatism factored in. Extrapolations to Facility species from test
species and the effects of multiple contaminants on receptors introduces uncertainty
into any screening assessment using benchmarks. Benchmarks are derived to protect
individuals and are conservative so the objective (assessment endpoint) appropriately
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protects populations, communities and ecosystems from risk due to contaminant

exposure.

The screening assessment employed here uses conservative aséumptions that make
it very unlikely that a consequential decision error will be made. It is much more
probable that the screening assessment predicts a greater or more potential risk from
contaminants than there is in fact. Models of exposure are based on 100 percent
bioavailability, 100 percent Facility use, and direct ingestion of the maximum observed
contaminated media concentrations. These assumptions will tend to significantly

overestimate the risks associated with ecological receptors.
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SUMMARY OF ECOLOGICAL BENCHMARK VALUES

TABLE 7-1

Contaminant Benchmark Value Source

Fluoride Lowest EC,, for Fish 5.336 mg/L ORNL
Lowest EC,, for Daphnids 3.706 mo/L ORNL
Lowest EC,, for Aquatic Populations 1.080 ma/L ORNL
Phytotoxicity (all plants) 5 mg/L OMTADS
NOAEL - Meadow Vole 502.3 mg/L ORNL
NOAEL - Rabbit 310.1 mg/L ORNL
NOAEL - River Otter 233.2 mg/L ORNL
NOAEL - Whitetail Deer 174.7 ma/L ORNL
NOAEL - American Robin 56.7 mg/L ORNL
NOAEL - Barn Owl 103.9 mg/L ORNL
NOAEL - Red-tailed Hawk 137.2 mg/L ORNL

Nitrate NOAEL - Meadow Vole 7,818 mg/L ORNL
NOAEL - Rabbit 4,826 ma/L ORNL
NOAEL - River Otter 3,629 mg/L ORNL
NOAEL - Whitetail Deer 2,719 ma/L ORNL

Uranium Lowest EC,, for Fish 0.455 mg/L ORNL
Lowest EC., for Aquatic Populations 0.027 mg/L ORNL
Phytotoxicity (all plants) 40 mg/l. OMTADS
NOAEL - Meadow Vole 20.1 mg/L ORNL
NOAEL - Rabbit 12.4 mg/L ORNL
NOAEL - River Otter 9.334 mg/L ORNL
NOAEL - Whitetail Deer 6.995 mg/L ORNL
NOAEL - American Robin 116.2 mg/L ORNL
NOAEL - Barn Owl 213.0 mg/L ORNL
NOAEL - Red-tailed Hawk 281.5 mg/L ORNL

r~‘-
 SP

Aty -
o

ORNL - Oak Ridge National Laboratory, Ecological Toxicological Benchmarks Series, 1996.

OMTADS - Oil and Hazardous Materials/Technical Assistance Data System, EPA.
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TABLE 7-2

SUMMARY OF HAZARD QUOTIENT FOR ECOLOGICAL RECEPTOR

Chemical . ...Ecological .. |-~ Hazard Quotient -; -
i CiBenchmark | Emin
s ~(mg/L)®. v G e TER
Fluoride 502.3 0.18
Nitrate 7,818 0.20
Uranium 20.1 0.15

a Maximum concentration from groundwater site-wide in 1997.
b Values are water consumption benchmarks for the limiting species (meadow vole) from Sample et al, 1996,

unless otherwise noted.
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8.0 DERIVATION OF REOPENING CRITERION

The Cimarron-site will remain under the control of Kerr-McGee Corporation for the

foreseeable future. However, at some point in the future, Cimarron Corporation,
Kerr-McGee Corporation, and/or the DEQ may wish to ré-evaluate the level or need
of continued controls in place at the site. Such evaluation is appropriately based
upon “re-opening criteria”. The purpose of the “re-opening criteria” is to provide site-
specific risk-based guidelines for comparison to verification sampling to determine if
release of the site from institutional control is justified. These criteria will be utilized
with MCLs that may be in effect at the time as well as current background levels. A
demographic assessment will be conducted at such time that the re-opening criteria

are used.

The exposure assumptions to be used in development of the reopening criteria
would be that groundwater from the site would be utilized for domestic consumption,
even though site geology and hydrogeology limit the amount of groundwater
available for potential domestic use. The EPA equations for calculation of risk-based
remediation goals (EPA, 1992) were utilized to determine the “re-opening” criteria
for each contaminant. A resident scenario was used based on""iﬁgestion of
groundwater as the sole source of drinking water. No dermal scenario was
calculated since, as presented in Section 5.0, the dermal contribution to overall
exposure from these COCs is minimal. The determination utilized the same
exposure factors as presented in Table 3-2 for development of the “re-opening”
criteria. The calculations are summarized in Table 8-1.

The risk-based “re-opening” criterion for nitrate is higher than the current MCL of 10
mg/L. The use of a risk-based “re-opening” criterion is appropriate, since the
background groundwater concentrations of nitrate at the site generally exceed the
MCL. Therefore, the background concentrations for the Site will be utilized in
conjunction with the risk-based “re-opening” criterion for decision making at the Site.
The background concentration approach was selected because upgradient

groundwater and unaffected wells on site contain nitrate levels believed to be
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related to the use of nitrogen-based fertilizers in the agricultural activities on-going
on and surrounding the Site. Currently, much of the shallow groundwater at the Site
already is below the 52 mg/L nitrate level found in Well 1330 (highest unaffected
well) at its last sampling (see Table 8-2). ltis anticipatéd that nitrate levels related
to historical activities on site will continue to decrease; however, nitrate originating
from agricultural use of fertilizers is expect to be constant or increase with time.
Continued upgradient sampling will be utilized to verify that this criterion continues to

be valid with time.

The risk-based “re-opening” criterion for uranium of 0.11 mg/L is higher than the
proposed MCL of 20 pg/L. EPA has recently indicated that consideration is being
given to raising the proposed MCL to between 50 and 70 pg/L by the year 2,000
(Kirk, 1998). The higher value is appropriate since the site will remain under the
control of Kerr-McGee and use of shallow groundwater for domestic purposes is
unlikely to occur due to its poor quality. The uranium concentrations in the shallow
groundwater appear to be decreasing with time; only two sampling locations near
Burial Area No. 1 have uranium concentrations in excess of the 0.11 mg/L “re-
opening” criterion. It is anticipated that the downward trend will continue since all
the source materials have been removed from the site.

A risk-based “re-opening” criterion was not calculated for fluoride. The MCL of 4
mg/L will be utilized as the criterion. Based on the last sampling event in 1997, 21
of the 28 downgradient sampling locations have fluoride levels less than the 4 mg/L

criterion.
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TABLE 8-1
RISK-BASED RE-OPENING CRITERION FOR CHEMICAL CONTAMINANTS
CIMARRON CORPORATION

R
I fjhi"/d'

R

s”hnﬁ Y %

Rlsk Based Ret}
9hihd 6riterlon
{i& a(mg/L) T -I,pi " |

Nitrate 1 2 350 30 70 10950 1.60E+4+00 58
Uranium 1 2 350 30 70 10950 3.00E-03 . 0.110
C (mg/L) = (THI x BW x AT)/(EF x ED x (1/RfD*IR)

where:

THI = Target Hazard Index

BW = Body Weight

AT = Averaging Time = ED x 365 days/year

EF = Exposure Frequency

ED = Exposure Duratlon

RID = Oral Reference Dose

IR = Ingestion Rate
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TABLE 8-2
COMPARISON OF 1997 GROUNDWATER DATA WITH
RE-OPENING CRITERIA FOR CHEMICAL CONTAMINANTS
CIMARRON CORPORATION

o .- Number of
' Risk-Based sz“;‘:’v'::;?ds':‘: les
Chemical Reopening P Location of Samples which Exceed Criterion
Criterlori (mg/L) ~ Exceeding the )
. Criterion at Last
Sampling in 1997 (a)
Location No. Location
1206, 1208 Seeps
Fluoride 4 7 of 28 1312, 1313, 1340 Uranium Waste Pond No. 1
1336A, 1337 Uranium Waste Pond No. 2
1206, 1208 Seeps
1311, 1312, 1313, ,
Nitrate 52 9 of 28 1340, 1341, Uranium Waste Pond No. 1
1336A, 1337 Uranium Waste Pond No. 2
Uranium 0.11 2 of 28 1315, 1317 Burial Area No. 1

(a) Includes sampling locations SW1206 and SW1208, the "seeps".
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9.0 SUMMARY AND CONCLUSIONS

This risk assessment presents the results of a site-specific risk assessment

performed for the shallow groundwater system. The groundwater sample
concentrations were analyzed statistically and the 95UCL was used as the exposure
point concentration to which an on-site trespasser might potentially be exposed. The
risk assessment utilized the historical data collected since 1985 and previously
submitted to the ODEQ.

The results of the assessment indicated that the chemical contaminants which
surface at “seeps” in the bluff at the site do not pose an unacceptable risk to a

trespasser or agricultural worker.

The ecological assessment addressed concerns by using site groundwater
concentrations to compare to published toxicological benchmarks for wildlife
receptors. The shallow groundwater was found to be well below any of the
published toxicological benchmark values.

The risk-based “re-opening” criteria to be utilized to guide risk management
decisions were also developed. The Cimarron site will remain under the control of
Kerr-McGee Corporation for the foreseeable future. However, at some point in the
future, Cimarron Corpdration. Kerr-McGee Corporation, and/or the DEQ may wish
to re-evaluate the level or need of continued controls in place at the site. Such
evaluation is appropriately based upon “re-opening criteria”. The purpose of the “re-
opening criteria” is to provide site-specific risk-based guidelines for comparison to
verification sampling tEJ determine if release of the site from institutional control is
justified. These criteria will be utilized in conjunction with MCLs and current
background concentrations for the Cimarron site. A demographic assessment will
also be conducted at such time that the re-opening criteria are used.

