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ROY B St %
UACE FRESIDENT ENVIRONMENTAL OPERATIONS 27 Apnil 1994

Dr John H Austin

Chief. Decommissioning and Regulatory Issues Branch
LIS Nuclear Regulatory Commission

Washington, D.C 20555

RE Cushing Site Decommissioning Plan
Docket 70-3073, License SNM-1099

Dear Dr. Austin

Matenals License SNM-1999 specifies that Kerr-McGee submit a proposed plan to
decommission 1ts Cushing site A plan developed to meet requirements of 10 CFR Part
70 38 {¢)(2)(111) and generally conforming to Regulatory Guide 3 65 is included
herewith. Kerr-McGee requests that its license, SNM-1999, be amended to approve this
plan. The plan includes the following elements

historical licensed matenal and decommissioning activities,

planned cleanup and restoration activities,

radiation safety program for protecting workers and the environment,
final radiation survey plan, and

organization and adnimistration established to carry out the plan

A cost estimate and provisions to assure decommissioning funding were submitted with
the revised application for a Materials License on September 25, 1992, Condition 11 B
of License SNM-1999 requests descriptions of methods KMC proposes 1) to measure
and control sorting of contaminated material to be transported to temporary storage areas,
2) to neutralize acidic, contaminated sludge in Pit 4, 3) to demolish potentially
contaminated structures, and 4) an analysis of the ability of the storage areas to resist
erosion hy wind and wate, Items 1, 2, and 4 are described in section 3 of the plan
License condition 11 b 3 requires a description of methods to be used to demolish
potentially contaminated structures prior to demolition. KMC intends to provide the
specifics of such a plan to the Commission at a later date as an amendment to this
decomnissioning plan. It has long been realized that the amount of contaminated soil at
formerly used uranium and thorium processing sites is very large, yet the concentration
of radicactive material 1s often low enough to justify their disposal onsite rather than to
transport it to a commercial disposal site

W J Dircks, NRC, branch technical position on Disposal or Onsite Storage of Residual
Thorium or Uranium from Past Operations, SECY 81-576 & 46 FR 52061, October 23,
1981



i

An integral part of the Cushing site decommissioning plan 1s an engineered cell onsite in
which qualified radicactively contaminated material may be disposed A preliminary
analysis supports the feasibility of such an engineered cell onsite for this purpose. When
KMC has the information and analyses confirming the safety of the engineered cell, we
intend to provide that to the Commission along with a request for its approval pursuant to
10 CFR Part 202002

KMC v.ill presently submit a final survey plan for delineated areas that are not affected
by licensed material While KMC wants to obtain recognition that certain designated
areas are demonstrated by a final radioactivity survey to be free of contamination hy
licensed material, please note that KMC is not request:nz that the four unaffected areas
be deleted as authorized places of use after 1 has been determined that they are suitable
for unrestricted use  We plan to use a portion or portions of unaffected areas to dispose
of soil meeting the branch technical pnsmon: Option | specifications for unrestricted
release and 1o site the engineered ce!l. Once the designated areas are recognized as such
by the Commission, KMC would want to discontinue radiation monitoring unti] we begin
placing lcensed material in the engineered cell In all four unaffected areas, we need
NRC concurrence that the land is clean before grading or restoration activities are begun

Kerr-McGee 1s interested in completing decommissioning at its Cushing site as soon as 1s
practicable To facilitate approval of the plan, we will provide whatever information is

necessary 10 expedite approval of this plan

Sincerely yours,

mith
Vice President. Environmental Operations

Enc

cC Bob Evans, NRC Region IV
Gene Smith, ODEQ
Scott Thompson, ODEQ
Rick Reiley, Cushing Citizens Oversight Committee

2 Ibid
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_ CUSHING SITE DECOMMISSIONING PLAN

1. INTRODUCTORY INFORMATION
1.1 LICENSEE IDENTIFICATION

The Kerr-McGee Corporation, whose principal address is ai the Kerr-McGee Center, Oklahoma
City, Oklahoma 73123, holds U.S. Nuclear Regulatory Commission Materials License SNM-1999.
The license is assigned NRC docket number 70-3073.

1.2 INTRODUCTION

Kerr-McGee Corporation (KMC) owns portions of a former refinery site located near the city of
~ushing. in Payne County Oklahoma. Kerr-McGee used part of the site during 1962 through 1966 to
process natural thorium and natural, depleted. and enriched uranium under two Atomic Energy
Commission (AEC) licenses, SNM-695 and SMB-664.  The site was released, and the hicenses were

terminated in 1966

During past cleanup activities, some radioactively contaminated materials were placed in burial
trenches. old petroleum storage tank dike areas, and part of a hydrocarbon waste impoundment (Pt 4)
on the site. The materials placed in the trenches and the waste impoundment were covered with native
soil and were naturally re-vegetated

KMC has been remediating and restoring the former refinery site under a ent order with the
Oklahoma State Department of Health, now the Oklahoma Department of Environi ol Quality. A
radioactivity survey of the Cushing site was conducted beginming in June, 1990 and culminated with the
issuance of a characterization report in May, 1991. It identified localized areas contaminated by former
processing and waste management activities. About 7600 yd 3 of soil and other materials contaminated
with licensed uranium or thorium to NRC Branch Technical Position ! (BTP) Option 2 or 4
concentration are estimated to remain onsite. About 1800 yd3 of material averaging Option |
concentration is buried in trenches onsite

Comtaminated material recovered during decontanmunation of the former process buildings.
contaminated soil immediately surrounding those buildings, and contaminated soil from the northern
tank farm area have been packaged and shipped to a licensed disposal facility in Barnwell, South

Carolina
The Nuclear Regulatory Commission (NRC) issued Special Nuclear Materials License SNM-

1999 on April 6, 1993, to Kerr-McGee Corporation, Kerr-McGee Center, Oklahoma City, Oklahoma
73125, for decommissioning the site for release for unrestricted use.  This site decommissioning plan 1s

I USNRC. Branch Technical Position on Disposal or Onsite Storage of Thorium or Uranium Wastes From
Pasi Operations, 30 Fed Reg 52061, 1981

Cushing Decommissioning Plan rev. 0 April 25, 1994 P
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intended to fulfill license condition number 11 (A and B) reguiring a plan meeting the requirements of
10 CFR Part 70 38(c)(2)(i11)

1.3 CATEGORICAL EXCLUSION

Pursuant to 10 CFR Part 51 .22(c)(11), decommissioning activities at the Cushing site quahify
for a categorical exclusion from a requirement to perform an environmental impact statement or an
environmental assessment. Benefits of cleaning up and restoring the Cushing site to unrestricted use is

expected to far out-weigh any impact of site cleanup and restoration

Cushing Decommissioning Plan rev. April 25, 1994 I
siteinf2 .doc



2 SITE INFORMATION
2.1 SITE AND GROUNDS

The Cushing site is located in Payne County, Oklahoma, 2 miles N of the City of Cushing.
Cushing lies about midway between Tulsa and Oklahoma City. The terrain 1s rolling, oil producing
pasture Jand. Several oil fields were developed in the immediate area. The elevation of the refinery site
ranges from 820 to 920 feet above mean sea level (MSL). Skull Creek runs through the Cushing site
before joming the Cimarron River 4 miles ENE at an elevation of 760 ft  Neighboring communities
include Yale (7 mi NNE), Ripley (8 mi WNW), Agra (10 mi SW), Oilton (11 mu ENE), Quay (10 mi
NNE), Jennings (14 mu NE), and Drumright (8 mi E )1 Geography in the vicinity of the Cushing site 15
shown 1n Figure 2.1, and the main features and buildings on the site are identified in Figure 2.2.

2 2 OPERATING HISTORY

2.2.1 Ownership

The Cushing refinery site operated from 1915 until 1972, when the refinery was closed and

dismantled.

Kerr-McGee Corporation purchased the entire NE quarter of Section 27, Township 18N, Range
SE (160 acres) near Cushing, Oklahoma, from General American Oil Co. of Texas on June 4, 1956
Additional adjoining land, less srall areas, to a total of 440 acres encompassing the site?” was owned
or acquired by Kerr-McGee, and the company operated an oil refinery on this Cushing site from 1956
to 1972 Kerr-McGee also processed nuclear fuel materials at the Cushing site from 1963 to 1966
under two Atomic Energy Conumission (AEC) licenses, both terminated in 1966.

After the refinery was decommissioned during 1972 through 1974, portions of the refinery were
sold. The site of the thorium plant, in Section 27. was owned ty Kerr-McGee until July 24, 1972,
when it sold the NE quarter section (less 14,72 acres in the SE corner) to Dewey Enterprises.
Sometime between 1972 +d 1979, Nolan and Mae Vinsan obtaned title to the property. On August 6,
1979, 1 F. Bovdston purchased 115,05 acres from Nolan Vinson. In 1985 and 1986, Boydston sold the
71 98 acres west o the former MKT Railway right-of-way to Torando Resources, Inc., of Cushing,
Ok and the remaining land to private individuals 3

I Kerr-McGee license applicaton dated 7/3/62.
The 1/30/90 consent order between Kerr-McGee and the State of Oklahoma references a 335 acre site,
whereas the 1/24/91 ORAL Assessment of Decontaminarion and Decommissioning Activities refers 10 a
435 acre site
3 Memorandum from Gene McDonald, Ecology and Environment, Inc., 1o Keith Bradiey. EPA Region V1,
dated 10/28/86

(351

ro
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Kerr-McGee retained ownership of the major portion of the site area known formerly as the
tank farm area (the site of the 4 tanks on the north end of the proper*; . the region of known waste
disposal in the NE corner, and the former disposal area in the NW corner. Since 1986, Kert-McGee
has repurchased most of the site. At present, Kerr-McGee does not own eight small tracts totalling
approximately 12 acres within the "Kerr-McGee Property” area, however, they are not within the area

of concern for decommissioning.

2.2 2 Licensing and Operations

Source materials license SMB-664 was issued to Kerr-McGee on November 7, 19624
license authorized unlimited guantities in a variety of chemical forms of uranium and thorium.
McGee's license apphcation stated that:

Both normal and depleted uranium may be in our possession in a variety of chemical
forms. The bulk of the material will be received as UFy in the case of depleted and
as UF, or mi!l concentrate in the case of normal. Typicai products will be oxides,

carbides. fluorides, nitrates, metal, etc. At intermediate potnts in our processing. a
variety of compounds may be encountered. for example, uranyl nitrate Thorium

will normally be received as concentrates. Typical products will be oxide or carbide

or combinations of uranium and thorium compounds at varous ratios of thorium to

uranium.®

The
Kerr-

Special nuclear materials license SNM-695, issued April 23, 1963, authorized possession of any
enrichment of uranium n any form, except metal, including scrap recovery. It authorized Kerr-McGee
to possess up to 1000 kg of U235 at any one time® Kerr-McGee's license application stated that

The uranium will be received in the form of UK, or other chemical compounds
and/or scrap fuel elements uniradiated [sic]. and will be converted to other
compounds of uranium suitable for nuclear fuels. This includes, but is not hmited
to. the following compounds: UO, ., U0y, Uranium Carbide. Uranium Sulphate,
Uranium Nitrate, Uranium Tetrafluoride, and Uy Oy

Later. KMC's hcense. SNM-695, was amended to permit reduction of high enriched UF; 10
granium metal buttons ¥ done by thermite reaction with magnesium in a ceramic-lined steel vessel that
was bolted closed  The sl.g was roasted o oxidize any residual uramum or magnesium, and the

aranium was recovered from the scrap ”

Eariched uranium was processed at Cushing from early 1963 until September, 1965 Thorium
processing dated from December, 1964, until February, 1966, when operations ceased following an

accident that resulted in the death of one employee.

4 AFC Source Material License issued 1o Kerr-McGee 01! Industries, Inc., dated 11/7/6

5 Kerr-McGee license application dated 7/3/62

6 AEC Special Nuclear Material License issued to Kerr-McGee Oil Industries, Inc., dated 4/23/63
7 Kerr-McGee license application dated 10/12/62

8 AEC Special Nuclear Materials License SNM-695 amendment 1ssued 12/23/63.

9 Kerr-McGee SNM license amendment application o AEC dated 9/9/63.

Cushing Decommssioning Plan rev, O Aprii 25, 1994
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Kerr-McGee reported to the AEC in 1966 that as of April 26, 1966, all special nuclear material
had been transferred from the Cushing site to KMC's new Cimarron facility at Crescent, Oklahoma,
and that all Cushing buildings in which licensed activities had been performed were cleaned and
decontaminated. The letter to the AEC stated that "Our final health physics surveys have shown that
the residual radioactivity contamination is well below the AEC limits for abandonment of facilities. .
10

"

On July 6, 1966, the AEC conducted a close-out survey of the Cushing facility. AEC
inspectors noted that the Cushing facilities had been completely stripped of all process equipment, 1.¢
the hoods. fans. duct work, stacks, and the sinks and work benches from the analytical laboratory,
apparently having been transferred (o Cimarron. The inspectors further noted that "The facilities
appeared to have been thoroughly cleaned "' Building 31, the site of thoriuri processing, had been
dismantled. only the concrete slab floor and brick wall common to Building 31 and the adjoining
Building A6 remained. The burlding materials were reportedly surveyed to determine that they were
not contaminated and were then buried within the boundaries of the refinery site. During the survey,
the AEC inspectors collected smears and obtained direct alpha and beta plus gamma readings within the
former process area. Based on the results of these data and other information gathered during the
course of the survey, the inspectors recrmmended that the licensee be authorized 1o transfer control of
the facility to an unlicensed recipient. Thus, on the basis of this survey, and in response to Kerr-
McGee's request for authorization to release the facility for unrestricted use, licenses SNM-695 and
SMB-664 were terminated on July 25, 1966 12,13

2.2 2 Process Buildings

The processing of nuclear fuel materials occupied four buildings. Building 30, the largest of
the buildings at 50 feet by 200 feet (50 x 100 feet upstairs), was used for enriched uranium processing
The southwestern part of Building 30, a 50 x 100 foot room separated by a brick wall, was never used
for nuclear processing.  Building 31, at 40 feet by 134 feet, was originally used for miscellaneous
maintenance activities and for equipment storage but was used for thorium processing beginning in
1964 Building A6, at 52 feet by 134 feet, joined Buildings 30 and 31. The northeastern 49 feet of
Building Ab, separated by a wall, was used for depleted uranium processing. By June, 1990, only the
portion of Building 30 thac had been used for nuclear material processing remained standing. The

remainder of it had been iurn down during s vme phase of decommissioning. Figure 2.3 shows a plan

view of these tormer process buildings '4

W Kerr McGee leter to AEC dated 6/9/66,

U AEC internal memo dated 7/29/66

12 D.L. Walker, Dir., NRC Region IV, Close-out Inspection, o L, Dubinski, Assi Dir. NRC HQ, July 29,
1966

13 D.A. Nussbaumer. NRC: Div. Mat'l Lic.: S & SNM Br., letter to G.E. Wuiler, Kerr-McGee, July 25,
1966

4 Kerr-McGee. Plot Plan (Process Areas), dwg. A-NPD-78, May 1, 1964

3
(7%
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2.2 4 Progcesses Performed

Al the Cushing site, Kerr-McGee converted fecd materials, such as uranium and thorium
concentrates and uranium hexafluoride (UFg) from the AEC, into usabie chemical and physical forms of
nuclear fuel materials for use by customers both inside and outside the United States

Kerr-McGee processed entiched uramum in Building 30 from the beginning of 1963 through
September, 1965 The processes entailed the conversion of UK or other compounds and/or scrap to
nuclear fuel materials—-U0,, UOy, UsOg, uranium carbide, uranium sulphate, uranium nitrate, and
uranium tetrafluoride (UF,), and the reduction of high enriched UFy to uranium metal, By early 1964,
most uranium processing work was aimed at producing UO, . Uy Oy, and uranium metal for the AEC.
Additionatly . residues from metal reduction operations were reclaimed. In February, 1965, Kerr-
McGee was testing a new solvent extraction development system using depleted uramum and applied
for authorization to add a scrap dissolving facility and ratfinate holding tanks to be located in Building
30

To make ceramic-grade UG, in Building 30, enriched UF, was bubbied into a 5-inch diameter
reactor containing an organic reductant, perchloroethylene, to form UF, precipitate. The UF, cake
was filtered. dried in a furnace and then contacted with a hydrogen-steam mixture to form ceramic
VO, Fused uramum carbide was formed by mixing UO; with carbon followed by an arc melting
operation. Uranium buttons were formed by placing UF; and magnesium in a magnesium oxide
crucible in the reduction reactor and heating to ignition temperature by an air-cooled induction coil
This process produced a 4.7 kg button of matenal

For the recovery of enriched uranium contained in metal reduction residues, the residues were
dissolved in nitric acid Batches of the aqueous uranium solution were then contacted with an orgamic
solution, composed of 25% tributylphosphate (TBP) and 75% amsco, a kerosene-type diluent, to
solvent extract and concentrate the uranium

Butlding A6, which adjoined Building 30, was used for processing depleted uranium. UF, was

converted 1o UF 4 in a process that used perchloroethylene as a reductant I3 UF, was then reduced to
ranium metal . In that process, a semi-continuous fluid bed reactor was used to convert UFg to UF
by feeding UF, gas. CO; and vaporized perchloroethylene into the fluid bed unit at 550° F The UF,
was then reduced to uranium derby metal in an induction-heated reactor using magnesium as the
reductant. The reduchion unit was also used to oxidize some large depleted uranium buttons from

Hanford to U;0g

By May 1965, the primary operations at Cushing were directed toward the recovery of high
enriched uranium from metal reduction slag. In this process, slag batches were dissolved in mtric acid,
the resulting solution filtered, and the uranyl nitrate solution solvent extracted The uranium was then
stripped back into the aqueous phase and concentrated. The waste stream, raffinate, was collected and
sampled prior to discharge to a waste pond. At that time also, a high enriched UOy processing line

15 AEC Inspection Report dated 1/23/64

Cushing Decommissioning Plan rev. 0 April 25, 1994 24
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was being readied for startup on new fuel powder orders. The initial jobs would involve preparation of
ceramic UO,.

Thorium processing, conducted in Building 31, was begun in December, 1964. The thorium
process used as feed material either thorium nitrate tetrahydrate (Th(NO3 )4 aH, O) or recycled scrap
of high thorium content. The feed material was dissolved in water or nitric acid. The feed solution was
then contacted with oxalic acid solution to precipitaiz thorium oxalate, which was ihen aged in a barrel.
The slurry was then centrifuged for separation of oxalate cake. The oxalate cake was dried. and the
dry thorium oxalate was reduced to thorium oxide in a rotating kiin. Process steam and ammonia were
fed into the kiln to convert the dry thorium oxalate to thorium oxide!® The thorium oxide, plus
calcium metal and calcium chloride, a catalyst, were heated in a pressure vessel to reduce the thorium

oxide to metal sponge.

Twao processes were used for producing thorium pellets from metal sponge. After mixing
thorium oxide with calcium metal and calcium chiloride and reducing the thorium to metal sponge, in
one proces- |7 the metal sponge was leached with water 1o remove the soluble unreacted calcium and
calcium chioride. The thorium metal, in a liquid slurry, was then vacuum dried. In another process!®
slag residue was leached from the sponge with nitric acid.  All of the final process steps commencing
with drying were done in an argon atmosphere in closed equipment. The wash solutions were
transterred 1o large storage tanks for sampling prior to disposal to Skull Creek. The thorium metal was
vacuum dried under argon atmosphere. In both processes, the dried powdered thorium was pressed into

pellets.

2.2 5§ Waste Disposal Practices

Solid source or special nuclear materials are not believed to have teen disposed of at the
Cushing site during processing. In the Building 30 uranium scrap recovery process, the solvent prea. s
generated a raffinate in which the uranium concentration was about 0.08 g (<17 107 pCiice).
Reports that the raffinate was discharged into Skull Creek,'” and was discharged into a waste pond?
are in disagreement. KMC believes they were discharged mto the creek.

The UF, to UF, conversion generated no liquid or solid waste. An AEC inspection report 1
stated. “The unique aspect of the conversion [1.e.. UF, to UK ] is that no waste matenal is generated
The reaction can be carried out n a vapor phase fluid bed reactor or in conventional liquid phase

reaction equipment.”

16 AEC Inspection Report dated 9/21/65

\7 AEC report dated 7/9/65 of invesngation of a fire and rapid oxidation involving thorium processing at the
Cushing facility.

I8 AEC Inspection Report dated 9/21/65

9 AEC Inspection Report dated 1/23/64.

20 AEC Part 70 Inspection Report dated 5/26/65.

21

21 AEC Inspection Report dated 1/23/64
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In the thorium process, the filtrate extracted from oxalate slurry was neutralized with lime
before being disposed of in the refinery studge pond (Pit 4) when the thorium content was less than 27
mg/l. Slag wash solution from the breakout step in the thorium reduction process was pumped to
holding tanks and, after sampling, discharged into Skull Cre=k2? The thorium liguid wastes thus
disposed of began with the processing of thorium in late December, 1964,

A survey by Oak Ridge Associated Universities (ORAU) indicated evidence of routine
discharges of wash water onto a hill in the NE corner of the property and disposal of low-level
decommissioning wastes i1 the trash dump in the NW and in the area in the SE corner of the tank farm
property north of Deep Reck Road, i ¢ . an area south of Pit 4 and north of Deep Rock Road??

A 1984 an FPA contracior's reconnaissance inspection of the Cashing site indicated that
thorium oxalate filters from thorium processing had been deposited in a refinery waste sludge pit (Pit
4).2% At that time, Pit 4 also contained part of a structure, concrete chunks and slabs, that emitted
radiation that “cannot be autributable to buried materials alone * The concrete members were thought to
have been part of a floor or dock or the base for one or more vertical storage tank(s®*

2 3 FACILITY HISTORY OF LICENSED MATERIAI

2 3.1 Radionuchdes

Uranium and thorium processing operations were conducted at the Cushing site between lae
1962 and mid-1966

Uraniwm  The uramum received at Cushing was a highly refined form, either UE, or metal,
having only a very small fraction of its radioactivity in the form of long-lived decay products. Only the
radinisotopes of uranium: U238 U235 and U234, and a short-lived nuclide, Th23! | would have
arrived at Cushing in significant quantity. By now Th 23, Pa 234m _and Pa?* will have grown into
radioactive equilibrium with U238 but not the daughters of U 234 Thus, the aranium series
radionuclides of primary radiological interest are #3183 Th 230 and Ra 226. U233 in the

actinium series 18 2's0 of interest

Since the purity of the uranium received at Cushing was high, there was very little TR or
Ra226 in 1, any TH30 and Ra22¢ would have tended to remain iogether in waste. and Th*30 would have
to exceed RaZ20 by more than an order of magnitude in order to produce significantly more Ra*26
during the next millennium. Thus, if auxihary measurements demonstrate that Th*3 s not
significantly more abundant in soil than 1s Ra 3¢ routine measurement and control of Ra22® will
adequately assure that Th30 is also controlled. Moreover, a current finding of significant Ra*26 would
be indicative of NORM

22 |.W. Crocker, NRC:HII, Part 70 Inspection, Sept. 21, 1965,

23 ORAU Scopiag Study dated 10/27/89

24 Fihers seems 1o have been an ¢7-oneous reference to filtrae,

25 Memorandum from Ecology and Environment, Inc., to Keith Bradley, EPA Region V1, dated 10/28/86
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SNM-695 authorized Kerr-McGee to possess up to 1000 kg of U23% at any one time in Building
30. A January, 1964, AEC inspection report indicated that the highest enrichment processed at the
plant was 25% U235 and that the largest order theretofore was 300 kg of UO, at 4.5% enrichment.
During an AEC inspection in January, 1965, Kerr-McGee's SNM inventory was 155 kg of R3S | of
which approximately 90% was enriched to = 90 wt% U233 .26 Although uranium with a wide range of
U 235 enrichment values were received, most environmental samples have exhibited relatively low
enrichment.

Thorium. The thorium processing, in Building 31, used as feed material either thorium nitrate
tetrahydrate (Th(NOy)y 4H,0} or recycled scrap of high thorium content The thorium nitrate
tetrahydrate was a refined form which had been separated from its decay products before receipt at
Cushing. Since it has been about 28 years since thorum processing ended at Cushing. the thonum
series radionuctides will have grown within about 0.95 of secular equilibrium with the Th?3?

3 3 2 Locations Where Radioactive Material Was Processed, Handled. or Stored

The Nuclear Products Department of Kerr-McGee's Cushing facility consisted of approximately
15.000 square feet under roof and was divided into three adjacent areas?’ The largest of the these
areas was Building 30, a brick building of approximately 10,000 sguare feet, including the second
floor. The others were buildings A6 and 31 2%

Building 30 was devoted to processing uranium in all available enrichments above natural
Ceramic-grade UO,. uranium carbide, and uranium metal were produced from enriched UK, m
Building 30, Enniched uranium contained in metal reduction residues was recovered by dissolution in
nitric acid and extracted from the agueous uranium solution by contaciing it with a solvent extraction
solution of tributylphosphate (TBP) and amsco, a kerosene-type diluent, followed by stripping the
uranium from the TPB extractant. At one time the building was also used for storage of natural and
depleted uranium compounds and for storage of U233

A second procassing area, Building A6, was immediately accessible from Building 30 through a
large portal  Ordinarily, only natural and depleted uranium were processed in this building, but on at
Jeast one occasion, a number of large metal reductions of 3.7 percent enriched uranium were performed
there 27 An earlier report®0 indicated that Building A6 was devoted to producing depleted uranium
from UF, by reducing UF, to UF, and then to metal  The reduction unit was also used to oxidize some
large depleted uranium buttons from Hanford to U3 Og.

All thorium processing operations oceurred in Building 31, formerly the Materials Storage
Facility. There, thorium-mitrate-tetrahydrate was converted to pure thorium oxide, which was reduced

26 p g Sandel, NRC IV, Compiiance Inspection Report, Feb. 16, 1965.
27 AEC Inspection Report dated 9/2/64

28 Kerr-McGee, Plot Plan (Process Areas), dwg. ANNPD-T8, May 1, 1964
29 AEC Inspection Report dated 9/2/64

30 AEC Inspection Report dated 1/23/64

9
~i
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to a metal powder and pressed into compact:  The thorium processes are described in detail in §2.2 4,
Processes Performed

2.3 3 Locations of Spills and Releases

Records pertaining to the Cushing facilities' nuclear materials processing activities provide
information about three incidents, two of which resulted in non-routine releases. Routine discharges of
waste products is covered in §2.2.5, Wasre Disposal Practices. Both non-routine releases were due to
explosions occurring in Building 31 from the processing of thorium. The second occurrence led Kerr-
McGee to abandon that process. Uramum processing had already been moved to Kerr-McGee's
Cimarron facility at the time of the larer accident

An incident that occurred on February 13, 1965, was said not to result in the release of
radioactive material. In that incident, a fire and ex;dosion occurred within 2 metal drying tube during
thorium processing. Reportedly, there was no sign of rupture of the sealed drying tube or leakage of
thorium oxide from it, and all air samples following the incident were well below MPC3!

The first serious accident occurred on June 23, 1965, when a fire and explosion involving 120
1b of natural thorium metal propelled a filter-dryer out a garage-type door and across Skuil Creek,
coming to rest near an o1l storage tank in the refinery approximately 200 yards from its origin,

Thorium was deposited on the outside wal! of the building (Building 31) where the container had exited.
Contamination readings on that wall ran as high as 180,000 dpm/100 ecm? = No other contamination
along the path of the filter-dryer was detected 2 Calculations indicated that the maximum quantity of
activity available for release was 6 millicuries of natural thorium from the 120 Ib of thorium powder
that were in the filter-dryer before the incident

The recond consequential accident occurred on February 7, 1966, during a process in which
thorium scrap matenial was being dissolved (reclaimed) with nitric acid. The process generated
hydrogen gas, which was ordinarily carried away through a stack. However, Kerr-McGee
representatives theorized that a heavy fog in the area caused the hydrogen gas to back up in the
building. The high concentration of hydrogen gas then exploded, possibly due to a spark from an
electrical motor. The building's metal roof was badly damaged, one corner of the building was blown
out, and a spall section of an interior wall was knocked down. The explosion destroyed most of the
equipment in the area. There was, reportedly, minimal spread of contamination within the plant. A
survey of the area of the explosion found maximum aipha contamination of 5000 dpm/4 sq in. Minor
contamination (2000 dpm/4 sq in) was spread to connecting refinery and maintenance rooms * An AEC
compliance report33 stated that the “spread of thorium contamination outside of the process building
was insignificant.” Surveys outside Building 31 showed a maximum smear of 300 dpm/4 sa in

L AEC Internal memo dated 4/14/65
2 Memorandum from Ecowogy and Environment, Inc . to Keith Bradley, EPA Region VI, dated 10/28/86.
3 AEC Compliance Report dated 3/7/66.
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immediately south of the building. Kerr-McGee terminated its thorium operations following this
incident.

2.4 PREVIOUS DECOMMISSIONING ACTIVITIES

After operations were termunated in February, 1966, the licensed processing site was cleaned-
up to then existing standards. Kerr-McGee surveyed the processing site for radioactivity, found it to
meet then applicable AEC release criteria, and applied to the AEC for license ternunation on June 9,
1966. The AEC advised Kerr-McGee that any residual contamination at the licensed site was
insignificaut and presented no hazard to health and safety. The two licenses under which operations
were conducted were terminated on July 25, 1966 3

in 1972, surveys were performed and cleanup conducted of the northeast corner of the Cushing
site, the O1d Globe Property Dump (thought to be the trash dump), and around portions of the former
processing buildings. The contaminated soil and trash was placed in Pit 4, and covered with about 4

feet of clean soil 33

Retween 1979 and 1982, additional decontamination and stabilization activities were performed
on Building 30, the building access road. (i ¢., the road connecting Building 30 and Deep Rock Read),
Skull Creek. and the NW. NE, and SE sections of the Kerr-McGee tank farm arez. C ontaminated soil
and other wastes that exceeded a radiation reading of 50 uR/hr we e sent to the Cimarron facility for
further processing . Soil measuring 30 to 50 uR/hr was placed in trenches on the NE corner of the tank
farm and covered with 4 feet of clean soil. Soil measuring less than 30 uR/hr was left in place or deep
plowed Approximately 20 acres of laud in the NE corner were plowed and terraced to distribute
residual contamination and to prevent surface rup off 36

In October 1989, a survey by the Oai’ Ridge Associated Universities confirmed the presence of
general low-level radioactive material in the northeast corner of the site and around and in Pit 4. The
survey also detected residual low-level radioactive material in previously identified areas inside and
outside the former process building and n the vicinity of the former tank berms. ORAU reported that,
“The relative direct gamma levels in these areas suggest that the concentrations of radionuclides may
exceed the current NRC guideline values for propercy being released for unrastricted use “37

In a -~nsent order with the State of Gklahoma that went into effect in May, 1990, Kerr-McGee
agreed to remove contamination in and around the old process buildings to Option 1 criteria specified
the NRC's Branch Technical Position (BTP). Kerr-McGee was also to actively pursue a thorough
characterization survey of the entire oniginal site, including Skull Creek and other drainage pathways,
sufficient to define exposure rates, surface contamination levels, and licensed material concentrations in

soil. Within one year of the agreement, Kerr-McGee was (o conduct a radiation survey of the refinery

W Moore, Morgan, Kerr-McGee Refining Corporation, letter to Scott Thompso:', Oklahoma State Dept.
Health, October 24, 1990.

35 ORAU, Scoping Study, Oct. 27, 1989

36 Joc. cit

37 ORAU. Scoping Study, Oct. 27, 1989
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site and submit the results in a written report which details the radiological impacts of the
contamination.

Kerr-McGee immediately began to implement the consent order after it went into effect. The
radiological characterization survey’® was performed in 1990 and has helped guide the remedial action.
Contaminated soil was siockpiled, analyzed for both chemical and radiological “ontaminants, and
shipped to the Chem-Nuclear waste disposz! site in Barnwell, South Carolina. Floor sweepings, light
fixtures. pipes, electrical conduit, drainlines and fiberglass insulation that failed to meet NRC criteria
for unrestricted release were also drummed and shipped to the disposal site. The concrete floors in the
process buildings were cleaned using a steel shot blasting mackine to remove the top layer of the floor.
Waste material generated in this process was also drummed and shipped to the disposal site, along with
paint material from the east wall of Building A6 that was removed with the steel shot blasting machine.
High pressure steam was used to wash down the ceiling and support beams in the uranjium process area
A 500-gallon septic tank that was found tu be contaminated was removed. Contaminated soils were
also removed from the Skull Creek stream bed and stockpiled. Concurrent with the effort to reduce
radiologival contaminants, Kerr-McGee worked to clean up and remediate the refinery site.

