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SEQUOYAH FUELS GCORPORATION

2Q5T OFFICE BOX 2586¢ + OKLAHOMA QITY OKLAHOMA 73125

CERTIFIED MATL
RETURN RECEIPT REQUESTED

Mr. Bruce S. Mallet, Chief
Materials Licensing Section
Region IIT

U.8. Muclear Regulatory Commission
799 Poosavelt Road

Glsa Ellyn, IL 60137

RE: ULicense SNM-1174, Docket 70-1193

Amendment Reguest: On-site stabilization of materials meeting NRC
Branch Pechnical Position Option 2

Dear Mr. Mallet:

Attached for NRC's review and approval i3 an application, for amendment to the
above raferenced license providing for leaving. in a designated on-site acea,
certain material resulting from the Cimarron Uranium Plant decommissioning
activities. The materials remaining on site will be within concentrations
egstablished in the Nuclear Regulatory Commission's Branch Technical Position

 Option 2 for soils containing uranium and thorium. This action will allow

termination of the license and release of the area for uncestricted use. A

check for $150.00 is enclosed in payment of the required fee to hegin
administrative review.

We appreciate your timely review and approval of this apendment request.

Sincerely,

C ot

J. C. Stauter, Director
Nuclear Licensing and
Regulation

JCS tms

Enclosure .as stated

A SUBSIDIARY OF KERR-MSGEE CORPORATION



REQUEST FOR AMENDMENT
ON-SITE SQIL DISPOSITION
CIMARRON LIRANIUM PLANY
LICENSE SNM - 928
DOCKET NUMBER 70-925

SEQUOYAH FUELS CORPORATION
OKLAROMA CITY, OKLAHOMA
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picocuries per gram. When Teft under these conditions, no restrictions are

ptaced on subsequent tand use and there is no licensing requirement.

Justification

Detailed soil surveys around tﬁe immediate area of the Uranium Fual Plant
facilities, including the storage yard, sanitary lagoon and pipe]ineé,
fndicate a possible 400,000 cubic feet of soil that meet Option 2 criteria.
Leaving the material on-site in a designated area under a minimum four feet of

cover is justified for these reasons:

No risk is posed to public health or the environment. NRC's
comprehensive assessment in the Branch Techaical Position demonstrates
that the concentrations permitted under Option 2 conditions are
sufficiently low that no individual will receive a dose from the
uranium or thorium that is of any concern, even in the event of
intrusion beneath the four feet of cover. Because of the area
characteristics, the material will be retained in place and be
environmentally secuyre.

y
The estimated volume makes relocation of the material to a licensed
commercial waste disposal site infeasible. Commercial sites have
limited capacity and have established annual quotas for volume of
material received. Further, even if capacity were available,
relocation would not be justified on the basis of cost. The unit cost
for leaving the material at the facility is approximately $0.11 per
cdbic foot compared to an estimated $60.00 per cubic foot for
retocation to a commercial site. <{(Commercial site cost estimate

reflects actual cost experience of SFC.)
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No restrictions will be required to be placed on the area and normal

use will be permitted.

Descripticon of the Material

The material to be left has beén characterized through isotopic analyses of
multiple samples obtained by coring to depth the storage yard and other areas
around the facility. The analyses show the composition of the material to be
primarily insoluble enriched uranium C(hereafter "uranium" -- assumed 3% based
on the uraniuym handied at the Uranium Fuel Plant and samples analyzed during
decontamination activities). The thorium is thorium-natural and is also
insoluble. Table 1 summarizes the isotopic analyses of the various samples

and includes a background location for data comparison.

The characterization activities have generally identified the areas with
uranium and thorium in s¢il that fall within or exceed the Option 2
concentration ¢riteria. The uranium and thorium generally are net uniform in

toncentration or in the distribution within a given location.

In collecting the soil for conselidation and relocation for cover, additional‘
measurements will be made, including walkover surveys with a gamma-
scintillation instrument and soil sample isotepic analyses. The areas of
interest will be gridded on a 10 meter by 10 meter basis and evaluated for

“assigament into one of three categories:

* Soil not requiring consolidation and cover: the concentration of
yraniym is not greater than 30 pCi/g; the concentration of thorium is
not greater than 10 pCi/g, and if both uwranium and thorium are present,

the combined fractions do not exceed unity.
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¢ Soil requiring consolidation and cover: the concentration of uranium

exceeds 30 pCi/g but not 100 pCi/g soluble or 250 pCi/g insoluble; the
concentration of thorium exceeds 10 pCifg but not 50 pCi/g; and if hoth

are present, the combined fractions exceed unity for the lower limit

but not the upper limit.

Soil requiring relocation to a licensed commercial site: The
concentration of uranium exceeds 100 pCi/g soluble or 250 pCi/g
insoluble; the concentration of thorium exceeds 50 pCi/g; and if both
are present, the combined fractions exceed unity.

Since the areas with uranium and thorium are not uniform in concentration, an
averaging approach will be taken in categorizing the soil. Small, localized
areas within an individual 10 meter by 10 meter plot that exceed the Option 2
thrashold critér?a by up to a factor of 2 may be left in place provided the
avefage concentration within the plot does not exceed the threshold criteria.
Where soil is removed, the removal will have the objective of reducing the
residual concentration as Tow as is reasonably achievable; in no case will
uranium concentrations greater than an average of 30 pCi/g or thorium
concentrations greater than 10 pCi/g be left in place. HKhere a mixture of

uranium angd thorium is present, the uaity principle will be applied.

Removal and relocation of the material for cover will be on a continuous basis
until completion of the activity, the only interruption will be that caused hy
adverse weather conditions that prohibit the work to proceed. No absorbent or
other amendments will be mixed with the removed material; however the

gxcavation, loading, unloading and placement activities will distribute the

g 0703¢&
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uranium and thorium generally throyghout the material volume. The material js
natural soll and earth and since the operational facilities at the Facility
did not involve hazardous waste constituents as defined by the Environmental

Protection Agency, no such defined hazardous materials are assumed present.