The “re-opening” criterion for nitrate is based on the background concentrations and

the calculated risk-based value. The “re-opening” criterion for uranium will be a risk-
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based value of 0.11 mg/L. For fluoride, the MCL will be utilized as the “re-opening”

criterion.  Much of the groundwater underlying the Facility currently meets these

criteria.

'
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TABLE A-1 UPSTREAM CIMARRON RIVER
CIMARRON FACILITY - ENVIRONMENTAL SURFACE WATER

[ENVIRONMENTAL
#1201 - CIMARRON RIVER
UP-STREAM F NO3 (N) U
SAMPLE DATE mg/l mg/l mgll
1985 < 0.2 < 5 0.005
1986 0.3 4 0.004
1987 04 < 1 0.01
1988 < 1 < 1 0.018
1989 0.12 0.67 0.006
1990 < 0.5 14 0.005
1991 04 0.65
1992 < 04 0.8 0.006
1993 < 0.2 0.5 0.008
1994 3.8 0.1 0.005
1895 0.1 0.1 0.001
1996 0.37 < 0.05 0.0085
1997 04 5.34 0.005
Minimum < 0.2 < 0.05 0.001
Maximum 3.8 5.34 0.018
Mean 0.54 1.32 0.007
Standard Deviation 0.98 1.65 0.004
Number 13 13 12
95th UCL 1.08 221 0.009
|IFrequency of Detection 8/13 9/13 11112

TABLE A-2 DOWNSTREAM CIMARRON RIVER

CIMARRON FACILITY - ENVIRONMENTAL SURFACE WATER

[ENVIRONMENTAL
1202 - CIMARRON RIVER
DOWN-STREAM F NO3 {N) U
SAMPLE DATE mgll mgll magll
1985 < 02 < 5 0.002
1986 0.3 4 0.004
1987 04 1.1 0.021
1888 < 1 < 1 0.018
1988 < 0.2 0.6 0.005
1990 < 0.5 < 0.5 0.005
1991 < 0.4 < 05
1992 < 0.4 0.8 0.007
1993 < 02 0.5 0.008
1994 3.9 0.1 0.005
1995 0.2 < 0.05 0.005
1996 0.39 < 0.05 0.0085
1997 0.4 < 0.05 0.004

Minimum < 0.2 < 0.05 0.002
Maximum 3.9 4 0.021
Mean 0.54 0.82 0.01
Standard Deviation 1.02 1.17 0.01
Number 13 13 12
95th UCL 1.09 1.46 0.01
Frequency of Detection 6/13 6/13 812
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TABLE A-3 SHALLOW GROUNDWATER AT “"SEEPS"
CIMARRON FACILITY - ENVIRONMENTAL SURFACE WATER

ENVIRONMENTAL
#1206 - SEEP/
SURFACE DRAINAGE F NO3 (N) ]
SAMPLE DATE mgl/i mg/l mg/l
1985 4 130 0.15
1986 3.4 21 0.11
1987 1.4 5.7 0.039
1988 2.7 36 0.39
1989 2 80 0.13
1990 34 53 0.14
1991 4.1 87 0.17
1992 2.7 3.7 0.093
1993 1.9 0.5 0.005
1994 3.6 61 0.14
1995 2.5 35.9 0.063
1996 35 39 02 |
12/96 0.053 |
[los/e7 16.6 0.01 |
{lero7 3.7 48.9 0.098
9/97 4.2 58.4 0.077
[ENVIRONMENTAL
#1208 - SEEP NORTH OF q
U POND #2
1985 0.6 0.6 0.002 |
1986 18 15 0.008 I
1987 0.8 2.6 0.005
1988 < 1 1 0.007
1989 < 02 1.3 0.005
1990 < 05 6.8 0.005
1991 9.5 64 0.007
1992 < 04 6.7 0.005
1993 34 49 0.2
1994 35 1650 0.005
1995 0.3 953 0.005
14/96 34 1000 0.033
10/96 32,5 1750 0.6
12/96 0.026
llosre7 1244 0.033
{los197 62.5 1440 0.007
{losre7 31.8 1040 0.021 ’
12/97 30.7 1250 0.033 |
Minimum < 02 1 0.005 |
Maximum 62.5 1750 0.39
Mean 10.11 348.44 0.08
Standard Deviation 16.3 571.6 0.1
Number 30 32 34
95th UCL 15.6 546.5 0.1
Frequency 26/30 31/32 27134

HA\97112\9711201WMISC\SURFAC~1



TABLE A-4 UPGRADIENT - DEEP GROUNDWATER SYSTEM
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL

WELL NO. 1321 F NO3 (N) U

SAMPLE DATE mgll mg/l mg/l
3189 < 0.2 9.1 0.007
[l6/89 < 0.2 3.0 0.015
ll1or89 < 0.2 1.6 0.005
|6/90 < 0.5 1.6 0.015
llsro1 < 0.5 0.5 0.021
ll6r92 < 0.2 1.0 0.016
[l6/93 0.4 1.3 0.012
[l6794 2 0.9 0.007
[l6795 0.2 0.89 0.015
[l4796 0.3 0.59 0.015
6797 0.4 1.81 0.010
{IMinimum < 0.2 0.5 0.005
Maximum 2 9.1 0.021
Mean 0.38 2.00 0.01
Standard Deviation 0.55 2.46 0.01
Number 11 11 1

95th UCL 0.71 3.46 0.02
Frequency of Detection 5/11 10/11 10/11

H\S7112\9711201WISC\CALC-2
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TABLE A-5 DOWNGRADIENT - DEEP GROUNDWATER SYSTEM
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

[ENVIRONMENTAL

WELL NO. 1332 F NO3 (N) U
SAMPLE DATE mg/l mg/l mgl/l
3/89 1.3 3.4 0.012
ll6/8s < 02 2 0.023
10/89 < 02 0.39 0.031
6/90 < 05 1.5 0.030
[l6791 < 04 2.5 0.032
II6/92 < 04 1.2 0.030
il6/93 < 0.2 1.6 0.026
lisro4 4.5 0.3 0.008
{l6/85 0.3 1.5 0.035

196 0.87 5 0.012

6797 02 |< 0.05 0.017
ENVIRONMENTAL

WELL NO. 1323

SAMPLE DATE

3/89 < 02 1.7 0.016
(l6789 < 02 1.6 0.028

10/89 < 02 1.1 |< 0.0050
6/90 < 05 1.9 0.034
lls/o1 < 04 1.2 0.035
ll6/92 < 0.2 2.1 0.033
llero3 < 0.2 1.7 0.021
{lere4 . 2.2 1 0.014
l5/95 0.2 1.72 0.033
4/96 0.27 1.2 0.038
116797 0.2 1.72 0.018
[ENVIRODNMENTAL

WELL NO. 1328

SAMPLE DATE

3/89 < 02 2.2 0.017
6/89 < 02 2 0.030
[l10/89 < 02 1.8 0.040
[l6/90 < 05 2.1 0.033
{l6/91 < 04 1.7 0.034
ll6/e2 . 0.4 1.8 0.032
{16/93 < 0.2 2 |< 0.005
116/94 ' 3 0.4 - 0.020
ll6/95 0.2 1.86 0.034
14/96 0.23 1.3 0.037
(6797 0.1 1.8 0.019
Minimum < 020 < 005 |< 0.01
Maximum 5 5 0.040
Mean 0.5 1.7 0.025
Standard Deviation 1 1 0.010
Number 33 33 33
95th UCL 0.83 1.98 0.03
|IFrequency of Detection 14/33 32/33 31/33

H:\9711219711201\MISC\CALC~2



TABLE A-6 UPGRADIENT - SHALLOW GROUNDWATER SYSTEM

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

ENVIRONMENTAL
LL NO. 1314 F NO3 (N) U

SAMPLE DATE mgll mg/l mgll

7185 0.4 2 0.002
16/86 1.5 9 0.002
¥6r87 1.3 4.8 0.005
fsr88 1.8 12 - 0.007
far8s < 0.2 0.36 0.0007
{680 < 1 1 0.016
¥10789 < 02 2.1 0.005
6790 < 05 1.8 0.005
Jero1 < 05 2
jera2 < 04 2 0.005
§6/93 < 02 24 0.005
[s34 1.2 0.5 0.005
Jere5 0.2 1.86 0.002
4r6 0.31 1.8 0.001

6/97 0.40 9.48 0.00
‘ @Sﬁﬁﬁﬁ&

NO. 1325

SAMPLE DATE

3/89 0.35 13 0.0015
16/89 < 1 51 0.006
f1o/89 0.45 13 0.005
16/90 < 05 13 0.005
{6791 0.5 14
16/92 0.4 14.4 0.005
{693 0.3 14 0.005
| 0.8 14.7 0.005
/95 0.5 14.7 0.001
| ) 0.64 9.3 0.0012
| BEl 0.7 17.8 0.0008

ENVIRONMENTAL

WELL NO. 1307

SAMPLE DATE

6/97 0.4 14.6 0.003
fMinimum < 020 0.36 0.0007
fMaximum 2 51 0.016

Mean 0.53 9.50 0.003

Standard Deviation 0.44 10.17 0.003

Number 27 27 25

95th UCL 0.70 |- 13.34 0.004
[Frequency of Detection 1827 | 27027 13725

HAS7112\S71120TWAISC\CALC-2
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TABLE A-7 DOWNGRADIENT - SHALLOW GROUNDWATER SYSTEM
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