2 4.1 Buildmg 30

Upstairs. A characterization survey including direct and smear measurements was begun in
1989 Decontamination done during 1990 included these activities:
. removed ventitation ductwork, loose piping, and loose material on the floor;
. removed ashestos from piping and loose asbestos from the floor and packaged it for shipment to a
disposal factlity offsite;
. removed comaminated floor tile and packaged it for shipment offsite to a disposal facility:
. surveyed sheetrock on a 2 x 2 m grid. removed that meeting refease limits, and buried it onsite.
packaged contaminated sheetrock for shipinent to a disposal facility,
. removed electrical conduit, light fixtures, floor drains, and all remaining material; surveyed those
materials to cort for release or packaged it for shipment offsite to a disposal facility,
»  washed-down the area with high pressure steam,
. used a steel shot blasting machine to clean the floor,
» washed down the walls and floor agan;
. performed a complete radiation survey of the walls, ceiling, beams, posts, and floor; and
. cleaned contaminated spots to less than the release lint
Downstairs. During 1990, asbestos was removed and packaged for shipment to an offsite
disposal facility. Piping, pipe hangers, brackets, and stubs of angle iron were surveyed. That which
could not be released was drummed for shipment to an offsite disposal facility. The concrete floor was
cleaned with a steer shot blasting machine  Light fixtures were removed and temporary lighting was

installed

W Kerr-McGee, Cushing Site - Radiological Characterization, May, 1991
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In early 1991, the entire downstairs area was scanned and contaminated areas were marked.
Those areas, including floor, ceiling, posts, angle iron, and beams were vac-u-blasted. Later, the
walls, posts, angle iron and ceiling were steam cleaned.

In 1992, downstairs walls and ceiling were gridded at 2 x 2 m and surveyed by direct and smear
measurements Any contaminated spot was cleaned and surveyed again to achieve unrestricted release

Lits

Rematning contamination exists primarily in areas inaccessible for decontamination until
buildimg demohtion takes place

West Dock. During alpha and gamma surveys of the west dock in 1992, several areas of
contamination were found along the edge bv the building and across the seam at the south end of the
dock A needle gun chipper was used to remove the top layer of contaminated concrete before the dock
was broken up mto slabs and hauled into building A6 for final survey and more cleaning. The broken
slabs were surveved on top and bottom, numbered, and the survey results documented. The clean slabs
are stacked at the south end of Building A6 and the contaminated ones are in a different pile for future

disposition

Reintorcing bar and angle iron were surveyed for final release before shipment to a scrap metal

gealer

radioactive contamination  All elevated areas identified by scanning were cleaned to below release
limits A follow-up survey was performed by marking the dock into a 2 meter grid (top, side, and
bottom) and doing complete alpha and gamma surveys except bohind the lip of the dock that 1s against

the building

Some of the contaminated dirt under the east dock has been removed: some dirt remains to be

remoyved

Basement  During 1991, a roadway into the basement was excavated. Using a portable
instrumient with a shielded . 3-inch Nal detector to guide the work, the basement floor and piping were
cleaned  Contamimated brick were removed and put into 55-gallon drums. Contaminated pipe was
removed . drumamed, and shipped offsite for burial at a licensed facility. A final survey remains to be

done

2 4.2 Pad of Building 31

Where Building 31 stood, concrete from the floor pad was surveyed: concrete with releasable
contamination was hauled to an area in blocks 121 and 122 or put in a ditch along the railroad right-of
way .n blocks 125, 133, and 140.

to
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| . 2.4.3 SNM Siorage Building

After gamma-scanning the floor in 1991, contamination was removed from the concrete floor
with a steel shot blasting machine. Contaminated areas of the walls, ceiling, support posts, and angle
iron were scanned and cleaned.

During 1993, another scan of the floor, walls ( inside and out), ceiling (underneath and on top),
support posts, channel iron, and angle iron was done. There are still some contaminated areas on the
floor and walls that remain to be cleaned to the unrestricted release limit,

2.4 4 Building A6

A portion of this building was not used for processing.  The wall between it and Building Ab
was removed betore the current decommissioning effort. The combined room has been used to survey,

sort, and package contaminated materials

Afier a scan of the floor was done in 1990, a vac-u-blasting machine was used to remove the
contamination. In 1991 the north, east and west walls including the tool and storage rooms were
surveved inside and out. After samples of the paint were determined to be contaminated. a vac-u-blast
machine was used to remove the contaminated paint.

There was a metal sump approximately 18 inches in diameter x 3 feet deep in Building A6
. about 4 feet south of the tool room. Contaminated concrete under the lip of the tank and the dirt in the
hole were removed. A portable survey instrument with a shielded 3" Nal crystal detector and the lab
pamma spectrum analyzer (MCA) were used to verify that all the contaminated material had been
removed to below BTP option 2 concentration. The sump tank was cleaned, surveyed. and released as
scrap metal. To ensure safety, the hole was filled with clean dirt and capped with concrete,

No further cleaning or surveying has been done in Building A6 because KMC 15 using it for
packagimg drums of waste material and dirt for shipment to a off-site radiation burial facility. The dock
section in front of Building A6 has not been surveyed.

2.4.5 Land Around Process Building

Yard East of Buildings 30 and A6. During 1990, the yard eas! of the process buildings was
surveved. contaminated soil was excavated and sorted using a portable instrument having a shielded 3-
inch Nal detector and by sample analysis using gamima spectrometry to establish sort points Excavated
coil was placed into different piles based on NRC BTP criteria

Dirt from piles of option 2 and above was moved into building A6, then put into 55 gallon
drums (o be shipped to a radioactive waste disposal site. The pile of option | dirt was hauled up to the
tank berm in blocks 113, 114, 121 and 122. The brick and rock was washed and was scanned with the
3.inch shielded detector. Clean brick was buried on-site. Contaminated brick was placed into 55

. gallon drums and was shipped to an off-site burial facility Further decommssioning remains 1o be
done.
Cushing Decommissioning Plan rev. 0 April 25, 1994 2.12
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Septic Tank and Line. The septic tank serving the process laboratory and shower room was
excavated in 1991  The lines and tank were broken into pieces small enough to be drummed and
shipped to a burial facility offsite. The pit was cleaned to option 1 level and back-filled.

2.4.5.1 Ditches Adjacent to the Process Building.

There were 3 ditches between the process buildings and Skull Creek. Two of them remain from
excavation of pipe from the building. One was the route of a 16-inch pipe which drained effluent from
Building 31 into Skull Creek. This pipe has been removed and the ditch remains open. The third 1s a
concrete-lined drainage ditch reaching from the southwest end of Building 31 to Skull Creek. At one
time before Skull Creek was cleaned, the concrete lined ditch was used to clean brick: at that time a
sandbag filter was used to prevent particulate from reaching the creek. The ditches between the process
building and Skull Creek could be contaminated by uranium and/or thorium. To prevent contamination
from reaching the creek, a terrace to intercept any drainage was graded along the cieek bank

2.4.6 Block 125

During the characterization survey in 1990, an area with an exposure raie of 36 uR/hr was
observed in block 125. Guided by a survey instrument having a shielded, 3-inch Nal detector and the
results from the in-ho ase sample counter, the contaminated soil was excavated until the shielded, 3-inch
detector readings were at background levels. The aftected area of block 125 was then gridded on a 2
meter by 2 meter grid. sampled, and those samples analyzed by gamma spectromeiry after its cleanup.
The instrument with a shielded, 3-inch Nal detector was used to do a complete scan of the area for
release. The sample results showed that the remediated area was al background levels

The soil excavated from block 125 was transported to the vard beside Building 30 for sorting.
Soil containing opdion 2 was placed into 55 gallon drums and shipped to a burial facility for radioactive
waste. Soil containing BTP option 1 or less radioactivity was put in the tank berm in Blocks 113, 114,

121 and 122

2.4 7 Blocks 133 and 140

Blocks 133 and 140 contained areas that exhibited elevated exposure rates (15 to 19 uR/hr)
during the characterization survey. These areas were revisited with a micro-R survey instrument and an
instrument with a shielded. 3-inch Nal detector. Soil sample analyses demonstrated that the soil 1s at
background radioactivity concentration and the elevated exposure rate is produced by furnace refractory
brick which had been deposited there

2.4.8 Skull Creek

The upstream, and thus unaffected part of Skull Creek is southwest of the nuclear materials
process butidings. That part of the channel was rerouted during September through December, 1991 to
mitigate surface water impact from hydrocarbon pit 5. Before excavation, gamma exposure rate
surveys were performed on a 10 meter interval along the old channel

Cushing Decommussioning Plan rev. 0 April 25, 1994 2.13
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During the site characterization survey, exposure rate readings were taken at 10 meter intervals
along the creek downstream of the process building discharge points. Six readings, three on each bank,
were taken at edge of water, one meter from the waters edge, and three meters from the waters edge,
and recorded. Between these readings, 4 gamma scan was performed. After all these readings were
taken, samples were taken where the elevated readings had been observed and were analyzed.

Before any material was removed, a survey of the creek bottom sediment was performed
with a portable instrument having a 2" x 2" Nal crystal detector encased inside a 3" PVC pipe to
identify elevated gamma levels in the creek sediment. The entire creek bottom from Block 109 through
Block 104 was scanned

The survey dentified spots of elevated gamma activity in the bottom of Skull Creek. A gross
removal of the contaminated soil was performed from the creek and its banks, with the soil being sorted
into 3 piles using the survey instrument having a 3" x 1/2" Nal detector and with KMC's gamma
spectrometer to verify the sort pomnts, These piles of dirt are stored south of Building 31, Soil in the
affected area was removed until only background levels remained.

After the gross removal of dirt in the affected area was done, the original gnd was re-
established at 5 meter intervals with survey readings recorded at waters edge, 1 meter and 5 meters on
each bank using a lead shielded. 3" x 1/2" Nal detector and a uR survey wiwirument. Locations of
elevated readings were sampled at the surface and 1 foot deep and were analyzed in KMC's gamma
spectrometer 1o verify resulis

KMC fourd two contaminated areas in Block 102 & 103. Soil there was removed, then the area
was scanned to verify that background level was achieved. Those areas were then gridded and again
surveyed. Soil samples were taken and counted to confirm that background levels were reached. There
may still be some cleaning to do uphill from this point in block 102.

Between the railroad bridge and the site boundary downstream, only 3 spots contaminated
above option | concentration were found. After remediation, perfomed in a similar manner, the creek
was surveyed again. As a result of these actions, the section of Skull Creek from the process building
to the property boundary is free of radicactive contamination above BTP Option 1 and 1s rypically at
background.

Historical, aerial photographs show that part of Skull Creek in blocks 103 and 104 between the
raiiroad bridge and the «'te boundary was rerouted. The abandoned channel was backfilled.

249Pus 1,2 3 and S

Material in Pits | through § cousisis of a mixture of clay, hydrocarbou, ans sulfuric acid from
an acid-clay process used in refining lube stocks. These five sludge pits existed when Kerr-McGee
acquired the refinery. Acid sludge in the five pits onsite consist of high molecvlar weight
hydrocarbons, diatomaceous earth, and sulfuric acid. The materials are tar-like in nature. Four of the
five pits (1,2,2, and 5) were full and were ! used by Kerr-McGee. Pits 1. 2, 3, and § were sampled

Cushing Decommissioning Plan rev. 0 April 25, 1994 2.14
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and analyzed for radionuclides in 19863 Analyses of samples frem those pits confirm that they are
not contaminated by licensed radioactive material above backg:cand.

Thorium contaminated waste was previously disposed of in the northwestern corner of the Pit 4
Later, it was covered with a soil cap. In 1990, radicsctive contamination in Pit 4 was characterized by
removal and analysis of core samples

Soil northwest of Pit 4 was sampled in areas that displayed elevaied gamma radiation in the
chasacterization survey. The samples were analyzed in the lab by MCA to determine which
radionuclide series was dominant. Depending on whether it was uranium or thorium, a field instrument
count rate was derived to sort soil into piles based on BTP Option 2 and 4. Field survey was performed
with a 3-inch Nal detector + count rate instrument. For confirmation, soil samples were taken frews
the piles and analyzed on the lab MCA, Soil that was contaminated in excess of BTP Option 2
radioactivity concentration was excavated and shipped to an off-site disposal facility in 1992,

2.4 .11 Trash Dumy

Believed 1o have been called the trash burn pit and the old Globe property dump, the trash
dump in the northwest berm was used to dispose trash and debris from nuclear operations It contains
significant concentrations of enriched uranium, natural uranium, and natural thorium as well as some
refinery waste  Some excavation was done in 1992 to remove non-oily, option 4 material.

39 Moore, 1990,

N
»
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1. DESCRIPTION OF PLANNED | ECOMMISSIONING ACTIVITIES
3 1 DECOMMISSIONING OBIECTIVE

The decommissioning objective is to clean up the very low level radioactivity remaining from
processing licensed material on the Cushing site to existing radiological criteria for unrestricted use in
order to obtain termination of license SNM-1999. Kerr-McGee Corporation (KMC) intends to perform
the decommissioning activities in a controlled manner, in accordance with applicable laws and
regulations to protect the health and safety of workers, other people onsite, members of the public, and
the environment

3.2 RADIOLOGICAL CRITERIA FOR DECOMMISSIONING

The NRC has stated its intention to continue to accept exisung NRC guidance, criteria, and
practices' to determine whether a site has been sufficiently decontaminated so that it may be released
for unrestricted use, pursuant to. or consistent with. the decommissioning rules in 10 CFR 70 .38.
These cleanup criteria may be applied on a site-specific basis with emphasis on residual contamination
levels that are ALARA

KMC plans to separate soil and debris contaminated with licensed radivactive material 1o
three categories Soil and debris containing radionuchides between maximum acceptable concentrations
in BTP Options 1 and 2 will be put inio an engineered cell onsite for permanent disposition in
accordance with site specific application of BTP Option 2. A preliminary exposur pathways analysis
demonstrates that a radionuclide concentration more than enumerated in BTP Opuion 2 may be safely
put into an engineered cell onsite. KMC may request NRC approval to pu* soil and debris having
radionuclide concenteation in excess of the BTP 2 Option into the cell. Soil and debris containing more
than approved for onsite disposition will be shipped to an authorized recipient oftsite for disposal. Soil
and debris satisfying BTP Option | may be left in place or used to fill excavations

Equipment and buildings remaining intact and left in place will meet NRC's Guidelines for
Decontamination of Facilities and Equipment Prior to Unrestricted Use or Termination of Licenses for
Byproduct, Source, or Special Nuclear Materials

The criteria KMC proposes to judge completion of decommissioning are based on the existing
guidance, applied to the Cushing site, and are presented here. All criteris apply only to licensed
radioactive material, it does not apply to naturally occurring radioactive material (NORM)

32 1 Licensed Radionuchides Present

Uranium. The uranium received at Cushing was UFg . a highly refined form of uranium having
only a very small fraction of its radioactivity n the form of long-hived decay products. A wide range ot

I Selin. Ivan. SDMP Sites: The View From NRC, speech at SDMP Workshop, Rockville, Maryland, Nov.
19, 1992
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uranium-23% enrichment values were reported to have been received, but residual uranium enrichment
is typically about 12 % LR35 or less

'Uranium series radionuclides of primary radiolcgical inerest are U238 U234 Th230 and
Ra226 U235 in the actinium series is also of interest. Cushing received refined uranium compounds:

“ UFg. ete. Only the radioisotopes of uramum: U238 U238 and U3 and a short-lived nuclide, Th

231 would have arrived at Cushing in significant quantity. By now Th?34 , Pa23m _and Pa®3 will
have grown into radioactive equilibrium with UP3¥ but not the daughters of LA

Since the purity of the uranium received at Cushing was high. 1) there was little TR0 or Ra
226 i it, 2) any T30 and R#*26 would have tended to remain together in waste. and 3) TH3 would
have 1o exceed Ra226 by more than an order of magnitude in order to produce significantly more Ra2
during the next millennium. Thus, if auxiliary measurements demonstrate that Th?30 is nxt
significantly more abundant in soil than is Ra226 , routine measurement and control of Ra226 will
adequately assure that Th**? is also controlled.

Thorium  Although natural thorium was received in purified form, it has been long enough
since cessation of operations that thorium progeny are presumed to have prown practically to secular
equilibrium with the parent Th*3

3.2 2 Criteria_for Land and Buildings

KMC plans to clean up buildings it intends to keep and land onsite 10 NRC criteria for
unrestricted release stated in this section. Existing radiological criteria for unrestricted release of
decommissioned facilities on which cieanup of land and buildings is planned follow. 2.3

The maximum radioactive contamination on surfaces of buildings and equipment on the
Cushing site which may be released without restriction is stated in Table 3.1 The volumetric limit in
§3 2.6 may be used for bulk rubble such as chunks of concrete or brick. These surface contamination
criteria are based on Guidelines for Decontamination of Facilities and Equipment Prior to Release for
Unrestricted Use or Termmation of Licenses for Byproduct, Source, or Special Nuclear Material,
Policy and Guidance Directive FC 83-23.3

2 Austin. John H.. Chief, Decommissioning and Regulatory Issues Branch, USNRC. Site Decommissioning
Management Plan Workshop. Rockville, MD. Nov. 19, 1992,

i USNRCNMSS. "Action Plan to Ensure Timely Cleanup of Site Decommissioning Management Plan
Sites.” in NMSS Licensee Newsletter, NUREG/BR-0117, no. 92-2, June 1992

4 USNRC:NMS5S: Decom. and Reg. Issues Br., Branch Technical Position On Site Characterization For
Decommissioning Sites, draft, July 1992

§ Cunningham, R E, USNRC:Div Ind & Med Nuc Saf, Termination of Byproduct, Source, and Special
Nuciear Material Licenses. Policy And Guidance Directive FC 83-23, Nov. 4, 1983, rev. August 1987.
Cushing Decommissiomng Plan rev. 0 April 25, 1994 3.2
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Table 3.1. Acceptable Surface Contamination Levels
Nuclides? Averagebd Maximum?® ¢ Removablebd
(@pm/100 cm?)  (dpm/100 em?)  (dpm/100 cm?)
uraniwm 5,000 15,000 1,000
thorium. nat. 1,000 3,000 200

¢ Including associated decay products.

b Average contamination may be averaged over as much as | m?. If
the area of an object is less than | m# | average contamination over
the object.

¢ Maximum contamination level applies to an area < 100 cn? .

¢ dpm/100 cm? may be measured by either alpha or beta-gamma
sensing instrument.

¢ Where both U and Th occur, the sum-of-fractions < 1 formula
may be employed.

Uranium and thorium were received in refined form without significant decay products. While
thorium progeny will have grown near to radioactive equilibrium, neither uranium nor thorium progeny
is expected to exceed its parent’s concentration. Thus. the limits tabulated are appropriate for uranium.
thorium. and their associated decay products. In the event mixed uranium and thorium are present, the
sum-of-fractions < 1 formula may be used o derive an appropriate limit based on these values.

3.2 4 Exposure Raie

Thorium and uramum concentrations remaining in land and buildings shali be sufficiently low
so that the gamma exposure rate at one meter above the surface does not exceed 10 uR/hr above
background at one meter above the ground or building surface® In the event the exposure rate above
ground exceeds 10 gR/hr above background while radioactivity concentration in soii does not exceed
the BTP Option 1 concentration li: vit, KMC may plow the soil to increase self-shielding rather than

excavale.

The average and maximum radiation levels associated with surface contamination in a building
resulting from beta-gamni emitters should rot exceed 0.2 mrad/hr at 1 cm and 1.0 mrad/hr at 1 cm,
respectively. measured through not more than 7 mg ‘em? total absorber.

325 ALARA

-URS._JCE SRR R

Residual radioactivity concentration shall be As Low As Is Reasonably Achievable.
Decommissioming activities will be conducted to minimize increase of contaminated ground surface (o

ALARA.

6 USNRC, Branch Technical Position, Disposal er Onsite Storage of Thorium or Uranium Wastes from Past
Operations. 46 FR 52601, October 23, 1981
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Options 1 and 2 from the USNRC Branch Technical Position, Disposal or Onsite Storage of
Thorium or Uranium Wastes from Past Operations, provide for unrestricted release of land containing
acceptably low concentration of uranium or thorium series radionuclides and are stated hereafter.

Option 1. A volumetric concentration of thorium and or uranium above background not
exceeding those specified in Table 3.2 qualify material for unrestricted release with no requirement for
burial

Table 3.2 BTP Option 1 Radioactivity Concentration Limit

Kind of Material C ncentration (pCi/gm)®
Thorium (Th?32 + Th?28) if all 10
daughters are present
Depleted Uranium 35
Enriched Uranium 30

4 above background

Material is in the Option | category when the combined radionuclide concentration, in pCi/g,

less background, 1s < 1 using the following equation.
[U238) + [U235] + [U234] + [Th222] + [Th228]

35 30 10

iA

Concentration limits for thorium and natural uranium wastes containing fewer daughters than at
secular equilibrium may be calculated on a case-by-case basis using the 1sotopic data that are applicable.

3.2 7 Application of Radioactivity Limits to Measurement Area

3 2. 7.1 Average Radioactivity
« Stated radioactivity himits are for average values, above background, applicable to

affected areas:
100 m? area for soil radioactivity,
100 m? area for exposure rate on open land,
100 m? area for paved surface radioactivity,
10 m? area for indoor exposure rate, and
1 m? for surface radioactivity on a building interior or exterior.

« Stated radioactivity concentration limits for ground water are for average values, above
hackground, applicable to the samples taken at a location. The average radioactivity
above background, measured within the specified area, will be compared with the stated
limit. In the event a hmit is exceeded, additional cleanup is required
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. 3.2.7.2 Area-weighted Radioactivity

. The wverage radioactivity concentration in soil must be < (100 + A)" times the
" stated limit where A = area of elevated radioactivity in n¥ and is < 100 m? .

Surface radioactivity on a building interior or exterior that is between | and 3 times
the stated limit 15 acceptable provided the area-weighted average radioactivity within
a 1 m? area comaining the elevated activity is within the stated limit.

Surface radioactivity on a paved surface out-of -doors that is between | and 3 times
ihe stated himit is acceptable provided area-weighted average radioactivity within a
100 m area containing the elevated activity 1s within the stated limit

The area-weighted radioactivity, above background, within the specified area 1s compared with
the stated limit. In the event a limit is exceeded. additional cleanup within the arca exceeding the limit

15 required

3.2 7 3 Maxiymum Radioactivity

The maxumum radioactivity in soil at any location may not exceed 3 times the stated

Limit above background

‘ . The maximum exposure rate at any location indoors or out-of-doors may not exceed
2 times the stated limit above hackground

« The maximum radioactivity on an interior or exterior building surface, when
averaged over 100 e, may not exceed 3 times the stated limit above background.

Radioactivity measurements, above background, will be individually compared with the stated
himit 1o the event a maximum radioactiviey specification is exceeded, additional cleanup within the

area exceeding the it 1s indicated

3.2.7.4 Survey Unit
After average values satisfy stated radioactivity limits, the data set for each survey unit
will be tested to determine whether it provides 95% confidence that the true mean

activity in the unit meets the stated limit.

« A survey unit is a group of contiguous grids or regions with the same classification of
contamination patential and a similar history of use.

. A maximum survey unit azea is not specified for land

. A maximum survey unit area for an interior or exterior building surface area or a paved
surface out-of-doors is 100 né.

Each survey unit for which measurements demonstrate the stated Timit is met with 95%

. confidence will be acceptable and no further cleanup or survey is required. However, if the mean of
measurements is less than the stated limit but the 95% confidence test is inconclusive, i.e., avg. activity

Cushing Dcoommissioning Plan rev. O April 25, 1994
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. < limit < (avg. activity + tgs 0+ (n-1)), either additional cleanup followed by measurements or
additional measurements may be conducted to enable the 95% confidence test to be met.

3.2 8 Onsite Disposal Cell Crueria

NRC BTF Option 2 provides for disposal of certain low concentrations of thorium and uranium
when buried under prescribed condivons with no subsequent land use restrictions and no continuing
NRC licensing of the material  KMC plans to design a cell that will stabilize candidate materials in
place and will inhibit transport of contained material away from the site Land and buildings cr
portions thereof found to be impractical to decontaminate to BTP Option 1 criteria or to surface
contamination criteria limits in Table 3.1 but which meet criteria for disposition in the engineered cell
onsite may be dismantled and disposed in it.

The average concentration of radioactive material that may be buried under BTP Option 2 1s:

Table 3.3 BTP Optio, ~ Radioactive Concentration Limit

Kind of Material Concentration (pCr/gm)
Thorum (Th23 4 Thile) if all 50
daughters are present
Depleted Uranium
. soluble 100
insoluble 300
Eannched Uranium

soluble 100
msoluble 250

Natural uranium containing Ra229 is not included under BTP Option 2 because of possible Rn?22
releases and resultant higher than acceptable exposure of individuals in private residences if houses
were buill over buried material  Licensed uramum received at Cushing was in purified form, not
containing Th230 or Ra®2®, and thus qualifies for BTP Option 2

KMC plans to evaluate topographical, geological, and hydrological characteristics of the site. It
plans to design a cell that will stabilize materials in place, that will inhibit transport of disposed material
away froni the site, and minimize likelihood of intrusion. KMC plans to derive and propose
specifications for design and construction of the cell. At a mimimum, burial depth will be at least 4 feet
below the surface  In the event site specific analysis demonstrates that radionuclide concentrations
greater than listed in Table 3.3 are unlikely o cause more radiation dose than the basiz of BTP Option
2. KMC may propose the aliernative concentration to the NRC for approval. In that event, the

7 alternative concentration limit would apply in lieu of the BTP Option 2 limit everywhere herein.

tas
s 2
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3 2 R | Potable Water

KMC will estimate radionuclide concentration in water originating from the cell in which
contaminated soil may be placed that a potentially exposed member of the public may drink from a
nearby well. Then it plans to judge acceptability of the design of the cell by comparing the prijected
concentration in well water that might be withdrawn against the following maximum contaminpant
concentration (MCC).

Table 3 4. Cruteria for Radioactivity in Water

Contaminant MCCH
Radium-226 + Radium-228 S pCi/l
Gross alpha® 15 pCiZl

4 _M("C = maxynum contaminant concentration.
b including Ra??® but excluding radon and uranium

The decommissioning criterion for radioactivity concentration in water potentially affected by
leachate from the cell is intended to meet the tabulated maximum contaminant levels for radionuclides in
commumity and pon-transient, non-commumnity water systems in the Environmental Protection Agency's
(EPA) Interim Primary Drinking Water Regulations, 40 CFR Part 1417 Other provisions of 40 CFR
141 do not apply to radioactive cleanup of the Cushing site. i

-

3 2 9 Oftsite Disposal Cruerion

In the event decontamination removes material in excess of criteria for onsite disposition, KMC
plans to ship it to an authorized recipient for disposal offsite.

3 3 CLEANUP CANDIDATES

Lew-level uranium and thorium contamination remains on the Cushing refinery site as the result
of uranium and thorium processing while radium contamination exists from naturally occurring
radioactive materials. 1o NORM. such as nipe scale from crude oil production activities in this area
Areas displaving elevated gamma radiation inciude Pit 4, several tank berms, segments of Skull Creek,
the maintenance building sump. a pipe storage vard, and several small spots of contaminated soil
Some process residues are buried in several trenches onsite. The status of various areas on the Cushing
site as measured during the characterization survey® and from employee knowledge of the site is :
summarized hereafter ,

-

USEPA. National Interim Primary Drinking Water Regulations, EPA-570/9-76-003, andl 41 FR 38404;
July 9, 1978 ‘
B Kerr-McGee, Cushing Site-Radielogical Characterization, May 4, 1991 '
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33.1Pu4

Pit 4, in the northeast part of the site contains heavy hydrocarbons from a lubricating oil
manufacturing operation and wax  The hydrocarbons are primarily high molecular weight asphaltenes
and contair. a significant percentage of sulfuric acid (typically 15 to 25 percent). Thorium contaminated
waste was previously disposed in the northwestern corner of the pit; later, the pit was covered with a
soil cap. In 1990, the pit was extensively cored, sampied, and the extent of radioactive contamination
was delincated. An estimated 1,900 cubic yards of acidic hydrocarbon sludge in Pit 4 is contaminated
with thorium. Soil northwest of Pit 4 that was contaminated in excess of BTP Opuion 2 radioactivity
concentration was removed and shipped offsite for disposal in 1992, According to the 1991
characterization survey, samples collected from 10 randomly located borings showed no radioactivity
ahove background  Measured uranium and thorium concentrations range up to 7 and 34 pCi/g
respectively, in biased sampling in the northwest part of Pit 4 where elevated gamma radiation eXISts.
Thorium contamimation in the northwest part of Pit 4 is a candidate for removal

3 32 Refinerv Tank Berms.

In several tank perms exhibiting elevated gamma radiation, thorium contamination was found to
be within one foot of ground surface. Some tank berms contain tar-fike residue and natural thorium in
concentrations typically ranging .rom 10 to 30 pCi/g.  The thorium-bearing residue within affected
berms 1s subject to further characterization and cleanup

3.3 3 Trash Dump

Also known as the trash burn pit and the old Globe property dump, the trash: dump was used to
dispose trash and debris both from refinery and nuclear operations. It contains significant
concentrations of enriched uranium, natural uranium, and natural thorium as well as some refinery
waste. Some excavation was done in 1992 to remove non-oily, BTP Option 4 matenal. Remaining
materials within the berm surrounding the trash dump are subject to further cleanup

3.3 4 Bunal Yrenches,

During historic cleanup activities, solid radwaste having elevated radioactivity concentration
was shipped 1o the Cimarron site. During cieanup activities in 1979 through 1982, contaminated soil.
sand. concrete. and waste presenting # radiation exposure rate between 30 and 50 uR/hr was buried in
trenches on the Cushing site. while material with higher concentrations was shipped to licensed dispos !
sites The burial trenches were excavated as deep as 12 to 14 feet and 6 (o 7 feet wade.

Gamma radiation observed on the ground above the trenches averaged only about 2.5 uR/hr
above background or less. Of 83 core sampies taken within the trenches and analyzed by KMC. oniy
ten were in excess of NRC BTP Option 1 average concentration limit of 10 pCi Thy, /g. In only one
sample did thorium exceed 3 times the limit. Uranium did not exceed 30 pCi U/g, the Option 1 limit
for uranium in any sample The activity concentration in all of KMC's characterization measurements

* '
‘ .
4 «
"! .

. 2

‘ .

- 4 &
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related to the trenches was less than the BTP Option 2 average concentration limit? KMC intends to
¢haracterize these burial trenches more closely,

3.3.5 Skull Creek.

The upstreans, and thus unaffected part of Skull Creek is southwest of the process building.
That part of the channel was rerouted during September through December, 1991 to ad in remediating
hydrocarbon pit S Gamma exposure rate was surveyed on a 10 m interval along the old channel

At the time of the 1991 characterization report, the creek bottom and banks downstream of the
process building were reported 1o be contaminated with uranium and thorium from process operations.
In the creek bottom. contamination was in sediments between about 6 and 12 inches deep. In the banks,
contaminated soil mixed with building rubble was identified. After the 1991 survey, Skull Creek was
excavated from the entry of the upstream ditch at the process building downstream to the railroad
bridge until radioactivity was indistinguishable from background. Between ihe railroad bridge and the
site boundary downstream, only 3 spots contaminated above BTP Option 1 concentration were found
Dirt removed from the creek was sorted into 3 piles, now stored south of Building 31.

Part of Skull Creek it blocks 103 and 104 between the railroad bridge and the site boundary
was rerouted The abaadoned part was filled. Where it estimates the creek was, KMC plans to drill
and sample the abandoned, filled section of creek bed on a 10 interval

KMC aiso plans to sample the Skull Creek bed beyond the property boundary along the creek
centerline to the low water crossing about 200 m downstream of the site boundary

3.3.6 Process Buildings

In tormer process buildings A6 and 30, some areas, particularly those that conot be accessed
until building demolition, remain contaminated in excess of current NRC gurdance for unrestricted
release  Uranium and thorium are localized in their separate processing areas, with cross-contamination
limited to arcas where analytical laboratory and change rooms were formerly located !V

A portion of Building A6 was not used for processing.  The wall between it and the process
area was removed before the current decommissioning effort. The combined room has been used to

survey, sort, and package contaminated materials

'k

9 Kerr-McGee, Cushing Sue-Radiolagical Characterization, Table 3, May 4, 199]
0 Kerr-McGee. 1991, p.54
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3.3.7 Land Areas

31.3.7.1 Land Adjacent the Process Building.

Yard Radioactive contamination around the process building is localized.  An area next to the
loading dock 1s contaminated to about 4 feet deep. A small amount of radactive material has been
identified under the process building ! These spots are subject 1o cleanup.