Handling of the Material

The material to he consolidated, relocated and placed under a minimum of four
feet of cover will be excavated with mechanical equipment, such as a backhoe
or front-end loader, and transported via dump truck in bulk to the relocation
site. Packaging will not be required; the material is natural soil and rock
containing uranium and thorium at concentrations sufficiently low that the

radionuclides require no special handling.

Relocation and Cover Site

The site to which the material will be relocated for leaving permanently
beneath & cover 1s approximately 1,500 feet northeast of the Uranium Fuel
Facility and i3 well within the more than 1,100 acres of Sequoyah Fuels
Corporation property that comprise the facility site. Figure 1 is a sketch of
the farility property, with the relocation site depicted. The general |
features of the facility property and the survounding epvirons are summarized

below.

The Cimarron Facility site is in a sparsely populated rural area in Logan
County, Oklahoma. The nearest town is Crescent, OK, some six miles to the
north. The nearest resident is located approximately 2,500 feet to the

southwest of the-relocation site and is also shown on Figure 1.
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The Facility site surrounding environs are typical of the plains section of
Central Oklahoma, with gentle rolling relief in an otherwise flat setting.

The plains section is interspersed with relatively shaliow stream and river
courses located in wide gentle valleys; native grasses are generally abundant
but trees are relatively sparsé except for profuse stands alonyg water drainage

ways and courses.

The predominant Tand utilization is for growing of wheat and other small
grains and cattle grazing. The grasses are primarily wild pasture types of
many varieties that in many instances have been supplemented with bermuda or
other improved forage species. The grasses grow rapidly in the spring, are
mainly dormant in the summer, with additional growth during the fall season.
This growth pattern is consistent with the rainfall and temperature patterns;
most of the annual average 31 inches of rain is received in the spring and
fall months. Summers are typfcally hot (average July temperature of 82.9°F)

and dry.

The features of the approximately 1,100 acre facility site are consistent with
thosa described above. The site is located on & DIuff 9verlooking and
immediately south of the Cimarron River flood plain. The site topography
ranges from an elevation of about 940 feet above mean sea level (MSL) at the
Cimarron River to the narth to about 1,010 feet above MSL on the top of the
bIuff and promotes rainfall runoff to the north toward the river. The sita
vegetation is mainly mative grasses; several drainage ways are bordered by

heavy stands of scrub frees and brush.
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Relocation Site Features

The site to which the material will be relocated is shown on Figure 1. The
topographical, geological, hydrolegical and meteorological characteristics are
typtcal of those for the entire facility site and have been documented in

previous submissions. For convenience, pertinent Information is summarized

herein.

Topography:

The relocation site 1s a bluff area that is relatively flat; the topographic
relief across the area is less than 10 Feet (Figure 2). The highest elevation
(approximately 1,010 feet above MSL) is at the south end: the Towest elevétian~
(approximately 1,000 feet above MSL) is near the north end. Surface d%ainage
is 1o the east, north and west, away from the relocation site. There are no
major drainages established in the area, which 1s approximately 50 feet above

the 100~year Tlood elevation of the Cimarron River.

Geology:

The Cimarron site is located in the Central Lowlands of the Great Plalns
Physiographic Province, a relatively flat, featureless plain developed upon
sedimentary formations of Paleozoic and Mesozoic age.t” The portion of the
Central Lowlands that includes the site §s locally referred to as the Central
Redbed Plains. Geologic units ranging in age from the Pre~Cambrian basement
complex to Permian sandstones and shales underiie the site, but only the
Parmian deposits are relevant, as the other units occur at depths of several
‘hundreds of feet below ground surface and have no geologic or hydrologic

importance Tor the relocation site.

N.M. Fenneman, 13831, Phystography of the Hestern United States,
McGraw-Hi1ll Book Company, Inc., New York ’
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The Central Redbed Plains in the vicinity are immediately underlain by the
Permian Age Garber Sandstone and Hennessey group (shale) of nom-marine

td

origin.%” Qutcrops of the Garber Sandstone form sharp eccarpments over—
tocking the Cimarron River; outcrops of the overlying Heonnessey Shale ynderlie
the more gentie slopes farther south from the river. These formations dip to

the wast at 2 gradient of 20 to 30 feet per mile.<”

The general geologic structure of the vicinity can be characterized as a
geotle, west-southwesterly dipping homocline. The major structure of the area
is the Nemzha ridge,>” which was formed prior to the Pennsylvanian age and

has no significant effect upon the overlying Permian geologic units. There

are no faults or surface lineations reported in the vicinity .2’

The Garber Sandstone at this leocation consists primarily of red- to gray-
colored sandstones interbedded with siltstones and shales. The sandstones are
Ting to very fine grained and are loosely cemented. The sandstone near the
relocation site has been characterized by borings to a depth of 16 to 20 feet.
The locations of the borings are shown in figure 3 and descriptions of the
corings are in Appendix A. The shallow hedrock has alse been characterized by
three additional borings to depths of approximately 30 to 80 feet 3t an area
near the relocation stte. locations of thess borings are also shown on figure
3 and descriptions are contained in Appendix A. (These latter three borings

were completed as groundwater monitor wells.)

£ R.H. Bingham and R. L. Moore, 1975: Reconnaissance of the dater
Resources of the Qklahoma City Quadrangle, Caentral Oklahoma; The
University of Oklahoma, Hydrologic Atlas 4.

L7 W. J. Ford, 1354: The Subsurface Geology of Southwest Logan County,

Oklahoma; Shale, Shaker V. 5, No. 2, pp. 5-24.

K. 3. Ford, Note 3 supra

= R.H. Bingham and R.L. Moore, Note 2 supra
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The characferistics of the soils underlying the relocation site have been
mapped and are of the undifferentiated Renfrow and Zaneis series.®”  The
Renfrow soll, which typically develops on gentle slopes underlain by shale,
consists of a brown silt loam that grades into a dark reddish-brown clay sub—
s011. The Zaneis so0il, which typically develops .on silty shale interbedded

with fine-grained sandstone, consists of loam and fine sandy loam.