F NO3 (N) u
myg/l mg/l mgll
ENVIRONMENTAL
WELL NO. 1315
SAMPLE DATE
7/85 0.2 11 5.56
{er86 0.5 5 7
fesB7 0.6 6.7 4.9
lerss 1 2 4.83
9/88 1 5 4.07
12/88 0.52 6.7 0.05
3/89 0.22 13 0.07
5/89 1 30 0.56
10/89 0.38 6.5 4.21
1/90 1.8 0.36 0.10
3/90 1.6 9.8 8.8
Isr90 12 6.1 5.81
flsrso 0.5 4.5 2.05
12790 256
16791 0.57 4 2.87
fera2 04 6.3 2.8
(6783 0.6 7.3 2.86
12/93 0.5 3.8 1.27
3/94 2.87
14/94 1.96
5/94 2.96
694 1 0.1 13
7064 1.75
8/94 1.54
/94 143
195 149
2/95 2.66
3/05 1.99
14/95 2.77
5/85 2.66
yer95 1 4.84 2.460
7195 2.78
EES 1.36
korss 1,04
10/95 2
11/95 2.26
12/95 2.79
1/96 3.2
2/96 2.85
3/96 2.53
14/06 0.6 7.8 1.9
5/96 3.1
6/96 1.76
196 1.6
8/96 1.42
9/96 1.06
10/96 0.900
11796 1.8
12/96 1.87
03r97 3.1
Jors7 0.6 10.3 0.04
9/97 0.7 8.32 0.02
12/97 0.6 7.75 0.04

HAST11 2197 11201\MISC\CALC~2
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TABLE A-7 DOWNGRADIENT - SHALLOW GROUNDWATER SYSTEM
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

N F NO3 (N) v
mg/l mg/l mgfl
ENVIRONMENTAL

WELL NO. 1316

SAMPLE DATE
7/85 < 02 11 0.19
lisres 0.8 4 1.6
bersr 0.6 4.6 0.54
lsras < 1 12 0.3
karso < 0.1 16 0.01
kes89 < 1 57 0.73
fi1o/89 0.14 12 *0.539
Hers0 < 05 9.2 0.57
Y6/91 0.52 17 17
{692 0.4 5.9 0.68
6/93 0.5 7.7 0.35
12/93 0.6 1.1 0.37
3/94 0.23
, 14194 0.21
: 5/94 0.27
{694 1.1 < 0.1 0.18
i 7794 0.18
A 8/94 0.14
o 9/94 0.07
10/94 0.07
= 11/94 0.02
' 12/94 0.10
1/95 0.47
5/95 0.187
ligras 0.267
u : ZES 0.28
ES 0.146
{885 0.288
, 10/95 0.16
-‘1 : 11795 0.151
12/95 0.164
1/96 0.137
T 2/96 0.158
PE g 3/96 0.109
L Yaros 0.52 6.2 0.082
5/96 0.087
13 : k6706 B 0.063
. ZES 0.052
'BES 0.042
Yoro6 0.087
10/96 0.051
11/96 0.101
12/96 0.105
397 0.11
697 . 0.6 9.86 0.12
fore? ] 0.5 12.2 0.05
k12197 0.6 8.02 0.05

PAGE 2 HAS7 11287 11201\WMISC\CALC~2
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TABLE A-7 DOWNGRADIENT - SHALLOW GROUNDWATER SYSTEM

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
F NO3 (N) u
mall mgll mgf

J ONMENTAL

WELL NO. 1317

SAMPLE DATE

7/85 < 02 25 0.002
li6res 0.4 8 0.02
Yisre7 0.3 2.2 0.01

12/88 < 01 0.4 0.04

3/89 < 02 0.38 0.01

6/88 < 1 < 1 0.128
lis89 < 1 2 0.070

10/89 < 02 0.27 0.083

1190 1.1 7.2 0.06

3/90 2.5 7.9 0.088

6/90 < 05 0.71 0.31

9/90 < 05 1.1 0.24

12/90 0.21
16/81 < 05 < 05 0.2
lisrs2 0.4 1.1 0.33
lisre3 02 0.5 0.26
{694 1 < 0.1 0.046
{leres 0.1 0.1 0.228
4796 0.24 0.11 0.12
il6/97 0.3 2 0.25
[ENVIRONMENTAL

WELL NO. 1324

SAMPLE DATE )

3/89 0.26 18 0.0004

6/89 1.3 18 0.005
[trorBs 0.29 17 0.005
lisro0 < 05 2 0.005
llero1 < 1 18

llsr92 0.4 14 0.005
lisr93 0.3 14 0.005
fi6ro4 0.9 9.9 0.005
l6/95 0.5 11.9 0.002
liare6 0.63 6.1 0.0013
kere7 0.7 11.2 0.0008

[ENVIRONMENTAL

WELL NO. 1335

SAMPLE DATE

3/89 0.24 22 0.002
kssas 0.41 22 0.005
Y1089 0.26 22 0.005
| ) < 05 23 0.005
{5/91 < 05 23

J6/92 < 04 20 0.005
y6/93 0.3 0.3 0.005
§6/94 0.9 20 0.005
§sr05 0.3 17.91 0.001
jaros 0.58 14 0.0017
lg@\mk 0.6 8.78 0.0014

IWELL NO. 1320

SAMPLE DATE

3/89 0.42 20 0.0053

6/89 0.55 18 0.005

10/89 0.48 15 0.005

6790 < 05 16 0.005
k591 0.5 17
jsr92 0.7 21 0.005
ksra3 < 02 25 0.005
fsre4 0.9 27 0.005

. HAST1129711201WMISC\CALC~2
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F NO3 (N) u
mgfl mg/i mg/l
lisres 0.7 32.8 0.002
H4r08 0.66 21 0.001
fere7 0.8 26.1 0.0014
[ENVIRONMENTAL
IWELL NO. 1336
SAMPLE DATE
/89 17 1260 0.061
| 5 1 860 0.015
JioB9 0.2 1600 0.02
{620 : 55 1600 0.077
Hs/sn 28 980 0.062
WELL NO. 1336 OUT OF
SERVICE AFTER 1991 -
REPLACED WITH 1336A 6/94
NVIRONMENTAL
WELL NO. 1336A
SAMPLE DATE
1l6ra4 : 36 673 0.014
1195 0.016
2/95 0.011
3/95 0.026
(4195 0.017
5/95 0.024
6195 33.7 1 0.023
7195 0.028
B8/95 0.022
9/95 0.019
10/95 0.025
11/95 0.029
12/95 0.0286
1/96 0.020
2196 0.022
3/06 0.032
14196 a2 400 0.024
5/96 0.022
6/06 0.023
§7196 0.034
8/96 0.034
9/96 0.027
10/96 0.029
11/96 0.026
12/96 0.021
foara7 786 0.028
6/97 35.2 766 0.0201
9/97 31.5 589 0.0196
12/97 37.5 725 0.0192

TABLE A-7 DOWNGRADIENT - SHALLOW GROUNDWATER SYSTEM
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS
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F NO3 (N) v
mg/l mgll mgli
ENVIRONMENTAL
#1208 - SEEP NORTH OF
U Pond #2
SAMPLE DATE
1985 0.6 0.6 0.002
1986 18 15 0.008
1987 0.8 26 0.005
1988 < 1 1 0.007
1989 < 02 1.3 0.005
1990 < 05 6.8 0.005
1991 9.5 64 0.007
1992 < 04 6.7 0.005
1993 3.4 49 0.2
1994 35 1650 0.005
1995 0.3 953 0.005
14/96 34 1000 0.033
10/96 325 1750 0.6
12/96 0.026
}03/97 1244 0.033
lisre7 62.5 1440 0.0075
9/97 31.8 1040 0.0205
12/97 30.7 1250 0.0334
| AL
WELL NO. 1312
SAMPLE DATE
|16/85 83 20 c25
}i4/86 86 1560 0.25
k686 59 1310 0.017
ke/87 18 620 0.045
lierB8 22 480 0.144
/89 50 1020 0.035
kerBo 54 1100 0.15
[isoree < 0.2 980 0.076
¥6/90 < 0.5 490 0.017
llero1 31 837 0.033
llere2 28 530 0.029
| FEE] < 02 320 0.012
li6re4 22 406 0.016
6/95 22.2 12 0.025
14/96 36 736 0.028
12/96 0.013
3197 723 0.016
6197 20.6 527.0 0.015
llore7 214 435.0 0.014
2597 24.4 604.0 0.014

TABLE A-7 DOWNGRADIENT - SHALLOW GROUNDWATER SYSTEM
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

HAST 112571120 1\WMISC\CALC-2
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TABLE A-7 DOWNGRADIENT - SHALLOW GROUNDWATER SYSTEM
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

F NO3 (N) u
S mgll . mgll mgll

ENVIRONMENTAL

WELL NO. 1343

SAMPLE DATE
ll6/85 120 5 0.07
}l4786 140 630 0.078
feres 157 690 0.077
87 120 450 0.078
ller88 a1 570 128
| E:E) 140 720 0.070
680 221 1100 0.510
ll1or89 < 0.2 540 0.120
fi6/90 200 1100 0.150
llere1 135 734 0.110
flera2 87 640 0.062
{5793 89 410 0.032
fisre4 100 497 0.046
BES 108 509 0.048
par96 87 280 0.023
16/57 78.5 366 0.025
Yars7 85.6 1600 0.023
1297 88.3 341 0.019

ENVIRONMENTAL

IWELL NO. 1311

SAMPLE DATE

ke85 < 0.1 57 0.002
14786 1.0 80 0.003
lle/es 04 87 0.003
16/87 0.4 34 0.005
ll6788 0.5 38 0.005
1[ar8s < 02 66 0.0011
[iera9 0.32 0.34 0.005
{[1or8s 0.21 45 0.005
fis/90 < 0.5 69 0.005
ls/o1 < 0.5 36
f6r52 < 02 160 0.005
165/93 0.3 69 0.005
15/94 0.6 20.5 0.005
fs-55 02 17.9 0.001

496 0.48 15 0.0029

12/96 0.001

397 78.4 0.001
16797 0.50 55.30 0.00
JENVIRONMENTAL

WELL NO. 1322

SAMPLE DATE

3/89 < 02 9.2 0.007

6/89 0.29 7.5 0.009
¥10/89 < 02 6 0.010
fs/00 < 05 5.9 0.010
§sr01 < 1 84 0.018
§¥5/92 0.4 4.7 0.01
Jorg3 0.2 3.9 0.006
kor04 0.9 4.8 0.006
J6/95 0.4 21 0.009
§4/96 0.42 52 0.011
16797 03 6.29 0.007