Ditches. There are 3 ditcher between the process buildings and Skull Creek. Two of them
remain from excavation of drain pipes from the buildings. The third is a concrete-lined ditch. Belore
Skull Creek was cleaned, the concrete-lined ditch was used to collect wash water while cleaning brick.
at that time a sandbag filter was used to prevent particulates from reaching the creek. The resulting
ditches between the process building and Skull Creek may be contaminated by uranium and or thorfum
I'o prevent any contamination from reaching the creck, a terrace was graded along the creek bank to

collect any dramnage from the ditches

The septic tank serving the process laboratory and shower room was excavated, the pit was

cleaned o BTP Option | level and backfilled

3.3.7.2 Soil and Rubbl

i

A pile of earth in blocks 101, 108, and 109 was excavated from Skull Creek downstream of the

process burlding

Where Building 31 stood, concrete from the floor pad was surveyed. concrete with releasable
contamnation was hauled 1o an area in blocks 121 and 122 or put in & ditch along the ratlroad right-of-

way  The railroad right-of-way 18 located in blocks 125, 133, and 140

Thorium process building rubble may have been put in a wash near the boundary between

blocks 102 and 103
3 3.7.3 Spots North of Deep Rock Road.

Some localized spois of contamination were found by gamma surveys during the
characterization survey in 1991 Most of them are thought to have resulted from surface dranage or
from spitlage while waste or raffinate was being hauled to the trash dump or to pit 4

Blocks 113, 174, 121, and 122 contain piles of soil and concrete with licensed radioactive
material not exceeding BTP Option 1. The accumulated material originated in the thorum buildirg pad

and 1n land i block 125

i K\'fl Motiee 1991 P 54
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3.3 .8 NORM.

Radium contamination in a sump near Building 32 close to the nuclear materials processing
huilding and in the adjacent pipe storage yard is considered to be NORM associated with cleaning oil
field equipment

Several small areas in the refinery process area which present more than 15 gR/hr gamma
exposure contain fire brick. which, in turn, contain naturally occurring uranium series radionuclides
unrefated to processing operations on site

Firebrick in several spots in blocks 103, 132, 133, and 140 contain NORM.  Spots in blocks 82
and 93 contain pipe scale contaminated with NORM

3.3 9 Esumated Volume

Volumes of contaminated matenal onsite have been estimated !? In Table 3.5, the estimated
volume of all contaminated soil in the burial trenches and the volumes exceeding BTP Option |
concentrations i other areas are tabulated.

Burial trench characterization data average 5.6 pCi Th/g and 7 pCi U/g  In combination, they
average 0.8 of the BTP Option | limit I3 The volume in the burial trenches 1s estimated to be 1800
S.d'i

Site-wide contamination consists of contaminated soil and sludge, primarily north of Deep Rock
Road, excluding the trash pit area, Pit 4, and the burial trenchies. Most of the BTP Option 2 and 4
contamination identified as site-wide is thorium. Of 169 sire-wide samples, only 4 indicated a hgher
Option leve! based on uranium than on thorium.

Only thorium has been observed above BTP Option | concentration in samples from Pit 4. It
averages about 20 pCi Th/g in about 1900 yd* total volume of thorium-contaminated material

I'he trash pit, located near the northern property boundary, contains the most heterogeneous
waste and variable thorium and uranium contamination on the site. While the estimates are unceriain,
about 400 vd ¥ of materia’ in BTP Option 4 concentration and about 600 vd® of material in BTP Option
2 concentration are estimated to be in the trash pit

Other than in Pit 4 and the burial trenches, about $100 yd® of BTP Option 2 material and 550
yd* of BTP Option 4 raterial remain onsite

127 Kerr-McGee. NRC License Application, Cushing, OK Refinery Sue, rev. 1, attach. 1, Sept. 1992.
13 Kerr-McGee, Cushing Sire Radiological Characterization, Table 3, 1991,
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Table 3.5 Estimated Volume of Contaminated Soil and Debris

L ocation Material Avg. Thorium Avg. Uranium
Volume Concentration Concentration
(vdh) (pCilg) (pCi/g)
Pit 4 1900 20 low
Trash Pit 400 6H0) 16()
600 20 60
Site Wide 150 60 low
2050 30 low
:S““ 7 lUVw
Burial Trenches | 8OO 6 7

3.3.10 Summary.

Most of the contamination 15 in discrete locations north of Deep Rock Road or in or near the
processing buildings. Uranium and thorium contamination 1s primarily in shallow soils, their
concentrations are typically less than 50 pCi/g thorium and 100 pCi/g uranium

1 4 DECOMMISSIONING ACTIVITIES AND TASKS
34.1 P4

Fhorium contamirated waste was previously placed in the northwestern corner of Pit 4; the pit
was later covered with a soil cap  Pit 4 was extensively cored and sampled in 1990 to dehineate the
extent of radioactive contamination. An estimated 1,900 cubic yards of acidic hydrocarbon siudge in
Pit 4 is contaminated with thorium. Szmples from 10 boreholes located randomly showed no
radioactivity above background. Biased sampling detected uranium and thorium concentrations ranging
up to 7 and 34 pCi/g respectively 14

Soil northwest of Pit 4 that was contaminated in excess of BTP Option 2 radioactivity

concentration was removed in 1992

14 Kerr-McGee, 1991, Table 4
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The sulfuric acid contained in the acidic hydrocarbon sludges requires neutralization prior to
excavation. Matenials handling studies performed on the other four acidic hydrocarbon sludge pits
shows that, when excavated without prior neutralization, sulfur dioxide is emitted in quantities
sufficient 1o exceed National Ambient Afir Quality Standards at the property line. In addition, the
sludge is very corrosive to equipment if not neutralized first. These acidic hydrocarbon sludges will be

“treated and disposed of in accordance with a remediation plan approved the the Oklahoma Department

of Environmental Quality (ODEQ). As a result, KMC plans the following actions to remediate Pit 4.
I A grid that is referenced to the sitewide grid will be established on the surface of the pit.

2 Material in the pit will be sampled for acidity. Kerr-McGee is performing treatability studies to
determine the preferred method for efficiently and economically neutralizing and excavating the
acidic, oily wastes.  The same method used to neutralize other acid hydrocarbon pits will be used
to neutralize Pit 4

3 Acid sludges in the pit will be neutralized to a pH of 9 + 2 standard units by adding basic
reagents and mixing in about a 0.3 to | m layer. During neutralization activities, the sludge will
be handled in accordance with requirements governing both hazardous and radioactive waste
KMC believes the mixing process will produce homogeneity with depth in each layer.

4 Neutralized material in each treated layer will be sampled and analyzed tor radioactivity or
measured im-site on a 3.5 x 3.5 m gnd depicted in Figure 3.1. The radioactivity measurement
methods are generically described in §3.4.9

S The measurement will determine whether residue in each 3.5 m x 3.5 m x treatment depth element
in the interval is BTP Option 1, 2, or > Option 2

6 Material having radionuclide concentration greater than BTP Option 1 will be excavated and
sorted according to the radioactivity concentration measurement representing each 3.5 x 3.5 m x
treatment depth gnd element

7 Material removed that contains BTP Option | radioactivity concentration will be disposed of in an
ODEQ-approved disposal cell in the northwest corner of the site, located in blocks 1, 2. 3, 13,
|4, and 15 Such material 1s designated as Other Industrial Waste (OIW) by the ODEQ.

% Material containing > BTP Option | radioactivity concentration will be transported to and stored
in one of the designated storage areas surrounded by a berm.

9 When approved, waste containing BTP Option 2 and up to the maximum concentration
demonstrated 1o meet cell criteria will be placed in an engineered cell onsite

10 Waste exceeding BTP Option 2 radionuclide concentration or the maximum concentration
demonstrated 10 meet cell criteria will be transported to and stored in one of the designated
storage arcas surrounded by a berm pending disposal offsite at a permitted disposal facility

11 After all waste has been removed, KMC plans to verify by sampling and analysis or by tr-situ
measurement that the residuai radioactivity concentration in Pit 4 does not exceed BTP Option 1.
To do that, measurements will be made on a 5 x 5 m grid at the surface and 1 in deep where waste
was removed,

12 After all treated waste has been removed from the pit, KMC will partially backfill it with earth that
is not contaminated in excess of BTP option 1 radioactivity concentration

13, KMC will notify the NRC prior to placing uncontaminated soil in Pit 4 in the event that an MRC
confirmatory survey of the pit is desired.
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4. KMC will afford the NRC an opportunity to perform a confirmatory survey of treated material
piacad in the OIW cell before KMC covers it.

3.4.2 Refinery Tank Berms,

During refinery operations. there were about 23 large oil storage tanks on the part of the
Cushing site north of Deep Rock Road.  Four of them, in blocks 64, 65, 88, and 89 remain in use.
Each of the tanks was surrounded by an earthen berm, intended to confine oil spilled from the encircled
tank.

There is a tar-like layer in the floor of the berins m block 7, in blocks 17 and 29, and in blocks
41 and 53 that is radioactively contaminated. Affected areas within refinery tank berms will be cleaned
to BTP Option |

KMC intends to follow the general plan described in §3.4.9 to survey, sort, and excavate
contaminated soil and debtis from contaminated berm areas

I, Material removed that contains BTP Option | radioactivity concentration will either be left in
place or may be stored temporariy in a pile near the tank berm. This material may eventually be
used as fill dirt 1o help contour the siie or be handled as Other lidustrial Waste.

> Material having radioactivity concentration greater than BTP Option | will be excavated and
sorted as generally described in §3 4.9.3, Excavation and Sorting, according to the radioactivity
concentration measurement representing each 3.5 x 3.5 x 9.3 m grid element

3 Dirt and debris containing greater than BTP Opuion | radioactivity concentration will be
transported to and stored the designated storage area surrounded by a berm. pending disposition

4 When approved, waste containing BTP Option 2 and up to the maximum concentration
demonstrated to meet cell criteria will be placed in an engineered cell onsite. In the interim,
KMC plans to store it in a designated storage area surrounded by a berm.

5 Material exceeding BTP Option 2 radioanuclide concentration and the maximum concentration
demonstrated to meet cell criteria will »ventually be packaged and transported offsite for disposal
at a permitted disposal facility

6 After material containing > BTP Option | radwactivity has been removed from the berm area,
KMC plans to verit by sampling and analysis or by tn-sifi measurement that the residual
radioactivity concentration in ground surrounded by the berm and in the berm does not exceed
BTP Option 1. To do that, measurements will be made on a 5 x 5 m grid at the surface and at 1
m deep where contaminated soil and debris was removed

7. KMC will notify the NRC prior to putting uncontaminated soil in the former tank berm,
including the surrounding berm, in the event that the NRC wants to do a confirmatory survey.

& After residues have been removed from the area surrounded by the tank berm, KMC intends to
bulldoze the earthen berm toward the interior and grade it to gently sloping topography .

9 The reclaimed ground will be revegetated.

It is impractical to attempt to screen, crush, and or sample metal scrap and tar-like substance n
the area surrounded by the tank berms. Such material, if radioactivel, contaminated above a screening
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level designed to be less than the BTP Option 1 limit, will be excavated, stored in a designated area,
and eventually put into the engineered cell as 1s

3.4 3 Trash Dump, (NW Berm)

Also known as the trash burn pit and the old Globe property dump, the trash dump is located in
block 4. It was used to dispose trash and debris from nuclear operations. It contains significant
concentrations of enriched uranium, natural uranium, and natural thorium as well as some refinery
waste on the ground surrounded by the berm  Some excavation was done in 1992 to remove non-otly,
BTP Option 4 material  Remaiming materials within the berm surrounding the trash dump are subject to

turther cleanup

KMC intends to follow the general plan described in §3 4.9 to survey, sort, and excavate
contaminated soil and debris from the interior and any contamination in the berm.

| Material removed that contains BTP Option 1 radioactivity concentration will either be left in

place or may be stored temporarily in a pile near the trash dump. This material may eventually be

used as fill dirt to help contour the site or be handled as Other Industrial Waste.

Material having radioactivity concentration greater than BTP Option 1 will be excavated and

sorted as generally described in §3.4 9.3, Excavation and Sorting, according to the radioactivity

concentration measurement representing each 3.5 x 3.5 x 0.3 m grid element

Dirt and debris containing greater than BTP Option 1 radioactivity concentration will be

transported to and stored the designated storage area surrounded by a berm, pending disposition

4 When approved, waste containing BTP Option 2 and up to the maximum concentration
demonstrated to meet cell criteria will be placed in an engineered cell onsite.  In the interim,
KMC plans to store it in a designated storage area s rrounded by a berm.

S Material exceeding BTP Option 2 radioactivity corcentration and the maximum concentration
demonstrated to meet cell criteria will eventually be packaged and transported offsite for disposal

L]

>

at a permitted disposal facility
i After material containing > BTP Option | radioactivity has been removed from the trash dump,
KMC plans 1o verify by sampling and analysis or by tn-sifu measurement that the residual
radioactivity concentration in ground surrounded by the berm and in the berm does not exceed
BTP Option | To Jdo that, measurements will be made o a 5 x 5 m gnid at the surface and at |
m deep where contaminated soil and debris was removed
KMC will notify the NRC prior to putting uncontaminated soil in the former trash dump area in
the event that the NRC wants to do a confirmatory survey.
8 After residues have been removed from the trash dump area, KMC intends to bulldoze any
remaining earthen berm toward the interior and grade it to gently sloping topography
% The reclatmed ground will be revegetated.

~1

There 1s enough metal scrap and tar-like substance in the frash dump that it 1s impractical to
attempt 1o screen, crush, and or sample it. Such material, if radioactively contaminated above a
screening level designed to be fess than the BTP Option | limit, will be excavated, store “ina
designated area, and eveniually put into the engineered cell as is
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. 3 4 4 Burial Trenches.

The burial trenches and their contents are described in §3.3 4 and in the 1991 characterization

report. '?

. Activities Planned. KMC plans to do additional baring and coring to better define the lateral
boundaries and depth of contamination in the trenches. At a mimimum, borings will be done at Sm
intervals along the estimated centerline of each trench and at | m on each side of the centerline, or if it
is narrower. within the trench. Samples from the trenches will be analyzed for radionuclides

Results will be compared with NRC BTP Option 1 and 2 radionuchde concentration guidelines

| 1f BTP Option 1 is met, KMC will leave material in the ground.

3 1f the results are between BTP Option 1 and 2 limits, KMC will perform exposure pathway
analyses to determine whether radiation dose criterion would be met and disposidon in
place would be the preferred alternative.

1 1f measurements exceed the derived maximum concentration corresponding to the radiation
dose criterion. KMC will excavate material locally that exceeds the derived concentration
guideline, survey and sort it by activity concentration, and put that material into the
engineered cell or ship it offsite 1o an authorized disposal facility

4 In the event some contamination in the trenches exceeds the BTP Option | limit but is
demonstrated to justify disposition in place, KMC will submit the justification for NRC

. review and approval. If some excavation were required, it would be done as described in
§3493

In the event some excavation from the vicinity of the burial trenches were required. soil
meeting unrestricted release guidelines. t.e., BTP Option 1 concentration guidelines, would be put into
the cavity to cover residual soil at least 4 feet deep, compacted to restore the ground to grade, and

seeded to establish a vegetative covet

If excavation of contamination from trenches were necessary, health, safety, and environmental
protection provisions described in Chapter 5 herein would be practiced. while excavating and handling

the material

3.4.5 Skull Creek

Part of Skull Cregk in blocks 103 and 104 between the railroad bridge and the site boundary
was rerouted  The abandoned part was filled. KMC plans to drill and sample the abandoned, filled
section of creek bed on a 10 m interval. In the event contaminated sediment is confirmed in the Creek
bed. additional sampling will be done in the vicinity to determine s extent

If KMC finds no contamination > BTP Option 1 in the ditches between the process buildings
and Skull Creek. it will not be surveved again downstream to the site boundary . If comtamination is

'S Ihid
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found, then KMC will survey the terrace along the creek bank.  If contamination is found there, then
¥MC will survev Skull Creek downstream.

Part of Sxull Creek in blocks 103 and 104 between the railroad bridge and the site boundary
was rerouted . The abandoned part was filled. KMC plans to drill and sample the abandoned, filled
section of creck bed ona 10 m terval. KMC also plans to sample the bed of Skull Creek beyond the
property boundary at 10 meter intervals along the creek centerline to the low water crossing about 200
m downstream of the site boundary.

If contaminated soil or sediment in the Creek bed is measured, additional survey in the vicinity
will be done to determine its extent. In the event soil and or sediment 1s excavated from Skull Creek,
KMC would plan to do it during a time of low flow  KMC would seek permission from the Oklahoma
Department of Environmental Quality (ODEQ) to dam the creek temporariiy and to pump water around
the affected area during excavation

KMC intends to follow the general plan described in §3 4.9 to survey, sort, and excavate
contaminated soil and debris from contaminated creek bed areas.
| Material removed that contains BTP Option 1 radioactivity concentration will either be left in

place or may be stored temporanly in a pile near the creek. This material may eventually be used
as fill dire to help contour the site or be handled as Other Industrial Waste.

> Material having radioactivity concentration greater than BTP Option 1 will be excavated and
sorted as generally described in §3.4.9.3, Excavation and Sorting, according to the radioactivity
concentration measurement representing each 3.5 x 3.5 x 0.3 m grid element

3 Dirt and Cebris containing greater than BTP Option | radioactivity concentration will be
transported to and stored th designated storage area surrounded by a berm, pending disposition.

4. When approved, waste containing BTP Option 2 and up to the maximum concentration
demonstrated 1o meet cell criteria will be placed in an engineered cell onsite. In the interim,
KMC plans to store it in a designated storage area surrounded by a berm

5 Material exceeding BTP Option 2 radionuclide concentration and the maximum concentration
demonstrated to meet cell criteria will eventually be packaged and transported offsite for disposal
at a permitted disposal facility

6 After material containing > BTP Option 1 radioactivity has been removed from the creek bed,
KMC would ventfy by sampling and cnalysis or by in-situ measurement that the residual
radioactivity concentration in ground surrounded by the berm and in the berm does not exceed
BTP Option | To do that, measurements will be made ona 5 x S m grid at the surface and at |
m deep where the material had been removed.

3. 4.6 Other Land Areas.

Historical information and the site characterization survey have identified discrete areas, or
spots, of land which may need cleanup or final survey.
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3.4.6.1 Areas Known to be Contaminated

Some discrete areas, or spots, of land where contamination has been identified are.
+ an area beside the loading dock of Building A6 or 30,
« An area under the east dock of Building 30;
+  gronnd under Butlding 30, (after the tailding floor is dismantled); and
+ a number of spots north of Deep Rock Road, most notably in blocks 9, 19, and 20 that are
contaminated near ground surface

1.4 6.2 Potentially Contaminated Areas

Other areas that have been cleansd (most have been surveyed) or that KMC plans to investigate
for possihie contamination are
« area where Buillding 31 was located,
+ the spot where the septic tank se;ving Building 30 was located;
the basement under Building 30 (after Building 30 is dismantled);
. sediment removed from Skull Creek and now piled southwest of Building 31 in blocks 108 and 109.
« debris in a wash in block 102
« anarea in Hlock 72 where contaminated doors and clothing resulting from the 1966 thorium
processing incident may have been disposed of).
. the ares in the northeast corner of the property where thotium process waste water had been
discharged; and
. an area northwest of Pit 4 where BTP Option 2 end greater contamination was removed during
1992

3463 Cleanup Survey and Plan

Generally the bounds of an area will be determined by the 1991 characterization survey, by a
new exposure rate survey of the area, by personal knowledge, and’or by logical physical boundaries.

These areas will be surveved and, if necessary, contamination removed in the following actions.
| KMC intends o follow the general plan described in §3 4.9 to survey, sort, 2nd excavate
contaminated soil and debris from land 2reas which are the object of this section

3 Material removed that contains BTP Option | radioactivity concentration will either be left in
place or may be stored temporarily in a pile near the cxcavation site This material may
eventually be used as fill dirt 1o help contour the site or b2 handled as Other Industrial Wuste.

3. Material having radioactivity concentration greater than BTP Option 1 wili be excavated and

sorted as generally described in §3.4.9.3, Excavaton and Sorting, according 0 the radioactivity
concentration measurement representing each 3.5 x 3.5 x 0.3 m grid element.

4 Dirt and debris containing greater than BTP Opticn | radioactivity concentration will be
transported 1o and stored the designated storage area surrounded by a berm, pending disposition.

5. When approved. waste containing BTP Option 2 and up to the maximum concentration
demonstrated to meet cell criteria will be placed in an engineered cell onsite  In the interim.
KMC plans to store it in a designated storage area surrounded by a berm.
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. 6 Material exceeding BTP Option 2 radioactivity concentration and the maximum concentration
demonstrated to meet cell criteria will eventually be packaged and transported offsite for disposal
at a permitted disposal facility '

. 7. After materiai containing > BTP Option | radioactivity has been removed from the berm area,
KMC plans to verity by sampling and analysis or by in-situ measurement that the residual
radioactivity concentration in ground surrounded by the berm and in the berm dogs not exceea
BTP Option 1. To do that, measurements will be made ona 5 x S m grid at the surface and at |
m deep where material was removed.

¥ KMC will notify the NRC prior to putting uncontaminated soil in the former tank berm,
including the surrounding berm, in the event that the NRC wants to do a confirmatory survey.

G After residues have been removed from the area surrounded by the tank berm, KMC intends to
bulldoze the earthen berm toward the interior and grade it to gently sloping topograpiy

10, The reclaimed ground will be revegetated

It 1s impractical to attempt to screen, crush, and or sample metal scrap and tar-like substance.
Such material, if radioactively contaminated above a screening levei designed to be less than the BTP
Option | hinit, will be excavated, stored in a designated area, and eventuglly put into the engineered

cell as 18
1.4 6.4 Buried Rubble

. Where buried rubble contaminated by licensed material above the BTP Option 1 level for
unrestricted release is suspected ‘o be, KMC plans to survey and, if necessary remove the contaminated
rubble and soil in accordance with the plan in §3.4 6.3, This includes rubble from Building 31 not yet
surveved and excludes what has already been surveyed.

Contaminated rubble, including brick and concrete from process buildings and or equipment
previously dismantled may be crushed to reduce its volume and to allow its radioactivity to be measured
representatively. In that circumstance, the crushed rubble would be sampled and analyzed for its
radioactivity concentration.  Some contaminated rubble containing metal and or tar-like substance
carnot be screened, crushed, or sampled. It will be put into the engineered cell as is

3.4.7 NORM

Naturally occurring radioactive material (NORM) in a higher concenfration than ordinarily
oceurring in soil has been observed onsite. Radium contamination in a sump near the maintenance
building in the adjacent pipe storage yard northwest of ihe process buildings is thought to be NORM
associated with cleaning oil field equipment. Spots blocks 103, 125, 126, 133, and 140 along the
railroad right-of-way contain fire brick. In cther instances, such fire brick has dhsplayed elevated
NORM . Other spots in blocks 82 and 93 contain pips scale. with which NORM concentration is often

associated

. Concentrations of NORM material will be collected and handled in accordance with the
requirements of the ODEQ and the Oklahom: Corporation Commission.
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3.4.8.1 Conditions

Of the original nuclear materials process buildings, uranmium process Building 30, the SNM
Storage Building, and Building A6 remain.  Figure 2.3 shows the arrangement of these buildings in
plan view as they were in 1964, Since then, part of Building 30, the thorium process building, and
Building 31, was dismantled and a wall separating Building A6 and the Barrel House was removed.
The combined Building A6 and Barrel House have been used to sort and package contaminated soil and

debris for sh’pment offsite.

In 1966, the process buildings were cleaned to then existing standards for unrestricted release.
During 1989 through 1992, these buildings were decontaminated again and the Building 31 floor was
removed. Some hard-to-access spots remain to be decontaminated te the current standard for
unrestricted release.  After their service to package contaminated material for shipment offsite to a
disposal facility, Building A6 will need to be decontaminated

SNM Storage Building  There are still some contaminated areas on the floor and walls of the
chemical storage room that remain to Le cleaned to unrestricted release limits

34.82 Plan

KMC expects to ¢lean and dismantle Building 30 and the SNM Storage Building. Whether
Building A6 will be dismantled has not been decided.  Specifics of a plan to decontaminate and
decommissioning these process buildings will be submitted to the NRC at a later date.

14 9 | Scoping Survey Before Excavation

A radioactivity survey may be performed if useful or needed for a particular area before
excavation for one or more of the following reasons
a. Estinate the approximate radioactivity concentration range
b, Identify boutds of contamination
¢ Delineate where to excavate
4 Confirm relationships between important radionuchides and surrogate radionuchides and or
{0 establish whether uranium predominates, thorium predominates, or there is a mixture of
uranium and thorum
| Where a location is designated as affected. KMC plans to establish a 10 x 10 1 grid referenced to
the 100 x 100 m site grid.  This grid will be marked with stakes or surveyor flags.
2 Exposure rate will be measured at each 10 m grid node
3. If the exposure rate is at background level, then soil sampling will not be performed. But if the
exposure rate exceeds background with 95% confidence. (approximately background + 30), KMC
plans to further delineate the affected area by sampling and analysis or in-sifu measurement.
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Portable survey instruments (Micro-R or similar type) or a more sensitive radiation detection
instrument equipped with a lead shielded 3" x % Nal instrument may then be used to help define the
areal extent of near <urface contamination. This area would be marked with stakes or surveyor flags.
Soil or debris samples are collected and analyzed with the computer-based, multi-channe! gamma
analyzer 1o determine the radionuclides present. If subsurface radioactive contamination 1s expected.
sampling with + depth enables the volume of soil or debns and concentration within that volume to be
approximately determined. The soil or debris may be excavated at that time or the location recorded
and the area left for excavation at a future time

3 4 9.2 Measurement for Excavating and Sorting

KMC plans to measure radioactivity concentration in the soil or debris to help guide excavation
and 10 categorize it for interim storage in anticipation of eventual disposition. Alternative means of
measuring for this purpose need to be prepared for varying circumstances Thus, excavated soil may be
measured 2i-sit in the field or may be sampled and analyzed in a laboratory.  The following procedure
for measuring and sorting includes these alternatives
I Near ground surface on a 10 x 10 m grid, KMC plans to take a sample for analysis or measure i1+

St
3 Inthe event an area is confirmed by a scoping survey or the survey on a 10 x 10 m grid 1o be
affected
a. the grid will be increased to a 5 x 5 m gnd, and
b KMC plans to take a sample for analysis or measure (n-sifi on the grid.
i il potential contamination 1s most likely to be surficial, e.g. . on undisturbed
terrain, sample or measure in-situ within 0 to 15 cm of ground surface
25 if porential contamination was deposited subsurface, e g, in a pit or buried.
sample or measure in-situ at each depth in increments of 0.5 m on the grid.
3 Where 2= BTP Option | radioactivity concentration is detected,
4 increase the grid to < 3.5 x 3.5 m spacing, and
b at cach depth in increments of < 0.5 m on the grid, take a sample for analysis or

measure -siu

A geid of x5 moand 1 m interval with depth is recommended for a final survey'® . The
proposed 3 5 x 2.8 5 0.5 14 gnd for excavatng and sorting will be approximately 6 m® | which 1s 0.25
of the volume represented by recommended spacing for a final survey of a previously affected area
This 1s a reasonably small volume, considering the large total volume of material to be moved and the

size of equipment needed (o excavate it

Contaminated rubble, including brick and concrete from processing buildings and/or equipment
previously dismantled may be crushed to reduce its volume and to allow its radioactivity to be measured
representatively  In that circumstance, the crushed material would be sampled and analyzed for

radioactivity concentration

16 Berger, pp. 4.16 & 4,19
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Some rubble or soiids containing metal or asphaltic material cannot be crushed. Such material,
if radioactively contaminated, will be put into the engineered cell as is.

Measurement In Laboratory. To measure radioactivity concentration in a laboratory, a soil
sample will be sent 1o the laboratory for multi-channel gamma spectrum analysis (MCA).
4 When uranium is predomisant, the soil sample, collected as specified, will be analyzed by
MCA or other radionuclide analysis
b When both uranium and thorium are present in competitive concentrations, ihe soil, or soil
sample collected as specified. will be analyzed by MCA or ot. . radionuclide analysis.
¢ When thorium is predominant, it may be measured either by Nal detector + single-channel
gamma spectrum analysis (SCA), by Nal + MCA, or by stmilar mstrument
(1) When measuring thorium with an Nal detector + SCA, Ac?® concentration may be
measured as a surrogate for thorium series radionuclides
) Alternatively thorium series radionuclides may be measured with an Nal detector +
MCA

1o

{

Measurement fn-giru. 3n the event soil or debris is measured in the field. it may be done by

erther putting the detector at measured intervals in an augered hole in the ground. in an excavated pile.
ot in & vessel of the material  The instrument will have been calibrated by immersing its detector in
three or more vessels of soil containing independently deterrained concentrations of uranium and

thorwm to simulate measurement conditions
349 3 Excavation and Sorting

Measurement. described in §3.4.9 ! and §3.4.9.2, will indicate which category each 3.5 x 3.5 x
0.5 m element or lot belongs in. Alternatives are:

4 Retwrn to land or store for return to land (radivactivity concentration in BTP Option
| range).

b Store for disposition i engineered cell on-site (may have otie or more concentration
ranges and storage piles 1n this category to accommodate a future regulatory
decision);

¢ Store for shipment off-site to burial

After radivactivity concentration is measured. material whose concentranion 1s > BTP Option 1
will be excavated. Designated material will be excavated as closely as practical to the bounds
represented by the radioactivity measurement, typically 3 5 x 3.5 x 0.5 m, consudering the motorized
excavator being used. A portable instn ment will be used to guide the excavation process until the
detector indicates concentrations below TP Option 2 levels,

As determined by the measurement before excavation, excay ated soil or debris will be sorted
into one of three categories by putting each increment removed, e.g.. & 35 x35x05melement
represented by a radioactvity measurement, into a specified pile or into a carrier destined for a

specified storage arca

Lad
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. The category for storage of soil or debris containing both thorium and uranium will be
determined by calculating the sum of fractions of the maximum permissible concentration (ZFMPC)
The LFMPC is determined by dividing the activity of each radionuciide by the maximum permissible
concentration within an option, and then summing the ratios. 1f the sum of the ratios is less than one,
the material lies within that option. For example, a soil containing 8 pCi'g thorium above natural
background. plus 20 pCi/g enriched uranium above atural background would be 1.5 times the
maximum permissible concentration (MPC) for BTP Option 1 material.

An assessment will be made concerning whether or not the excavated area must be immediately
hack-filled because of safety. location or other considerations. If prompt back-filling is not mandated,
the area may be cordoned off and posted. If the area must be back-filled promptly, the excavation site
will be mapped on a three-dimensional hasis to enable soil samples (o be taken later from below the

excavated area, 1f necessary

31494 NOTM Materal

-

Some material exhibiting enhanced concentrations of radium-226 has been identified.  This
material is associated with previous activities involving otl field equipment and firebrick material, and
is therefore NORM i onigin. NORM material will be collected and handled in accordance with the
requirements of the ODEQ and the Oklahoma Corporation Commission

3.4 10 Stockpiling and On-site Sterage

2

The interim storage area for radioactively contaminated materials, depicted in Figures 3.2 and
3.3 will consist of a three foot high earthen berm surrounding the storage area. A portion of the berm
will be sloped gently to provide vehicular access to the storage arca A fence wiil be constructed
around the berm (o restrict access. A gate will be installed in the fence for access, and will be locked
when not being used The fence will be posted with signs reading, "CAUTION, RADIOACTIVE
MATERIALS®  Thermoluminescent dosimeters (TLD) will be posted on the fence surrounding the
storage arca to monitor exposure rate. TLD will be sent to the laboratory for analys:s on a ¢ rarterly

basis

During sorting and stockpiling activities, wind dispersal of the sotls placed in the storage areas
will be controlled either by wetting or by covering with plastic sheeting Once sorting and stockpiling
of all contaminated materials on site has been completed, a vegetative cover will be established to
minimize airborne dispersion of soil particles. The storage area wiil provide storage for the radioactive
material placed therein until the site decommissioning plan stipulating final disposition of the material 18
approved  In the tuture, KMC intends to use a portion of unaffected area 1 in the NW corner of the site
for disposition of soil meeting BTP Option 1 concentration.