Hydrology:

Water supplies in the vicinity of the Cimarron Facility are derived from local
surface water and groundwater sources. The pringipal source of water for Tive-
stock 15 small ponds that impound surface runaff.*” HWater for domestic wuse

it generally derived Trom groundwater sources at depths generally lessg than

20Q fegt .27

the primary surface water feature in the vicinity of the Cimarron Facility is
the Cimarron River, an east-flowing tributary to the Arkansas River. The
Cimarron River has poor water guality due to heavy mineralization derived from
natural chloride sources.~ The river water 1s very hard with moderate to high
turbidity and pH levels sometimes in excess of water guality standards.
Disgelved oxygen remains at or near safuration Tevels. Iron, manganese, ltead,
silver, cadmium and arsenic are present in the river water concentrations

glevataed from typical background valves.

The Garber Sandstope 15 the principal source of groundwater south of the

V4

Cimarron River near the Cimarron Facility.2” Permeabiltity values for the

e’ H. M. Galloway, et al, 1960: Sotl Survey of togan County, Oklahoma;

U.S. Department of Agriculture. Soil Conservation Service.
L H. M. Galloway, Note 6 supra
2 R. H. Bingham and R.L. Moore, Note 2 supra
: Engédneering Enterprises, 1973: Hydrological Information in the Vicinity
of the Kerr-McGee Facility, Logan County, Oklahoma; Kerr-McGee
Carporation Document.
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Garter Sandstone range from 2.7 to 4.8 feet per day and attendant storage
coefficient values are veported to be in the 107" range based upon studies

in Oklahoma and Cleveland Counties to the south.l2/

The Garber Sandstone becomes thinner and progressively more silty and clayey
north of Oklahoma County.™~" A corresponding decrease in permeability is

associated with this facies change to a finer~grained 1ithology. Because of
the lenticular nature of the Garber Sandstone. water guantity and quality can

vary greatly over relatively short distances.*t”

The effective thickness of the Garber Sandstone aguifer is limited by the
presence of brackish and salty connate waters. The base of the fresh water in
the Garber Sandstone in southwestern togan Coynty is reported to be at an
elevation of approximately 700 to 800 feef above mean sea level. .2 At the
Cimarron Facitity brackish ﬁater was encountered at a depth of approximately
200 feet below ground level, confirming the reported freshwater base.'2

The depth to water in the vicinity of the relocation site i4 geperally between
20 and 30 feet. The zone of fresh water saturation at the Cimarron Facility

is thus approximately 170 to 180 feet in thickness.

Replenishmant of the Garber Sandstone is believed to he restricted to lateral
movement of groundwater recharging outcrops iocated to the east. 0Data derived

from aquifer tests suggest that there is no significant hydraulic connection

i

s P. R. Wood and L. C. Burton, 1968: Groundwater Resources in Cleveland

and Oklahoma Countios, OKlahoma,; The University of Oklahoma Circular 77.

17 P. R. Hood and L. C. Burton, Note 10 supra
127 Engineering Enterprises, Note 9 supra
s P. R. Wood and L. C. Burton, Note 10 supra

s Enginegring Enterprises, Note 9 supra
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betwean sandstone aquifers separated by intervening shale layers.®” Most
recharge to the upper part of the Garber Sandstons in the vicinity of the
Cimarron Facility is believed to be derived from subcrops beneath intermittent

streams.

Groundwater in the upper units of the Garber %Sandstone discharges along en-
trenchments in the prairie surfaca cauvsed by the Cimarron River and its
tributaries. Groundwater in the deeper part of the Garber Sandstone, below
the depth of surface entrenchments, 1s believed to move down dip to the

west~-southwest towards the Anadarko Basin.

Hater from the Garber Sandstone is generally suifable for drinking. Locally,
the water is hard and high in sulfates, chloride, flueride, nitrates, or
dissolved solids.t2"tL” Ag described earlier, salt water was encountered
bengath the Cimarron Facility at a depth of approximately 200 faet below

ground syrface 2

The site specific hydrologic characteristics of the Garber Sandstone have been
established from the analysis of several groundwater monitor wells that have
been completed at the Cimarron Facility. The locations and nomenclature of

these wells are shown on Figure 4.

The three monitor wells designated 1306, 1309, and 1310 were constructed near

the sites of borings 1E, 2E, and 3E at the north end of the relocation site

.~
.

P. R. Hood and L. C. Burton, Note 10 supra

£. R. Wood and L. C. Burton. Note 10 supra

Oklahoma Water Resources Board, 1984: Oklahoma's MWater Attas;
Publication No. 120.

Engineering Enterprises, Note 9 supra

~
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area. FEach of these three wells, which are completed to depths of approxi-
mately 20 feet, were designed to monitor water in the unsaturated zone. Water

appears in these wells only during extended wet periods.

The three wells designated 1311; 1312, and 1313 in figure 4 were constructed
at the sites of borings LF-1, LF-2, and LF-3, respectively. These wells,
which were completed to depths of approximately 40 feet, were designed to

monitor groundwater within the saturated zone in the bedrock.

Aguifer Permeabillity - Instantaneous recharge tests were performed onleach of
the groundwater monitor wells 1311, 1312, and 1313 in 1985. These tests were
conducted by placing a weighted iength of PVC pipe into the well, instantan-
eously displacing the water level upward. Measurements were taken of the
residual head and elapsed time during stabilization of the potentiometric
surface as water moved into the formation around the well. Data from these
tests and caleulations of transmissivity and permeability are provided in

Appendix B.