HAST 11297 11201WMISC\CALC-2
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TABLE A-7 DOWNGRADIENT - SHALLOW GROUNDWATER SYSTEM
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

F NO3 (N) U
mgll mg/l mgll
ONMENTAL
WELL NO. 1331
SAMPLE DATE
3/89 < 0.2 5.7 0.093
{689 0.29 14 0.114
ll1osas < 0.2 11 0.12
fe/m0 < 0.5 8.6 0.17
fisro1 < 05 14 0.17
iers2 < 04 10.3 0.13
llere3 0.2 8.3 0.036
EED 1.1 22.6 0.09
fleres 0.3 17 0.103
14796 0.47 17 0.071
6/97 0.5 18 0.094
9/97 0.6 26 0.105
fh2re7 0.5 32.3 0.099
[ENVIRONMENTAL
WELL NO. 1333
SAMPLE DATE
3/89 < 02 © 6.3 0.015
16/89 0.39 34 0.018
f10/88 < 0.2 2.8 0.002
6790 < 05 3.5 0.025
16/91 < 0.5 2.1 0.033
fero2 < 0.4 1.5 0.016
f6ro3 0.5 1.6 0.015
fiero4 1.3 1.5 0.01
llere5 0.6 4 0.013
llar06 12 0.037
6/97 0.5 5.48 0.008
EEJ'NEVIR'ONMENTAL
LL NO. 1334
SAMPLE DATE
3/89 0.26 6.1 0.011
J6/89 04 3.8 0.016
f10/89 < 02 14 0.005
690 < 0.5 1.9 0.044
f6r91 < 0.5 1.5 0.025
15/92 0.42 1.5 0.01
k6793 0.5 1.1 0.005
fero4 03 2 0.005
{6795 . 0.4 2.99 0.027
f4ro6 0.56 2 0.021
lere7 0.6 2.82 0.007

PAGE7 HAST112\5711201WISCICALC~2



PAGE 8

TABLE A-7 DOWNGRADIENT - SHALLOW GROUNDWATER SYSTEM

F NO3 (N) v
mgll mgll mgll

ENVIRONMENTAL

#1206 - SEEP/

SURFACE DRAINAGE

SAMPLE DATE

1985 4 130 0.015

1986 34 21 0.11

1987 1.4 5.7 0.039

1988 2.7 36 0.3

1989 2 80 0.13

1990 34 53 0.14

1991 4.1 87 0.17

1992 2.7 37 0.093

1993 1.9 0.5 0.005

1994 3.6 31 0.14

1995 2.5 35.9 0.63

1996 3.5 39 0.2

12\96 0.053

03/97 16.6 0.01

6/97 3.7 48.9 0.098

9/97 42 58.4 0.077
[ENVIRONMENTAL

WELL NO. 1318

SAMPLE DATE

10/88 <. 1.0 < 10 0.013
lleras < 02 1 0.006
18/90 < 0.5 0.91 0.005
fisro1 < 0.1 < 05

li6/m2 < 02 0.9 0.006
fers3 1.0 1.1 0.006
les4 < 0.2 0.2 0.006
f6/95 < 0.1 0.31 0.009
ya/96 0.1 0.15 0.0067
fers7 0.2 6.61 0.021
ENVIRONMENTAL

WELL NO. 1326

SAMPLE DATE

3/89 < 02 14 0.004
| BEE) 1.2 21 0.014
£10/89 < 0.2 16 0.005
fi6/90 < 0.5 17 0.007
Hsr91 < 1 10

lisra2 0.3 15 0.006
16/93 < 02 14 0.005
llsra4 0.5 14.5 0.005
li6/95 0.3 300 0.006
14/96 0.39 55 0.0053

12/96 0.003

03197 25.2 0.005
o7 0.2 16.6 0.0043

9/97 04 17.8 0.0031
Pzrs7 0.4 19.4 0.0028
JERVIRONMERTAL

WELL NO. 1327 B

SAMPLE DATE

3/89 02 82 0.003
fs/89 0.36 6.6 0.005
o889 < 02 83 0.007
§5/90 < 05 7.2 0.005
ferot < 05 7.5
jer92 0.5 10 0.005
§6/33 10 10 0.006
f6rs4 0.8 7.9 0.005

CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

HAST11219711201WMISC\CALC-2
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F NO3 (N) U
mgll mg/l mg/l
I BES 0.4 8.2 0.004
§4r96 0.48 5.8 0.005
67 0.3 8.19 0.003
JENVIRONMENTAL
WELL NO. 1329
SAMPLE DATE
3/89 < 02 0.4 0.0045
6/89 0.32 3.8 0.0085
k10789 0.29 3.5 0.005
lisre0 < 05 35 0.08
D < 04 4.5
llera2 < 04 3.9 0.006
li6/93 0.2 4.1 0.005
{694 4.3 0.7 0.005
{695 0.3 6.22 0.005
liaro6 0.43 57 0.0065
6797 0.2 12.6 0.004
IENVIRONMENTAL
WELL NO. 1330
SAMPLE DATE
/89 ‘ < 02 172 0.005
lilerse < 02 130 0.007
{10789 < 0.2 110 0.007
Y650 < 0.5 77 0.009
16791 0.91 7
f6/92 < 0.2 68 0.01
'FEE] 0.5 < 05 0.005
f6/94 1 55 0.006
/95 0.4 44 0.007
f4ar06 0.59 65 0.008
li6re7 0.5 - 42.3 0.006
) ONMENTAL
WELL NO. 1337
SAMPLE DATE
EI97 7.6 51.9 0.007 |
FENVIRONMENTAL
. FBWELL NO. 1338
SAMPLE DATE
0.8 33.1 0.0007
23.7 127 0.0023
35,7 109
NMENTAL
WELL NO. 1341
SAMPLE DATE
6/97 0.3 230 0.0013
/97 0.7 732
JERVIRONMENTAL
IWELL NO. 1342
SAMPLE DATE
10/97 0.6 0.15 0.0034
12/97 0.5 0.36 0.002
ENVIRONMENTAL
WELL NO. 1343
SAMPLE DATE
10197 0.5 19.2 0.021
12/97 05 32.3 0.015

TABLE A-7 DOWNGRADIENT - SHALLOW GROUNDWATER SYSTEM
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

HAS71129711201WMISC\CALC~2
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F NO3 (N) ]
. mg/l mglt mygli
ENVIRONMENTAL
WELL NO. 1344
SAMPLE DATE
10/97 0.3 0.6 0.005
12197 0.5 0.36 0.0017
Minimum 010 [< 0.10 0.0004
fMaximum 221 1750 [
iMean 11.3 163.5 0.4
[{Standard Deviation 31 353 1
iNumber 297 305 382
95th UCL 14.78 2026 0.54
Frequency of Detection 2141297 291/305| 328/382

TABLE A-7 DOWNGRADIENT - SHALLOW GROUNDWATER SYSTEM
CIMARRON FACILITY - ENVIRONMENTAL GROUNDWATER SAMPLE RESULTS

HAST1129711201\WMISC\CALC-2
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GLOSSARY

Acceptable Daily Intake - An estimate of the daily exposure dose that is likely to be
without deleterious effect even if continued exposure occurs over a lifetime.

Acute exposure - One dose or multiple doses occurring within a short time (24 hours
or less).

Aquatic - having to do with water, e.g., a organism that lives in water.

Attributable risk — The difference between risk of exhibiting a certain adverse effect in
the presence of a toxic substance and that risk in the absence of the substance.

Background level - concentrations or activities associated with chemicals or
radionuclides that are present in the environment unrelated to the site. They may be
naturally occurring or due to non-site human-made sources (e.g. agricultural activities,
automobile exhausts, etc.).

Bioaccumulation - refers to the process whereby certain substances increase in
concentration in living organisms as they breathe contaminated air, drink contaminated
water, or eat contaminated food, e.g., they retain chemical pollutants in their tissues at
levels greater than in the ambient environment.

Bioavailability — The degree to which a drug or other substance becomes available to
the target tissue after administration or exposure.

Biomass - All of the living material in a given area
Carcinogen — An agent capable of inducing a cancer response.

Chemicals of potential concern - chemicals that.are potentially site-related and whose
data are of sufficient quality for use in the risk assessment.

Chronic effect — An effect that is manifest after some time has elapsed from initial
exposure. See also Health Hazard.

Chronic exposure — Multiple exposures occurring over an extended period of time, or
a significant fraction of the animal's or the individual's lifetime.

Chronic study — A toxicity study designed to measure the (toxic) effects of chronic
exposure to a chemical.

Detection limit - the lowest amount that can be distinguished from the nomal “noise™ of
an analytical instrument or method.
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Developmental toxicity — The study of adverse effects on the developing organism
(including death, structural abnormality, altered growth, or functional deficiency)
resulting from exposure prior to conception (in either parent), during prenatal
development, or postnatally up to the time of sexual maturation.

Dose-response relationship — A relationship between the amount of an agent (either
administered, absorbed, or believed to be effective) and changes in certain aspects of
the biological system (usually toxic effects), apparently in response to that agent.

Ecological receptors - species of plants, insects, or animals in an area affected by a site
which could be exposed to a contaminant on the site.

Endpoint -- A response measure in a toxicity study.

Excess lifetime risk — The additional or extra risk incurred over the lifetime of an
individual by exposure to a toxic substance.

Extrapolation — An estimation of a numerical value of an empirical (measured) function
at a point outside the range of data which were used to calibrate the function. The
quantitative risk estimates for carcinogens are generally low-dose extrapolations based
on observations made at higher doses. Generally one has a measured dose and
measured effect.

Health hazard (types of) —

1. Acute toxicity: The older term used to describe immediate toxicity. Its former use
was associated with toxic effects that were severe (e.g., mortality) in contrast to the
term “subacute toxicity” that was associated with toxic effects that were less severe.
The term “acute toxicity” is often confused with that of acute exposure.