3.4 1) Ability of Storage Areas to Resist Erosion

During stockpiling activities, wind dispersal of the materials placed in the storage areas will be
controlled by wetting or by covermg the material w ith plastic if air sampling were to indicate a need.
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Once stockpiling of all contaminated materials on-site is complete, a vegetative cover will be established
to minimize airborne dispersion of the soil.

The radioactive material storage area will consist of an earthen berm 400 feet in diameter or
larger. Tle earthen berm will be constructed in accordance with Figures 3.2 and 3 3. The berm wi'l
consist of native soils currently contained in existing dikes or from within the diked area. It will have
exterior slopes not exceeding 3:1 (approximately 19%), and will be constructed so that the lowest point
on the peak of the berm will extend a minimum of three feet above the highest point on the flear of the

Storage arca.

An access road will be constructed on the floor of the storage area. The access roads will
consist of compacted soil covered with approximately three inches of crushed rock. The elevation of
the road on the berm will be maintained so that it does not become the low point in the berm,

The 25-year, 24-hour rainfall event is approximately seven inches in this area The storage area
will be able to contain this quantity of water, plus more than 6,000 cubic yarcs of material, without

exceeding the elevation of the berms.

A surface water coilection sumy will be constructed in the topographically lowest point of the
storage area. The sump will serve as a basin from which to discharge surface water that collects in the
storage area, assuming such surface water meets effluent criteria established in 10 CFR 20.1302(bX2).
The intake for the discharge will be set above the bottom of the basin to minimize the discharge of

sediment

After construction. a vegetative cover will be established on the berms. The vegetative cover
will consist of warm weather grasses, such as Bermuda grass, that require little water, tolerate heat and
sunlight. and develop extensive root systems. The vegetative cover will serve as an erosion mhibitor
If the berm is constructed in the fall, the imtial vegetative cover will consist of winter wheat, rye or
other quick-germinating grass, which will be supplanted with a warm weather grass in the spring.

After the vegetative cover has germinated. a fence will be established on the perimeter of the
hermi Tt will consist of three-strand, barhed wire with a locking gate to provide vehicular access to the
storage ared  The fence will be posted with signs reading. "Caution: Radioactive Materials” in

accordance with 10 CFR 2C 1902
3 8 ENGINEERED CELL FOR ON-SITE IMSPOSAI

Kerr-MoGee intends to bury material meeting NRC BTP Option 2 requirements 10 an

engineered cell on-site. A site has tentatively been wdentified on the southern boundary of the property.

A prelininary geologic investigation has been conducted on the site, and a conceptual design for an
engineered cell has been developed. A preliminary analysis of the conceptual design and the site
hydrology has been performed in order to judge the feasibility of such an engineered cell. KMC
intends to submit a formal design for the engineered cell and a demonstration of safety in a 10 CFR
20,2002 application at a later date. . A preliminary exposure pathways analysis demonstrates that a
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radionuclide concentration more than enumerated in BTP Option 2 may be safely put into an engineered
cell onsite, KMC may request NRC approval to put soil and debris having radionuclide concentration in
excess of the BTP 2 Option into the cell. In that event, the alternative concentration limit would apply
everywhere herein in Liea of the BTP Option 2 himit

3 5 1 Performance Objectives

The proposed cell design is being formulated to meet the following performance objectives.
to protect the general population from releases of radioactivity so dose does not exceed 100
mrer/vr total effective dose equivalent (TEDE) when institutional provisions are obeyer!,
isolate disposed material to mimimize the potential for waste constituents to migrate from the
disposal cell into the environment,
to achieve long term stability of the site without ongoing maintenance,
to minimize potential for intrusion mnto unit.

- 1o control radiation dose below the dose criterion for at least 200 years and, to the extent
reasonavly achievable, for 1000 years

3.5.2 Sue Description

3.5.2.1 Locauon

The location of the site for the proposed engineered cell is shown on Figures 2.2 and 3.4, The
site is located on the Cushing property on the tip of a small ridge of land extending from the southern
property boundary 1t s located immediaicly to the southwest of the site of a planned industrial waste

disposal cell whose location 1s also indicated in Figure 3.4

The Cushing property is located approximately two miles north of the town of Cushing. The
property is remote from any large population center The area immediately surrounding the property 1s
sparsely populated and rural in nature. No significant development or population growth is anticipated

in the arca

Both developed and undeveloped land border the Cushing property Undeveloped areas
hordering the propenty are used primarily for agricultural purposes. Specific agncultural activities
mclude growing gram, managing the land as pasture, and raising livestock. Developed land
surrounding the property is zoned industnal and residential. Some residences are located adjacent the
property. Decp Rock School is located east of the property boundary

3.5.2.2 Topographic Setting

The Cushing facility lies in a geographic transitional zone between the Central Redbed Plains
and the Northern Limestone Cuesta Plains 7 Surface topographic relief on the property is
approximately 100 feet, ranging between 820 and 920 fect atove mean sea level (MSL).  The property

A D' Lugosz, 1.1, R.G McClaflin, and M.V Marcher, 1986, Geohvdrology of the Vamoosa-Ada Aquifer
Easr-Central Oklakoma. Oklahoma Geological Survey . Circular 87

Cushing Decommissioning Plan rev. O April 25, 1994 325
activé doc



IR T R T m—

B T Ty T iy S —

T T S [ ———"—y— —————— T —— S e |

is hisected by Skull Creek which runs in a northeasterly direction across the center of the property. The
lowest point of the property occurs along Skull Creek near the eastern property boundary. The highest
points on the property occur near its southeastern and northwestern corners.

The planned site of the engineered cell is located on the northernmost tip of a ridge of land
extending from off-property and nearby property areas (o the southeast as indicated in Figure 2.2, The
elevation of the planned disposal site is between 870 and 880 feet MSL. On the easiern, northern, and
western edges of the ridge, the relief drops twenty or more feet into well-developed drainage features.

3.5.2 3 Geologic Setting

The geo'ogy of Payne County is characterized by a thick sequence of sedimentary rock ranging
in thickness from approximately 3,500 feet in eastern Payne County to approximately 7,500 feet in the
western portion of the county. The county is immediately underlain by approximately 2,200 feet of
late Pennsylvanian- and Permian-age rock. The Cushing facility lies in a geographic transitional zone
between the Central Redbed Plains and the Northern Limestone Cuesta Plains. The Central Redbed
Plains are primarily composed of alternating sequences of mudstone and shales with thin sandstone and
limestone lenses.'® In the adjacent Limestone Cuesta Plains, resistant limestones form steep
escarpments that distinguish the topography from the rolling plains of the Central Redbed Plains

The geology and hydrogeology of the Cushing property have undergone extensive
characterization. As early as ' 985, 38 monitoring wells had been installed on the property. Fifteen
additional wells were mnstalled by 1991 During a characterization study for the .ndustrial waste
disposal cell located on the hill immediately to the northeast of the site of the proposed engineered cell.
an additional seven wells at three locations were installed in 1993, In addition to the borings associated
with the instaliation of the above wells, numerous other borings have been completed throughout the
Cushing property. Four borings were completed in 1994 at the site identified for the proposed

engineered cell

As a result of these extensive investigations, a thorough understanding of the geology and
hydrogeology of the Cushing property has been developed. The investigations completed by eariy 1993
and an analysis of the facility hydrogeology are documented 19 The site specific investigation of the
neacby industrial waste dirposal cell is also documented 20 The borings completed at the site of the
propased engineered cell are documented within this Decommissioning Plan.

The investigations conducted on site have mndicated that soils beneath the facility property are
primarily residual. derived from weathering of the underiving bedrock originally deposited as mudstone
and shale with occasional lenses of sandstone. Soil encountered during drilling includes sandy and silty

I8 Shelton et al,. 1985, Geologic Map of Payne County, Oklahoma

19 Rurns & McDonnel Waste Consultants, 1993 Phase | Remedial Investigation Report: Kerr- McGee
Cushing Refinery Site, Cushing, Oklahoma.

MW L ower. Steven R.. 1993, Other Industrial Waste Disposal Cell Site Characterization, Kerr-McGee
Cushing Refinery Site, Cushing Oklahoma. Report preparsd by Kerr-MceGee Hydrology Department,
December, 1993,
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clays, organic silts, and clayey silts. Minor amounts of alluvium are also present in portions of Skull
Creek and its tributaries

Sjte soils are underlain by bedrock of the Pennsylvanian-age Vanoss Group. Core samples of
the bedrock underlying the facility property have been collected from borings ranging in depth from a
Tew feet 1o 254 feet, Unweathered Vanoss Group strata have generally been found to occur at a depth
of 10 feet or less  Shallow bedrock is dominated by thick beds of reddish-brown mudstone with some
interbeds of siltstone, sandstone, and hmestone.  Some shale also occurs beneath the facility property,
with an increasing proportion of shale within the formations found in the southern portion of the
property . Some sandstones occur as lenticular bodies within the mudstone and shale of the Vancss
Group  These sandstones typically contain varying amounts of silt and clay and are generally of limited
lateral extent. They have been found in lenses ranging in thickness from less than 0.5 feet to 12 feet.
Carbonate rocks, predominately limestones, are also common jocally throughout the Vanoss Group
These limestones consist primarily of thin, discontinuous stringers with thicknesses ranging from 0.5 to

v feet

The Vanoss Group is underiain by the sandstones of the Ada Group and the sandstones and
shales of the Vamoosa Formation. The Oklahoma Geological Survey collectively refers to the Ada
Group and the Vamoosa Formation as the Vamoosa-Ada Aquifer hydrologic unit The Vamoosa-Ada
Aquifer unit consists of a complex sequence of fine- to very fine-grained sand stones, siltstones, shales,
and conglomerates The maximum thickness of individual sandstone units is generally about RO feet
The sandstones representing the Vamoosa-Ada Aguifer typicaily occur at depths of about 175 feet in
the Cushing Area. The top of the Ada Group has been located at an elevation of 720 feet MSL na
boring (CC-6) in the northwest portion of the Cushing facility The uppermaost sandstone unit
encountered i this boring was found to be 66 feet in thickness. A secomd boring (CMW-32.2) in the
southeast part of the facility and approximately one-half mile up dip geologically from boring CC-6 has
located the top of the Ada Group at an elevation of 729 feet MSL

3.5 24 Hydrogeologic Setting

Three separate water-bearing zones have been identified below the Cushing Property. These
are the shallow unconsolidated deposits, the Vanoss Group, and the Vamoosa-Ada Aquifer. Ground
water is frequently found 0 the shallow unconsolidated materials consisting of alluvium along stream
channels. soils, and shallow weathered bedrock. These deposits are thin and too limited in extent to
yield significant amounts of water. Recharge to this shallow zone is primarily a result of direct
infiltration of precipitation and overland flow.  Water levels in this zone generally conform to the
topography and appear to be controlled by the bedrock surface and/or surface drainage features.

The principal water bearing units of the Vanoss Group are interbedded sandstone and limestone
layers found in these deposits. Ground-water levels in nested monitoring wells located throughout the
property have been observed over a number of years While vertical gradients are spatially variable,
downward vertical gradients are generally observed, particularly when wells screened in deeper strata
are considered  Monitoring wells screened in the deep strata below 800 feet MSL generally exhibit
significantly lower water levels ranging between 810 and 825 feer msl. However, water levels observed
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in the nested wells screened in soil and the uppermost Vanoss bedrock strata are frequently similar.
Considerable variability is also observed in the horizontal head relationships, with horizontal gradients
strongly influenced by topography, particularly at the shallower depths.

Recharge to the Vanoss group is thought to occur by direct infiltration of precipitation and
overland flow on the outcrop areas 2! At the Cushing property, ground water collecting in the
unconsolidated overburden and moving laterally to areas of lower relief infiltrates slowly into the
hedrock  However. infiltration is undoubtedly restricted by the low permeability materials generally
encountered at bedrock surface or at shallow depths. Greater amounts of infiltration occur through areas
of exposed sandstone or limestone interbeds or in areas of heavily weathered bedrock.

At depth, ground-water flow patterns are most likely controlled by the more permeable
deposits, such as sandstone and limestone lenses, Due to their horizontal orientation, these more
permeable deposits tend o direct ground-water flow horizontally, toward points of discharge  These
points of local discharge may be areas of outcropping where ground water rejoins flow in the shallow
overburden or may be points of direct discharge nto local dramage features, including Skull Creek
he prezometric surface at any depth is strongly influenced by the elevation of these more permeable
deposits and their points of discharge Skull Creek most Likely controls water levels in the deeper strata
that have been monitored on site, As noted above, ground-water levels observed in wells screened in
the deeper strata generally range between 810 and 825 feet MSL.. These levels correspond to the
elevation of Skull Creek in its downstream reaches where the creek approaches the eastern property
houndary

Ihe impact of the more permeable sandstone and limestone deposits on the hydraulics of the
shallow ground-water flow regime depends on the spacing between these deposit and the overall
permeability of the material in which they are embedded. These higher permeability deposits can be
thought of as drains that have the potential of creating strong downward vertical gradients into them
However, these gradients may not be particularly pronounced in areas where strong permeability
contrasts are not present.  Such weak vertical gradients have been observed in the northern portion of
the property where a significant amount of sandstone is frequently encountered in shallow bedrock

However, in area where the more permeable lenses are overlaid by materials of significantly
lower permeability | such ++ nglt mudstone, strong downward vertical gradients may be induced. The
effect of the strong downward drainage may be sufficient to induce near unit gradients and may result n
unsaturated conditions locally  Unsaturated conditions are most likely to be encountered in association
with permeability contrasts. Shight reductions in permeability may perch infiltrating ground water,
resulting in the tormatien of unsaturated zones beneath these perching layers in layers of increased
permeability

Hydrogeologic conditions that huve induced strong vertical gradients in shallow bedrock have
been identified on the hill immediately o the northeast ol the area identified for the proposed
engineered cell. This site has been extensively investigated for purposes of constructing an engineered

L Dlugos: e al. 1986
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cell for the disposal of industrial wastes and has been approved for such use by the State of Oklahoma.
The nearby industrial waste site is underlain by a thick sequence of mudstone that contains limited
sandstone. However, a large sandstone unit is encountered at a depth of app.oximately 40 feet. While
monitoring wells have not been completed in *he shallow mudstone, monitoriug wells have been
completed in this first major sandstone unit. Water levels observed in this sandstone umit extend only
slightly above the top of these units, indicating a strong vertical gradient between the sandstone umit and
any water perched on top of bedrock in the overlying unconsolidated material. Flexible wall
permeability tests have been conducted on core samples of mudstone and sandstones taken from this
site. Permeability values for the mudstone ranged from

1 2 x 10% cny/sec to 3.1 x 107 cm/sec. Permeability values for the two sandstone samples tested were
i 6x 107 and 1.8 x 100 cra/sec. Fracturing of the mudstone is also unlikely to provide any significant
secondary permeability due to the self-healing characteristics of this material

Beneath the Cushing facility, ground water in the Vamoosa-Ada aquifer 1s separated from
ground water in the shallow Vanoss formation by the devper units of the Vanoss Group. Data from on-
site borings indicate that these deposits are also dominated by thick mudstone and shale beds of jow
permeability which act as an aquitard. Ground water in the Vamoosa-Ada is confined by these
overlying, low permeability strata. Ground-water gradients in the Vamoosa- Ada aquifer. uself, have
not been established beneath the Cushing property. However, the flow direction in the aquifer 1s
generally in the westward cirection, from areas of recharge to points of discharge. Water level
measurements in the monitoring well screened on the facility property in the Vamoosa-Ada indicate that
the piezometric surface in the aquifer is at an eievation of approximately 790 feet MSL. Thus, a
downward gradient from the Vanoss Group strata into the Vamoosa-Ada exists beneath the facility

Hydraulic properties of the Vamoosa-Ada aquifer are controll.d by the lateral and vertical
distribution of its sandstone and shale units and the physical characteristics of these rocks. Published
transmissivity values for the Vamoosa-Ada Aquifer range from 70 ft2 /day to 290 ft? /day. with an
averall decrease in transmussible from the south to north throughout the region. This decrease
corresponds to the decreasing saturated thickness of sandstone from south 1o north. Hydraulic
conductivity values have been reported to range between 7.1 x 104 cut/s and 1.4 x 103 em/s, and the
agpregate thickness of the water bearing sandsione of the Vamoosa-Ada aquiter has been reported 1o
range from a minimun: of 100 feet to a maximum of 550 feet.#*  Analysis of data from a twenty-four
hour pumping test conducted in a well screened in the uppermost 75 feet of the Vamoosa-Ada aquifer
on site vielded a hvdraulic conductivity value of 1.0 x 10 cn/s

Recharge to the Vamoosa-Ada Aquifer is thought to occur primanly from infiltration of direct
precipitation and overland flow on the outerop areas of these deposits®  Recent analysis of tritium
lovels in water samples taken on site indicate that the ground water of the Vamoosa Aquifer is much
older than surface waters. 2% These data appear to indicate that the Vamoosa-Ada aquifer beneath the
Cushing property is in poor hydrauhc communication with overlying stratu and supports the conclusion

39

== D lugosz et al, 1986
4 DVlugosz et al. 1986
4 Burns and McDonnel, 1993
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that recharge to the Vamoosa-Ada aquifer occurs primarily by infiltration of precipitation and overland
flow on outcrop areas. Outcropping of the Vamoosa-Ada Aquifer begins about 2.5 miles east of the site

and continue eastward.

1525 Repional and Local Ground-Water Use

Within north central Oklahoma, welis provide water for many rural homes, municipal use in
emall communities, and use in smail industries. Within the region, the most favorable areas for ground
water development are in the unconsolidated, alluvial deposits along the floodplains and terraces of the
major rivers and their tributaries.  According 1o the Geologic Map of Payne County, Oklahoma?3 the
nearest usable alluvial aguifer is approximately 1% mile from the Cushing property.

The uppermost water-bearing bedrock formations in the area are comprised of the thin
sandstone and limestone nterbeds within the low permeability mudstone of the Vanoss group
However. due to their limited extent, these sandstone and limestone beds are o marginal use in
providing water supplies. The water-bearing sandstones of the deeper Vaiaoosa-Ada Aquifer are
generally developed for municipal, domestic and stock use in the region According to the Oklahoma
Water Kesources Board 20 three wells have been completed within water-bearing sandstones of the
Vanoss Group and/or the Vamoosa-Ada Aquifer within a 2-mile radius of the Cushing property
According to the well reports, water from these wells is used to meet domestic and municipal needs
However. the current status of these wells, whether active, abandoned, or plugged, is not known. Due
to the limited permeability and thickness of the individual sandstones of the Vanoss, wells completed in
the Vanoss formation require the penetration of a number of sandstones and may even tap shallow
candstone units of the Vamoosa Ada Aquiter befors obtaining an adequate supply. Local water utility
companies indicate that all residences w.thin one mile of the Cushing property are served by public

water supplies.

3.5.2.6 Site Geology and Hydrogeology

Four borings have recently been completed in the area identified for the proposed engineered
cell The location of each of these borings is shown on Figure 3.4, These borings range in depth from
103 5 feet to 155 feet Bonng B-148 (E-70, $-60) was continuously cored, and the remainder of the
horings were geologically logged using the cuttings brought to the surface during mud rotary driliing
All borings were geophysically logged using gamma, spontaneous potential, and resistivity tools
Correlations between the cored boring and the geophysical logs from all borings provide a good
definition of the bedrock materials beneath the site of the proposed engineered cell. The geologic and
geophysical logs are contained in Appendix A

The boring data from the site of the proposed engineered cell indicate that the site conforms
well with the geology observed throughout the rest of the site, particularly with that observed at the
nearby industrial waste disposal site. Bedrock was found at a depth of betw:en 5 and 10 feet. The

=5 Shelton et al.. 1985
26 Gary Glover, 1991, Okishoma Water Resources Board.

Cushing Decommuissioning Plan rev. O April 25, 1994 3.30
activd doc



el vl e e = i e B N e e IR T A I L ) L e

| .

T T———

B e e e e S e e e N I — L ————

hedrock sequence is dominated by shale and mudstone with only limited amounts of sandstone
encountered. Boring data from directly beneath the planned disposal site (boring B-156, E-20, §-20)
indicate that no sandstones lenses are present directly beneath the site above a depth of 99 feet
(approximate elevation of 778 ft. MSL.); although a one and one-half foot layer of limestone was
encountered at a depth of 13 feet, and a second, one-foot layer of limestone was encountered at a depth
of 84 feet The sandstone encountered at 99 feet marks the beginming of a sequence of interbedded
sandstones that grade into a 20 foot thickness of sandstone that begins at a depth of 110 feet
(approximate elevation of 767 ft MSL). Mudstone with only limited stringers of limestone was
encountered heneath this sandstone in the remainder of the boring which extended to a depth of 155
feet

Some thin lenses of sandstone were encountered at shallower depths in the borings located on
the periphery of the proposed site, particularly along the sonthern border of the property. In boring B-
155, F-30. S-90 a ten-foot thickness of sandstone was encountered at a depth between 10 and 20 feet
{approximate elevation of 851 - 861 ft.. MSL.). However. no other significant sandstones were
encountered over the remainder of the 108 foot boring. Simularly, in boring B-156, E-80, $-90, a .‘
shallow . seven-foot thick sandstone l2ns was encountered at a depth of 15 feet (approximate elevation of
863 fi MSL ) An additional sandstone lens was encountered between the depths of 54 and 66 1/2 feet.
In the shallow ravine located immediately northeast of the proposed site, data from boring B-148, E-70,
§-60 indicated only thin sandstone stringers at depths of 50 and 58 feet (approximawe elevations of 816
fi_ and 808 ft MSL). before encountering a 20 foot section of sandstone at an approximate elevation of
781 feet MSL. This 20 foot section of sandstone 1s likely the lateral extension of the sandstone
seguence first encountered at the same elevation directly beneath the site for the proposed engineered

cell

Thus. the planned site for the proposed engineered cell is underlain by a massive mudstone
sequence with potentially a few shallow, thin sandstone or limestone lenses of only limited lateral
extent. The first significant sandstone sequence with any apparent lateral continuity 15 found at a depth
of 99 feet (approximate elevation of 778 ft MSL)

Vhile monitoring wells have not been installed at the site to verify hydraulic conditions, it 1s
anticipated that the hydrology of the site conforms closely with that wdentified for the nearby industrial
waste cell  While perched ground water may be present in the shallow unconsclidated deposits directly
averlying bedrock. infiltration into bedrock is undoubtedly restricted by the low permeability mudstone
that dominates shatlow bedrock. The permeability of this mudstone is low and selected layers of this
material likely exhibits vertical permeabilities as low as 108 cm/sec, as found at the nearby industrial
waste disposal site. Any water infiltrating into bedrock will tend to migrate vertically downward
toward any thin interbeds of sandstone and limestone that are present. Flow may be directed laterally
for limited distances in these discontinuous lenses.  Unsaturated conditions may exist locally, and
perched layers of ground warer may form at permeability contrasts. Ground water may also be directed
Jaterally along these perched zones, if present.  However, the dominant control or lateral and vertical
flow will be exerted by the more significant sandstone layer encountered at approximately 778 feet
MSL. Strong dowward vertical gradients are likely toward this layer The piezomeric surface i this
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sandstone should be in the 810 to 820 feet MSL, and ground water reaching this layer will be directed
toward Skull Creek, with eventual discharge into some downstream point along the creek. Little, if
any. ground water infiltrating from the surface will ever reach the Vamoosa-Ada Aquifer.

The hydrogeolcgy of the site identified for the proposed engineered cell appears to be favorable
for the development of an engineered cell. The low permeability mudstone bedrock will provide an
excellent natural liner that will minimize the migration of moisture from the ceil. Engineered controls
can be implemented to minimize infiltration into the cell, The disposed material will be placed
approximately 75 feet above tie first potential point of ground water use and will be separated from that
potential point of use by a thick sequence of low-permeahility mudstone. The top of the principal
aquifer in the area 15 135 feet below the bottom of the cell and 1s separated by a thick sequence of low-
permeability bedrock Recharge to the prncipal aquifer by infiltration at the ground surface 1s minimal,
if at all. Thus. the hydrogeolopy of the site appears suitable for developing an enginecred cell that is
capable of effectively isolating buried materials from ground water and minimizing any potential
migration of radionuchdes to points of potential ground-water use. Additional hydrogeologic
investigations will be conducted as niecessary to aemonstrate the isolation of buried matenial from
ground water and to determine the potential for the migration of radionuchde from the cell

3.5.2.7 Surface Water Hydrology

Much of Payne County. including the Cushing property. lies in the drainage basin of the
Cimarron River. The Cimarron River, located approximately 4 miles north of the Cushing facility.
flows east-northeast in this area of Oklahoma  The region is well drained with a dendritic drainage
patte.n that shows zn overall southeasterly trend north of the Cimarron River and a northerly to
northeasterly trend south of the river. Runoff from the property flows into Skull Creek via several
small. unnamed tributaries. Skull Creek flows in a northeasterly direction and eventually discharges
into the Cimarron River  Gauging data is not available for Skull Creek in the vicinity of the Cushing
property, but Skull Creek is a perennial stream that carries significant quantities of runoff during storm
events  Skull Creek s used for agricultural, municipal, industrial, recreational and aesthetic
purposes

The site identified for the proposed engineered cell is located on the northern most tip of a ridge
of land extending from of -property and nearby property area (o the southeast. The site 15 well drained
and free of areas of flooding or frequent ponding  Drainage of surface water onto the site from uphill
areas should be minimal due 1o this topographic position.  Runoff from the site should be down the
eastern, northern and western slopes of this ridge. With a maximum grade of approximately 7/100,
these slopes are gentle and should present no significant hazard due to potential erosion. Runoff down
the western and northern slopes will be toward Skull Creek which lies approximately 1000 feet from the
site. At the present a pit contaiming refinery waste hies immediately to the north of the site; but the
materials contained in this pit are 1o be removed, and the arca regraded with drainage toward Skull
Creek  Runoff from the eastern slupe should be toward a tributary of Skull Creek and an impoundment
constructed on that tributary. The impoundment can be removed should it prove necessary

27 Oklahoma Water Resources Board, 1982
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353 Cell Design

A preliminary conceptual design has been developed for the proposed engineered cell. It has
been developed to demonstrate the feasibility of constructing a cell that can provide long-term isolation
of buried materials without requiring continuing active maintenance after site closure, A detailed
design will be developed. The final design will clearly demonstrate that these long-term goals will be

met.

3153 1 Basic Conceptual Design

An engineered cel! with a potential capacity of as much as 7,500 cubic meters is currently
planned.  The areal dimensions of the cell would be 50 x 50 meters, and the placement of as much a
three meters of disposed material is now planned.

Below ground burial will be implemented. Material will be buried at least four feet below the
ground surface to meet Option 2 criteria. However, 1o accommodate the inadvertent construction of a
hasement or other shallow excavation, burial of soil and rubble at a depth no less than 10 feet is
currently planned,  Based on an approximate ground surface elevation of 875 feet MSL., disposed
material would be buried between the £35 and 865 feet MSL. Excavation of overlying unconsolidated
o1l and between 10 and 15 feet of mudstone will be required. At 855 feet M3L., the bottom of the cell
wuuld be approximately 75 feet above the top of the first significant sandstone lens (see section
352.6)

The top of the radioactive material deposit 1s assumed to be 3.05 m (10 fi) beneath the surface
A lonw-permeability (108 em/s) clay-soil cover 1.22 m (4 ft) thick is assumed to be located immediately
above the disposed soil and rubble. The top of the cover would be 1.83 m (6 ft) beneath the surface. If
any Ra>*0-bearimg NORM is pur into the cell, it is assumed that it will be placed in the lower third of
the disposal cell to gain maximum benefit of overlying materials in attenuating the emanation of radon-

T

-

3.5,3.2 Intiltragon Coutrols

The disposed material will be placed directly on top of and within the excavated bedrock. A
low permeability barrier wi'l be placed immediately above the buried material, and a french drain will
be constructed around the peripheiv ~f the cell. These features are included in the preliminary design
of the cell 1o minimize any potem ntact of percolating or standing water with the buried materials
afier closure of the cell and to isolate e buried material from the ground-water regime.

With permeabilities approaching 108 cm/sec. the mudstone bedrock will serve as an ideal
natural liner and will minimize any potential migration of moisture from the cell. The barnier placed
iminediately on top of the buried material will have a permeability of no greater than 168 cmi/sec.
However the barrier matetial will also be at least as impermeable as the underlying bedrock. This 1s to
ensure that the buried material remains unsaturated. Based on current estimates of the bedrock
permeabtity, a permeability of 10% cm/sec should prove adequate for this purpose. Should subsequent
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measurements indicate a lower bedrock permeability, the barrier design will be modified accordingly .

It is anticipated that this low-permeability barrier will be a compacted, natural clay, but the inclusion of
synthetic materials will be considered, as necessary. (0 enhance the long-term performance and
reliability of the barrier. The low-permeability barrier will be placed below basement level so that a
potential intrusion scenario would not impact the integrity of the barrier A thickness of four feet 1§

now being considered for this barrier.

A french drain will be mnstalled around the periphery of the cell to intercept any water
potentially migrating horizontally into or above the closed cell. As discussed in §3.5.2.6, ground water
may be perched, either permanently or temporarily after precipitation events, in the unconsolidated
deposits overlying the bedrock surface. It 15 anticipated that the low-permeability barrier installed
immediately above the buried material will be placed largely below the soil bedrock interface and will
consequently 1solate the buried material from any perched water present. However, to further isolate
the cell from any such potential flow and to prevent the build up of any hydraulic head over the low-
permeability barrier, a french drain will be installed to prevent any perched water present from flowing
into the cell area. A sand laver may also be installed directly over the low permeability barrier and
drained into the french drain as an added measure 1o ensure that water does not inadvertently collect

over the low-permeability barner

The french drain will also be extended the full depth of the ceil to ensure that any ground water
percolating into the bedrock will not drain laterally into the cell. The drain has been included primarily
to intercept any potential flow from sandstone or limestone stringers that may exist within the mudstone
hedrock  The french drain will also serve to intercept any moisture that may be able to migrate laterally
through mudstone into the cell. The drain will be constructed so as to drain by gravity to a point of
fower elevation, most likely into the tributary stream Jocated immediately to the northeast of the site. It
will also be design and constructed to require no ongoing maintenance o function effectively

3533 Cover Design

A cover will also be placed at ground surface over the area excavated for the cell. While not
the primary infiliration bar.ier. the cover will be designed to mimmize the infiltration of rainfall.
Analysis of cover designs for the nearby industrial waste cell indicated that it is feasible to construct a
cover that will Timir infiltr tion to less than 0.1 in/yr. The cover will be constructed to conform with
the general contour of the natural land surface except as necessary 1o facilitate dramnage of precipitation
off the cover and 1o prevent the flow of runoff onto the cover. Upon completion of the cover, surface
features will be contoured so as to direct surface water drainage away from the cell in a manner that
will not cause erosion or that will require ongoing active maintenance, A full. self-sustaining
vegetative cover or 4 rock cover will be established

As part of the final design of the cell, an analysis of the stability of the site will be performed to
demonstrate the long term stability of the site. This long-term stability demonstration will be based
upon analyses of natural active processes such as erosion, mass wasting, slope failure, settlement of
wastes and backfilled. infiltration through covers over disposal areas and adjacent soils, and surface
drainage. A preliminary mspection of site topegraphy and surface drainage indicates that the
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characteristics of the site are favorable toward promoting the long-term stability of the closed cell (see
§3.5.2.1 and §3.52.7)

3534 Institutional Controls

The institutional controls that will be implemented (e.g . markers, deed restrictions) are yet (o

be determined

3.5 4 Operational Procedures

Plans establishing operational procedures will be developed before excavatiug the cell. These
plans will include procedures to be implemented during the movement of material to the site of the
engineered cell and during placement of that materia] in the cell  The proposed location of the
engineered cell. in block 56, is an unaffected area of Cae site; as such, construction of the cell may
proceed without radiation protection until placement of radivactively contaminated material begins

Procedures will he implemented to ensure adequate control of liguids in the cell and buned
material while the cell remains open. Similarly. procedures will be implemented to ensure that buried
material will be adequately compacted o as to minimize future consolidation and settlement and to
ensure the future stability of the low-permeability barrier place over the material.  In the event that
NORM muaterials are placed in the cell, procedures will be necessary to ensure that these materials are
placed below an adequate thickness of materials containing only naturally occurring radium-226.

A construction quality control plan will be required to ensure that the low-permeability barrier,
french drain. cover, and other desion features are properly constructed. A summary description of the
construction ¢aality control plan is provided in section 4.2. The health and safety plan that will be

followed 1s presented in Chapter 5.0

1.5 5 Environmental Radioactivity Pathways Analysis

-~

3.5.5 1 Introduction

he primary purpose of this pathway analysis is to develop a preliminary estimate of the
masimum acceptable conentrations of thorium, uranium, and radium nuclides in materials that might
be placed in the disposal cell, taking into account radiation doses that might result from those nuclides
and their radioactive progeny. The secondary purpose is to establish minimum acceptable cover
thichnesses for materials contaming thorum-232 and for NORM, i.e., radium-226, respectively.