The data show 2 wide range of permeabilities for the Garber Sandstone,
indicating anisotropic, nonhomogeneous conditions within the area tested.
This anisotrophy is belleved due to variations in urloading fracture density
and differences in grain size and the degree of cementation within the Garber

Sandstone.
The permeability of the Garber Sandstone at monitor well 1311 was determined

to be 1.7 feet per day, and Q.35 foot per day at monitor well 1312. Due to

the very slow recovery in monitor well 1313, a permeability was not calcuiated

12- | 0703€
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from the test data. The test data for monitor wells 1312 and 1313 confirm the

slow rate of recovery observed in these wells during the removal of water For

sampling purposes.

Average permeabilities in the fange of 2.7 to 4.8 feet per day have been
reported for the Garber Sandstone in Oklahoma and Cleveland counties to the
south.*>" Considering the increase in the silt and clay fraction in the
Garber Sandstone northward from Oklahoma County*®” and the attendant

decrease in yields in Logan County®”, the Garber Sandstone permeabilities
determined from the tests of wells 1311 and 1312 are reasonable values. For
the relocation site, permeabilities ranging from 0.35 {o 1.7 feet per day are

reprasentative of the upper part of Garber Sandstone.

Direction and Rate of Groundwater Movement - Groundwater movement is to the

north-northwest towards the Cimarvon River. The difference in potentiometric
surface elevation between monitor wells 3011 and 3012 along the direction of
groundwater movement is 3.3 feet across a horizontal distance of 230 feet,
which is equivalent to a hydraulic gradient of approximately 76 feet per
mile. This velatively steep gradient is believed due tp entreachment of the
prairie surface by the Cimarvon River and 1ts tributaries in the immediate
vicinity. Calculations presented in Appendix C show the average velocity of
groundwater movement through the upper part of the Garber Sandstone fo be
between 0.03 and 0.12 foot per day. Assuming the maximum velocity of Q.12
foat per day, groundwater would traverse the 230 feet along the hydraulic
gradient between monitor wells 3011 and 3012 in approximately 1,917 days (5.3

years).

>
N

{

P. R. Wood and L. C. Burton, Note 10 supra
P. R. Wood and L. C, Burton, Note 10 supra
Oklahoma Water Resources Board, Note 17 supra
-13~ 0703E
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Metearology:

The area climate is characterized by hot summers and moderate winters. July.
the hottest month, has an average temperature of 82.9°F and Janyary, tha
coldest month, averages 38.3°F. The average annual rainfall is 31 inches,
received predominantly in the early spring and late fall months. The annual

net evaporation rate is approximately 30 inches.

Summary of Pert{inent Relocation Site Featyres:

The relocation site topography is compatible with the topography of'the
general area and the surrounding environs. The site is a bluff area at the
higher elevation within the facility property and will promote drainage of
surface water away from the covered area and prevent accumulation or
percolation of precipitation ot or beneath the cover. The geological and 501l
characteristics are such that no fault structures are present, assuring
stability of the area and no concern for erosion. Similarly, the

hydrogeotogical characteristies assure there are no concerns regarding contact

with groungwater.

Matarial Relocation and Stabilization ProCedure

The relocation site will be prepared by excavating with mechanical equipment
an area of sufficient size and depth to accommodate the estimated 400,000
cubic feet of material and a minimum of four feet of backfiil cover. All the
relocatedAmaterial will be placed in the single excavation that will have
dimensions approximating 200 feet by 500 feet by 8 feet deep. Thug, there
will be 2 minimum of 10 feet between the lower dimension of the excavation and
the occurrence of water'bearing strata, which are some 20 to 30 feet beneath

the surface.
~14- . 0703E



The matertal to be placed in the excavation will be transported in dump trucks
and will be coverad when required to prevent dusting. The material will be
placed in the excavation in 1ifts. The consistency of the material will not
produce voids and consolidation will be enhanced with heavy equipment
traversing the 1ifts. As required, dust suppression methods will be used to

prevent dusting. Additional cover will be provided to compensate for any

future subsidence.

The material placed in the excavation will be covered with a minimum of four
feet of clean soil that wil) be placed in 1ifts and compacted. The cover will
be contoured to blend with the area topography and to promote runoff of

precipitation. The surface will be prepared and seeded with 2 pasture grass

mixture.
Following the seeding, the area will be inspected and mafntained to assure
that viable and complete revegetation occurs and no erosion develops. Any

required remediation measures will be done promptly.

Radiation Safety Procedures

The current facility radiation protection and monitoring program will apply
for all activities involved in defining, excavating, relocating and covering
the material. Additional procedures will be employed as dictated by good
health physics pfactices and consistent with the ALARA principle. The

essential elements of the radiation safety program ave described briefly below.

Persontel Monitoring:
Radiation detection devices consist of film badges with activation foils for
monitoring beta, gamma and neutron exposures. The badges are changed monthly

and results are reviewed for compliance with permissible dose 1imits and c
‘ =15~ 0703
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filed. Al personnel working in radiation areas are required to wear a

detection device.

Bioassay Program:

Bioassay specimens are obiained and analyzed in accordance with NRC's

Reguiatory Guide No. 8.11, "Applications of Bivassay for Uranium,”

Radiation Surveys:
Radiation surveys are made of all areas where work is in progress and on &

routine basis for determining surface levels and ‘exposure rates.

Air Sampting:
Airborne radicactive material is monitored using commercial portable afr

samplers and analysis of the filter papers for alpha activity.

Contamination Control:

To guard against spread of contamination, protective clothing will be worn by
all personnel when required. Change rooms with locker and shower facilities
are available. Monitoring for hand, shoe and ciothing contamination shall be

done at the work areas, and spot checks made upon exiting the change rooms.

fquipment Survey:
Equipment used for excavating, velocating and covering the material will be

surveyed. Any contaminated surfaces will be cleaned to meet unrestricted

release criteria.

-16- 0703t



Recards

A narrative report will be prepared that describes the procedures emplayed in
removing, relocating and covering the material. The report will include a
summation of the volume of material covered, the types and gquantities of
radionuclides contained in-the relocated métefia], the time period over which
relocation occurred, the physical characteristics of the relocated material
and relocation area identifécat%on_ The report will be maintained until

termination of the Jicense.