2.  Allergic reaction: Adverse reaction to a chemical resulting from previous
sensitization to that chemical or to a structurally similar one.
3. Chronic toxicity: The older term used to describe delayed toxicity. However, the

term “chronic toxicity” also refers to effects that persist over a long period of time
whether or not they occur immediately or are delayed. The term “chronic toxicity” is
often confused with that of chronic exposure.

4. Idiosyncratic reaction: A .genetically determined abnormal reactivity to a
chemical. )
5. Immediate versus delayed toxicity: Immediate effects occur or develop rapidly

after a single administration of a substance, while delayed effects are those that occur
after the lapse of some time. These effects have also been referred to as acute and
chronic, respectively.

6. Reversible versus irreversible toxicity: Reversible toxic effects are those that can
be repaired, usually by a specific tissue's ability to regenerate or mend itself after
chemical exposure, while irreversible toxic effects are

those that cannot be repaired.

7. Local versus systemic toxicity: Local effects refer to those that occur at the site of
first contact between the biological system and the toxicant; systemic effects are those
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that are elicited after absorption and distribution of the toxicant from its entry point to a
distant site.

Individual risk — The probability that an individual person will experience an adverse
effect. This is identical to population risk unless specific population subgroups can be
identified that have different (higher or lower) risks.

Interspecies dose conversion — The process of extrapolating from animal doses to
equivalent human doses.

Latency period — The time between the initial induction of a health effect and the
manifestation (or detection) of the health effect; crudely estimated as the time (or some
fraction of the time) from first exposure to detection of the effect.

Limited evidence — According to the U.S. EPA's Guidelines for Carcinogen Risk
Assessment, limited evidence is a collection of facts and accepted scientific inferences
which suggests that the agent may be causing an effect, but this suggestion is not
strong enough to be considered established fact.

- Linearized multistage procedure — The modified form of the multistage model (see

Multistage Model). The constant q1 is forced to be positive in the estimation algorithm
and is also the slope of the dose-response curve at low doses. The upper confidence
limit of q1 (called q1*) is called the slope factor.

Lowest-observed-adverse-effect level (LOAEL) — The lowest exposure level at which
there are statistically or biologically significant increases in frequency or severity of
adverse effects between the exposed population and its appropriate control group.

Model - A mathematical function with parameters which can be adjusted so that the
function closely describes a:set of empirical data. A “mathematical” or “mechanistic”
model is usually based on biological or physical mechanisms, and has model
parameters that have real world interpretation. In contrast, “statistical” or “empirical”
models are curve-fitting to data where the math function used is selected for its
numerical properties. Extrapolation from mechanistic models (e.g., pharmacokinetic
equations) usually carries higher confidence than extrapolation using empirical models

(e.g., logit). :

Modifying factor (MF) — An uncertainty factor which is greater than zero and less than
or equal to 10; the magnitude of the MF depends upon the professional assessment of
scientific uncertainties of the study and database not explicitly treated with the standard
uncertainty factors (e.g., the completeness of the overall data base and the number of
species tested); the default value for the MF is 1.

Non-detects (ND) - chemicals that are not detected in a particular sample above a
certain limit, usually the quantitation limit for the chemical in that sample.
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No-observed-adverse-effect level (NOAEL) — An exposure level at which there are
no statistically or biologically significant increases in the frequency or severity of
adverse effects between the exposed population and its appropriate control; some
effects may be produced at this level, but they are not considered as adverse, nor
precursors to adverse effects. In an experiment with several NOAELs, the regulatory
focus is primarily on the highest one, leading to the common usage of the term NOAEL
as the highest exposure without adverse effect.

No-observed-effect level (NOEL) - An exposure level at which there are no
statistically or biologically significant increases in the frequency or severity of any effect
between the exposed population and its appropriate control.

Principal study — The study that contributes most significantly to the qualitative and
quantitative risk assessment.

Quantitation limit - the lowest level at which a chemical can be accurately and
reproducibly quantitated.

Receptor species - species which are believed to be potentially affected by
contaminants associated with a site.

Reference Dose (RfD) - An estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily exposure to the human population (including sensitive subgroups)
that is likely to be without an appreciable risk of deleterious effects during a lifetime.

Risk — The probability of injury, disease, or death under specific circumstances. In
quantitative terms, risk is expressed in values ranging from zero (representing the
certainty that harm will not occur) to one (representing the certainty that harm will
occur). The following are examples showing the manner in which risk is expressed in
IRIS: E-4 = a risk of 1/10,000; E-5 = a risk of 1/100,000; E-6 = a risk of 1/1,000,000.
Similarly, 1.3E-3 = a risk of 1.3/1000 = 1/770; 8E-3 = a risk of 1/125; and 1.2E-5

= a risk of 1/83,000.

Risk assessment - The determination of the kind and degree of hazard posed by an
agent, the extent to which a particular group of people has been or may be exposed to
the agent, and the present or potential health risk that exists due to the agent.

Slope Factor — The slope of the dose-response curve in the low-dose region. When
low-dose linearity cannot be assumed, the slope factor is the slope of the straight line
from 0 dose (and O excess risk) to the dose at 1% excess risk. An upper bound on this
slope is usually used instead of the slope itself. The units of the slope factor are usually
expressed as 1/(mg/kg-day).
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Sufficient evidence — According to the U.S. EPA's Guidelines for Carcinogen Risk
Assessment, sufficient evidence is a collection of facts and scientific references which
is definitive enough to establish that the adverse effect is caused by the agent in
question.

Systemic effects — Systemic effects are those that require absorption and distribution
of the toxicant to a site distant from its entry point, at which point effects are produced.
Most chemicals that produce systemic toxicity do not cause a similar degree of toxicity
in all organs, but usually demonstrate major toxicity to one or two organs. These are
referred to as the target organs of toxicity for that chemical.

Threshold — The dose or exposure below which a significant adverse effect is not
expected. Carcinogens are thought to be non-threshold chemicals, to which no
exposure can be presumed to be without some risk of adverse effect.

Uncertainty factor -- One of several, generally 10-fold factors, used in operationally
deriving the Reference Dose (RfD) from experimental data. UFs are intended to
account for (1) the variation in sensitivity among the members of the human population;
(2) the uncertainty in extrapolating animal data to the case of humans; (3) the
uncertainty in extrapolating from data obtained in a study that is of less-than-lifetime
exposure; and (4) the uncertainty

in using LOAEL data rather than NOAEL data.

Unit Risk — The upper-bound excess lifetime cancer risk estimated to result from
continuous exposure to an agent at a concentration of 1 ug/L in water, or 1 ug/cu.m in
air.

Upper bound — An estimate of the plausible upper limit to the true value of the
quantity. This is usually-not a statistical confidence limit.

Weight-of-evidence for carcinogenicity — The extent to which the available
biomedical data support the hypothesis that a substance causes cancerin humans.
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MARK COLEMAN | e FRANK KEATING
Executive Director OKLAHOMA DEPARTMENT OF ENVIRONMENTAL QUALITY Governor
January 4. 1999 Safety & Environmental

Aftairs Division

S. Jess Larsen, Vice President JAN 6 1658

Cimarron Corporation

P.O. Box 25861 -
d

Oklahoma City, OK 73125 Remediation Department

Re: Risk Assessment for Groundwater
Cimarron Corporation. Crescent. OK

Dear Mr. Larsen:

We have reviewed the resubmittal of the above referenced document received on September 28,
1998. We find the document has been revised per my August 12, 1998 comment letter on the
initial submission.

Accordingly, the Department of Environmental Quality (DEQ) accepts the document and
considers the site properly closed relative to nitrate and fluoride on-site concentrations in the
groundwater. We find that:

7> there has been negligible release of these constituents off-site,

7 the concentrations of nitrate and fluoride are similar to the levels found in the aquifers in
the vicinity of the site, and

> the institutional measure of the site remaining under the control of the present owner
provides additional assurance that the public and the environment will be protected.

Should Cimarron Corporation find that any of the above conditions or those addressed in the risk
assessment, change, they must contact DEQ as soon as possible to re-evaluate the closure. Please
include fluoride and nitrate as parameters in any ongoing groundwater monitoring at the site. As
we have previously agreed. the U.S. Nuclear Regulatory Commission retains the authority
concerning the acceptable groundwater cleanup level forradionuclei.

Thank vou for your cooperation in addressing this significant environmental issue. Please contact
me at (405) 702-8155 if you wish to discuss this or other issues.

Singerely. <7
G
y

Glen W_lefles, /Assistant Director
Water Quality Division

L.y

cc: Kenneth Kalman. NRC
Nancy Coleman. RSA

707 HORTH ROBINSOH, P.0. BOX 1677, OKLAHOMA CITY, OKLAHOMA 73101-1677

ornled on razycles Saper wmh 52y mx
1y
®e

G: .gjonescimarrronclose



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

May 28, 2002

Mr. Jeff Lux, Manager

Planning and Regulatory Compliance
Cimarron Corporation

P.O. Box 315

Crescent, OK 73028

SUBJECT: AMENDMENT 18 OF CIMARRON CORPORATION'S LICENSE (SNM-928) TO
REMOVE PHASE |l SUBAREA K FROM THE LICENSE AND RELEASE IT FOR
UNRESTRICTED USE

Dear Mr. Lux:

Your Special Nuclear Materials license (SNM-928) is hereby amended to release Phase
Subarea K from your license. This action has been taken pursuant to Part 70 to Title 10 of the
Code of Federal Regulations, and the submittal of the Final Status Survey Report (FSSR}) for
Phase lll Subarea K, dated February 15, 2000, requesting unrestricted release, and
supplemented by letter of February 20, 2001. In addition, as stated in the March 12, 2002,
letter from Ken Kalman to you, the release of Subarea K was also conditional on your submittal
of a schedule for the remainder of the decommissioning activities associated with the Cimarron
site. You submitted this schedule by letter of April 17, 2002, and in response to comments from
Mr. Kalman, revised the schedule by letter of May 10, 2002. We have no further questions
regarding the schedule.