The pathway analysis process consists of three steps: 1) development of exposure scenarios
hased on anticipated site conditions and uses; 2) use of a mathematical model with simplified
representations of site physical conditions and potentially exposed populations to calculate future
exposures and radiation doses as a function of time and as a function of concentration of nuclides in the
waste material for the specified scenarios, and 3) computation of maximum acceptable waste
concentrations based o5 maximum acceptable dose and the calculated relationship between dose and

h
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waste congentration. The following sections describe the potential exposure scenarios and pathways
evaluated, the results, and the conclusions. The analyses are described more fully in Appendix B.

Within the context of NRC regulation of decommissioning, pathway analysis includes the
estimation of radiation doses that might be received by a typical member of a small group of people
from use of the site as far as 1,000 years into the future. Thus, this analysis considers not only the
current conditions at the site. but projected conditions as well. The analysis evaluates potential uses of
the site and potential migration of radioactive materials through the environment over time, taking
account of both natural processes and human activities that could be expected to alter the patterns or
rates of contaminant movement

Oil production activity has left a smail amount of NORM elevated in Ra**® on-site. Since the
volume is minor relative to the soil and debris contaminated with licensed materiai, the most reasonable
disposition would seem to be to place the NORM in the lower part of the engineered cell. To evaluate
this alternative, exposure pathway analyses included Ra. 226

3 3 5 2 Potenual Exposure Pathways

Depending on potential uses of land and groundwater resources, people might conceivably be
exposed to radioactive materials in the cell on the Cushing site in a number of ways. Use of the land 1n
the near future 18 most likely to be similar to the present industrial use. However, over the 1,000-year
period of interest, redevelopment for farming and/or residential use may occur, increasing potential for
exposure to buried soil and rubble. Withdrawal of groundwater for domestic purposes or for irrigation
is considered unlikely before reaching the deeper sandstone strata separated by intervening mudstone of
low permeability.  Excavations into the soil above the waste material or construction of a well through
the waste material would be unexpected intrusions because of the proposed depth of the clean cover
atop the buried soil and debris

Considering conceivable land and water uses, exposure to residual radioactive material in soils
on the site could possibly occur through one or more of three terrestrial pathways, depending on the
location of soils containing residual radioactive material with respect to the ground surface. If residual
radioactive material were contained in soil near the ground surface, exposure could occur by irradiation
directly from radioactive material in the soil. from inhalation of dust containing residual radioactive
material suspended from soil at the ground surface or produced from the radioactive decay of radon gas
emitted from the soil, or from ingestion of residual radioactive material taken up fro..a soils into garden
products produced on the site. In the cases mvolving groundwater use. radiation exposure could result
from ingestion of water and from ingestion of radioactive material taken up from irrgation water into
garden products prodaced on the site

A number of site-specific exposure scenarios have been developed to identify the hypothetical
receptor likely to recetve the maximum dose. These scenarios allow for varying levels of disturbance
of the contaminated materials by human action, so that the potential impact of 1solation by
administrative action can be examined. Each scenario consists of a set of exposure pathways and
particular site conditions that might occur for a particular hypothetical receptor engaged 1n activit. 28
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. that cause him to be exposed to radioactive materials either in place or in transport, due either to his
actions or to natural processes.  Two base case scenarios have been developed to represent the most
protable use. In addition, two scenarios have been developed for purposes of sensitivity analysis.
These are considered scenanios of intrusion, and are considered to be much less likely than the base case
scenario. These scenarios are

» Base Cases
Farm product consumer (FPC):
Land above waste is used only for agricultural purposes. No residence or activity resulting
in excavation or well construction through the waste is assumed. The land above the |
disposal cell is assumed to provide the exposed person either his entire diet or as much of
it as can be produced from the limited land area
Farm worker (FW):
An agricultural worker works for 2,000 hr’yr on the land above the disposal cell, where he
is assumed to be exposed to airborne dust. radon progeny. and direct radiation

»  Sensitivity Analysis Cases

Resident farmer. house with basement (RFB)

A farm family is assumed to reside in a house built on the land over the waste and to grow

agricultural products on the land for their own consumption. The house is assumed to

have a basement, the floor of which 1s 6 ft below the surface and 4 ft above the waste. The |
. family is assumed to consume water from a well drilled at the edge of the waste cell and |

screened in the uppermost sandstone layer beneath the engineered cell. This case is

considered to be an unexpected intrusion scenaro W

Resident farmer, house with no basement (RFS): ]

A farm family 1s assumed to reside in a house built on the land over the waste and grows ]

agriculwural products on the land for their own consumption. The house has no basement, |

but ts built on a «lab at the surface. The family is assumed to consume water from a well |

drilled at the edge of the waste cell and screened in the uppermost sandstone layer beneath

the engineered cell. This case is considered to be an unexpected intrusion scenario.

The exposure pathways assumed to be associated with each exposure scenarios are identified in
Table 3.6 and described 11 Appendix B

3.5.5.3 Results and Conclusions

Results, Exposure Scenarios. Results of RESRAD runs for the four exposure scenarios
identified above are summarized in Table 3.7, Listings of input and output files for one RESRAD run
in each of the four scenarios evaluated are provided in Appendix B. To aid in reproducing results,

. Anpendix B also contains an explanation of how input data from other runs in a given sequence differ
from the run for which listings are provided.

|
|
[
cel! are described in Appendix B {
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As expected, maximum doses from the farm product consumer (FPC) scenario wers calculated
to be zero. This is because the assumed depth of material in the cell 1s too deep to permit uptake in
plant material over the entire 1,000-year period of interest and because radioactive material does not
migrate deep enough in the 1,000 year period of interest to affec groundwater assumed 1o be used for

irrigation  Thus, no exposure pathway is complete in the FPC scenario.

Calculated maximum doses for the farm worker (FW) scenario exceed zero because the radon
progeny inhalation and external dose pathways are assumed to be complete for the farm worker.
However. doses remain very low in the FW scenario because the cover material assumed to be located
hetween the disposed soil and rubble and the receptor effectively attenuates or prevents radiation
exposure

Calealoted max mum doses for scenarios involving intrusion are substantiaily higher than doses
caleulated for base case scenarios. For the resident farmer with a house on a surface slab (RFS). dose
remains below 1 x 100 mrem/y per pCi nuclide/g soil except for U234 and Ra??® . The maximum
calculated dose for U234 is slightly less than | x 10 mrem/y per pCi nuclide/g soil. The maximum
calculated dose for Ra 229 distributed only in the bottom third of the cell is 0.033 mrem/y per pCi
nuclide’g soil. Even if Ra220 were distributed uniformly throughout the entire depth of the cell, the
maximum calculated dose would be approximately 0.30 mrem/y per pCi nuclide/g soil. The raden
progeny inhalation pathway would be the main contributor to dose from U2** and Ra*2  Food
pathways and groundwater pathways contribute nothing to dose because they remain incomplete for this

SCENArno

For the resident farmer with a house with hasement (RFB), dose remains below 2 x 10°
mrem’y per pCi nuclide/g soil for 1835 and (P% . The maximum calculated doses for Th*32 and U123
are 3.0 x 10% ol 1R x 107 mrem/y per pCi nuclide/g soil, respectively. The maximum calculated
dose for Ra2?0 distributed only in the bottom third of the cell is 0.12 mrem/y per pCi nuchde/g soil.
(The maximum calculated dose for Ra226 distributed uniformly throughout the entire depth of the cell
would be approximately 1.1 mrem’y per pCi nuclide/g soil.) The direct exposure pathway is the major
contributor o dose for T2 The radon progeny inhalation pathway is the major contributor to dose
for 12 and Ra?26  Food pathways and groundwater pathways contribute nothing to dose because they
remain tcomplete for this scenario

Results, Sensitivity Analyses. RESRAD runs examining the effect of sotl cover attenuation on
irradiation by Th* and its progeny are summarized in Figure 3.5, The calculated dose by external
irradiation from The32 and its progeny, 3 to 10 mrem/y per pCi Th?32 /g soil with no shielding cover,
would be reduced by a factor of 40 to 100 by each meter of soil shielding between the radioactive
naterial and the receptor. The variability in these estimates results from differences in calculational

models Listings of input and output files for the first run in this sequence are provided in Appendix B.

Other runs differed only in the cover thickness and or dose model selected.

Results presented in Figure 3.5 are based on assumption of occupancy 0.5 of the time to
accommodate potential exposure to both irradiation and radon. These results are probably slightly low
for a scenarto that mcludes a house on a surface slab and somewhat high for a scenario that inciudes a
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house with a basement. The results in Figure 3.5 apply strictly only to the case of a house on a surface
slab but can be fit to cases with basements above the contaminated zone by scaling the results 1o an
adjusted occupancy factor. The most appropriate values for the occupancy factor would be about 0.6
for the surface slab case and about 0.35 for the basement case.

Results of RESRAD runs examining the effect of soil cover attenuation on the inhalation dose
from radon progeny are illustrated in Figure 3.6, The calculated inhalation dose from radon-222
progeny depends on the diffusion coefficient for the concrete slab that serves as either the basement
floor or, if no basement is present, the foundation of the house. Assuming a reasonably tight slab
having a diffusion coefficient of 2 x 10°% ¥ /s, the dose would be about 5 mrem/y per pCi Ra220 /g soil
for no attenuating soil cover between the tloor and the radioactive material. The dose would be reduced
by about a factor of 3 by each meter of attenuating soil between the radioactive material and the
receptor. Listings of input and output files for the first run in this sequence are provided in Appendix
B Other runs differed only in the cover thickness and/or radon diffusion coefficient for the concrete
slab floor

Results of the calculation of nuclide migration distances and times in infiltrating water as a
function of K, are presented graphically in Figure 3.7, Given reasonable expectations for the long-
term. low permeability of the cell cover (10°% ¢m/s) and a reasonably low estimate of radionuclide
retardation m the mudstone materials beneath the cell, equivalent to a Ky greater than about 10 ml/g,
rachonuchides in the cell would be isolated from the uppermiost groundwater aquifer for tens of
thousands of years. Isolation for at least 1,000 years can be expected even if sorption on mudstone
materials is only minimal, e g . K, greater than | mi/g, provided the cover remains tight. However,
even if the permeability of the cover and the underlying mudstone is assumed (o be higher by a factor of
10 (mereased from 107% 10 107 covs), which would effectively move the migration time curve in Figure
3 7 down by a decade and the migration distance curve up by a decade, isolation for 1.000 years can be
expected. provided that a minimal Ky in the mudstonc layer of about 4 ml/g is assumed.

Conclusions Resulis of the caleu. .n of the maximum contaminant concentration in material
which may be placed in the engineered cell without exceeding candidate acceptance criteria are also
mcluded 1 Table 37 The results indicate that the solation capabilities of the disposal cell would be
sutficient 1o contain materials with concentrations far above NRC Branch Technical Position Option 1
and Option 2 linats Evea if acceptance eritzria were chosen to protect against low doses in the event
of unanticipated intrusion, material with nuclide concentrations higher than 10,000 pCi/g could be
accommodated for all nuclides except Ra226 for the scenarios examined. For Ra%26 and the most
restrictive combination of exposure scenario and acceptance criteria, the limiting concentration would
he shightly greater than 800 pCi/g. The key features determining this result are the site's capacity for
disposal sufficiently deep to make intrusion into the material unlikely, even if intrusive excavation of a
residential basement were to occur on the site, and the long travel time to the uppermost aquifer beneath
the cell. which prevents contamination of the aquifer within the 1,000-year period of interest.

Although at present, KMC is proposing to dispose of soil and debris meeting BTP Option 2
concentration criterion, environmental radioactivity pathways analyses indicat> an engineered disposal
cell on the Cushing site would be capable of isolating radionuclides in all the contaminated site
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materials requiring remediation. An engineered cell onsite designed as described herein would
effectively isolate the material in such a way that radiation doses to members of the public over a 1,000-
year period of interest would not exceed appropriately chosen criteria.

2.6 RADIOACTIVE WASTE MANAGEMENT

The site decommissioning activities involve relecating residual radioactive contanunation,
assessing the nature and extent of the contamination, and removing as necessary., contaminated material

for disposition

Decontamination Materials  KMC plans to dispose of decontamination materials in the

following ways
4 Solids will be surveyed, any exceeding unrestricted release limits will be buried onsite in the
engineered cell or packaged and shipped offsite for disposal.
b, Contaminated hiquids will be absorbed into contaminated soil in a storage pile
¢ Equipment will be decontamirated or disposed 1n the engineered cell onsite.

Liguids. Contaminated liquids are not discherged from indoor activities The only
contamimated liquids generated indoors are a small amount of acid washings from steel beam
decontamination activities. When surface contamination 1s removed by washing with nitric acid.
contaminated wipes are neutralized and tored in bags. Discharge of contaminated hguids is prevented

by decontamimation procedures.

Contaminated water may be generated outdoors during precipitation events. Due to the low
solubifity of the contamination on site, it is unlikely that precipitation can solubility' and mobilize
contaminants in solution. Surface water may collect within the cavity of an area being excavated.
runoff wil! b contained within berms surrounding designated storage areas as described in §3 4 .10
Samples of accumulated surface water will be obtained and analyzed for contamination prior to release
to the environment. No discharges above the limits prescribed in 10 CFR Part 20.1302 will be

allowed
3.7 OFFSITE INSPOSAL

Remaining BTP Option 4 matenial will be removed, packaged, and shipped to a heensed
radioactive waste disposal site. Should existing disposal sites become inaccessible to Kerr-McGee. the
material will be stored on site in accordance with applicable regulations until a licensed low level

radioactive waste disposal facility becomes accessible

Solids  The solid materials are acceptable for land disposal and will be handled n accordance
with 10 CFR Part 61 provisions for Class A waste not assured of meeting provisions of Part 61 .56(b).
The waste does not contain any nuclides listed i Tables 1 or 2 of 10 CFR 61.55 and is therefore Class
A waste according to 10 CFR 61 55(a)(6)

Packaging Matenal to be shipped offsite will be:
classified per 10 CFR Part 61,
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verified or made to meet waste form requirements of Part 61;

packaged to meet DOT requirements for transportaton as specified in 10 CFR Part 71
A shipping manifest 18 prepared

3.8 SCHEDULF
mated schedule to decommuission the Cushing site 1s presented in Table 3.8, It is

proval of all government agencies having jurisdiction over elements of an activity 1s

Jore thal actuvily may conunence

ning actions will be documented m a Site
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TABLE 3.7

CALCULATED MAXTIMUM CONCENTRATIONS OF NUCLIDES

Scenario Nuclide Maximum Dose

------- Calculated Maximum Concentration, pCi1/g ~=«--=«

1994 10CFR20

Pre-1994 10CFR20

Natural Background

Rad Prot Std Rad Prot Std Radiation
mrem-g/y-pCi 100 500 300
mrem/y mrem/y mrem/y

Base Case Scenarios
FPC Th-232 0, 00E+D0 » 10000 » 10000 »10000
U-234 0.00E+00 10000 »10000 »10000
U-235% 0.00L+00 »1G000 »10C00 »>10000
U-238 0, 00E+00 > 10060 »10000 »>10000
U-depl 0.00E+00 » 10000 > 10000 » 10000
U-nat 0.00£+00 > 10000 >10000 > 10000
LEU 0.00E+00 »>10000 >10000 »10000
HEU 0.00E4+00 > 10000 »10000 >10000
Ra-226 0.00E+00 »10000 > 10000 >10000
Fw Th-232 2,.60E-07 > 10000 » 10000 »>10000
U-234 1.60E-07 » 100600 »>10000 >10000
U-23% 1. 80E-14 > 10000 >10000 >10000
U-238 1.60E-10 >10000 »>10000 > 10000
U-dep) 1.108-08 » 10000 »10000 >10000
U-nat 7.82E-08 »>10000 >10000 > 10000
LEU 1.27€-07 > 10000 ~10000 >10000
HEU 1.85€-07 »10000 > 10000 > 10000
Ra-226 6.70E-06 > 10000 » 10000 >»10000

Intrusion Scenarios
RFS Th-232 6.90E-07 »10000 »10000 »10000
U-234 7.730E-04 >10000 >10000 >10000
U-235 4 80E-14 >10000 510000 >10000
=238 7.BOE-O7 »10000 »10000 »10000
U-depl S.448-0% »10000 >10000 »10000
U-nat 1,.86E-04 »310000 »>10000 >10000
LEV 6.2BE-04 »10000 »10000 »10000
HEU 7.65E-04 »10000 > 10000 »>10000
Ra-226 3.30E-02 3030 > 10000 9091
RFH Th-232 3.00t-04 >10000 »10000 »10000
U-234 1.80E-03 > 10000 >10000 >10000
U-23% 1.80E-09 »>10000 >10000 >10000
U-238 1.8B0E-06 » 10000 > 10000 »>10000
U-depl 1.24E-04 »10000 > 19007 >10000
U-nat B.79E-04 »10000 > 10040 >10000
LEV 1.428-03 >10000 >10000 »10000
HEU 1.74E-03 »>10000 »10000 >10000
Ra-226 1.20€-01 8313 4167 2500

Note: Ra-226 assumed confined to bottom third of cel)



Activity

Unaffected Area Survey
Plan
Perform Survey
repare Report
Submut to NRC

Charactenzation Survevs

Temporary Storage Areas
Construct
Decommuission

Excavate, Sort, Stockpile
Trash Dump
North Property
Skull Creek
Other Land Areas
Pit 4
Treat, Sort, Stockpile

ORISE Confirmatory Survey

Process Buildings
Develop Plan
Decontaminate and/or Demolish

Engineered Disposal Cell
Design
Construct
Fili
ORISE Coniirmatory Survey
Closure
Final Survey
Perform Survey
ORISE Confirmatory Survey

Table 3 8 Cushing Site Radwactive Decommisstoning Schedule

Start

in development

2/94

at approval of all gov't agencies
at removal of all stored material

4/1/G5 or approval of all gov't agencies,
4/1/95 or approval of all gov't agencies,
4/1/95 or approval of all gov't agencies,
4/1/95 or approval of all gov't agencies,

8 to 12 months after approval of all
gOV't agencies

at approval of all gov't agencies

in development
at approval
completion of construction

at closure of engineed cell

¢ 24 months schedule ncludes all areas, not each oz

Finish

whichever is later
whichever is later
whichever 1§ later
whichever 15 later

5/30/94

+ 3 months

24 months?
24 months?
24 months?
24 months?

+ 4+ 4+ 4+

771195
+ 12 months

5/1/95
+ 6 months
+ 6 months

+ 12 months

PO ——e—s



‘”t-; - N—————C! T — + P T—— ..__v.,,_..u__M.‘_ i
L
| o
| L
4 i » — | 8
| oY
| 1 |
; o——— 2 | |
| 0 i ]
* @ ‘ + ..... i«__d_.*__.__L_.l
.---»— 2.8 e l‘ |
- —— :}
| | |
(a3 KERR-McGEE CORPORATION
_L._.Q.E..N___ COCUWMENT TITLE
% 10 METER GRID

. METER

AN
2 F' {9

FIGURE 3.1 SOIL MEASUREMENT GRID

PREPARED BY L own BY.

DRAWING MO, JEFF_04 DATE.  4/4/94




* L = &-

e e e

s s \

>
- \k
e e ——

- ey e
L \\\

\\

FENCE
e \\ \
i RN W
e \“ .
s :
N

LOCKING
GATE

DIMENSIONS TYPICAL

(&=} KERR-McGEE CORPORATION

CUSHING, OKLAHOMA REFINERY SITE

T3] CRUSHED RADIOACTIVE MATERIALS STORAGE AREA
L1 ROCK PLAN VIEW

PREPAREC @Y. A Dws By B
NO SCALE INTENDED

e 0 _Sonpn oo _vjaojes




FENCE

|
|

: b»pi" i, di

|
|

i -
hv".,*-*ﬂ, R N N T R RS APy i R R s T R e R NIRRT

[—_} NATIVE SOIL
T EXISTING TANK DIKE “FLOOR™ (SOIL)

DIMENSIONS TYPICAL
NO SCALE INTENDED

T~ SURFACE WATER
COLLECTION SUMP

(=3 KERR-McGEE CORPORATION.

g — FIGURE 3.3

CUSHING, OKLAHOMA REFINERY SITE
RADIOACTIVE MATERIALS STORAGE AREA
CROSS SECTION

PREPARED . J Oown By JE

DIAMING N0 STOR_ELV DATE: 4/20/94




¢ L9083

WrOO1L 3

DO000TL N

=< J3HIN 3L S
o 1VIENE- )

_Mmamuoqm

2 uuzuo

!

W0 1001




e i e e -

ey

200886 N -4

S006E5 N

/A2y 2w g BT P ——"
00986 N - T
k) LE O ' 8 GGevdioa

SONIY08 Q31iV134 ONV
STIID G3HIINIONT 40 NOiLVIO

¢ 3EN0i4 TUL INGNNOG

NOLLVHOJH0D IO W-HYIN (e}

SHANYL 3OVHOLS AMNII0HLi3d .
SYIHY ININLYIEL OGNV .

NOILIITIOD d431vMNNE0ILS JIGiIDV

Lid 390MS 012V
Tt v A
IVIdILVA
3S0d0dd N0z Nouonazs nouvnavinod [

iN V. N ,x;wx_,—h,

,J.mu.r.J.._
dIY d i




FIGURE 3.5
EXTERNAL DOSE VS. SOIL COVER THICKNESS
1 pCi Th-232/g
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FIGURE 3.6

RADON DOSE VS. SOIL COVER THICKNESS
1 pCi Ra-226/g
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4. ORGANIZATION AND ADMINISTRATION
4.1 ORGANIZATION
4 1.1 Licensee Organizatio

Kerr-McGee Corporation is an integrated natural resource company engaged in oil and gas
exploration and production; petroleum refining, distribution, and marketing; inorganic chemical
processing and manufacturing; wood preserving; and coal mining. Fo:mer operations included uranium
mining. milling and conversion, thorium processing, soda products, and nuclear fuel fabrication. While
the Corporation is no longer engaged in uranium and thorium production and processing.
decommissioning activities are being performed at locations still under license by the Nucleat
Regulatory Comnmssion or an agreement state. The company maintains the organization, qualified
staff, formal policies and procedures, and other administrative and training programs needed to perform
the final decontamination activities at the Cushing site in accordance with regulations and accepted

industry practices

An organizational chart for the Cushing site, Figure 4.1, displays the operations line
organization as well as rel: onsh™s with other units of the company that are directly involved with the
Cushing site cleanup. Key personnel responsible for the Cushing site decommissioning and other
positions and incumbents in Kerr-McGee who are directly involved and the qualifications of key
personnel are summarized in Appendix C

4 1.1 1 Corporate Management Responsibilities

Management is committed to providing the resources necessary to complete the remediation
work mvolving licensed material at the Cushing refinery site in compliance with applicable health-based
industrial hygiene methods, the Consent Order executed between Kerr-McGee and the Oklahoma State
Department of Health, NRC regulations, the specific terms of license SNM-1999 and to maintaining
radiation exposures as low as reasonably achievable (ALARA).

4.1.1.2 Operations Management Responsibilities

Operations management is responsible for performing site decommissioning activities in
accordance with approved standards and procedures, Operations management directs daily work
activities and the handling, transfer, storage, and disposal of radioactive materials. These procedures
are intended to maintain exposure levels to employees and the public as low as reasonably achievable.

4 1.1.3 Empioyee Responsibilities

Employees are responsible for understanding and complying with the rules and reguiations for
avoiding internal and external exposure to radiation in accordance with the nstruction and training they
receive. The emplovees will guard against damage to personnei protective equipment and will

Cushing Decommissioning Plan rev. () April 25, 1994 4 1
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immediately report all malfunctioning equipment to the responsible person. Failure to comply with
rules and procedures is cause for appropriate disciplinary action which may include dismissal.

4.1.2 Radiation Safety Organization,

Kerr-McGee maintains a radiation safety program, described in chapter 5. lts implementing
procedures are reviewed and approved by at least the Radiation Safety Officer and either the Vice
President of Enviroament Operations or the Vice President of Environment and Health Management.

4 1.2.1 Radiation Safety Officer (RSO) Responsibilities

The Radiation Safety Officer, in conjunctior. with his staff, reviews procedures to assure that
exposure limits are not exceeded and monitors activities to assure that expocures are maintained at
levels as low as reasonably achievable. The RSO maintains programs to monitor, recognize, evaluate,
and control radiation exposures. Training is conducted at least annually under the direct supervision of
the RSO to ensure that employees know and understand applicable radiation safety procedures

4 1.3 Contractor Assistance

KMC intends to decommission the Cushing site mostly by using KMC employees under KMC
supervision and management. As tasks or work packages are defined, a preference for contracting
some elements of the work may be realized. In the event contracted personnel work onsite, each shall
he trained in health and safety to the extent prescribed by KMC's Cushing Radiation Safety Officer and
at least as specified herein. All contractors working on the Cushing siie shall be subject to KMC

supervision.
4.2 QUALITY ASSURANCE PROGRAM

The quality assurance (QA) emphasis at the Cushing site emphasizes quality control and
assessment. The main objective of quality control (QC) is to help ensure reproducible measurements or
execution of intended actions. The main aim of quality assessment 1s to evaluate performance and
determine whether desired quality is achieved. Quality assurance depends on the competence of the
staff, good practices. procedures for specific actions, audits and reviews, documentation, and training
During the Cushing decotmissioning project, the quality of radiation and radioactivity measurements
and design and construction of the engineered cell will receive particular emphasis

4.2 1 Administration

QA/QC responsibilities will be handled by the Quality Assurance Coordinator.  As QA officer,
he will coordinate all QA interface requirements during the survey process. A QA administrative
procedure will be developed from the QA plan, Quality controls ars ordinarily integrate 1 into
calibration or survey procedures. Any changes or alterations to these procedures will be handled in the
same manner as changes to survey procedures,

L}
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KMC's quality assurance program for measuring radiation and radioactivity addresses the

following areas

Procedures

Quality Control in Sampling

Quality Control During Sampie Handhing

Reference Standards

Calibration

Operability Checks

Instrument Maintenance

l.aboratory Analytical Quality Control

Data Processing

Records

Audits

Training
Regulatory Guide 4.15,' was consulted during the development of the QA plan for measurements.

4 2.3 Enginecred Cell

The construction quality control plan will include procedures and record neeping requirements
to verify that sufficient inspections and tests are performed on a continuing basis and that the work
conforms to the drawings and specifications. These requirements will enable certification of the
performance of the engineered cell. in accordance with standards of quality of materials, workmanship,
construction, finish and functional performance. The plan will also detail personnel qualifications and
responsibilities. appropriate facilities, instruments, and testing devices necessary for quality control
performance

4.2.4 Audits

A Kerr-McGee Corporation Regulatory Compliance Auditor audits procedures and records at
least annually to assess the effu..iveness of the radiation protection program and to verify compliance
with the program. Audit results shall be documented and reviewed by corporate management,
operations _anagement, and the RSO, Operations management is responsible to respond to the
corporate audit, taking follow-up action and providing evidence of such action where indicated.

4 3 PROCEDURES AND PROCEDURES CONTROL SYSTEM
4.3 1 Objectives

The site radiation safety program guides all activities reguired for the remediation and release
of the former uranium and thorium processing building and residual areas of soil contamination. The

L USNRC, Quality Assurance for Radiological Monitoring Programs - Effluent Streams and the
Environment. Regulatory Guide 4,15, 1979
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radiation safety program documerics exposures and verifies that workers and the public do not receive
exposures above the limits stipulated in NRC Standards for Protection Against Radiation, 10 CFR Part
20, In addition. radiation exposures to employees and the public are maintained as low as reasonably
achievable (ALARA).

4.3 2 Primary Program Tasks

Primary tasks under the radiation safety program nclude:

I, Providing training in radiation safety on a routine basis for all personnel who work in
or frequent restricted areas.
Preparing special work permits governing the safe performance of decommissioning

t

activities.

3. Performing instrument calibration and training technicians in the proper use of
instruments,

4 Monitoring the performance of decommissioning activities to assure that operating
procedures maintain exposure levels as low as reasonably achievable

S Performing environmental sampling to ensure that the public and environment are not
exposed to radiation above the limits specified in 10 CFR 20.1301 and 20.1302.

i Performing air sampling to ensure that airborne contamination is maintained below

levels specified in 10 CFR 20,1201 and 20.1202.

Performing personne! monitoring to ensure that exposure to radiation workers does not

exceed levels specified in 10 CFR 20,1201

Frsuring that material and equipment that leaves radioactive materials areas is

releasable for unrestricted use in accordance with apphicable NRC regulations.

9 Developing release survey plans that will ensure that the release of facilities and/or

<

property 1s in compliance with NRC regulations

100 Ensuring that licensed material 1s properly inventoried and that disposal documentation
is 1n accordance with applicable regulations.

11 Notifying management of, investigating, and recommending corrective action for,
accidents, injuries, and/or incidents of exposure.

4.3 3 Written Procedures

Work in radioactive materizais areas or restricted areas, or work with licensed material not in a
radioactive material or restricted area, is to be done in accordance with an approved radiation safety
procedure or a Special Work Permit (SWP). To maintain control that is adaptable and specific to varied
locations and circumstances onsite, the procedure on procedures provides for an SWP to complement
other control activities releted to site remediation and radiation protection.

Either a writter. procedure or a special work permit is required and must be completed before
beginning work wherever a safety hazard is suspected to exist or could be created. Each Special Work
Permit specifies industrial and radiation safety measures 1o be used when a particular task is done.
Supervisory staff generate SWPs. Before work begins, each SWP is approved by the radiation safety
officer the health and safety officer, and the site coordinator,

Cushing Decommuissioning Plan rev. 0 April 25, 1994 4 a
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Eraployees assigned to an SWP-related activity review the SWP and follow the indicated
precautions to perform the task safely. All personnel responsible for either the preparation of the SWP
or the performance of the task are required to sign it, indicating awareness of the safety precautions
associated with that task. SWPs are posted at the work location. When a task covered by an SWP has
been completed, the SWP form 1s signed and dated by the supervisor, and is then filed in the office. A
completed SWP is evidence that a task was completed in accordance with the precautionary provisians
stipulated in the SWP. A typical copy of the Special Work Permit form is included in this plan as
Figure 4 2.

4 3 4 Emergency Procedures

Fire and ambulance service is available from the City of Cushing. Fire, police, and other
emergency personnel have been provided on site briefings concerning hazards found at the site. A
roster containing the telephone numbers of key management and emergency contact personnel is posted
on site to enable prompt notification of proper individuals and orgamizations. The list 18 included as
Appendix D

4 4 TRAINING

Appropriate training about radiation hazards and the control of radiation exposuie will be
required and provided for workers at the site and for visitors who enter designated radioactive materials

arcas

4 4 1 Training Objectives and Topics

4 4 1.1 Two-to-three-hour Indoctrination

A brief 2-10-3-hour indoctrination progiam will be given to new employees and contractors
whose site activities are related to radioactive material and who will be under supervision of a trained
rachation worker

4 4.1.2 Eight-hour Training

All employees and contract personnc! will attend an 8-hour health and safety indoctrination
session prior to working independently with radioactive materials, This health and safety indoctrination
will be documerted and include, as a minimum, the following topics:

Radioactivity and the types of radioactive contamination encountered at the site,
Radiation and contamination control procedures used at the site,

Film badge issuance and use of film badges,

Bioassay sample schedule and collection procedure,

Personnel and area air sampling programs,

Respirator issuance, fit testing, and the proper use of respirators,

Use of special work permits,

Protective clothing requirements, including safety glasses, shoe. etc,

Use of alpha survey nstruments,

Cushing Decommissioning Plan rev. 0 April 25, 1994 4 5
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Survey requirements for movement of equipment and material,
Emergency signals and how to respond appropriately,
Admitting, escorting, and supervising visitors.

First aid techmques, and

How to report injuries and incidents.