State and Locaidgpnsiderations

Oklahoma is a non-agreement state and defers to NRC for regulation of licensed
materfal. SFC is not aware of any state or local laws and requirements that

would apply to the proposed action.

~17- 0703E
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Typical Soil Sample Analysis Results
Uranjum Plant Areas

Lacation

Uranium Plant Yard #9
Uranium Plant Yard #28-C
Uranium Plant Yard #27-8
Lagoon #5

Pipe Line #3

1/2 Mile So. U-Plant
(Background Location?

TABLE 1

Activity, pCi/g

U-238  U-235 U-234 ~ Th-232  Thlz28
17.3 4.43 107.4 .93 1.3
1.5  0.34  3.63 1.18 1.33
1.17  0.33  2.36 0.82 0.92
7.05 1.47  22.19 1.91 2.08
0.3 0.20  0.96 1.26 1.32
0.41 0.12 Q.64 1.38 1.47
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APPENDIX A
Logs for Geotechnical Boreholes
Proposed bisposa! Area and Vicinity
Cimarron Facility

Logan County, Oklahoma

Al
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TABLE A-1
LOG OF GEOTECHNICAYL BORING LF-1
Cimartron Facility
Crescent, Oklahoma

ithology

JILTY SAND: red, very fine grained.

.LAYEY SILT: red, moist, weathered. Grades
o siltstone at 8.5 feet.

LAYEY SILTSTONE: red, slightly sandy.

ILTY SANDSTONE: red, very fine grained,
ery silty, cross-bedded.

ANDY SILTSTONE: red, some clay.

ANDSTONE: grades red to bufEf at base. Silty
t top, ¢lean at base.

ILTY SANDSTONE: red with vellow-green
inerals. Very silty, very fine, very soft.
ross—bedded near base.

ANDSTONE: buff-pink, fine grained, clean,
:assive. Groundwater encoupntered at 31
eet.

ANDY SILTSTONE: red, very sandy, with
ccasional light gray-blue silt.

ILTY SANDSTONE: red, with frequent
ross—-bedding. Very fined grained and silty.
ANDY SILTSTONE: red, damp.

ILTY SANDSTONE:; red, very fine grained,
oist

.
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Pepth (£t)
0 - 6.0

6.0 - 12.5%
12,5 - 15.0
15.0 -~ 18.¢
18.0 ~ 22.0
22,0 - 25.4
25.4 - 26.4
26,4 ~ 36.0

TABLE A-2
LOG OF GECTECHNICAL BORING LF-2
Cimarran Facility
Crescent, Oklahama

Lithology

SILTY SAND/CLAY: red-brown, wet, roots.
CLAYEY SANDY SILTSTONE: red, weathered.
SILTY SANDSTONE: red, very fine to coarse
grained, well cemented at base.

SILTY SANDSTONE: red with pink bands, cross-—
bedded.

SAND: red, fine grained, slightly silty,
very soft, uncemented, wet.

SANDSTONE: pink-puff, tfine grained with
some cross-bedding.

SILTY SANDSTONE: red with yellow minerals,
fine to very fine grained. Groundwater
encountered at 26 feet.

SILTY SANDSTONE: red, very f£ine to fine
grained, very silty, frequent cross-bedding.

Total Depth 36 feet.

Depth (ft)

0 - 7.5

7.5 - 17.6

17.6 - 18.1

18,3 -~ 20.2
20.2 - 30.0

TABLE A-3
LOG QF GEQTECHNICAL BORING L¥F-3
Cimarron Facility
Crescent, Oklahoma

Lithology

STILT and SAND: red-brown, very fine grained,
wet. Grades into weathered silty sandstone
at base. ’ )

cILTY CSANDSTONE: red, very f£ine grained,
very silty, some cross-bedding.

SAND: red, very fine to fine grained,
uncemented. ]

SANDSTONE: red, some cross-—bedding.
SANDSTONE: red, relatively clean, slightly
silty, wet, no cross-bedding.

Total Depth 30 feet.

Q7Q3E



bepth (ft)
¢ - 1.0

1.0 ~ 3.0
3.0 - 7.5
7.5 - 8.8
§.8 - 9.3
9.3 - 10.5
10.5 - 13.90
13.0 - 14.4
14.4 - 17.5
17.5 - 18.0
18.0 - 20.0

- TABLE A-4
LOG OF GEOTECHNICAL BORING 1E
Cimarron Facility
Crescent, Oklahoma

Lithology

SILT: red, loose.

CLAY: red, silty, dry, firm.

SANDSTONE: red, with hard and firm zones.
SANDSTONE: red, brown, weathered.

SHALE: red, clayey, firm.

SHALE: red, with gray sandstone lenses.
CLAY: red, moist, Eirm.

SANDSTONE: gray, with red shales lenses.
SANDSTONE: red, hard.

SANDSTONE: red-brown, weathered, hard.
SANDSTONE: red-brown, with gray lenses,
hard.

Total bepth 20 feet.

15.3 - 16.0

TABLE A-5
1.OG OF GEOTECHNICAL BORING 2E
Cimarron Facility
Crescent, Oklahoma

Lithology

SILT: red-brown, sandy, loose.

CLAY: red, silty, sandy, firm.

SANDSTONE : red-brown, hard.

SANDSTONE: red, with soft lenses and layers.
SANDSTONE: brown.

SBNDSTONE: gray, firm.

Total Depth 16 feet.

16.5 - 17,0

TAELE A-6G
LOG OF GEOTECHNICAL BORING 3E
Cimarron Facility
Crescent, Oklahoma

Lithology

SILT: red, loose.

SANDSTONE: brown, firm.

SANDSTONE+ light and dark brown, hard.
SANDSTONE: red, with clay lenses, hard.

Total Depth 16 feet.