Accordingly, License Condition 30 will be added and reads as follows:

The area designated as Phase |1l Subarea K is released for unrestricted use and
removed from License No. SNM-928. It is no longer licensed by NRC. Phase ll|
Subarea K is delineated on Drawing No. MOST-RF3 (Revision 17), in the Subarea K
FSSR, dated February 15, 2000.

License Condition 10 will be revised to include the aforementioned submittals dated;
February 15, 2000; February 20, 2001; April 17, 2001; and May 10, 2002.

All other conditions of this license shall remain the same.

Enclosed are copies of the amended Materials License SNM-928 and the Safety Evaluation
Report, which includes a determination that this action is consistent with the NRC approved
decommissioning plan for the Cimarron site.

In accordance with 10 CFR 2.790 of the NRC's “Rules of Practice,” a copy of this letter will be
available electronically for public inspection in the NRC Public Document Room or from the
Publicly Availzaple Records (PARS) component of NRC's document system (ADAMS). ADAMS
is accessible from the NRC Web site at http://www.nrc.gov/NRC/ADAMS/index.html (the Public
Electronic Reading Room).



Register on August 12, 1999 (64 FR 44059). As the environmental impacts associated with
releasing subareas of the site were bounded by the evaluations in the 1999 EA, further
environmental review is not needed for this action.

CONCLUSION

The NRC staff has determined that removing Subarea K from Cimarron’s license is in
accordance with Cimarron's approved Decommissioning Plan and meets regulatory
requirements. Therefore, the staff concludes that there is reasonable assurance that the
proposed action will not adversely impact upon the health and safety of the public or the
environment.

Approval of the proposal action is recommended.

NRC Region IV has no objection to this action.



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
Federal Regulations, Chapter I, Parts 30, 31, 32, 33, 34, 35, 36, 39, 40, and 70, and in reliance on statements and representations heretofore made

U.S. NUCLEAR REGULATORY COMMISSION
MATERIALS LICENSE

by the licensee, a license is hereby issued authorizing the licensee to receive, acquire, possess, and transfer byproduct, source, and special nuclear
material designated below; to use such material for the purpose(s) and at the place(s) designated below; to deliver or transfer such material to

persons authorized to receive it in accordance with the regulations of the applicable Part(s). This license shall be deemed to contain the conditions
specified in Section 183 of the Atomic Energy Act of 1954, as amended, and is subject to all applicable rules, regulations, and orders of the

Nuclear Regulatory Commission now or hereafter in effect and to any conditions specified below.

Licensee
Cimarron Corporation

123 Robert S. Kerr, MT-2006
2. Oklahoma City, OK 73102

3. License Number

SNM-928
Amendment No. 18

Ry

4] :47Expiration Date

June 30, 1985

5. Docketor

U70-00595

6. ‘Byproduct, Source, and/or e
Special Nuclear Material o

A. Uranium enriched to
< 5.0 wt. percent
in U-235

B. Uranium enriched to
> 5.0 wt. percent
in U-235

C. Natural and depleted
uranium source material

D. Thorium source material

7. Chemical and/or Physical
Form

A. Any compound

B. Anycompound

C. Anycompound

D. Anycompound

Reference No%.7

P

~ - A
+* s, 8. Maximum Amount that Licensee

. 1.:° May Possess at Any One Time
.Under This License

A

D.

1200 grams of
contained U-235

*100 grams of
contained U-235

2000 kilograms of
uranium

6000 kilograms of
thorium

*  If during the decontamination of the facilities and equipment at the Cimarron Plant, uranium solutions
or compounds are generated that have a U-235 isotopic content greater than 5.0 wi. percent, prompt
action shall be taken to degrade these materials to below 5.0 wt. percent U-235.

9. Authorized Place of Use:

The licensee’s Cimarron Uranium Plant, located 1/2 mile North of the Highway 33 and Highway 74
junction near Crescent, Oklahoma.
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10.

11.
.12.
13.
14
15.
16.
17.
18.

19.

20.
21,

22,

For use in accordance with statements, representations, and conditions contained in letters dated
April 12, 1995, July 5, 1995, April 25, 1996, August 28, 1996, and November 20, 1996; letters dated
November 19, 1985, March 3, 1986, and November 2, 1989; letter dated June 24, 1992; letters dated
September 4, 1987, February 25, 1993, April 19, 1994, May 31, 1994, July 20, 1994, September 21,
1994, and November 3, 1994; letters dated December 16, 1994, and June 5, 1995; letter dated
January 23, 1996; letters dated August 9, 1995, and November 13, 1995; letters dated November 15,
1994, September 20, 1996, January 2, 1997, and May 16, 1997, letter dated May 6, 1997; letters
dated August 22, 1990, and September 14, 1990; letters dated April 25, 1996, and June 10, 1996; and
letters dated July 25, 1995; January 28, 1997; February 10, 1998; December 5, 1997; June 26, 1998;
and July 2, 1998; February 15, 2000; February 20, 2001; April 17, 2002; and May 10, 2002.

Deleted.
Deleted.
Deleted.
Deleted.
Deleted.
Deleted.
Deleted.

Deleted.

The licensee is exempt from the provisions of 10 CFR 70.24 insofar as this section applies to materials
held under this license.

Deleted.

Deleted.

This condition deletes the restriction to backfill the two settling ponds (sanitary lagoons) and authorizes
the licensee to proceed with the breaching of the berms and the closure of the two sewage lagoons.

The settling ponds are described as the east and west sanitary lagoons occupying an area of
approximately 6,600 square meters located just east of the Piutonium Plant and northeast of the

Uranium Plant.
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Amendment No. 18

v

This condition also authorizes the licensee to backfill the former burial ground. The former burial
ground occupies approximately 8,600 square meters and is located at the northeast edge of the sne
The former burial ground includes four trenches located within a fenced area.

a. In collecting soil for backfill and cover of the lagoons and the former burial trenches, additional
measurements will be made, including walkover surveys with a gamma scintillation instrument.
An isotope analyses of soil samples shall also be conducted. Both the lagoons and the burial
trenches will be gridded on a 10 meter (m) basis and evaluated for concentrations of uranium not
greater than 30 picocuries per gram (pCi/g), and concentrations of thorium not greater than

10 pCi/g.

AT ITTATTAT TAT AT TATTAT TAT TAT TAT TAT T

b. The soil used for fill material and cover material shall be compacted to minimize subsidence, and
the cover material shall be contoured to the minimum slope that provides adequate drainage
consistent with conforming to the original shape of the land.

c. Cimarron Corporation (Kerr-McGee) shall provide to the Oklahoma State Department of Health
whatever information is required to satisfy state requirements on the presence/absence of
potentially toxic substances or any other nonradioactive constituents of the fill and cover soil.

d. The licensee shall reseed/revegetate the barren soil cover of both remediated sites with
vegetation indigenous to the area, in a manner consistent with preventing erosional gullying of the
protective cover.

e. The licensee shall insure that all policies and site-specific standards are applied in a manner that
is consistent with practices that are as low as reasonably achievable (ALARA).

TATTATIATIATIATIATIAY

1

23. The license is authorized to bury up to 14,000 cubic meters (m®) (500,000 cubic feet) of soil
contaminated with low-enriched uranium, in the 1981 Branch Technical Position (BTP) Option 2
concentration range, in the location described in the licensee’s October 9, 1989, submittal to the NRC.
The BTP Option 2 concentration range is up to 100 pCi/g for soluble uranium and up to 250 pCi/g for
insoluble uranium.

4T TATTATTATTAT TS

a. If the average concentration of soil earmarked for disposal is determined to be above 100 pCi/g,
the solubility of the uranium compounds in the soil in question must be determined using a
method approved by the NRC. The acceptability of the soil for disposal as Option 2 material shall
be ascertained by the formula:

AT TATTHT T

AT 14774
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Enriched Uranium Limit (pCi/g) = 170/[(F,)(0.68) + (1-F,)(2.0)] where F, is the insoluble fraction.

18T TAT TATTAT
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For cases where the above equation results in a limit that is less than 100 pCi/g (i.e., when the
soluble fraction exceeds 75 percent), the limit will be equal to 100 pCi/g.

b. The average concentrations of the thorium and plutonium in the soil earmarked for disposal shall
not exceed 10 pCi/g and 1 pCi/g, respectively.

ATTATITIATIATIAT TATTATTAT TATTAT TARS

c. Arelatively impermeable barrier, such as a clay dam, shall be placed across the access road cut
at the northwest corner of the soil disposal cell at project completion.

SIS Y

8T TAT T

d. Both the soil placed in the disposal cell and the cover material shall be compacted in lifts not to
exceed 0.3 m (1 foot), to 95 percent of maximum dry density as determined by the Standard
Compaction Test, ASTM D698. Density testing shall be performed over the entire lift thickness.
The cell cover shall be contoured to the minimum slope that provides adequate drainage
consistent with conforming to the original shape of the ridge, and nowhere shall exceed 6 percent
slope. A permanent vegetative cover shall be promptly reestablished to help minimize erosion
potential. The licensee shall periodically monitor the disposal area for subsidence, erosion, and
status of the vegetative cover for at least 5 years, and promptly repair any problems noted. Any
additional measures necessary to prevent recurrence of determined problems shall be
undertaken.

TATTATTATTATIATIATY

[0 767
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e. Notification shall be placed on the land title to declare that uranium-contaminated soil has been
buried on the site and to record the volume, average uranium concentration, and exact location of
the buried soil. This notification is not to be considered a restriction on the sale or future use of
the site. Furthermore, cairns (permanent markers) shall be placed at the corners of the disposal
cell when the burial is completed.

A% Y

ATIBT T

f. Licensee shall maintain and implement procedures and engineering controls, to the extent
practicable, to achieve occupational doses and doses to members of the public that are ALARA.

24. Ms. Karen Morgan is the Radiation Safety Officer for the Cimarron Corporation Uranium Plant.
25. The areas designated as “Phase I" in Drawing No. 95MOST_RF3, from the Licensee’s November 13,

1995, letter to NRC, are released for unrestricted use and removed from License No. SNM-928. The
Phase | areas are no longer licensed by NRC.