4 4.1.3 Topics Specified in 10 CFR Part 19,12

Both the 2-10-3 hour and the 8-hour ! i and safety indoctrinations for people working in or
peop g

frequenting any portion of a restricted area include information on, instruction i, or advice about:

-

-

Storage. transfer, or use of radioactive materials or of radiation within the restricted area;
Heaith protection problems associated with exposure to such radioactive materials or radiation;
Precautions or procedures to minimize exposure;

Purposes and functions of protective devices employed,

The applicable provisions of NRC regulations and licenses for the protection of personnel from
exposures 1o radiation or radioactive materials occurring such areas and instruction to observe
those provisions to the extent within the worker's control,

Rzsponsibility to report promptly to the licensee any condition which may lead to or cause a
violation of NRC regulations and licenses or unnecessary exposure to radiation or to radioactive
material;

Appropriate response to warnings made in the event of any unusual occurrence or malfunction
that may mvolve exposure to radiation or radioactive material, and

Awareness of radiation exposure reports which workers may request pursuant to 10 CFR Part
19.13,

The extent of these instructions will be commensurate with potential radiological health protection

problems in the restricted area.

4.4 1.4 Annual Training

Annual refresher training is given to all employees and contract personnel whose work requires

handling of radioactive materials. Annual training includes, as a minunun, the following topics:

Cushing Decommissioning Plan rev. 0 April 25, 1994 4 6

Basic nuclear physics,

Methods of radiation detection,
Biological effects of radiation,
Exposure measuring techniques.
First aid and injury reporting,
Contaminated injuries,

Restricted area control,

General radiation safety.

Control of visitor and employee exposure,
Existing procedures,

Film baages and other dosimeters.
Bioassay sampling.
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Unrestricted release of material and equipment,

Shipping and receiving of radioactive matenal,
~ Liguid waste release,

Contamination control,

Decontamination technigues,

Protective clothing,

Use of respirators,

Survey instrument use, and

Emergency procedures.

4 4 2 Duration and Frequency of Training

New employee indoctrination will be performed one time before the new employee or
contractor is allowed to work independently in radioactive materials areas or with radioactive materials.
This traming requires approximately 8 hours to complete. Annual refresher traiming occurs once per
year: it requires approximately 16 to 24 hours. Special radiation safety training programs will be

scheduled on an as needed basis

Special training sessions will be scheduled by the RSO when required as a result of changes in
radioactivity levels or materials handling procedures

4 4 2 Testing and Comprehension

A written cxamination will be admimstered at the end of each formal traiming session to
document each emplovee's attendance and understanding of the training material covered. The written
exams will be reviewed at the end of the traming course and correct answers 10 all questions will be

discussed

4 4.4 Recording Participation

Examination records and attendance rosters will be kept on file for a° least two years

4 4 5 Qualified Safety Traming Personnel

Training will be provided by the RSO or his designated alternate
4.5 CHANGES

If it were impractical to implement a specific element of the decommussioning plan as described
or if an improvement is realized, KMC may change an element of decommissioning activities described
in §3.4 provided criteria in §3.2 are not changed, organization and admimstration in §4. the health and
safety program in §S, or the final survey plan in §6 provided each change conforms to regulations and
license conditions and would not be expected to result in any significant in~rease in radiation exposure
to workers or in any significant increase in impact on the environment. Sucn change must be approved
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JOB DESCRIPTION:

Figure 4.2 Special Work Permit Form

KERR McGEE CORP. CUSHING, OKLA.

SPECIAL WORK PERMIT #447

Effective Date: 01724/94-0730 hrs; Expiration Date: 12/29/54-1 545 hrs

OFF-SITE BACKGROUND SURVEYS & SAMPLE

Page ! of 3 |

COLLECTION

INDUSTRIAL SAFETY

POTENTIAL TYPES OF RECOMMENDED
HAZARD ACCIDENTS SAFEGUARDS
A. Mechanical, Struck by equipment Use caution while working around equipment.
Physical

Lifting/straining

Trip/Slip hazards

Use proper lifting techniques.

Be aware of holes, trenches, uneven ground.

B. Environmental

Poison lvy/other allergen-

Use caution, avoid contact

producing plants. |
insect bites, stings. Avoid contact.
C. Chemical Minimal, not anticipated. N/A
Industrial Safety Equipment Required:
_X_ Safety glasses (ANS] Z87 approved)
X _ Safety shoes (rubber/neoprene boots)
_ Hard hat
X Normal Level D Work Uniform H
X _Leather, or cotton gioves
] RADIOLOGICAL SAFETY
H.P. Tech. Required: | Personnel Monitoning: Radiological Survey Requirements;
X_ Job Start Film Badge _ Job Start
. Full Time Lapel Air Sampler __ Full Time
X Intermuttently __ Intermittently
End of Job __ End of Job

HP TECH. Special Instructions:

. Verify survey & sampling locations are off-site.
2. Survey for unrestncted release any equipment to be tak

en offsite, if it is currently stored in @ Restricted Area or

Radioactive Materials Area, or was used in affected areas on-site and not yet surveyed.
1. If licensee radioactive matenal is found off-site: Stop Work, and notify the RSO and the Site Coordinator

immediately.
4. H.P. Tech shall ass

ist in the background surveys and sampling. The RSO or the H.P. Tech may remove this
requirement once the work has begun, and the crew no longer requires the Technician's assistance.




KERR McGEE CORP. CUSHING, OKLA.
SPECIAL WORK PERMIT #447

Effective Date: 01/24/94-0730 hrs; Expiration Date: 12/29/64-1545 hrs

Verify that work location is off-site.

Check in with HP Tech. prior to job start.

e e @~

Background Determinations:

Perfosa three determinations at each location, using a 5 meter triangle.

For each sample take a Micro-R/hr reading at ground surface, and at one meter above surface.

For each sample take an integrated unshielded Nal detector reading of at least 1/10 minute at ground surface and at
one meter above ground surface. Use Ludlum Model 2221, Serial # 102029. Other instruments may only be used
with the approval of the RSO/SC.

Take a surface soil sample, 0-15cm (0-6), of approximately one liter. Either hand operated or motorized
equipment may be used.

At the RSO/SC discretion, samples may be mixed for a composite analysis.

Label each sample with the appropriate information; ie. date, tume, focation, etc.

Health Physics Technician may impose requirements .qore restrictive than those specified in this SWP. Workers
shall follow those requirements,

SPECIAT (NSTRUCTIONS

tJ

No smoking, No chewing, No eating or drinking.

Chain Of Custody is required for any samples leaving the site




KERR McGEE CORP. CUSHING, OKLA.
SPECIAL WORK PERMIT #447 Page 3 of 3

Effective Date: 01724/94-0730 hre;  Expiration Date: 12/29/94-1545 hrs

Signatures of all people involved in Job

Approval Signause

Date Signed

Site Coordinator

1-2974

Radiation Safety
Officer

T Prs_

11

=l/a /oy

Health and Safety
Officer

%ﬁ%( C@@

2 Januevy | 155¢/

Individuals working
under this SWP (Print
Name)

Signature

Date Signed

Crew Superviso: Z_L?fu E )ﬁ 0.) ) ~ael. 9
HP Tech. F/A/m, yc fowell | [-24-94
- MJQ.Q_ Hid -2Y-F

Work Completed and SWP Termunated Date: F

Site Coordinator:




5. METHODS TO PROTECT HEALTH AND SAFETY

5.1 HEALTH PHYSICS PROGRAM

Radiation safety measures are empioyed to protect workers and the general public against
exposure to radiation levels exceeding permissible limits and to assure any exposures are maintained as
jow as reasonably achievable  The radiation safety program includes various monitoring and control
measures appropriate for the kind and range of radioactive material concentration present on the
Cushing site. The site characterization report confirms that the two previous campaigns to clean up the
site and sequester mest of the residual material have left relatively low radioactivity concentration.
This proposed health physics program is intended to be appropriate for the low radioactivity concen-
tration on the site.

5 1.1 Personnel Monitoring Devices

Film badges are used to monitor the external gamma radiation exposure of employees. The
badges are furmshed and processed by a supplier certitied under The National Voluntary Laboratory
Accreditation Program (NVLAP) as recuired under 10 CFR Part 20.1501(c). Anyone entering a radio-
active materials area is required to wear a film badge  Assigned workers wear film badges at all times
while on site. Records of exposure are kept on file,

5.1.2 Biloassays

The iicensed material remaining at the site has been exposed to the effects of the weather for
many vears The remaining radioactivity is therefore chemically fixed within various matrices and is
msoluble ! Kerr-McGee considers the licensed material remaining on site as cortamination to have a ¥

fung solubiiity classification

Employees' internal exposure to airborne radioactive material is monitored by an air sampling
program. Compliance with the airborne intake limits is determined by measuring the total concen-
tration of radioactivity in air and referencing the concentration to the concentration limits listed in 10
CFR Part 20, Appendix B, Table | Gamma spectrum analyses of soil samples indicates that some of
the contaminated material at the site contains both uranium and thorium. Since the thorium limit is
more restrictive than the limits for any of the uranium isotopes. thorium DAC values may be used for
initial exposure control measures. If the need is indicated, further evaluation is based on a determi-
nation of the prevalence of uranium and thorium in the work area.

Urine analvsis supplements the air sampling program in determining internal exposure to
uranium_ Urine samples are collected and analyzed from employees who routinely work with radio-
active materials Bioassay samples for internal exposure to thorium (fecal samples) are not collected on

Except in the acidic condition in Pit 4, which KMC plans to neutralize. But there uranium concentration is
insignificant. ref. Kerr-McGee, Cushing Facility Characterization Survey Report, Table 5, 199].
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a routine basis. Fecal samples would be collected for thorium analysis under special circumstances,
such as if air samples indicate significant (> 520 DAC-hours in a quarter) exposure.

Area air samplers are located in or near excavation, packaging, or materials handling areas
where the potential for airborne suspension of particulates exists. Lapel and or area samples are
collected and counted on a daily basis where potential for airborne activity is significant.

If the result of any lapel or area air sample exceeds 0.5 DAC, an evaluation is performed to
determine what dust suppression measures were in effc * and what additional measures should be imple-
mented. if any. Work will not continue under the same conditions that produce air sample results
confirmed to exceed 1.0 DAC. This assures that radioactive material intake will not exceed 40 DAC-

hours within a work week

An in-vivo lung count is performed every two years on each employee who routinely works
with radioactive material, In-vivo lung count results are used to compare the levels of uranium and
thorium deposition in the lungs with the ALI or maximum permissible iung burden.

§.1.3 Surveys and Monitoring

5 1 2.1 During Work With Licensed Radioactive Materiais

Health physics activities supporting site decontamination activity include definition of areas of
radioactive comamination and monitoring of ambient conditions. Where monitoring results recommend
or dust is visible in a radioactive material area. engineered controls, protective clothing, respiratory
protection, and personiel monitoring will be specified in an SWP. As & minimum, where licensed
radioactive materials are being handled, airborne contamination is monitored using personal lapel
samplers. area air sampling, or a combination of both. Air samples are counted on a daily basis.
Records of exposure are maintained on file. Employees survey hands and feet with an alpha counter
before exiting radioactive materials areas

5.1.3.2 Storage Areas

Designated storage areas are monitored for external gamma exposure rates with thermolumi-
nescent dosimeters (TLD; placed on the fence or wall that encloses the storage area Alpha radiation
readings for surfaces within indoor storage areas are taken directly with appropriate instrumentation.
Surface wipes are collected for determination of removable alpha radioactivity

Health physics activities performed while crews work in storage areas include monitoring of
ambient conditions. Where indicated by monitoring results or observation of airborne particulates,

protective clothing, respiratory protection, and personnel monitoring may be specified.  As a mimmum,

airborne contamination is monitored using personal lapel samplers, area sampling, or a combination of
both  Air samples are, at a minimum, counted for alpha radiation,
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5 1 3.3 Air Sampling Program

Airborne radioactive materials may be encountered during excavation of contaminated matenal,
its transfer, and packaging for shipment. Airborne particulates may be generated indoors when
removing contaminated concrete from building floors, and when packaging contaminated soils
Atrborne particulates may be generated outdoors during excavation activities and transfer of radioact' e

materials 1o storage or packaging areas.

Air sampling is performed at locations where the potential for airborne contamination exists,
¢ ¢ during excavation of contaminated soil. Air samples are analyzed daily. Results are evaluated to
determine whether specific limits are exceeded. 1f a concentration is confirmed to exceed 1.0 DAC,
corrective action will be taken, such as wetting soil to reduce dusting.

In addition. environmental air samplers monitor the release of airborne contaminants to
unrestricted areas o enable KMC to test whether the level stipulated in 10 CFR Part 20.1302 (old Part

200.106) may be exceeded

If there was 1 my dust/ny® air, the radionuclide concentration in airborne particles < 10 um in
diameter could be as much as 1000 pCi g Aust or soil without exceeding the DAC for the natural
thorium series. Most sample measurements at the Cushing site have observed less than 100 pCi/g sotl,
which would produce less than 0.1 of the DAC hmit. Moreover, it is reasonable to expect that |
mg m* airborne dust would be noticeable in view of the realizations that 1) the observed upper limit of
airborne soil mass loading of particulate less than 10 gm in diameter is about 0.7 mg/m 3. 2)the
observed upper limit of particles larger than 10 um in air is about 230 mg/m> |, 3) Smg/m? respirable
fraction and 15 mg/m’ total dust are the maxima of inert or nuisance dust allowed by OSHA and 4) a
dust loading of 110 mg/my is barely tolerable for breathing 2 Therefore, as long as the total uranium
and thoriui series concentrations in soil are below about 100 pCi/g, excavation and handling the dirt is
unlikely to produce as much as 0.1 DAC in airborne dust or cause as much as 0.1 ALI to 2 person
exposed 40 hours/week by mhalation while working  In that circumstance, neither continuous air
sampling 1s lapel or breathing zone air sampling is proposed by Regulatory Guide 8.25:3

S | 3.4 Effluent and Environmental Monitoring

i ffluent and envirommental monitoring is addressed in three aspects: environmental monitoring,
monitoring of intentional releases, and momtoring of unintentional releases

Environmental monitoring consists of collecting air, surface water and groundwater, soil, and
vegetation samples from unrestricted areas to determine the concentration of licensed materials in these

media

2 Siewart, 1967, quoted in D, Randerson, ed., Atmospheric Science and Power Production, DOE/TIC
27601, p 542, 1984
1 NRC, Air Sampling in the Workplace, Reg. Guide 8.25, rev. 1, June 1992
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Airhorne radioactive contaminants released to unrestricted areas are monitored by three high
volume air samplers. Soil and vegetation samples are collected at eight locations on an annual basis to
determine the concentration of licensed material in the soil and flora. Groundwater samples are
obtained from five groundwater monitoring wells. Upstream and downstream surface water samples
are collected at the property line to moniter the concentration of licensed material in surface waters.
Surface water and groundwater samples are analyzed on an aunual basts for gross alpha 2nd beta
activity  Analyses for uranium and thorium concentration will be performed for samples that hiave
gross alpha activity exceeding 15 pCi/liter.

The only mtentional release anticipated would be discharge of surface water from an excavation
or from Skull Creek. In such event, effluent sampling would be performed and the discharge would be
comntrolled

Should an unintentional release occur, appropriate measures will be taken to monitor the release
of radicactive materials to the environment. These measures may include, but are not limited to:
placement of area air sampler(s) downwind from the release, installation of lapel air samplers on all
personnel working in the area, and sampling of soil and surface water releases to evaluate the radio-

acnive material concentrations in the effluent

8 1.4 Radiation Detection Instruments and Calibration

Portable alpha and gamma radiation monitoring instruments are used to determine site radhation
exposure and activity levels. These instruiments are calibrated at the Cimarron Corporation's Cimarron
Facility on a quarterly basis in accordance with manufacturer’s recommendations.  Performance of all
mstruments is checked daily with a radiation source of known activity or at two locations where
radiation intensity is reproducible. If an instrument reading varies by more than 10%, the instrument
calibration is checked, except a micro-R meter may vary by as much as 2 gR/hr on lower scales. Logs
are kept on file as a record of nstrument calibration.

Multi-channel gamma spectrum analyzers (MCA) are available i the counting lab to determine
the concentrations of licensed material in soil and environmental samples. Each uses a lead shielded.
sodium iodide erystal, well-type detector and a multi-channel gamma spectrum analyzers. Gamma
energies and nuclide concentrations are calibrated using standards having known gamma-ray energies

and radionuchide concentrations

Table 5.1 presents a list of radiation monitoring instruments, the type of radiation detected, and
the minimum detectable activity of each. Table 5.2 presents a list of personal, environmental, and area
monitoring equipment and the type of media sampled or momtored by the equipment

5.1.5 Awrborne Radioactive Material

Measures will be taken to control airborne suspension of radioactive material during decontami-
nation activities 10 order to maintain employee and public exposure as low as reasonably achievable.

N
B
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Primary emphasis is on engineered control, then secondary emphasis is on personal protective
equipment and clothing

Dust suppression measures will be considered when there is visible dust and on the basis of
radioactivity measurements as well. Dust suppression measures usually consist of water spray on the
loose particulate material ontil suspensior o particulate matter has visually subsided. Dust control
measures may vary for each activity depending on the natuie of the work.

5.1.5.2 Demolition of Strugtures

When contamination cannot be removed from structures in place or is shown (o be in soils
under structures, complete demolition may be necessary. Generally the contamination is fixed and
limited to surface areas in such ways that suspension of radioactive materials would not be expected.
However. areas are wetted down paying particular attention to seams or other areas where dust would
be generated  After demolition, some of the rubble may be separated and contamnation removed using
the methods discussed in chapter 3 herein

5.1.5.3 Excavation

Excavation of contaminated soils, building rubble, and sludges is accomplished with typical
earthmoving equipment.  Ambient soil moisture normally precludes dusting. However, each operation
is evaluated for dust control applications that may involve use of water sprays, foams, wetting agents,
dust suppressors or & combination thereof  Excavations will be limited to minimize normal drying of
soils during the excavation process

5.1.6 Equipment

Fquipment used to excavate and move radioactive material will be stored within the confines of
the restricted area unless it becomes necessary to remove the equipment to perform work in other areas
or for service. Before equipment is removed from a restricted area, appropriate decontamination and
survey activities will be performed. Material or equipment will be released for unrestricted use upon
meeting the release criteria presented in §3.2 herein

5.1.7 Adminstrative Cotrol

KMC will establish procedures to govern transport of radicactively contaminated, bulk material
in unaffected areas and o prevent significant contamination of any unaffected area by hicensed material
from an affected area

§ 2 ENSURING OCCUPATIONAL AND PUBLIC EXPOSURES ARE ALARA

KMC protects employees, the public, and the environment by maintaining radiation exposures
and releases of radioactive material to the environment as low as reasonably achievable (ALARA).
ALARA emphasis is an integral part of KMC's radiation protection program It 1s everyone's
responsibility, requiring involvement and cooperation of all personnel
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Kerr-MceGee's health physics and environmental programs are designed to promote practices
that keep occupational and public exposure to licensed material ALARA. They provide integral
emphasis of ALARA exposure and effluents in:

» job planning, procedures, and SWP

s contanunalion surveys

» radiation dosimetry and air sampling

» environmental montoring

+» selection of protective equipment

+» traiming in radiological and industrial safety and in emergency response
«» records management, and

+ health and safety program audits

The principal means to ensure that exposures and releases will be ALARA during decommis-
sioning are through planning activities that involve radioactive material. Each procedure is reviewed to
assure that appropriated measures are included to maintain radiation exposures and releases ALARA.
Fach job safety analysis done to prepare an SWP takes ALARA considerations into account.

Accurate and dependable surveillance of radioactiv ity on surfaces, in air, in personnel, and in
effluents are essential to maintaimng ALARA radiation exposure and radioactive effluent. Cleanup and
restoration achivities are monitored to identify deficiency in engineered or admimstrative control which
might increase potential exposure of workers or members of the public. Monitoring both the work and
site environments help KMC staff to recognize such deficiency and imtiate timely correction

Adininistrative controls facilitate the setring of ALARA goals, job planning, monitoring, and
reviews. evaluation and control of releases of radioactive material; assessment of ALARA emphasis,
and any corrective actions found to be needed to make exposures and effluents ALARA.

5 3 RADIATION PROTECTION OF CONTRACTOR PERSONNEL

In the event a contractor works on decommissioning in an area where licensed radioactive
material is handled or 1s being cleaned up, Kerr-McGee radiation protection policies, health physics
program, tramming, and administration described herein would apply to contract personnel
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TABLE 5.1

RADIATION MONITORING INSTRUMENTS

INSTRUMENT NUMBER RADIATION SCALE
TYPE AVAILABLE DETECTED RANGE MDA
Micro-R Meter 2 Gamma 1 - 5,000 uR’hr 2 uR™r
rlon Chamber i Gamma 0.1 - 300 mR/hr 0.2 mR/hr
l 3" x 1/2"Nal Scintitlator 2 Gamma 0 to 500,000 cpm 500 cpm
I 435 cm’ Gas Flow Digital Scaler 1 Alpha-Beta. Gamma 0 - 500,000 cpm 30 dpm/100 cm’
100 cm® Gas Flow Digital Scaler 1 Alpha-Beta, Gamma 0 - 500,000 cpm 150 dpm/100 cm®
i 60 cm’ Gas Flow Digital Scaler 1 Alpha-Beta. Gamma 0 - 500,000 cpm 300 dpm/100 cm’
60 cm’ Count Rate Meter 3 Alpha ¢ - 500,000 cpm 350 dpm/100 cm’
60 cm’ Personnel Room Monitor 1 Alpha 0 - 50,000 cpm 356 dpm/100 cm’
2" Shide Drawer Counter 1 Alpha 0 - 500,000 cpm 1 dpm
Pressurized lon Chamber 1 Gamma 0 - 100 mR/hr ~ 3uR/hr
A0.5 gR/Ar @ 10 min
count
Computer-Based Auto Sample 1 Alpha-Beta 0 - 99,999,999 cpm 1 dpm
Counter Tennelec LB5S100W
1 Gamma Spectrum Being evaluated

Computer-Based Multichannel
Analyzer- Nal Well Counter

==



PERSONAL, ENVIRONMENTAL, AND AREA

TABLE 5.2

MONITORING EQUIPMENT

Environmental

(T T I S LR e e A e e
EQUIPMENT MEDIA SAMPLED NLUMBER CAPACITY OR n
OR MONITORED AVAILABLE RANGE
Personal Lapel Pumps w/2" | Air 5 0-45LPM
Filter Heads
Powered Area Monitors- All 3 0 -3 CFM
Health Physics
Powered Area Monitors - Air 3 0-5CFM

I

Personal Film Badges

Gamma Radiation

As Required

MDA = 10mRem

Thermoluminescent
Dosimeters

Gamma Radiation

As Required

MDA = ~0.8

mRem/week
T e e




6. FINAL RADIOACTIVITY SURVEY PLAN
6. | BACKGROUND INFORMATION

Kerr-McGee Corporation used part of its Cushing oil refinery site during 1962 through 1966 to
process natural thorium and natural, depleted, and enriched uranium under two AEC licenses, SNM-
695 and SMB-664. The site was released and the licenses terminated in 1966. As a resuit of subse-
quently determined contamination on the site, a new license, SNM-1999, was issued by the NRC in
1993 for decommissioning the site for unrestricted use. Additional discussion of background infor-
mation may be found in Chapter 1, Introductory Information, and Chapter 2, Site Information, of this
Site Decommussioming Plan

6.2 SITE INFORMATION

The Cushing site is located in Payne County, Oklahoma, 2.5 miles NE of the City of Cushing,
midway between Tulsa and Oklahoma City. Figure 2.1 shows the region of the Cushing site. The
terrain of the region is rolling. otl-producing, pasture land. Skull Creek runs through the site before
joining the Cimarron River 4 miles ENE at an elevation of 760 feet above mean sea level (MSL). The
mean elevation of the site is 840 ft MSL. More information about the site is contaned in Chapter 2,

Stre Informatton

6.2 2 Site Conditions at Time of Final Survey

The Cushing site will have been decontaminated and decommissioned to levels that satisfy
current NRC guidelines,! and it will be ready for the final survey described herein Four areas
comprising approximately 200 acres of unaffected area land of the total 440 acre site will have been
previously surveyed and met the current NRC criteria for release for unrestricted use. However, some
portions of the unaffected area land will have been subsequently used for disposition of soil from
atfected areas. Figure 6.1 shows the location of the designated unaffected areas and other features
relevant to decommissioning on the site

As part of the decommissioning acuvities, contaminated structural surfaces of remaining
buildings will have been cleaned by scrubbing. shot blasting, chipping, and the use of chemical agents
Buildings no longer desired for use will have been demolished Buildings 32. A6, A9 (Office
Building), and 73 will be retained until no longer needed by KMC.

Disposition of contaminated soil, including that from the trash dump, trenches, the neutralized
Pit 4. refinery tank berms, areas surrounding process buildings, other land areas. and the bed and banks
of Skull Creek. will have been made according to the criteria described in Section 3, Description of
Planned Decommissioning Activities. Some soil will have been left in place or moved (BTP Option |

L' Guidelines refers to survey objectives in §6.3.1
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. the previous unaffected areas, and some will have been shipped offsite for burial at a licensed disposal
site (Option 4 material)

6.3 FINAL RADIOACTIVITY SURVEY OVERVIEW

6.3 | Survey Objectives

The purpose of the final radioactivity survey is to demonstrate that the radiological conditions at
the KMC Cushing site satisfy survey objectives in §6.3.1, and that the site can therefore be released tor
unrestricted future use without radiological controls and the license terminated. The specific objectives
of the survey are to show that:

A Surface Activity Inside Buiidings and Structures
I Average surface contamination levels for each survey unit are within the acceptable
levels specified in Table 3.1, Acceptable Surface Contamination Levels,

7 Small areas of residual activity, ¢ €., discrete spots, do not exceed three times the
average value. The discrete spot limit applies to areas up to 100 cm? . The average
activity level within a | ne area containing a discrete spot must be within the surface
activity criteria in §3.2

1 Reasonable »fforts have been made to clean up removable activity, and removable
activity within each survey unit is within the acceptable levels specified in Table 3. 1.
4 Exposure rates in occupiable locations are less than 10 uR/hr above background
. Exposure rate levels are measured at | m from floor/lower wall surfaces and are
averaged over surface areas, not to exceed a maximum of 100 m* . Maximum exposure
rates at any location may not exceed 20 uR/hr above background
B, Volumetric Activity of Soil, Water, and Building Materials
| Average radionuclide concentrations in soil are within the acceptable levels specified in
Table 3.2, Option 1 Radioactivity Concentration Levels, and Table 3.3, Option 2
Radioactivity Concentration Levels. Concentrations may be averaged over a 100 m?
grid area

) Reasonable efforts have been made to identify and remove discrete spots that may
exceed the average criterion in Table 3.1 by greater than a factor of ( 100/A)12 | where
A is the area (in ) of the discrete spot

1 Exposire cates do not exceed 10 gR’hr above background at 1 m above the surface
Exposure rates may be averaged over a 100 m< grid area. Maximum exposure rates
over any discrete area of greater than 100 m? may not exceed 20 uR/hr

4. Average radionuchide concentrations above background in Skull Creek water are within
the acceptable levels specified in Table 3.4, Criteria for Radioactivity in Water. If
alpha activity < 15 pCi/l above background, analysis for named radionuclides is not

required

These conditions will be demonstrated at a 95% confidence level for each survey unit as a

. whole
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. The survey results may also be used to determine the inventory of radionuclides in the engine-
ered cell that will remain on-site following release of the site for unrestricted use and termination of the
license

6.3.2 Identity of Contaminants

Based on the knowledge of site operations and the results of 4 preliminary assessment, a charac-
terization survey, and other measurements, the significant radiological contaminants have been deter-
mined to be natural thorium and isotopes of uranium. The uranium is comprised of depleted, natural,
and enriched forms, resulting in an average enrichment above the naturally occurring level. Although
uranium with a wide range of U235 enrichment values were received, most environmental samples have
exhibited relatively low enrichments. in addition, there is some radium resulting from crude oil
production activities on the site. Section 2.2, Site Information, and Section 3.2, Radiological Criteria
for Decommissioning, contain additional information about the o.igin and composition of the radio-
logical contaminants on the site

On the basis of the determined combination of radiolcgical contaminants, the criteria for on-site
disposition of the contaminants are those shown in Tables 3 1 through 3.3

In addition to the radioactive contaminants, the site contains soil areas with acidic hydrocarbon
studge, oils, and greases. These materials as well as NORM materials will be addressed in accordance
. with requirements ol the State of Oklahoma and the U.S. Environmental Protection Agency.

6.4 ORGANIZATION AND ADMINISTRATION

6.4, 1 Organizaton and Responsibilities

The overall organization and responsibilities for decommissioning are described in Chapter 4,
Organization and Admanistration. The final radioactivity survey will be performed by a team within
the organization composed primarily of qualified personnel at the Cushing site, Cimarron Corporation,
and KMC headquarters in Oklahoma City Some contractor assistance may be required for certain, not
now identified, services or tasks. The team organization for the survey is shown in Figure 4 1,
Organization Chart for the Cushing Site, and it includes any potential contractor assistance

The team will operate under the general direction of the Site Coordinator. The Site Coordinator
will have the authority to make appropriate changes to the survey plan (subject to the established
QA/QC program) as deemed necessary as the survey progresses

Field measurcments of radiological parameters and sample collection will be under the direction
of the Radiation Safety Officer. He will also oversee the activities of any field contractor assistance.

Laboratory activities for in-house analyses will be under the direction of the Radiation Safety
. Officer. He will also oversee the activities of any laboratory contractor assistance.
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Quality assurance (QA) responsibilities will be handled by the Quality Assurance Coordinator.
As QA officer, he will coordinate all interface requirements during the survey process. Quality
controls are ordinarily integrated into calibration or survey procedures. Any changes or alterations to
these procedures will be handled in the same manner as changes to survey procedures.  The QA
program for radiation and radioactivity measurement is outlined in §4.2.

The Waste Management Department will provide expertise on spectrometry instrumentation and
sample analysis. Other KMC personnel will provide expertise, advice, and audits as described in
Chapter 4, Organization and Administration, of the decommissioning plan.

6.4.2 Training

Kerr-McGee Corporation provides continuing training for its Decontamination Project
personnel and others who may be exposed to radioactive materials.  Training varies according to the
potential exposure and nature of employees’ job duties. In addition to the training specified in Section
4.4, Training, special training will be provided on equipment, special techniques, and practices relative
to the survey activities for those employees who will be involved in taking radiation measurements and
radioactive samples, and in performing laboratory analyses. All members of the final radioactivity
survey team will attend an in-house training session at which radiation protection, survey procedures,
and quality assurance activities will be reviewed

6.4 3 General Survey Plan

The survey plan consists of systematic processes and procedures found to be acceptable by
industry standards and the NRC . Activities have been defined and tasks within those activities
described . Table 6.1, Overview of Final Radiation Survey Activities and Tasks, provides a breakdown
of activities and tasks that currently comprise the final radioactivity survey plan. The tasks will be
assigned (0 the appropriate team members as required

Subsequent sections provide information on conduct of these tasks

6.4.4 Tentauve Schedule

The first three of the major activitie: in the final radioactivity survey depicted in Table 6.1 have
been completed. The remaining activities will be scheduled to begin within 60 days after NRC approval
for capping the engineered cell. A milestone chart showing the time line for performing the remaining
major activities of the final radioactivity survey is shown in Figure 6.2, Milestone Chart for Final
Radioactivity Survey Activities

6.5 SURVEY PLAN METHODS
6.5.1 General

Due to the nature of operations conducted at the Cushing site, huildings and land areas consid-
ered potentially contaminated will be surveyed. The location, type. and density of samples taken at the
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site will be based on the potential for residual radioactivity. This potential is based on a review of site
history and the results of a preliminary assessment and a characterization survey. The bases for classi-
fication of land areas as affected and unaffected are described in Section 6 5.3.1, Area Classification.
To the extent that locations of measurements or sampling in support of characterization, remedial action
control. or other previous surveys have not been disturbed since those earlier surveys, and the radio-
logical status would therefore be unchanged, data “rom those surveys may also be used as part of or in
support of the final radicactivity survey.

Throughout this chapter, the survey activities are generally described in the future tense.
However, it should be understood that some activities and parts of other activities, particularly those
involving the earlier surveys mentioned above, have already been completed, and the tense remains

future.

6.5 2 Listrumentation

Tahle 6 2. Instrumentation for Final Radioactivity Survey, lists the instrumentation planned for
use 1n the final radioactivity survey, along with applications, typical parameters, and detection sensitiv-

ities tor the mstrumentation

The minimum detectable activity (MDA) of an instrument is an @ priort estimate of detection
sensitivity The basic equation for estimating instrument MDA is:

MDA = 271 4 329B{I7, + T7L)

EA
where
MDA = minimum detectable radioactivity
B = background or blank count rate (ct/min)
t, = background count time (min)

{, = sample or source count time (min)

E = overall detection efficiency

A = volume, mass, or area of sample measured
When 1, = t,. this equation is equivalent to applications of this relationship to several practical radio-
activity survey modes presented in NUREG/CR-5849, §5 2

Sensitivities for surface contamination surveys by alpha or beta-gamma instruments are based
on movement of the detector over the surface at about 1 detector width per second and the use of
audible indicators to sense changes in instrument count rates. Calibration of field instruments will be
maintained in accordance with established KMC procedures. Calibration will be appropriate for the
radiation energies expected to be present at the site. Operanonal and background checks will be
performed as specified by KMC procedures.