A.4
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Appendix H

Instantaneous Recharge Test Descriptions,
Data;, and Calculations
Kerr~-McGee Cimarvon Facility

Logan County, Oklahoma



INTROOUCTION

The instantaneous recharge test data were analyzed by tha methodology of
Cooper, Bredehoeff, Papadopulos (1967) as modified by Papadopulos,
Bredehoaff and Cooper (1973). To analyze these test data, values for the
ratio of the observed change in water level (induced head) with time to
the initial head change above static water level following instantaneous
displacement (H/HO) were plotted against the log of elapsed time (t).

The plotted data were matched with the appropriate Type Curve presented
in Lohman (1972, Plate 2) and Papadopulos (1973, Plate 2a).
gr?nsmissivity {T) and permeability (P) were then calculated as shown
elow;

(Tt/r (86400 sec/day)(r )
T o e — -
T

Where : T Transmissivity, is square feet per day.
Casing radius, in feet.

Time value of match point on semi-10g plot
of H/HO versus time equivalent to the point
where Tt/r2 = 1.0, from Lohman (1972),

Plate 2, or Papadopulous ¢1973), in seconds.

-
A
hnou

The permeability P of the formation i¢ determined by
dividing the transmissivity calculated from the test data
by the comppleted saturated thickness of the formation
being tested.

It should be toted that in all cases for the tests of monitor wells 1311,
1312, and 1313 the value r. is equivalent to 0.17 Toot, determined

from the radius of the four-inch diameter (ID) PVC casing and screen,
Also, the value of match point Tt/rc was always selected from the Type
Curves at a position being equivalent to 1.0.

Test of Monitor Well 1311

Monitor well 1311 is completed to a depth of 41.1 below ground surface.
Groundwater was encountered during drilling at a depth of 31 feet., The
static water level at the time of the test was located 29.3 feet below
grade for a potentiometric surface elevation of 964.7 feet ahove MSL. The
bottom 15 feet of the well is screened; thus, the well is fully
penetrating opposite the 11.8 feet of completed saturated formation.

Following the instantaneous induced rise in water level of 1.00 foot
above the static water level, measurements of potentiometric surface
recovery were made over a period of approximately 21 minutes (see Table
B-1). During this period the well experienced 1007%L recovery.
Calculations presented in Table B-2 show the transmissivity of the Garber
Sandstone at this location to be 20.3 ft.2/day with a permeability of 1.7
feet per day.

B.2
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Monitor well s completed to a depth of 35.2 below ground surface.
Grouqdwater was encountered during drilling at a depth of 26 feet. The
static water level at the time of the test was located 28.2 feet below
grade for a potentiometric surface elevation of 961 4 feet above MSL. The
bottom 14 feet of the well is screened: thus, the well is fully
penetrating opposite the 8 feet of completed saturated formation.

Following the instantaneous induced rise in water Tevel of 1.02 feet
above the static water level, measurements of potentiometric surface
recovery werg made over a period of approximately 62 minutes (see Table
B-3). During this period the well experienced 77.5% recavery.
Calculations presented in Table B-4 show the transmissivity of the Garber
Sandstone at this location to be 2.8 ft.2/day with a permeability of 0.35
feet per day.

Test of Monitor Well 1313

Monitor well 1313 is compieted to a depth of 37.9 helow ground surface.
Groundwater was not noticed during drilling; however, groundwater seeped
into the borehole during completion. The static¢ water level at the time
of the test was located 29.4 feet below grade for a potentiometric
surface elevation of 962.8 feet above MSL. The bottom 15 feel of the
well is screened; thus, the well is fully penetrating opposite the 8.5
feet of completed saturated formation.

Following the instantaneous induced rise in water level of 1.38 feet
above the static water level, measurements of potentiometric surface
recovery were made over a period of approximately 70 minufes (see Table
B-5). During this period the well experienced 54% recovery. Due fo the
apparent poor water bearing characteristics of the Garber Sandstone at
this location, ao transmissivity and permeability values. could be
calculated.

B.
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TABLE B-1
Data for Instantaneous Recharge Test of Monitor Well 1311
Kerr-McGee Cimarron Facility
Logan County, Oklahoma