TIAT TATIA

774

26. Cimarron shall conduct a radiation protection program in accordance with Annex A “Radiation
Protection Plan,” dated September 20, 1996, and supplements dated January 2, 1997, May 16, 1997,
June 30, 1997, January 23, 1998, June 29, 1998, October 26, 1998, and December 11, 1998.

AT TATIATIATIATIATIATTATTA
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27. Release Criteria

a.

The licensee is authorized to remediate the Cimarron facility in accordance with the
“Decommissioning Plan for Cimarron Corporation’s Former Nuclear Fuel Fabrication Facility at
Crescent, Oklahoma” dated April 19, 1995, with supplemental correspondence dated
September 10, 1996, May 6, 1997, August 26, 1997, March 10, 1988, March 12, 1998, June 15,
1998, October 6, 1998, and March 4, 1999.

The release criteria for groundwater at the Cimarron site is 6.7 Bg/l (180 pCi/l) total uranium.
NRC will not terminate Radioactive Material License SNM-928 until Cimarron demonstrates that
the total uranium concentrations in all wells have been below the groundwater release criteria for
eight consecutive quarterly samples (the past 2 years). Cimarron will retain control of the property
licensed under NRC Radioactive Material License SNM-928 until the groundwater release criteria
are met. The Oklahoma Department of Environmental Quality may require continued
groundwater monitoring of non-radioactive components under its authority.

Cimarron shall use the unrestricted use criteria listed in the August 1987 “Guidelines for
Decontamination of Facilities and Equipment Prior to Release for Unrestricted Use or Termination
of License for Byproduct, Source or Special Nuclear Material” for surfaces of buildings and
equipment, and the October 23, 1981, BTP “Disposal or Onsite Storage of Thorium or Uranium
Wastes from Past Operations,” for soils or soil-like material.

Specific values are as follow:
Surfaces of buildings and equipment -

5,000 dpm alpha/100 cm? (15.5 in?), averaged over 1 m? (10.8 {t);

5,000 dpm beta-gamma/100 cm? (15.5 in®), averaged over 1 m? (10.8 ft?);
15,000 dpm alpha/100 cm? (15.5 in?), maximum over 1 m? (10.8 {t?);
15,000 dpm beta-gamma/100 cm? (15.5 in?), maximum over 1 m? (10.8 {t);

1,000 dpm alpha/100 cm? (15.5 in?), removable;

1,000 dpm beta-gamma/100 cm? (15.5 in?), removable

Soils -
Natural uranium 0.37 Bg/g (10 pCi/g) total uranium
Enriched uranium 1.1 Bg/g (30 pCi/g) total uranium
Depleted uranium 1.3 Bg/g (35 pCi/g) total uranium
Natural thorium 0.37 Bg/g (10 pCi/g) total thorium

Exposure rates are as follow:
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Surfaces of buildings and equipment -

1.3 pC/kg (5 uR/hr) above background at 1 m (3.3 {t)

Soils -

2.6 pC/kg (10 R/hr) average above background at 1 m (3.3 ft)
5.2 pC/kg (20 #R/hr) maximum above background at 1 m (3.3 ft)

Soils and soil-like material with concentration exceeding the 1981 BTP Option 1 limits, but less
than the Option 2 limits may be disposed in the onsite disposal cell in accordance with License
Condition 23.

The licensee shall conduct a final survey and sampling program to ensure that residual
contamination meets the unrestricted use criteria in this license. Buildings, equipment, and
outdoor areas shall be surveyed in accordance with NUREG/CR-5849, “Manual for Conducting
Radiological Surveys in Support of License Termination.” Radioactivity levels shall not exceed the
averaging criteria in NUREG/CR-5849. Soils and soil-like materials with elevated activities
exceeding the unrestricted use criteria shall be investigated to determine compliance with the
averaging criteria in NUREG/CR-5849. These criteria address averaging concentrations over any
100 m? (1070 1t?) area and use the (100/A)* elevated area method.
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For areas surveyed prior to the issuance of NUREG/CR-5849, in the applicable final survey report,
the licensee shall describe the survey methods used and provide the applicable references.

For Waste Ponds 1 and 2 in Phase |ll Subarea O, the licensee may use the “Method for Surveying
and Averaging Concentrations of Thorium in Cantaminated Subsurface Soils” (reference NRC
letter dated February 25, 1997) for volumetric concentration averaging of enriched uranium in soils. |

For concrete rubble located in Phase |l and Phase Il subareas, the licensee may use the
concentration averaging for concrete rubble as described in submittals dated March 10, 1998, June}
15, 1998, and October 6, 1998.

Material that exceeds the above averaging criteria shall be removed and shipped off-site to a
licensed low-level radioactive waste disposal site.

d. Access gates to the Cimarron facility shall be locked and secured when no personnel are onsite
and fences and locks will be maintained.

e. The licensee is authorized to make certain changes to the NRC-approved Decommissioning Plan
(DP), Radiation Protection Plan (RPP), and associated procedures without NRC’s approval, if
these changes are consistent with the ALARA principle and the decommissioning process. All
changes shall be approved by the Cimarron ALARA Committee, subject to the following:
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1. The licensee may, without prior NRC approval, and subject to the requirements specified in
Parts 2 and 3 of this condition:
a. Make changes in the facility or process, as presented in the NRC-approved DP and
RPP;

b. Make changes in the procedures presented in the NRC-approved DP, RPP, or

applicable license conditions; and

c. Conduct tests or experiments not present in the NRC-approved DP or applicable
license conditions.

2. The licensee shall not be required to file an application for an amendment to the license .
when the following conditions are satisfied,;

a. The change, test, or experiment does not conflict with requirements specifically stated

in the license (excluding those aspects addressed in Part 1 of this condition), or
impair the licensee’s ability to meet all applicable NRC regulations;

b. There is no degradation in safety or environmental commitments addressed in the
NRC-approved DP or RPP, or have a significant adverse effect on the quality of the
work, the remediation objectives, or health and safety; and

c. The change, test, or experiment is consistent with the conclusions of actions analyzed
in the Environmental Assessment (dated July 29,1999) and Safety Evaluation Report

(dated August 20, 1999).
3. If any of these conditions are not met for the change, test, or experiment under

consideration, the licensee is required to submit a license amendment application for NRC
review and approval. The licensee’s determinations as to whether the above conditions

are met will be made by the facility’'s ALARA committee. All such determinations shall be
documented. The licensee shall provide in an annual report to NRC, a description of all
changes, tests, and experiments made or conducted pursuant to this condition, including a
summary of the safety and environmental evaluation of each such action. As part of this
annual report, the licensee shall include any DP or RPP pages revised pursuant to this
condition. The records shall be retained until license termination. The retained records shall
include written safety and environmental evaluations, made by the ALARA committee, that
provide the basis for determining whether or not the conditions are met.
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28.

29.

B

The ALARA Committee shall consist of a minimum of three individuals employed by the
licensee, and one of these shall be designated as the ALARA Committee chairman. One
member of the ALARA Committee shall have expertise in management and shall be
responsible for approval of managerial and financial changes; one member shall have
expertise in decommissioning and shall have responsibility for implementing any
decommissioning changes; and one member shall be the site Corporate Radiation Safety
Officer or equivalent, with the responsibility for assuring changes conform to radiation safety
and environmental requirements. Additional members may be included in the ALARA
Committee as appropriate, to address technical aspects such as health physics, groundwater
hydrology, surface-water hydrology, specific earth sciences, and other technical disciplines.
Temporary members or permanent members, other than the three above-specified
individuals, may be consultants.

f.  During the remediation operations, liquid and airborne effluents shall be sampled and analyzed to
ensure that releases meet the requirements of 10 CFR Part 20, Appendix B.

The areas designated as Phase |l Subarea J and Phase Ill Subarea O are released for unrestricted use |

and removed from License No. SNM-928. They are no longer licensed by NRC. Phase Il Subarea J is
delineated on Drawing No. MOST_RF3 (Revision 8) in the Subarea J FSSR dated September 5, 1997.
Phase lll Subarea O is delineated on Drawing No. MOST_RF3 (Revision 9) in the Subarea O FSSR
(Subsurface) dated March 12, 1998, [which is the same as in or Drawing No. MOST_RF3 (Revision 13)
in the Subarea O FSSR (Surface) FSSR dated February 9, 1999).

The areas designated as Phase Il Subareas H and | and Phase lil Subareas L and M are released for
unrestricted use and removed from License No. SNM-928. They are no longer licensed by NRC.
Phase Il Subarea H is delineated on Drawing No. MOST-RF3 (Revision 12) in the Subarea H FSSR
dated November 16, 1998. Phase Il Subarea | is delineated on Drawing No. MOST-RF3 (Revision 15)
in the Subarea | FSSR dated June 29, 1999. Phase lil Subarea L is delineated on Drawing No.
MOST-RF3 (Revision 10) in the Subarea L FSSR (Surface) dated July 27, 1998, [which is the same as
Drawing No. 96MOST-RF15LS in the Subarea L. FSSR (Subsurface) FSSR dated May 29, 1996].
Phase Il Subarea M is delineated on Drawing No. MOST-RF3 (Fiewsnon 12) in the Subarea M FSSR
dated December 31, 1998.
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30. The area designated as Phase Il Subarea K is released for unrestricted use and removed from License
No. SNM-928. It is no longer licensed by NRC. Phase {ll Subarea K is delineated on Drawing No. '
MOST-RF3 (Revision 17), in the Subarea K FSSR, dated February 15, 2000.

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

Date: /Q&[o Z
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Decofnmissfoning Projects Branch

Divigion of Waste Management

Oftice of Nuclear Material Safety
and Safeguards
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Uranium Travel Time and Estimated Maximum Concentration in
the Cimarron River

Burial Area #1 Groundwater Analytical Modeling
For Cimarron Corporation’s Former Nuclear Fuel Fabrication Facility
Crescent, Oklahoma

Introduction

Burial Area #1 trenches received uranium-impacted waste from 1966 until the trenches
were closed with a soil cover in 1970. Soil settlement in the trench area ultimately led to
the decision to excavate the buried Wwaste material—a process which occurred during the
time period 1986 through 1988. These trenches stayed open from 1986 (when excavation
began) to when NRC confirmatory sampling in 1992 showed the area was
decommissioned in accordance with release criteria. Subsequent groundwater sampling
north of the burial area confirmed the presence of contaminated groundwater.