The ohjective MDA for instruments used to perform final survey measurements is to achieve
25% or less of the stated, average limit.
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6.5.3 Survey Plan

6.5.3.1 Area Classification

For purposes of establishing the sampling and measurement frequency and pattern, the site has
heen divided into affected and unaffected areas. The bases for these classifications are:

Affected Areas: Areas (including buildings) that are iikely to have radioactive material contam-
ination hased on plant operating history or known radioactive material contamination based on prelimi-
nary or characterization radiological surveys. This includes areas where radioactive materials were
used and stored. where records indicate spills or other unusual occurrences that could have resulted in
contamination. and where radioactive materials were buried. Areas immediately surrounding or
adjacent locations where radioactive materials were used, stored, spilled, or buried are included in this
classification because of the potential for inadvertent spread of contamiaation.

Unaffected Areas: All areas not classified as affected. These areas are not expected to have
radioactive material contamination, based on a knowledge of site history and previous survey informa-

ton.

Table 6.3, Potentially Affected Areas, lists the various site arcas, including buildings, that are
known to be in the affected area classification. Affected areas containing the most significant concen-
trations of licensed material are also shown in a scale drawing of the site, Figure 2.2, Main Featurcs of

the Cushing Sue

s

t.5.3.2 Reference Grids

A grid has been established for the purpose of referencing locations for measurements and
sampling. The grid intervals will be based on the classification categories described in 6.5.3.1, Area
Classification, and other factors described below.

All building floor and lower wall (up to 2 m) surfaces in an affected area will be gridded at 1 m
intervals. Upper walls and ceiling surfaces will also be gridded at 2 m intervals. Building surfaces in
unaffected areas or those upper surfaces in affected areas that have not been contaminated will not be
pridded: measurements i these surfaces wil' be referenced to other grid systems or to propunent

butlding fearures

Both affected and unaffected outside areas will be gridded at 10 m intervals. The grid system 15
identical to the one used during the characterization survey and remedial action activities. Where
necessary. the previous grid system will be reestablished, expanded, subdivided, or otherwise modified
to meet specific topographic conditions and survey requirements.

The site will be divided imto survey units having common history or contamination potential or
that are naturally distinguishable from other site areas. These survey units will be sized to assure a
minimum of 30 measurement locations each for outside areas, as well as for building floors and lewer
walls and for other building horizontal and vertical surfaces.
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Survey units in unaffected areas identified by scans, direct measurements, or sampling as

exceeding appropriate limits will be reclassified as affected areas and will be gridded and resurveyed
accordingly. If a single, discrete spot in an unaffected area survey unit exceeds a guideline, the
reclassified affected area surrounding the spot wili be 100 m? for open land. 10 m? for indoor
exposure rate. and 1 n¥ for contamination on building surfaces

6.5.3 3 Surface Scans

Scanning of surfaces to identify locaticns of residual surface and near-surface contamination
will be performed according to the following protocol:
« Affected Area Surfaces - 100% of surface
» Upper Surfaces in affected areas (§6.5.3.2) - scans in iinmediate vicinity of measurement
« lnaffecred Area Surfaces - 10% of surface (none in upper building surfaces)

Building interior surfaces will be scanned for a'pha and/or beta-gamma radiations, depending
on the expected contaminants. Building exterior and paved surfaces will be scanned for beta-gamma
radiations. Soil surfaces will be scanned for gamma radiation only.

Instrumentation for scaaning is listed in Table 6. 2. The instruients having the greatest
Jetection sensitivity will be used for scanning as physical surface conditions and measuremen’ locations

permit

Scanning speeds will be approximately 1 detector width per secoad for alpha and beta detection
instruments. and 0.5 m per second for gamma detection instruments.  Audible indicaiors (headphones
or speakers) will be used to identify locations having levels of direct radiation about 2 times higher
(han ambient. All scanning results will be noted on standard field record forms. locations of higher
than ambient radiation will be identified for subsequent investigation.

6 5.3 4 Surface Contamination Measurements

Direct Measurements. Direct measurements «f alpha and beta-gamma surface contamination
will be performed at selected locations using instrumentation described in Table 6 2. The instruments
having the greatest detection sensitivity will be used Jor surface contamnation measurements as
physical surface conditiuns and measurement Jocations permit. For instruments so equipped and
calibrated. measurements will be conducted by integrating counts over the time period used to estimate
the MDA, When a ratemeter type of instrument is used, the count averaging time should be about twice

the nime constant of the instrument,

Because scanning is capable of detecting uranium and thorium contamination at < 25% of the
guideline values, direct surface contamination measurements will be systematically performed only at 2
m intervals on building floors and lower walls in affected areas, and at the same intervals on upper
surfaces that may have contamination >25% of the guidelme values. as determined by scanning.

On building upper surfaces in affected areas that are not suspected of contamination, measure-
ments will be performed at a minimum of 30 locations in each survey unit of vertical and horizontal
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surfaces. These locations will inciude surfaces where rad vactive material would likely settle and
sufficient additional locations to provide measurement coverage at an average of at least 1 measurement
location per 20 m? of surface area.

On building surfaces in unaffected areas, a minimum of 30 random measurements or an average
of at least | measurement location per 50 m? oi surface area, whichever is greater, will be performed
for eacu survey unit. These locations will include all building surfaces.

Removable Contamination Measurements. Smears to detect removable surface contamination
will be collected at locations in baildings where direct measurements are performed,

6.5 3 5 Exposure Rate Measurements

Gamnia radiation exposure rates will be measured at | m above ground and floor surfaces.
using a pressurized ion chamber insirument, or a gamma scintillation instrument or micro-R meter cali-
brated against the pressurized ion chamber instrument.  Measurements will be uniformly spaced

accordmg to the following protocol

Building Interiors
Affected Arsas: | measurement per 4 m?
Unaffected Areas: 1 measurement per 200 m?

Quiside Areas
Affecied Areas 4 measurements per 100 m?
Unaffected areas: 4 measurements per black (100,000 m?) or 30 measurements at
randomly selected locations, whichever 18 greater

6.5 3.6 Soil/Sediment/Water Sampling

I

|

|

1

|
Surface.  Samples of surface soil (015 em) will be systematically collected from 4 points :‘

midway between the center and the block cornes for each 10 m x 10 m grid (or equivalent protocols) in

affected areas At least 30 samples will be obtained from random locations in each survey unit of

unaffected areas. Samples will be collected at 10 m intervals along the drains from the former process

buildings 10 Skull Creek wnd from any natural surface drainage pathways from atfected areas to Skull

Creek Al each surface sampling location, contact gamma radiation levels before and after sampling {

will be monitored (o verify that subsurface contamination is not present ‘

|

Samples of sediment will be collected about 0 to 15 cm deep at the outfalls of existing or
previous drains to Skull Creek and at 10 m intervals along Skuli Creek, beginning 25 m upstream of the
outfall most upstream and ending at the site boundary. For each outfall and 10 m interval, samples will
be collected on the centerling and about 2 m to one side of the centerline of Skull Creek. In addition.
samples will be collected from the center of the former route of Skull Creek between the former process |
buildings and the site boundary, as well as downstream of the site boundary to the low water crossing ‘
several hundred meters downstream, at 10 m intervals. i

Cushing Decomnuss.omng Plan rev. 0 April 25, 1994 6. 8 |
survplad doc |

O . . ; . I EET LT Y, g A



Subsurface. Subsurface investigations v ill be performed at the location of Pit 4, the trash
dump, dismantled Building 30, and the former trenches in the NE portion of the site. Subsurface
samples will be obtained using the split barrel method. Sampling will be at the top (0-15 cm) and at 1
m below the surface at each location. Ten uniformly spaced smapling locations will be selected around
the perimeter of Pit 4 and the trenches to confirm the absence of subsurface migration. Borings will
extend about one meter below the depth of excavation,

Samples will be collected and analyzed on a gamma spectrum analyzer or mea.urements made
i-situ. 1f results are above a cleanup limit, subsurface samples will be obtained to define the area and
magnitude of residual contamination

at its entrance and exit from the site.  Each sample will be analyzed for gross alpha activity. If the
alpha activity corcentration in the downstream sample exceeds that in the upstream sample by more
than 15 pCiZl, the pair of samples will be analyzed for Ra?26 | Ra*2®  uranium, Th®3?  and Th*=¥

of the process of excavating, sorting, and moving the soil to a storage area for subsequent emplacement
in the engineered cell. (See also Section 3.4 .8, Measurement and Sorting). these samples will be
archived for possible future analysis.

6.5 2 7 Special Measurements and Samples

building intenioss are not expected 1o be necessary because most fixtures have already been removed.

Building Exteriors  Measurements of direct and removable contamination will be performed on

the exterior and inierior surfaces of any remaining air exhaust equipment and at representative
focations on roof drains in affected areas. Samples of roofing maiertal will be obtained where direct
measurements indicate possible entrained contamination

ceans or direct measurements indicate possible contamination beneath the paving. The number and
location of these cores wili be determined based on the findings as the survey progresses

6.5 4 Bachground Level Ueterminatuons

Background radiation exposure rates will he determined for building interiors by taking a
minimum of 10 measurements at locations without a history of use with radioactive materials.
Background radiation exposure rates and concentrations of uranium and thorium in soil will be deter-
mined for outdoor areas by taking a minimum of 10 measurements and samples at appropriate locations
onesite or within a 0.5 1o 10 km radius of the site. Radiation exposure rate measurements will be
performed as described in Section 6.5.3.5. Exposure Rate Measurements. Results of background radia-
tion exposure rates and concentrations of uranium and thorium in soil will be evaluated to assure that
the averages determined are representative of the true averapes. If the upper 95% confidence level
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bound on the background average is greater than 10% of the guideline value, the background data will
be tested to assure that the average represents the true mean to within +20% at the 95% confidence
level. If necessary, additional measurements or sampling will be performed to satisty the criteria. The
total number of background measurements needed to satisfy the objective will be calculated by:

i = [(gs sy a8 )+ (0 2% )]
where n, = number of background measurements required
x;, = mean of initial background measurements
s, = standard deviation of initial background measurements
tyse gr = ¢ statistic for 95% confidence at df =n-1 degrees of freedom, where n is the number

of imitial background data points

Table 6.4 contains a list o1 values for the tgs¢ statistic at various degrees of freedom?
Subtracting the number of data points already collected (n) from the total calculated number (ny, ) will
determine the number of additional measurements or samples that will be required to demonstrate the |
desired confidence of the data  1f this caleulation indicates that additional background data are needed,
they will be collected uniformly over the area. using the same sampling or measurement protocol as that
used for the original sampling or measurement. The average background will then be recalculated |

using all data points

6.5.5 Sample Analysis

Srmears and swabs collected for removable contamination will be analyzed for gross alpha and
gross beta activity. Soil, sediment, roofing marerial, and other large volume samples will be analyzed
for thorium and U23% and U238 by gamma spectrometry; total uranium will be calculated on the basis of
previously determined average specific activity ratios for the site {See Section 2 4.1, Radionuclides)
Samples of paint. residues. and other samples of small volume will be analyzed for uranium and
thorium by wet chemistry and alpha spectrometry.

Laboratory chain-of-custody procedures v ill be observed for all samples analyzed
6.6 DATA INTERPRETATION

Measurement data will be converted to units of dpm/100 cm? (surface contamination), uR/hr
(radiation exposure rates), and pCi/g (soil concentrations) for comparison with guidelines. Net
measurements. i ¢ . after subtraction of background, wiil be used for the comparisons. Individual
measurements and soil concentrations will be compared with discretc-spot criteria. Weighted average
values for surface contamination, radiation exposure rates, and soil concentrations will be determined
using the following equation:

Xy = 11,'n\)2x,~[1-$/\k]+£ﬁ Ay

2 NUREG/CR-5849, Table B-1
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where  x, = weighted mean including elevated area(s)
.= systematic and random measurements at point 1
n, = number of systematic and random measurements
y, = eclevated area activity in area k
A, = ftraction of 1 m? occupied by elevated area K
n, = number of elevated areas

Average values for surface contamination, radiation exposure rates, and soil concentrations, as
specified in Section 6.3 1, Survey Objectives, will be determined using the following equation;

A = (I & X,

The averages will be tested to determine whether the data for each survey unit provide a 95 %
confidence that the true mean levels meet the guidelines. The data will be tested using the following
equation:

M, = X% bggr 8 /0

where t, g = 93% confidence level obtained from Table 6.3. df is n-1; a i the false probability
(the probability that u,, 1s less than the guideline value if the true mean activity level
is equal to the guideiine level)

x = calculated mean
s, = standard deviaiion
h = number of individual points used to determine x and s

The value of u, will be compared to the guideline value. 1t y, 1s less than the guideline value,
the data being tested meet the guideline at a 95% confidence level.

In the event additional remediation and/or further sampling and measurement is performed
where guidelines are not met or cannot be demonstrated to the specified level of confidence,
computations and comparisons will be repeated as necessary.

Average levels may be used to estimate the inventory of uranium and thorium emplaced in the

on-site enginéered cell
6 7 REPORT

A report describing the findings of the final radioactivity survey will be prepared and submitted
to the NRC_ Report format and content will generally follow the recommendations contained in
NUREG/CR-5849. Manual for Conducting Radiological Surveys in Support of License Termination
Data will be summarized in tables and figures. Measurement and sampling locations will be shown 1
scale drawings.
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Al field and analvtical data, mcluding procedures and instrument calibration certificates used in
the survey, will be archived by Kerr-McGee Corporation until such time as the NRC agrees that they

mav be disposed or until the License 1s terminated
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. Table 6 1 Overview Of Final Radioactivity Survey Activities And Tasks

Activities

Tasks

Evaluate contamination potential

Establish grid reference system

Determine backeround levels

Perform direct measurements

Collect samples

Analvze samples

Imerpret data

Prepare reportt

Cushing Decommussioning Plan
~urvplad doc

POV —_—d e L

t9 L

B U 1Y -

tad VD =

rev. U

Review operadng history with respect to facility
use, spills, releases, etc.

- Review radioactivity data from scoping and

characterization surveys.

ldentify radionuclides of concern and determine
guidelines

Classify areas as to affecied and unaffected
Install grids

Prepare facility survey maps

- Measure indoor exposure rates and ambient

b ta-gamma radiation levels
Measure outdoor exposure rates

- Collect and analyze background soil samples.

Measure background radionuclide concentration
in sotl

Conduct surface scans

Determine frequency and locations of measure-
ments (0 meet crieria

Conduct building surface activity measurements
Measure exposure rates

Determine frequency and locations of sampling
10 meet crieria

Collect systematic and spectal samples

Count smears and swabs. Analyze soil, residue,

liquid, and other samples for uranium and
thorium activity

Corwvert data to standard units

Calculate average levels

Compare data with critena

Compute inventory of residual radicactvity n
disposal cell

. Construct data tables and higures

Prepare text
Submit report to NRC
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TABLE 6.2

RAD'ATION MONITORING INSTRUMENTS

INSTRUMENT NUMBER RADJATION SCALE
TYPE AVAILABLE DETECTED RANGE MDA
Micro-R Meter 2 Gamma 1 - 5,600 uR/hr 2 uR/hr
fon Chamber i Gamma 0.1 - 300 mR/hr 0.2 mR/hr
F x 1/2"Nal Scintillator 2 Gamma 0 to 500,000 cpm 500 cpm
435 cm’ Gas Flow Digital Scaler i Alpha-Beta, Gamma 0 - 500,900 cpm 30 dpm/100 cm’
100 cm’ Gas Flow Digital Scaler ] Alpha-Beta. Gamma 0 - 500,000 cpm 150 dpm/100 (fm:
60 cm’ Gas Flow Digital Scaler 1 Alpha-Beta, Gamma ) - 500,000 cpm 300 dpm/100 cm’
I 60 cm’ Count Rate Meter 3 Alpha 0 - 500,000 cpm 350 dpm/100 cm’
60 cm’ Personne! Room Monitor 1 Alpha 0 - 50,000 cpm 350 dpm/100 cm’
2" Slide Drawer Counter 1 Alpha 0 - 506,000 cpm 1 dpm
Pressurized lon Chamber 1 Gamma 0 - 100 mR/hr ~ 3uR/hr
A0S gR/hr @ i) min
count
Computer-Bas :«d Auto Sample 1 Alpha-Beta 0 - 99 689 999 cpm 1 dpm

Counter Tennelec LB5100W

Computer-Based Multichannel
l Analyzer- Nal Well Counter

Gamma Spectrum

Being evaluated




9 Table 6.3 T-test Factors for Comparing a Survey Data Set and lts Limit

Degrees of Freedom l g5 Degrees of Frezdom t g5
1 6314 19 1.729
2 2.920 20 1.728
A 2.353 21 1.721
4 2132 22 1.717
. i3 23 1.714
6 943 24 I 711
7 | .895 25 1.708
K | B6O 26 1.706
9 1 B33 27 1.5703
10 1 812 28 1.701
11 |.796 29 I 699
1.782 3() 1 697

1,771 40 | 684

14 1.761 60 1.67!
15 i.753 20 | 658
|6 . 746 400) | 649

Degrees of freedom is the number of items of data mnus 1. For values of degrees of freedom not in the

table, interpolate between values histed

Cushing Decommissioning Plan rev. 0 April 25, 1994 6. 15
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Table 6.4 Potentially Affected Areas

Licensed Material

NW part of Pit
Land area adjacent NW side of Pit 4
Refinery tonk berms in blocks 7, 29, and 41
Trash dump in block 4
Burial trer.ches in blocks 10 and 12
Skull Creek downstream of process building to site boundary
Abandoned section of Skull Creek in blocks 103 and 104
Former process buildings A6 and 30 and the Barrel House
Area of former process building 31
Three ditches be'ween process buildings and Skull Creek
Spot of land adjacent the loading dock
Soil and rubble in blocks 121 and 122
Soil and rubble in blocks 113, 114, 121, and 122
Pile of earth in plocks 108 and 109
Rubble in wash in block 102
Several spots north of Deep Rock Road
Litch along the railroad right-of-way in biocks 126 and 133

Naturally Occurring Radicactive Material
Sump adjacent SW end of maintenance building
Pipe storage vard near SW end of maintenance building

Firebrick in several spots in blocks 103, 133, 140, and along the raiiroad right-of-way

Cushing Decommissioming Plan rev. 0 April 25, 1994
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APPENDIX B
ENVIRONMENTAL RADIOACTIVITY PATHWAY ANALYSIS

INTRODUCTION

The planned site cleanup involves placement of materials containing concentrations of
radioactive material exceeding the BTP Option 1 limit in an engineered disposal cell onsite. The cell is
intended to nunimize migration in groundwater, minimize intrusion potential, minim.. e migration of
radon gas to the surface, and maintain long-term stability (assumed for this analysis) to the extent
practical. Cell contents will include various material forms including soils, rubble, asphaltic materials,
and miscellaneous materials that can be considered to be soils. These materials may contain enriched or
depleted uranium, refined natural thorium. and naturally-occurring radioactive material (NORM)
comaining radium. Cell contents may also include radioactive decay products of these nuclides that can
be expected to grow in over during the time period of interest. Cell design and performance can Limit,
and, in some instances. practically eliminate, radiation exposure to members of the public from
radioactive matenals placed in the cell,

The primary purpose of this painway analysis is to develop a preliminary estimate of the
maximum acceptable concentrations of thorium, uranium, and radium nuclides in materials that might
be placed in the disposal cell, taking into account radiation doses that might result from those nuchdes
and their radioactive progeny. The secondary purpose is to establish minimum acceptable cover
thicknesses for materials containing aged natural thorium and radium-226. respectively

Within the context of NRC regulation of decommissioning, pathway analysis includes the
estimation of radiation doses that might be received by a typical member of a small group of people
from use of the site as far as 1,000 years into the future. Thus, this analysis considers not only the
current conditions at the site, but projected conditions as well. The analysis evaluates potential uses of
the site and potential migration of radioactive materials through the environment over time, taking
account of both natural processes and human activities that could be expected to alter the patterns or
riates of contaminant movement

Disrosal CELL DESIGN KEY ASSUMPTIONS

Disposal cell location and design specifications assumed for planning purposes are discussed in
§3.5  The dimensions of disposed soil and rubble in the ceil are assumed tobe SOmx 50mx 3 m
deep. The top of the radioactive material deposit is assumed (o be 3.05 m (10 ft) beneath the surface
A Tow-permeability (108 cm/s) clay-sail cover 1.22 m (4 ft) thick is assumed 1o be located immediately
above the waste. The top of the cover would b 1.83 m (6 ft) beneath the surface. If any Ra?26 -
hearing NORM is put into the cell, it is assumed that it will be placed in the Jower third of the disposal

cell to gain maximum benefit of overlying materials in attenuating the emanation of radon-222.
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ASSESSMENT METHODOLOGY

The pathway analysis process consists oi three-sieps: 1) development of exposure scenarios
based on anticipated site conditions and uses; 2) use of a mathematical model with simplified
representations of site physical conditions and potentially exposed populations to calcalate future
exposutes and radiation doses as a function of time and as a function of concentration of nuclides in the
waste material for the specifi=d scenarios; and 3) computation of maximum acceptable waste
concentrations based on maximum acceptable dose and the calculated relationshin between dose and
waste concentration.

This section describes the mathematical model used to compute the relationship between doses
and concentrations of nuclides in waste materials, important site-specific input data. and the computer
code run sequence developed to accomplish the assessment.

Mathematical Model Selection

Potential future radiation doses are computed from estimates of potential radioactive material
intake rates and radiation exposure rates. The computation of contaminant concentrations in media and
radiation doses associated with exposure to those media is complex, and is usually performed using
computer codes designed for the purpose. RESRAD code version 5.04' was selected as suitable for
evaluation of all pathways in this case. This code was developed by the U.S. Department of Energy for
deriving residual radioactive material guidelines for its sites. The RESRAD code computes radiation
doses from internal exposure via inhalation and or ingestion using dose factors developed from current
methodology ., specifically those in Federal Guidance Report 1 4. Inconformance with this guidance
the term dose, as it is used in this report, means committed effective dose equivalent (CEDE) in
reference (o doses from internal exposure, deep dose in reference to external exposure, and rotal
effective dose equivalent (TEDE) in reference to combined internal and external exposure. Doses
totaled over all applicable exposure pathw.iys are computed as a function of time afier hcense
termination over a period up to 1,000 years for each potentially important receptor. The peak value for

gach receptor is retamned.

Environmental Exposure Pathways

People could conceivably receive radiation doses through either internal or external exposure.
In external exposure, the body absorbs radiation emitted by radioactive material outside the body For
example, radioactive materials deposited on the grouad surface can irradiate a person standing on the
contaminated ground if the radiation emitted is sufficiently penetrating fo reach internal body tissues.
In internal exposure. the body absorbs radiation emitted by radioactive material that has been inhaled in
air. ot ingested in food or water. In general, the level of the radiation dose received decreases as the

| Yu. €. eral, Manual for Implementing Residual Radioactive Maierial Guidelines Using RESRAD,
Version 5.0, ANL/EA/RP-8133, September 1993

2 Fckerman. K.. er al., Limiting Values of Radionuclide Intake and Air Concentration and Dos:
Conversion Factors for Inhalation, Submersion, and Ingestion, Fed Guidance Rpt No. 11 EPA-520/1-88-
20, Sept, 1988
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sometimes complex. Exiernal radiation exposure can be mitigated by dilution of the source material, by
increasing the distance beiween the receptor and the source, by limiting exposure time, and by
shielding. i.e.. the placement of radiation-absorbing material between the receptor and the source.
Internal exposure can be best mitigated by isolation or dilution of the source material to minimize
inhalation or ingestion of radioactive material.

|
. quantity of radioactive material available for exposure decreases, but the exact relationships are
l
|

; General Pathways. A comprehensive set of possible general exposure pathways for
[ consideration in dose assessment was developed based on the nuclides of interest, the anticipated
| distribution of the nuclides on the site, potential uses of the site, and potential environmental migration
| pathways. This compilation 15
| 1. Ground
| +  Inrect radiation from gamma-emitting nuchides in soil

I

Dusi
»  Suspension of surface particulate material-—air--inhalation
Radon (water independent)
. Release of radon gas from radioactive material in near-surface soils--ingrowth of
airborne particulate radon daughter producis--inhalation
4. Plant (water independent)
+  Suspension of surface particulate material--air--deposition or uptake in edible plant

‘el

nssue—ingestion
. . Uptake of material in soil through root. of edible plants-—-ingestion
5. Meai or Milk (water independent)
. Suspension of surface particulate material--air--deposition or uptake in edible piant
tissue--ingestion by animal--ingestion of animal product
. Uptake of material in soil through roots of edible plants--ingestion by animal--ingestion
of animal product
| 6. Soul
| » Ingestion of soil
| 7. Water
+  Reicase of materials in soil to infiltrating water--groundwater--ingestion
. Release of materials in soil to infiltrating water--groundwater—transport to surface
water--ingestion
8. Fish
. Release of materials in soil 1o water flowing through the site--runoff to surface water--
uptake in aquatic life--ingestion
9. Radon (water dependent)
. Release of radon gas from groundwater brought into residence--ingrowth of airborne
particulate radon daughter products--inhalation
10, Plant (water dependent)
. Release of materials in soil to infilirating water--groundwater--transport to surface as
. irrigation water--deposition or uptake in edible plant tissue--ingestion

Cughing Decommissioning Plan rev. O April 25, 1994 B 4
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11, Meat or Milk (water dependent)
»  Release of matenials in soil to infiltrating water--groundwater--transport to surface
water--ingestion by animal--ingestion of amimal product
»  Release of matenals in soil to infiltrating water--groundwater--transport to surface as
irrigation water--deposition or uptake in edible plant tissue--ingestion by animal--
ingestion of animal product
A suitable subset of this list can be taken as a complete list of exposure pathways for any particular
exposure scenario.

Scenartos tor Engineered Cell. Depending on potential uses of land and groundwater
resources, people might conceivably be exposed to radioactive materials in the cell on the Cushing site
i a number of ways. The site 1s a 440-acre industrial site in a rural setting. Use of the land in the near
future 15 most hikely to be similar to the present industrial use. However, over the 1,000-year period of
interest, redevelopment for farming and residential use may occur, increasing potential for exposure to
disposed sor! and rubble. Use of groundwater for domestic purposes or for irrigation is considered
feasible, but unhikely pathway because of the very long ume to migrate to the uppermost aquifer
beneath the cell. Excavation into the soil above the disposed material or construction of a well through

i would be considered an intrusion

Considening concervable land and water uses, exposure to residual radioactive material in soils
on the site could possibly occur through one or more of three terrestrial pathways, depending on the
location of soils contaming residual radioactive material with respect to the grour surfuce. If residual
radioactive matenal were contained in soil near the ground surface, exposure could occur by irradiation
directly from radioactive material in the soil, from inhalation of dust containing residual radioactive
material suspended from soil at the ground surface or produced from the radioactive decay of radon gas
emitted from the sotl. or trom ingestion of residual radioactive material taken up from soils into garden
products produced on the site. In the cases involving groundwater use, radiation exposure could result
from mgestion of water and from ingestion of radioactive material taken up from irrigation water into

garden products produced on the site,

A number of site-specific exposure scenarios have been developed to identify the hypothetical
receptor likely to receive the maximum dose.  These scenanios allow for varying levels of disturbance
of the contaminated mateiials by human action, so that the potential impact of isolation by
admuistrative action can be examined. Each scenario consists of a set of exposure pathways and
particular site conditions that might occur for a particular hypothetical receptor engaged in acuvities
that cause him to be exposed to radioactive matenals either in place or in transport, due either to his
actions or to natural processes. Two base case scenarios have been developed to represent the most
probable use  In addition, two scenarios have been developed for purposes of sensitivity analysis.
These are considered scenarios of itrusion and much less likely to occur than the base case scenario,

Cushing Decommissioning Plan rev. 0 April 25, 1994 B 5
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These scenarios are:

+» Base Cases:

Farm product consumer (FPC):

Land above waste is used only for agricultural purposes. No residence or activity resulting
in excavation or well construction through the waste is permitted.  The land above the
disposal cell is assumed to provide the exposed person either his entire diet or as much of
it as can be produced from the limited land area

Farm worker (FW):
An agricultural worker works for 2,000 hr/yr on the land abeve the disposal cell, where he
is assumed to be exposed to airborne dust, radon progeny, and direct radiation.

v Sensitivity Analysis Cases:

Resident farmer, house with basement (RFB).

\ farm famly is assumed to reside in a house built on the land over the waste and to grow
agricultural products on the land for their own consumption. The house is assumed to
have a hasement. the floor of which is 6 ft below the surface and 4 ft above the waste. The
family is assumed to consume water from a well drilled at the edge of the waste cell and
screened in the uppermost sandstone layer beneath the engineered cell. This case is
considered to be an intrusion scenario

Resident farmer, house with no basement (RFS).

A farm family is assumed to reside in a house built on the land over the waste and grows

agricultural products on the land for their own consumption. The house has no basement,
but is built on a slab at the surface. The family is assumed to consume water from a well
drilled at the edge of the waste cell and screened in the uppermost sandstone iayer beneath
the engineered cell. This case is considered to be an intrusion scenario

The exposure pathways assumed to be associated with each exposure scenarios are identified in

Table 3.6

Evaluation of Irradiation Through Soil Cover

Results presented in Figure 3.5 are based on assumption of occupancy 0.5 of the time. These
results are probably slightly low for a scenario that includes a house on a surface slab and somewhat
hizh for a scerario that includes a house with a basement. The occupancy factor is the sum of the
indoor and ontdoor occupation time fractions, typically considered to be 0.25 and 0.5 respectively, each
weighted by a factor representing dose reduction due to structural materials. This factor is considered
to be 1.0 for outdoor exposure and, typically, 0.7 for indoor exposure, leading to a default occupancy
factor of about 0.6 in RESRAD. For a scenario involving a basement, the floor of which is below the
surface but above the contamivated material . the cover thickness and occupancy factor must be specitied
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Concentrations of radionuchides in the leachate leaving the burial cell at any point in time are
computed by RESRAD using distribution coefficients (K 4) and concentrations of radionuclides in the
buried material at that time. RESRAD's default K; were used for the buried material.

The first significant sandstone lens below the cell was treated as the water table aquifer in the
ground-water pathway analysis. The thick mudstone deposits between the bottom of the cell and the
first significant sandstone layer were treated as an unsaturated zone in the RESRAD model. However,
the saturated hydraulic conductivity of this material was specified to be 3.15 x 103 myy (108 cn/s),
effectively saturating the material based on the infiltration rate established above. While data
idenuifying the total and effective porosity of the mudstone are not available, conservative values of 0.2
and 0 05 were used for total and effective porosity, respectively. These values were chosen so as to
mintmize the retardation coefficient and maximize the interstitial velocity of ground water in the
mudstone. within reasonable limits. A thickness of 20 m was conservatively assumed for this zone

The identification of an appropriate value for the K, for each radionuclide in the mudstone 1s
preliminary. The mudstone is composed, in large part, of fine grained particles, including a high
percentage of clay particles, and could exhibit a high degree of adsorption. However, the consolidation
and himited cementation that this material has undergone can reduce the ability of the material to adsorb
radionuclides. Consequently, a range of K values was assumed to evaluate the effect of this parameter
on the dose received from the ground water pathway.  These values ranged from O mi/g, indicating no
partitioning o'« fionuclides to the solid phase, to as high as 60,000 ml/g, and included default
RESRAD values  Since the mass balance option for computing dilution factors in ground water does
not depend on the parameiers specified for the aquifer. default RESRAD values were assumed for the
water table hqmtcr

To repeat. the first significant sandstone lens below the cell was treated as the water table
aquifer in the groundwater pathway analysis. Leachate flow from the cell into RESRAD's default well
withdrawal rate resulted in an estimated dilution factor of 0.032. Analysis of radionuclide migration
times from the cell 1o the top of the first extensive sandstone layer indicated that, with minimal Ky .
arrival mes would easily exceed 1000 vears. While the potential impact on the water dependent
pathways was included by specifying that all irrigation water as well as potable water be obtained fron
an mtruding on-site well, RESRAD analyses predict no impact on water-dependent pathways due to the
long radionuclide tavel Lunes to the sandstone unit.