e T o e e S o e Lt et

Time Hater Level H Ho H/Ho
(seconds) (faat) (faet) Remarks
~~~~~~~ 2937 - - Static WL
0.0 28.79 1.02 1.02  1.000 Start Test
0.2 28.33 .98 L9617
0.4 28.34 - .97 .951 .
2.0 28.36 .95 .93
3.0 28.37 .94 .922
4.0 28.38 .83 912
5.0 28.40 .9 .8972
8.0 Z8.44 .87 .B53
3.0 28.45 .86 .B43
10.0 28.47 .84 .824
11.0 28.48 .83 .814
12.0 25.49 .82 .804
13.0 28.50 .81 .794
14.0 28 .52 .79 175
16.0 28.53 .78 .765
17.0 28.54 .77 .755
18.0 28.55 L6 .745
19.0 28.57 .75 .735
25.0 ©  28.60 N | .696
30.0 28.63 .68 .667
35.0 28.65 .68 .647
40.0 28.68 .63 .618
45.0 28.69 .62 .608
50.0 28.72 .59 .578
55.0 78.74 .57 . .559
60.0 78.76 .55 .539
65.0 28.77 .54 .529
70.0 28.79 .52 .510
75.0 28.80 .51 .500
80.0 28.82 .49 L8480
85.0 28.83 .48 471
90.0 28 .85 .46 451 /
95.0 28.86 .45 .44
100.0 23.87 .44 .43
105.0 23.88 .43 .422
§10.0 28.89 .42 .412
115.0 78.90 LA L4022
120.0 28.92 .39 .382
150.0 28.97 .34 .3313
180.0 29.02 29 284
210.0 29.06 .25 .245
240.0 29.09 .22 216
270.0 29.12 .19 .186
300.0 26.14 A7 .167
B.4
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snoue o1 LContinued) -
Qata for Insiantaneous Recharge Test of Monitor Well 1311
Kerr-McGee Cimarron Facility
Logan County, Oklahoma

s L o ) ok o A ke e e S i o g i S 1 i s L L A et W e A ok o S e S (Y R e 7 P

Time Water Level H Ko H/Hao
(seconds) (feet? (feet) Remarks
330.0 29.17 14 137
360.0 29.19 12 .118
390.0 29.20 1 .108
420.0 28.22 - .09 .Q8&
450.0 29.23 .08 .078
480.0 29.24 .07 .0RY
510.0 29.25 .06 059
540.0 29.27 .04 Q39
600.0 29.28 .03 029
720.0 29.31 0.00 0.000 End of Test

e e e 7 e e L b g e e e e e B S et L e o o e A e (Y e o e B B — 7 by e

Notes: MWater level is in feet below ground surface.
H is the head inside the well zhove the static water
leval at time t after the instantanecus recharge event.
HO is the head inside the well abgve the static water
tevel at time =0 of the instant of the instantaneocus

recharge event.

e L 8 P e 2 Tk e e WL B o e S M e Y s b et e P S e TR i et Yo e e 0 W B S =TT A e AT QA o o o R e

B.5
0703t



fABLE B-2 -
Calculation of Transmissivity and Permeability Values
Instantaneous Recharge Test of Monitor Well 1311
Kerr-McGee Cimarron Facility
Logan County, Oklahoma

——- e - e e A e o e e e L T T e e YO Al e e o e s e ok B e

The semi~log plot of H/HQ versus Time for the test of monitor well 1311
show a good match with Type Curve a = 107 {(see Figure B-1). The
departure of the observed recovery data from the Type Cyrve during the
first 15 seconds of the test is believed to be due to the instability of
the water surface following pldcement of the displacement weight.

The transmissivity T and permeability P of the Garber Sandstone at fhis
location can be calculated from:

Tt/ri = 1.0
Te = 0.17 ft.
t = 123 seconds

(1.0)(86400 sec/day)(0.17 ft)?
T = comemammrem - = 20.3 ft¢/day

P =20,3 ft*/day / 11.8 feet = 1.7 ft/day

Thus, the permeabiltity of the Garher Sandstone at this location
is 1.7 per day.

B.6
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- IABLL B-3
Data for Instantansous Recharge Test of Monitor Well 1312
Kerr-McGee Cimarron Facility
Logan County, Oklahoma

i e T M e ey P o Y e e e L T e e s . e e o o e e =

Time Hater Level H Ho H/Ho
(seconds) (feet) (feet) Remarks
------- p1: B — -~ Static WL
0.0 27.03 1.17 1.17  1.000 sStart Test
.6 27.07 1.13 . 966
1.6 27.08 1.12 .957
5.0 27.09 1.11 .949
6.0 27.10 1.10 .940
10.0 2711 1.09 .932
16.0 27.12 1.08 .923
25.0 27.13 1.07 .215
35.0 27.14 1.06 .806
45.0 27.15% 1.05 .897
50.0 27.16 1.04 .889
65.0 27.17 1.03 .8820
80.0 27 .18 1.02 .B72
85.0 27.19 1.01 .863
100.0 27.20 1.00 .855
115.0 27 .21 .99 .846
150.0 27.23 .97 .829
180.0 27.25 <95 .812
210.0 27.26 .94 .803
240.0 27.28 .92 .786
270.0 27.29 .a1 778
300.0 27.30 .90 .769
330.0 27.32 .88 .752
360.0 27.33 .87 744
390.0 27.34 .86 .735
420.0 27.35 .85 .726
450.0 27.36 .84 718
480.0 27.37 .83 .709
510.0 27.38 .82 L7017
%40.0 27.39 .31 _892
570.0 27.41 .79 .675
720.0 27 .45 .75 .64 4
840.0 27.49 A .607
960.0 27.53 .67 .573
1080.0 27.55 .85 .856
1200.0 - 27.57 .63 .538
1320.0 27.60 .60 .813
1440.0 27.62 .58 456
1560.0 27.65 .55 JATO
1680.0 27.67 .53 453
1800.0 27.69 .51 436
1820.0 27.71 .49 419
2040.0 27.74 46 .393
2160.0 27.175 .45 385
B.8
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TABLE B-3 (continued)
Data for Instantaneous Recharge Test of Monitor Well 1312
Kerr-McGee Cimarron Facility

Logan County, Oklahoma

Y Y o i it k.

Time Water Level
(seconds) (foet)
- 2280.0 27.77
7240Q.0Q 27.79
25720.0 27.82
2640.0 27.84
2760.0 27.86
2880.Q 27.87
3000.0 27.89
3120.0 27.80
3240.0 27.92
3360.0 27.94
3600.0 27.96
3720.0 27.97
Notes:

H
(feet)

.43
.41
.38
©.36
.34
s 3
31
.30
.28
.26
.24
23

———r—r v —

He H/Ho
Remarks

.282
265
-256
.239
.222
.205
.197 End of Test

oy Y iy e e v v e

H is the head inside the well above the static water
level at time t after the instantanecus recharge event.
HO is the head inside the well above the static ‘water
level at time t=0 of the instant of the instantaneous
recharge event.

B.9
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TABLE B-4
Calculation of Transmissivity and Permeability Values
Instantaneous Recharge Test of Monitor Well 1312
Kerr-McGee Cimarron FaciTity
Logan County, Oklahoma

g o 1 s e et Lk e e A e gt L e, S e T T ok gt A A~ e e o ks e —— T

The semi-log plot of H/RQ versus Time for the test of monitor well 1312
shows a good match with Type Curve a = 107% {see Figure C-2). The
departure of the observed recovery data from the Type Curve during the
first 3 minutes of the test is believed to be due to the instability of
the water surface following placement of the displacement weight.

The transmissivity and permeability of the Garber Sandstone at this can
