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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, 1998. 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.
e Hydrologic Water Balance, Option Two Burial Site and Vicinity,
Cimarron Corporation Facility, Crescent, Oklahoma, 1989.
e Site Investigation Report for the Cimarron Corporation Facility, Logan
County, Oklahoma, September, 1989.
e 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.

1-1 Groundwater Evaluation Report



e Cimarron Radiological Characterization Report, October, 1994.

e Cimarron Decommissioning Plan, April, 1995

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

e 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 all
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.

1-2 Groundwater Evaluation Report



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 |, I, 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 Il

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 Il 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 llI

The Phase Il 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 |l
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 operations 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 silistones 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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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 underlying 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 siltstone
beds. The top of the Wolfcampian age Stratford Formation was found at
1,160 feet. It 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.

o 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 bluff. 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.

o 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 Cimarron 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 strat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>