Kerr-McGee has attempted to reconstruct the release history considering the fact that the
furthest extent of the uranium plume has traveled some 500 feet to the north of the trench
area (Cimarron Corporation, 2003). The present-day centroid of the plume exists in the
area of well TMW-09 (with a concentration of 5,039 pCi/l total uranium in August 2002).
One possible explanation, which is conservative, is that the release history consisted of
three stages: 1) movement of impacted groundwater from the source (trench) area due to
recharge during the time the trenches were open (1986-1992) northward 100 feet to the
area close to monitoring well TMW09; 2) movement from TMWO09 northward an
additional 200 feet under a much less steep gradient to the area close to monitoring well
02W05; then 3) movement an additional 250 feet due north under only a slight
groundwater gradient (and sometimes reverse groundwater gradient) with only minimal
dispersion but a greater interaction between the Cimarron River and the alluvium aquifer.
A simplified schematic is attached to illustrate STAGE 1, STAGE 2, and STAGE 3
migration.

STAGE 1: Early on in the plume’s migration, the head created by water in the trenches
and a steep groundwater gradient as the groundwater discharged from the bedrock into
the alluvial material was sufficient to be the driving force for initial plume movement.

STAGE 2: Groundwater entered the alluvial material with a head behind it and into
material having a much higher hydraulic conductivity (0.001 to 0.01 cm/sec) than where
the plume originated. Alluvial materials are mostly clay but with thin sandy stringers. A
groundwater gradient on the order of 0.01 is estimated from the present northwesterly
extent of the plume. Advection, with longitudinal dispersion, becomes an important
transport mechanism.



STAGE 3: The further away from the original source (trench) area the plume moves, the
slower the groundwater velocity becomes (several orders of magnitude slower) as the
groundwater gradient flattens. A gradient on the order of 0.001 is estimated from the
present northern extent of the plume to the Cimarron River. Diffusion now becomes an
important transport mechanism—and advection and dispersion become much less
important due to slower groundwater movement.

Analytical Modeling

A one-dimensional advective-dispersive analytical model was used to “affirm” the
release and leaching scenario. The model used (Ogata 1970) is presented in Equation 9.5
in Freeze and Cherry (1979).

Analytical modeling is used to “validate” the hydraulic conductivity value used in the
Stage 2 transport mechanism. The model is then used to simulate the transport
mechanism under the Stage 3 scenario.

STAGE 2 Modeling “validation”: A dispersivity of 20 feet was used in the model by
taking 10% of the plume length from monitoring well TMW-09 to the area between
monitoring wells 02W04 and 02W05 where the 2000-3000 pCi/l contour lines are Jocated.
The longitudinal dispersion coefficient, Dx, is estimated to be 1 ft*/day and is calculated
by multiplying the dispersivity by the retarded average linear velocity (=0.05 ft/day*20
ft).

The following is a list of input parameters used in affirming the measured hydraulic
conductivity.

Plume length L = 200 ft (from TMW09 to the area between wells 02W04 and
02W05)

Dispersion coefficient Dx = 1 ft*/day

Distribution coefficient Kd =3 ml/g

Effective porosity n = 0.25

Groundwater gradient i = 0.0375

Retardation factor R = 1 + Kd*p/n=21.4 (p = 1.7 g/em?)

Hydraulic conductivity used = 7.5 ft/day

Average retarded contaminant velocity V = K*i/n*R = 0.05 ft/day

With these assumptions and input, it can be calculated that it would take 10 years (1992
to 2002) for dissolved uranium to travel northward 200 feet from the TMWO09 location to
where a uranium concentration of about 2,750 pCi/l would be predicted. This
concentration and distance are consistent with the plume map drawn on the alpha spec
analytical data (Cimarron Corporation, 2003) — and thus affirms a reasonable plume
migration scenario for uranium transport under the Stage 2 transport scenario. The
validated hydraulic conductivity is reasonable not only to plume maps, but also to data
generated from a slug test conducted on TMWO09.
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STAGE 3 Modeling scenario: Under the Stage 3 transport scenario (where
potentiometric maps show an extremely flat groundwater gradient of 0.001 or less), it is
predicted that it would take approximately 1900 years for the tip of the dissolved uranium
groundwater plume (here defined as 1% of the source at the area between 02W04 and
02W05 or equal 30 pCi/l of dissolved uranium) to reach to the Cimarron River. (Please
see the attached Mathcad worksheet for the detailed calculation).

This scenario assumes that the source is continuous and no remediation of the
groundwater is undertaken by Cimarron (note: it is believed that the source was a point
source leaching as the source was removed). This time estimate shows the slow
migration of the dissolved uranium plume in the aquifer under flat groundwater gradient
conditions.

Calculations for STAGE 3 scenario follow. The groundwater potentiometric gradient is
estimated to be not more than 0.001 (August 2002 data). The distance from the area of
the mid-level concentration (area between wells 02W04 and 02W05) to the edge of the
Cimarron River is approximately 1,400 feet. The estimated retarded contaminant velocity
is 0.0014 ft/day (all input parameters remain the same except the groundwater
potentiometric gradient flattens to 0.001). The dispersion coefficient used Dx is 0.024
fi’/day (=17.3 ft * 0.0014 ft/day) — two orders of magnitude less than the dispersion
coefficient used under the Stage 2 migration. A dispersivity value of 17.3 ft was
estimated using Xu and Eckstein (1995) equation as documented in the US EPA
Bioscreen Natural Attenuation Decision Support System User’s Version 1.3
(Environmental Protection Agency, 1995).

Finally, in order to calculate the maximum concentration to reach the Cimarron River
during the Stage 3 transport, Equation 9.7 in Freeze and Cherry (1979) is used assuming
Dx is 0.024 fi*/day, Dy is 0.024 ft*/day, Dz is 0.024 ft*/day. Using a total uranium mass
of less than 20 pounds within the plume footprint, the estimated maximum concentration
to reach the river is less than 2 pCi/l after 2,740 years of migration (1400 £/0.0014 fi/day),
assuming that the maximum concentration is located at the center of the uranium plume.
A Mathcad worksheet is attached for detailed calculation.

Conclusion

According to the analytical modeling, it is believed that the leading edge of the uranium-
impacted groundwater plume is not expected to reach the Cimarron River for over 1000
years of migration, and even than the concentration in the groundwater will be less than 2
pCi/l. This scenario assumes that no remediation of the groundwater is undertaken by the
Cimarron facility. The highest concentration of uranium in the groundwater that will, if
ever, reach the Cimarron River is less than 2 pCi/l after 2,740 years of migration.

These concentrations do not represent the uranium concentration of the river after the
groundwater has discharged into it, but the concentration of the groundwater. The
concentration increase in the river would not be measurable due to dilution from the river.
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Burial Area #1 Grounwater Analytical Modeling

This model is a one-dimensional advective-dispersive analytical equation used to
affirm the release and leaching scenario under Stage 2.

Input Parameters

L: plume length in ft

i: groundwater gradient

K: hydraulic conductivity in ft/day

Kd: distribution coefficient in mL/gm

n: porosity

p: density in mL/gm

Dx: dispersion coefficient

v: average retarded contaminant velocity in ft/day
t: time of transport in year

L:=200f 00375  Kd=3k K =75
gm day
= = 17. 80 2 =10-
n:=025 pi= 1.7;E Dx :=l-_il_ t:=10-yr
day
vi= Ki Y
= : = -0053
n-(l+Kd ") R
n day

Qgata (1970) Analytical Model

Crelative :=0.5- l—erf( L-vt +exp(ﬂ'-)- l-e"‘( = )
\2+/Dxt Dx 24/Dxt

Crelative = 0.546

3

Crelative-5039 = 2.75°10 This is the uranium concentration (in pCi/L) expected between wells

02W04 and 02WO05.



Burial Area #1 Groundwater Analytical Modeling

This model is a one-dimensional advective-dispersive analytical equation used to

estimate how long it would take for the 1% plume tip to reach the Cimarron River
under Stage 3. Note that this is a continuous source model and is used to estimate

the "ball-park” plume migration timeframe.

Input Parameters

L: plume length in ft

i: groundwater gradient

K: hydraulic conductivity in ft/day

Kd: distribution coefficient in mL/gm

n: porosity

p: density in mL/gm

Dx: dispersion coefficient

v: average retarded contaminant velocity in ft/day
t: time of transport in year

L=1400-0 oo 001 Kd:=3.0L Ki=75 0
gm day
. vy o EM 2 . vons.
n:=025 pi= l.7~a Dx i= 0_024'_ﬁ_ t:=1905-yr
day
v "——K.i v =3
= ) — = 1.402¢10
o1+222) &
n day

Ogata (1970) Analvtical Model

. L-vt v-L [ L+ vt
Crelative :=0.5/| I —er + exp(—)-, l—er ))
[ ‘(Z-AJD:(&) Dx/\  \2./Dxs

Crelative = 0.01

Crelative-3000 = 30.238



Burial Area #1 Groundwater Analytical Modeling

The following model, a point source model, is from Equation 9.7 in the Freeze and
Cherry Groundwater (1979). The model is used to estimate the maximum uranium

concentration to reach the Cimarron River.

2 2
Umass :=20-1b &

Dx:= 0.024-r Dy = 0.024~ﬁ— Dz

ay day

— Umass
Cmax := > Cmax - 1.932

3.[(,”)(3) w’Dx-Dy-Dz] T8 0.001

liter

2
=0.024 — t:=2740-yr
day

The estimated maximum
dissolved uranium concentration
is less than 2 pCi/l after 2,740
years of migration.