be calculated from:

Tt/r2 =1.0
re = 0.17 ft
t = 900 seconds

It

(1.03(B6400 sec/day)(0.17)*
T = e = 2.8 ft‘/day
900 seconds
P = 2.8ft*/day / 8.0 feet = 0.35 ft/day

Thus, the permeability of the Garber Sandstone at this location
is 0.35 per day.

0703t
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P

Time
{seconds)

——————

Water Level
(feet)

29.38
28.00
28.01
28.09
28.13
28.14
28.15
28.16
28.17
28.18
28.19
28.20
28.21
28.22
28.23
28.24
28.25
28.26
28.27
28.28
28.30
28.31
28.32
26.33
28.34
28.35
28 .36
28.37
28.38
28.40
28.41
28.43
28.45
28.47
28.49
28.52
28.54
28.55
28.56
28.57
28.59
28.60
28.61
28.62
28.65
28.66

IABLE B-3

Data for Iastantaneous Recharge Test of Monitor Ne}l 1313

Kerr-McGee Cimarron Facility
Logan County, Oklahoma

H
(feet?

.

Ho

1.38

B.12

A

565
948
+391
.529
.522

Remarks

Static WL
Start Test

0703€



TABLE B-5 (continuad) -

Data for Instantaneous Recharge Test of Monitor Wel) 1313

Kerr-McGes Cimarron Facility
Llogan County, Okiahoma

Time
(seconds)

2880.0
3000.0
3120.0
3360.0
3480.0
3720.0
3840.0
4080.0

- e e e e o it ke e e S

Hater Level H Ho H/Ho
(feet) {(feeld Remarks
28.67 71 _514
28.68 .70 . 507
28.69 .69 J500
28.70 .68 .493 .
28.71 .67 .486
28.72 . b6 478
28.73 .65 471

28.758 .63 .457 End of Test

Water lavel is in feet below ground surface.
H is the head inside the well above the static water
Tevel at time t after the instantaneous recharge event.
HO is the head inside the well above the static water
level at time t=0 of the instant of the jnstantaneous
recharge event.

- ot . A, o 7 0 T e
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Appendix C

Calculations of Groundwater Velocity

Kerr}McGee Cimarron facility

Logan County, Oklahoma
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The average velocity of groundwater movément beneath the Cimarron
Facility can be calculated from the relation (Lohman, 1972);

-Kdh/dh
V = =————w==
0
where v = average velocity, in feet per day.
0 = porosity as a decimal fraction.
gh/dT = hydraulic . gradient, in feet per mile.

hydraulic conductivity, in feet per day.

Davis and Dewiest (1966) and Dunpe and Leopold (1978 report a porosity
range of 0.05 to 0.30 for sdndstone, with the value dependent largely
upon clay content, the degree of cementation, and the extent of
Jointing. Given the silt and clay content of the bedrock underlying the
Cimarron Facility, the average povosity of the Garber Sandstone at this
location is assumed to be a maximum of approximately 0.20.

The permeability of the upper part of the Garber Sandstone at this
location was .determined to be in the range of 0.35 feot per day to 1.7
feet per day. A hydraulic gradient (dh/d1} of 76 feet per mile was
determined from monitor well potentiometric surface data. Given these
parameters, the average velocity of groundwater beneath the Cimarron
Facility, assuming a permeability of 0.35 foot per day, is caleulated to
be:

(0.35ft/day) (-76ft/5280f 12
V = - -- = 0.03 foot per day.
0.20 ‘

For a permeahility of 1.7 feet per day, the groundwater velocity is
calculated to be:

(1.7ft/day)(~76ft/5280F) \
v = = 0.12 foot per day.
0.20 .

C.2
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APPENDIX D
SOIL CONTAMINATION ASSESSMENT
BOREHOLE LOGGING

The extent of uranium or thoriumvcontamination in subsurface solls at the
Cimarvon Facility was assessed by gamma probe logging of boreholes located on
a sampling gird. The area around the uranium building, underground pipelines
and lagoons was gridded using 50 foot centers from which boreholes were
completed at grid intersections., The borsholes were logged by traversing a
sodium iodide ¢rystal scintitlation probe, doped with thalium, down the hole
and noting the count rate (cpm) at one foot intervals. The data were then

compared to counting results from known concentration standards- derived from

identical geometries.

Count rate action levels corresponding to uranium and thorium activity
concentrations were used to identify areas requiring excavation and/or further
investigation. Action levels were based on Option 1 or 2 concentration values
listed in the Branch Technical Poéition. as appropriate. Probe results were
entered into a computer and anmalyzed to estimate the location and volume of

material requiring removal.

The counting system used for gamma logging was calibrated with a series of
specially prepared drums containing known uniform concentrations of uranium
and thorium. A three inch diameter access pipe was installed in each drum to

provide a portal for the Nal(T1) sc¢intillation probe prior to placement of

-D.1- ‘
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thorjum or uranium containing materials into the drum. The'probe was placed
in the center of each drum and the counf rate response recorded. Table D-1
shows the results of fhe probe calibration. Concentrations of uranium and
thorium isotopes versus the probe reading in cpm are shown. This data and the

analytical results of samptes collected during the drilling operations at

depth were used to determine count rate action levels.

Documentation of logging results will be maintained at the Cimarron Facility

for review by NRC,
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TABLE D-1

Calibration Drum Isotopic Content

ScintiTlation Probe Response

V5.

Activity, pCi/g Probe

U-238 U-235 u-234 Th=Nat Response, cpm
3.90 T.06 26,3 3.52 23,690
12.1 223 5.8 2.54 33,223
18.3 3.41 2.9 3.17 40,257
1060 176 3590 147. 740,717
55 6.5 178 119. 387,712
0.65 0.21 0.71 9.8 58,756
1.89 0.39 1.90  60.5 244,310
8.0 1.38 8.01 251 752,656
19.3 2.3 9.3 477 1,333,413
517 7.68  60.3 2.71 98.813
1.55 0.24 0.73 2.3 19,009
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