When considering the prospect of radionuchide migration to surface water, the eventual
discharge of any leachate reaching the first extensive sandstone layer to Skull Creek is a conceivable
pathway  While not necessarily the shortest route (o the creek, the migration time via this sandstone
lens would likely be the least given the steep vertical gradient expected above the layer and the
apparently extensive nature of the sandstone. Earlier arrival or radionuclides at Skull Creek via a
shallower ground-water pathway does not seem plausible because of the low horizontal gradients and
the low permeability of the mudstone deposits between the bottom of the cell and the sandstone layer

A dilution factor for leachate from the cell transpoited by groundwater into Skull Creek can
similarly be estimated as the ratio of the flow of leachate out of the cell to the average flow of the creek.
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Assuming a minimal average flow ‘n Skull Creek of 1.0 gpm, the estimated dilution factor would be
0.004. Even if groundwater-to-surfacc water pathways were complete, dilution in Skull Creek would be
much greater and radionuchde migration times would be longer than into well water. Thus an exposure
scenario involving water drawn from Skull Creek would, if anything, estimate even less potential for
dose than water drawn from a nearby well  As a result analysis using RESRAD does not seem
necessary and has not been included

RESRAD CASE SEQUENCE

Two RESRAD cases were computed for each of the four scenarios examined. In the first of the
cases. the material assumed to be deposited in the cell contained 1 pCi/g each of TH32 | 1238 235
U 23 and Ra?2%, and the material was assumed to be distributed uniformly over the entire 3 m depth of
the cell  These cases are summarized in Appendix B as:

Table KMCFPCI Farm Praduct Consumer Base Case

Table KMCFWI1 Farm Worker Base Case

Table KMCRFBI Resident Farmer, House With Basement
Table KMCRFES] Resident Farmer, House Without Basement

In the second run of each of these cases, the material assumed 10 be deposited in the cell contained |
pCi Ra??/g. and the material was assumed to be distributed uniformly over the bottom third (1 m) of
the depth of the cell

Several sensitivity analyses were performed.  Two sequences of RESRAD runs were executed
(0 examine the sensitivity of doses from certain nuchides and pathways to the thickness of soil cover
between the top of the contaminated material and the receptor above. The first sequence ey mined the
effect of cover thickness on external dose from Th3? and progeny. The first run in the sensitvity
analysis, at 0.01 meter soil cover, 1s summarized in Appendix B as Table KMCSHIA for the model
using irradiation-to-dose conversion factors by Kocher and Sjoreen and as Table KMCSH2A for the
model using factors by Chen. The second sensitivity analysis examined the dose from inhalation of
radon 222 progeny as a function of soil cover thickness. The first run in the analysis, assuming no soil
cover, 1s summarized in Table KMCSH3A . Another parametric analysis examined the effect of Ky in
the zone between the bottom of the cell and the top of the uppermost aquifer on the time required to
migrate through the zone and on the migration distance in 1.000 years The input data for the sequence
and the computed transpuit times for various nuclides to migrate to the uppermosi aguifer are 1 Table

KMCSHAE
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] Th-ili TOSR()) 3 BSAE- 1K & S9HE.O6 § BYBE-05 | bYVE-GA 2 MOWE-OA I IRYE-GA I 9BYE-O4 2 IBVE-O4
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Dose Convarsion Factor tand Helated) Pavamecer Summary
- ¢ i Cutrany | Parameter
Ry lhm Patametet | Name
X oot DT S N I = ST T i B v SRR
f A=} Ground external . welume DOF's, tnrnlvr)l(pcxleu":n !
} Al | Aco221+D . moil density = | O glemte) ' 2 7608400 | 2 .760F+00 | DCFL( 1.1)
{ At Ac 21740 . soll density = | B glewted | 1.520€%00 | i 320F+00 | BCFIL i.4)
A §
! Al | Pe-23l , #0ll density = | O giemte]y | 2.210E-01 | 2 ZJ0E:01 | BCRIY 2. 4)
A1 | Pa-33i , sl denmity = | B gl/em?e) I 210E.0} 1 216801 BeFlc 1.
' Al 1
i A=l Ph=210+0 ., aoil densiey = | 0 glcer] 4 KI0E-03 | & R70E-03 | UDCRiC 3.1)
: Al Pb 21040 | soll dennley = | B giem**) 2 JI0E-03 | 2 YIOE-GY | DCFL( 3. 1)
. Al i
3 A Ra- 22640 , soll densiey = L0 glemed) [ 550E+01 | 1 550B+D1 ' DOFLC A1)
- Al Ra-226+0 , soll denufcy » | R gicave) B S60K«00 | B S60E«0D | DORIL 4.2}
1 Al
| Al Ba-228e0 , ani) denxity ¢ 1 0 glewt*) B 1s0F+00 | & 1898e00 | Boric 7
! Al Ra-228+h  goll densiey = | ¥ gleabsy o S T0Es 00 | A FI0E+00 | DFT 3
, Al i i [
Al Th-e28+D | #oil density = | U giomev} Loh3588 I % SA0E+0L | DOFil 8.1)
Ad Th-238sb | sail density = | B glemvry 7 JGORYQ0 | HOE+00 ! BC¥LL 6.3)
Al } (
LER Th-230 . woll density « | 0 gl/eat*) 2.440F-0% | 7 1508-0) | DCFIC 7. 13
Al ) The2D0 | wotl densicy = 1.8 glepted 1. 0308-0X ' 1. 030E-03 ‘ WFLL 7.3)
| A=y | |
I- A I | Theadd sul) denstey = | C g/em*ed L O350E-00 | 4.3508.00 | DEFLC B.1)
Asl Th-232 sokl consity o | 8 ylemee) 6 OAOE-O4 | & OADE-0A | DEFL( 8.1)
Asl ‘
: Al V.35 . #01) dedsley » | 0 g/amde) i SBOE-G3 | 4 SEQE-Y) PEFLIt §. 1)
! A=} -2 . aoll densicy = | 8 glom*e} b 370F-04 \ 6 97.£-04 | DOFi¢ 8.2)
Ak
) At | B205D soll deasity « | .0 g/ontt) B 940E-0! | B S40E-0) | Beryan.1) 4
. Al V2350 | soll denairy » | 8 glome] & SOOE.0L | 4 FOOE-UL | BEFI(10.2) '
18 Al
Al U238+l | woll density = 1 0 g/em*v) § 47DE-Gi | % RI0E-0L | DCEI(EI DY .i
' Al U d3Belr | soll density » | 8 gice**) 6 S70R-02 & $70E-02 BCFIfi1. 2) |
l Al !gym tacrovs ground extecadi dimensionisss ;
[ A3 Ac-34240 |, woll densivy « 1 0 s, w5, chigkness + 14 ® T 900K ¢} | 7 SOOE<Qf  FDr 4.1 1) 1
Al Ae 20740 soll densicy = | O g/em**3 thickness » O 5 » 9 rgor-nl 8 200801 mw: i.4.1) £
Al Ae<XE1al . soll density o 1 0 g/emd¥3. thickness = | O & i DUQESLO - | ODOE+GG ¢ FDU 13,1} ;
At Acs2d?+ . soll density = | B glem** ) thickness = |5 a 9 00E-QL 9 IO0E-8) | FOL 1 1.2} j
A-3 Ae-222+0 | soll gensbry = | ¥ glem®*], chickness » 0 5 & 1 O00E+U0 | GOOB+0O | PDe 1. 1.2)
| s At -237+D . soll density « | B glew* ), chichness = i O w L /000E«00 | 1 GOOE+B0 | FDL 1.3 :
A= b
| Al Pa-211 , sofl denclty = i © ;o:n“l thiconess » 1w 7 Ju0e-0i T S00E-0} Fog 2.4 .0 ]
‘ A Pa-idi .o omodl denstey & 1 0 g/en**d thiceness = U 5 » 1 DOGE~O0 | i JGOEXGE - FD( 2,7 1
' A3 Pe-231 sodl denuley = 1 O g/ew**d, thickness = ; ¢ & | OOCE+Q0 | OQOEsDG | FOI &,3.1) i
A Fa-231 . soll density » | B glem**] chickness = 1% & % 200801 | 9 200£-G) | KBy 2.1 2 ‘,
A Pa 23l . #soll denuiry = | 8 grem**d thickoess » 0 O = L COQ¥«0D | GDORe0G  FD( 2.2.2) 1
A-) Pa-241 . #oll denxity = | & giem**1, chickness » | O = 1 000800 I 000E+0L | F0y 2.3.2) i
&3
| lResidual Raddioactivity Progr Verslon 5 06 OA/ U496 G0 3a Pa 4 ]
| i Summary KM CURH-EMCEFR LL CELL DEPTH File KMERFSI DAt |'
Dose Conversian Factor (and Related) Parameter Summary (coniinued) ]
0 Current Farametes .
| Henw Parameter Value [ Detaulr Hame ]
il - o jevtnay . - . ] Memnk oy 4 e ,
1 A 8521040 . soll densiry » LG glom**3, thickoess = 15w 8 BOUE-0) | B BDOE m PR 211 }
A Fh-210eB , soll densicy » 1 0 glea**), chickness = 0.5 w 1 DQOR+G0 . 1 0ODE+D0. , ¥DY 3.2.1)
8 | b-2i0+0 | sil densizy « | .0 gloe*43 chickoess = | 0 & | QOQE«00 I GUGE-00 | FDe 1.0, 1) [
At fb. 2ilen soil densfity » 1 8 glen**), thickoess » 15 m 9 I0QF-0i 9 J0QE-01 ‘ FOC 3.1.2) 5
1 A Ph-210sD | sofl density = | B p/=="*", Ethilvkiwss * U 3 & | RouEent L I0EN00 L OFDL 322 ,
i Al PHo2h04D . wadl dacaliy o LB griem**l . rhichness ¢ | 0 & i NGE+Q0 | § OCRKRGE | PO 3.0 %) i
Al
A3 Ko 226D . soll demsity « L U g/em**) thicknese = 1O & 6 JUOE.0) 6 0F0] i Fbe 4. 1.1 E
Al Ko 228+ | sol]l densicy « | O glem®®), chickness = 0 5 ' % 20CE-0) 9 200804 Fh{ w i)} [
: A Ka 22620  soll densicy « 1 O g/em**], chickness » | (= | 10008490 1 QUOE«OG | FD{ & 3. 1)
A Ra- 22640 | aoil denkicy # | 8 gles*®), thitkness « 13 m B S00E-GI B 500E-Q1 ° FB{ & .. 2) ‘!
Ad Ba-22&+D . soll densaty = § R glow*y, chickness » 0 3 & OOOBD0 | 1 OOGE<OU = FO{ A.2.2)
Ao Ba-22640 , soll density « I M glem**3 chickndse = 1 0w t 000FE+00 | | DOOEsO0 | Fhy & 0.0 !
A-)
A Ra- 22840 | aoll depsity ¢ | U glem®*5 thickness # 15 » 6 BOOE-01 | & BOGEQL | #OL 5.1, 1) !
Aol Ra- 22K+ . soll dennity = | O glem**d chichness ~ 0 %5 & 9 JO0F-G1 | & ODE-O1 | TRt 5.2, 1)
M-t | Ras228+D . spll deosity * & 0 gicered. thickeks ¢ | D L OODE+0¢ | § OOOK+00 | ED( 5.3, 1) 3
sl Ba-L2B+D . soll denslvy « | B plem?* ) chickness * 5 & , B B00E-Q1 | & S00E-0) e 5.1.2) |
o fa 22840 . godl denelry = | 8 giewd*)  chickness » 0 5w | 1.000B+Q0 | 1 QUGE+DO | FD{ 3.2.2) .
Al Ha-22%00  soi] density » © 8 g/om**y, chickness = 1 6w 1 DOUEsDD | | POOEsDD | PD¢ 5 4.4) i
Al |
i L3 Tn-difed . sotl geonity = O gled*d, thiceness 5 e 6 JUOE-0) | & 10DE-0G | DG A0 1) |
: Al Tho2iksD | soil density = L 0 gien**), thichness « 0 O ®m 9 AOQE-C) 9 KOOE-0) FU( 6.2 1) :
. A<l Th-728+40 . soll densivv s ;U glew*?3, thickness = | 0w L ODDRCGO | 1 Q0GEDG | Fhe &3, 1) '
Al Th-2380D . sot)l densicy o | 8 plew® ) chickoens & 15 » ? SBOESD) | T sbOE-0L ; POL 60020 !
L Th-4¢84U , soll depsity & | 8 giem*4), phlckness « § 5 & | DOUESGE | 1 OO0CE«00 | FBe &.4.40 s
K-3 The J28s0 . poll densicey » | 8 glemd* ) chicknoss = [ O » i DOQE«D¢ | GOGESDD | FDt b3 2} :
A
A Tiv- 230 . kbl deaelzy = 1 0 glea* 3, chichnésnn » (o & I 4 JO0E-81 9 30UB-C1 _ POl 7.1 .4y [
. A2 Th-230 . sol] demalzy = L 0 glem**3, tnlchness « 0.5 o | OGUE-GU 1 COQF+00 4 7.2.1) :
AL Te 230 sotl densicy » 1| O g/ea* ). thickness « | O m 1 SOOKeUn L Og0R00 | FB( 71.3.4)
Al Th-280 | mell densicy = | B glep®d), thickness » 1§ a L ODOEsRG 1 O0DE«0O - FD( 7,1 1) i
A-3 Th-e3 soll density « | 8 glem**), vhickaess v 0 5 = | UODE«0D - 1.0008«00 | Fb( 7,2 2) '
A3 TheaR . ol densicy & | B giemt*]. thickness = [ 0 = L QOOBeG | 1 060Eend | FDL 7305 ]
- A3 '
5 Al Th-232 . soil densivy « | O glew**i, thickoess « 1% » § 500E-G) ‘; 9 S00E-GI ¥bi 8.1 1) f
. A3 Th-im2 sot] dencity o | 0 glea®) chickness = 0.5 & | OO0Es0C | & DOOE-DL | FD{ 8.2.1) |
' Aol Th-331 . 8okl densley = | 0 giem**3 chickness » | 0 = i QOOE-00 | 1 QOCE«OO | FPDI B ,3. 15
A=) Th-d3% . sell densicy » | 8 g/ce®®) rhicknexs = (5w | OOUE00 | 1 DBORGDL | FOM B,1.2) !
. Al Th-232 . soil demsiiy = | ¥ g/ew**] thickoean = 0 5w { DOOE+00 | i O0DE+DO | FO( 8.1 ) f
| : 3 Th-2%2 . oaoll density « | 4 glem*ty chichness = | 0w 4 DOOE«00 | 1 GOOE+0D | FD( 8.3.2) 'i
A3 b2 soll densiry » 1.0 glemt?), thickneas = 15 % | 9.000K-0L | 9 OOQE-GL & Fbu & 1.1} i
| A3 LN , koll density ¢ i 0 g/ee**3, thickness « 0.5 o ' 1 ODUE+0D [ 1 OGOE+0C | FDf 9,2.0)
43 Vedsa . #oll densiey » 1 0 glem**y, thickness » | 0 ® 1 Q00Fs00 | | D0RE<D0 | FDL 9.3, 1) :
: (= B2 , #soll denstcry = 1 B glem*s), thickness = 15 = | DOOF«00 ' | DOOE4D0 | FDU 9.1.2)
| Al Y330 soll denstey = | B gicw**], thickness = O 5 » 1 0DOF+00 | | DOGE+DD | FBL 9.2 2) ;
Jv :vl Ui . sall dengicy » 1 & gloa*el, thickness = 1 0w | DOOESGO 1 QODE~DY for 8,0 a
" -5
. !
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500K 04
JO0E - 04
BO0F. 0}
6008 - 04
SO0E - 04
SU0E-04

S0GE- 03
Q0GR .05
QOGE <05

00pE -92
DUOF -0
DOOE 06

L
GUaE - 04
Hg0%:ua

betauit

aopE-0#
000k -03
O00E-03

QOOE -0 )
OOGE 04
HOGE U6

anpE-La
BOBE <~
NOOE-06

SUUE-D)
HOUE - D4
GO0E- G4

S00F -0
AUGE 54
GOGGE 04

YOOE -G
400K -0k
OUGE - 04

SO0E+0)
GROED )

GOOEST L
100802

DO0E 2
BONE 02

UGOE~0
RISH AT O

DUBE«DL
S008V0%

GUOE 404
DOOK G2

0 I Curpenc
Menu | Patamoter Valee !
Ad L U234 | woll density & 0 giomt*d, chickness « 15w | 8 2008-01
A3 Ua23%+0 | spil density = | 0 gice*¥), thickaess « 0 4 I 0000y
A Ue2syen lﬂ%i deosity = | 0 glem®s ) yhickness = | O w | 0003
A-3 | V235D, mok nslty = | ® glomtd3, thickness = 15w | DOgE«Op |
Al P-235+p | soll denslty # | B glas*e) chickaesk * U 3 m 1 OOUR0U
A-3 | U-233eb | koll demetey o i 8 glewae). thickness = ) 0 » | 00GE00
&3 | %

A=) , U238 woll density » | U glem®*d). chiokness = i% ® 1. 80CE-OL
Al H-2v8eh . soll densley =« 0 O glom**). ghickness = U 5 » i DOUE«GD
Ad U g8l sol) density o | 0 glem* §. thicanass « | O w | G00R+00
A3 UdReD | goll denslty & | B glem* ) chickness = 1h m B BO0E-0)

M3 Nisen sobl densicy = 1 # gloa*e) cthickness » 0 9w I BOOR<00
Al | U-23B<U | zoll density = | ¥ grem¥h), thickness < i 0w L4 DUGE+R0
Bl | Dese copversion tectors for Inhalaclon, meemipl
Bl | Ae-2218D 6. 1008+00
8.1 | Paszd) ) 300Kv00 |
Boi | PB-lileD 2 100802 |
Bl | Ra-ilesD ) 9008 03 |
Bl | Rasi2840 4 300F-03
Bl TH-128+0 3 LG0E -0l
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Al 230 soll density & 1 8 glem*dy, ohlrkneen « 15 = 1 ODOE-G0 | | COOF+G0
A-3 T™h-236 aodl denaley = | B glrem®® ) Ehickngssr » D 4w 1 GUOE Q0 | QODE=00
A3 Th-420 soll density = | % gioa** ) hichness = | 0 @ i GO0E<Q0 |« | QUUE<Q0
A<l
Al Th-23¢ . #0il density = | 0 glem*), thidkness = 15w & S008-0! $ S00¥.01
A} Th 142 soll densley = 1 O g/ewtts, chickness « 0 S5 » L _QOOE+00 | QOOE.0U
Al Th-td2 s04l denairy o | U glem**3, thickness « | 0w 1 GOORDD | | OGOR+QU
A-3 TRz, soll demsity + | R gloeed, tnicknsre < 15 m | 1 BOOE0C | |.0G0¥s00
Al Th-232 ; #otl dens{ey « | B gicm*® i thickaess = 0 5 m | DGOE<00 | 1 DOUE40O
A) T™h-232 . #oll density = 1 B glom¥*3, thickness « L O m 1. 0008400 | 1, 000E«00
| 20 Dose conversion facters tor innalstion, wmres/pCl
B L iy ] i 10eE-02 7 100E-G3
| OB Ra-2264D 7 BOCE-B3 | 7 800%-02
5.} Ba-12ReD & S00£-01 & 500E-00
Bl T, 2280 1 0E.01L | 3 J00E-01
L 28 5330 3 200801 3. 200E-0)
B Th-232 1 SOOE+0G | 800E«0OU
i Dune convession tacliots (o Lhgostion, sfes/pl}
ped i 21048 6 TOUE-DA | 6. TOUOE-0)
Pl Bad260 Lo 10eE-03 1 IDOR-03
b.1 Ba-2ifal 1 200K<03 1.2008/05
B-d Th-238«0 7 SO0F-0A ? S500E-04
e Th-230 § JDGE.Oa % JO0E-04
oo Th-202 2 BGOE-03 2 BOQE- 0%
FLo Foud rtansfer factors
D44 | Pho2iGeh . plantisoll concentration uue dimens lonlese } C00E-02 1.000%-02
036 M- D100 ef/Pivestock- intake ratio. I:I.;)I(gflfﬂv 4 O0UE-D6 | B JOOE-D4
: 1: PE-20040 | milk/livestock-Intake Tabio lpf”l.)ll g3 3 /000E- 04 3 Q60K -04
G308 | Wa2284D | plant/sol] concenttatlon ratle, dimensionless % DOOE-0L 4 LODE-N2
B34 Ka 264D | beet/livessock.incake vatis, (pCilkg) [{pCiid) ¢4 O00E-OF | | TO0¥.03
u ;d Ra 22640 | wilk/livestork-inteke ratis, (pCU/L)I7(pULId) L i GODE-D3 | O0OE-93
b 34 ]
D34 | Ra-228+D , planc/roli concentration ratiov, dimensionless 6 DDUB-0F & TOVF-02
D34 | Ra-22840 et/ itvestoch-intake tatio. (pCLlkg)/(pCi/d) L DOGE-GY | | GOOE-03
g»’n Ra- 22840 . milk/livescock-intake vatlo, (pCL/LI/(pCLid) L DeOR-03 | 1. O40E-03
<34
DA Th-ZIBAD Lumrmu soncentratrion ratio, dimensionlesy 1 9GDE-L3 | | COLE-D3
B34 | Th-728+D et/ Livestock-intake catio, (pUilkg HIECUM 1 DOGE-04 | 1 OO0E-CA
g;: Casged . alikflivestock- Lntake ratle, (pCiiLY/ (pCiid) § 000E-B& | 5 ODOE-06
Podé | Th-25€ lapclsoll concentrarlon ratle. dimenstioniess 1. 0CGE-D3 {0008 03
34 - The@xo e i/ ltvestock - InCake ratio, (pCilkg)/ipCi/d) O80T -04 { GOOE -0k
g iv- The 2% . sili/livestock-tntake racio. (pCEild/(pliidn § OODF-Gé& | 5 BOCUF-DE
4
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IResidunl Rudioactivity Program. Verw o:umm 13,2} Page
Summary - KM CUSH &!l% M"MW MI VS COVI! DEPTH. File EMOSHOA IIAT
Pose Conversion Facror (and Related; Parameter Summary (continusd)
G Gurreas | Parametor
Menu | Parame tec Value . Detasult Name
me Ly e e e e e Lt S PR oot OIS
P34 | TheI2 n:ntholl conun!rn lon Ntl.n Alumtmlhu | 4 0OOE-0S | 000!8: | RTFC 6. 00
D3% | The2dz . £/l ivestock-intake tatio uu?m Lid) \ ) ODGE-06 | | 000B-04 | RYF( 6.2)
Bedh | The-23r . wilk/Llivestock: intake ratin u-ﬂll. ) | 5. GODE-G6 | S DOOE-06 | RTF( &,3)
B-5 | Bleaccumulation factors, fresh water, Likg ‘ \ ]
0-% Pe-210+D | tish 3 0008+02 |« 3 DOOR+0Z © BIOPACL i.1)
gz Ph-2i0eD . erustaces and mollusks 1.000F+02 = 1. 00OE«UZ | BIOFAC( 1.2)
t-s Ra- 22640 . Clsh 5 ODOE+GL | 5. 0DOE+01 | BIOFAC( 2, 1)
n-& | Ra-226sD | crustacea and sollusks 4 SUUE+02 | 2 SOLE+02 | BIOFWACt 2.0
W | |
b5 Ra-22 - tish 5 OUDE«D) | 5 OOQE+01 | BIOFAC( . 1)
g»‘n Ra-228+0 | crustacen and moliusks 1 500807 | 2 500E«02 ; BLOPACL 3.2)
o 3
P Th-228s0 | flsh 1. 00002 L 1 CODE<D2 | BLOPAC( 4.0)
g: Th-228+D | crustaces and sollosks S 000E+02 | % COOEsD2 | BIOFAC( 4.2)
B4 ™ 230 Cish 1 DOOE+02 | 1 GODESDZ | BIOFACE 5. 00
l‘.: : Th-230 crostaces and mollusks 5.GODE=G2 | 5 .000E+02 | BIOFAC( 5.2)
DS Th-232 fish | DOOE+0Z | | BUDE<D2 | BIOFACY 6 .1)
U-5 | Th-132 | crustaces and mollusks % QO0E+02 | 5. 0DDE+GZ | BIOFACI 6,2)
Er— >
iResldual Raaloncrivizy Program, Vecston 5 04 O%/28/94 15:21 Pa )
Summary €M CUSH SENG 3A, RADGN DRSE VE COVER DEPTH, O M File KMCoHIA DAY
Site Specitic Partameter Summary
L] Uner ‘ { RESRAD
Menu Parancter h\pu: Detauit (344 di"eunt Tom uset lnput)
- — - - - ——r - ——— b - - -
ROLL | Avea of contaminated zone fmeel) | DODEA04 | 0Q0Re04 | o
ROY| Thtcnnu of contaminated zone (m) 5 00GE«00 ' 2 O0OR«DU .
RGLY {th paralliel to aquiter flow (m) not gsed I DOUE+0Z -
o) i ha ¢ tadiation dose Limit (mrem/vr) 3 0003001 3 QUOE+G) .
ROLl  Time since plecement of sstertial [yt) 0 DOOR+GO | O DOOE«Q0 -
ROLL | Times for calculations (yr) 3 DOURADD | 1. COQE+D0 .
RG11 Tives tor tajcularions (yr) 3 GOGE+0Q 3 QO0E«00 -
KOLL | Tiews tor calculations (yr) | GUCB+01 | 1 QOUE~0! .
Koyl Timen tor celculations (gti 5 DO0E<01 3 00CE«D] o
Rail Tises tov caleulnztons i(yr! i UOOR+02 1 CROE~O¢ -
ROLL - Times for osmiowlations (¥r) 1 GOOE«02 ) DOOE«Q2
RUIL  Times fov wslculaclons (yv) 1 GOOE+0) | DOCE+D]
Riril  Times for calealations (vr) nor used 3 DULE<CS .
Ruil Times tot calowiartons (yr| nor used | DDOE«DA
KRGz Inttial principal radionuciide (pCity) Ha- 26 L O00E408 | O ODOR«0D e
ROLZ initiai principal redlonusitde (pli/g) Ra-128 1 QUOEsUY 0 QUOF00 <
RO Initlel principai redlonuciide (pCi/g) Th-i28 i BOQZ+03 0 000F:00 *
RO12 Intcial principal radionuelide (pOt/gl Th-230 1 QoOE~() | 0 GOOEeQ0 |
Ril )2 Inteial pringipel radionucllde (pCL/g) Th-232 L OG0E«0Y - [ SO0E+U0
EG1d | Concentratlion ln groundwatet (pLi/ls Ra-226 nor used 0 QC0E+00
RULY | Cooncentratlon in groundwater (pCi/L) . Ra-228 agl used 6 QONE+0D .
ROIZ | Concenteation in groundwater (pCLil) Th-i28 net wied 0 UOOE«00 -
ROL: ¢ Conventration (n grouadwater (pCi/L)  Th-230 not used | 0 000E«DD s
RO Concentraclon &n groundwstetr  (PCI/LY Th.202 net used 0. 9008«00 .
Rii)  Cover depth tm) | QOOE-02 | © QOOEeGU -
RO13  Density of cover saterial (glfeméed) 1.5008«50 | | S500B+00
BUil  Cover depth ercaion rate (miyr} 0 UDOE+OD | | DOUE-B)
ROLY | Densliy ot contaminated zone (giem®*3) | SUOE+00 | | S0UETO
KULY | Contaminated zone evosion rate (M yr) 0 QOUE=CO § BUDE-DY
RuLd | Contaminated gone total putasity 4 Q0DE-T1 | 4 GOO%-L) :
RGII Lottaminated 2ome effeciive porasity & ODOE-0i 4 0C0E-D} -
ROLY  Contawinated zoma hydteulic condustivicy (mfyr} 4 000E<D) 1 OGOR«u] -
BOLY  Contaminated tone Rk patameter 5 J0GE<00 3 300U#+00 .
ROLY  Humldity in #lr (giw**}) naL used R DOOE<00
RO13 Evapot tanspirat lon caetdldlent & O00E-f! 5 000301
RiLs | Precipivaclon (wive) i DOGE-QY 1 DpOE<pu
®01) Ireigdt ton (mive) 0 QUOE+DD i BO0E-QI
011 tryigatian mode ove rhead ove rhead
ROLY | Runofl coefiicient 4 GOOE-01 i 0O0E -0}
ROLL  Watershed area for nearby stream or pond (m¥s2) pat used i DOLEOY
RGLIY | Acsucany Tor warerissll computstions 1 ‘DOOE-D) | !.COCE-OT |
HDi4 | Denstty of satutated done (gjcaddy) 1 S0GE4A0T 1 5008400
Rids Saturated 3one t(wital paresiiy & ODOE-T1 & OOOR-91 .
RG1a Satuvated zone etfective porosity i O00F-0. ¥ Q00E-Qi -
Roia | Saturated 2one bveraullz guctisicy (mlys) 1 000E+0 . | CO0ReQ2 B
ROL4  Savurated 2one hydraulic gradisat ¢ O0GE-D2Z | 2 QUOR-G2 e
R4 Satutated pone b patameier 5 JODE-DC  § JDCE-O0 -
ROI4A  Water table drop tate (mivr) i GUCE-03 + | QDOE-D)
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Susmary KM CUSH SENS 3A. RADON DOAF VS COVER DEPTY, File KMCSHIA LAT
Slve-Apecific Paramerer Symmary (continusd}

o | User Used by RESRAU Farameter
Menu | rnumn Tnput Dofagic | Q14 4ll!cum( noo waor Anput) Name
o=l SO A — RS L), TS R S cimie i a0 1 il S nsines sty e . i il ] "5 erm el
RCia I Well pump tnuu o'pth l- bolw water cable] i GOOEOI 0 10T 2T e , DWlewr
ROl4 | Modei Nondispersion (ND) or Masn-Balance (MB) | WD N | MODEL

| Role  Individusl’'s wse of groundwarer (a%43jyr) ¢ et ushd 2 SGOE02 ! "

ROLS  Mumber of unsatutated 2one strata not used ] | NS
ROLS  Unsar  gone |, chickaess (&) not used 4 DOUEDO , HLL)
agl& Unsat gope |, soll density (gliso®*d) not uked 1 SDOE+00 | DENSUZ (1)

I5 | Unsar zone i, total poresity not used | & UOOR-0L | - | TRUZ(1)

KOl5  Umsar zome |. eftective porostty | not used 1.000K. 41 . EPUZIL)
ROIS  Unsar zome |, soll-specitic & paramever not used S 300F+00 | . BUZ( 1)

- KOLS  Unsat  zone |. hydreulic csonductiviiy (m/yr) | met used 1 000F+01 | RCUZ (L)
ROl Distedbusion coeftictencs far Ra-226 |
o6 Conrtamlnated zone (ea®* )iy, 1 DOUEsGS - 7 QDOE+QL i R | BERUCCL 2)
RGie Unsaturated 2one | 1;-""’;) 7 DCOR4OL | 7. ODOESG) | .- | bONUCUC 2.1)
Rols Saturated gone (cm**}/g) 7 QOOB+TI 7 PGOE<0) | bae | BENUCS( 2)
ROk Leach rate (lyr) L. OUOR+00 | 0 00NESON S A33E-10 . ALEACH( 2)
Koie Splubility constant 0 QODOE+00 | U DOOK«OG | not used ' SOLUBKL 2)

|

BOLE | Distribucfon coefiiclents tor Ra- 228 I
ROl Concasinated 2nne (emre)/ L 000E«0S | | DDOE«0) PONUCCL %
BO16 Unkaturated zone | lc-"’),.l ! OO0Fe0L 7 .D0DRep] ! - | poNucHC 3 1)
ROLe Satutated sone (em®4i/g) T GGUEYQL | 7 DODESC! | BCNUCEC 33

s ROLH Lieach rate (/yri C UGORSO0 . 000800 | 9 133800 ALEACHT 33

- FUle Salubility censtant G 0OQE+D0 | U DOOE+(D | pot used BOLUBK: 3)
ROI%H | Ulstribucion coeftlcienes tor Th-224 } {

I RO ik Contaminated rouw (=ms* 3/ 6 DODEsGA © 6 QURE«(R ’ | DONUCCr &
Rk Unsaturated sone | {cmddijg) 6 DOOE+D4 & QUGE<DR “r . DENUCUY & 1)
ROLe Baturated zone (ca¥di/g) 6 000B+04 = 6 GUDE+Dw ~an DONBCS( &)
i Lewch rate (/yr) O DUGE<DU | @ QOOE«DQ B OBRIE. 1D | ALEACHI &)
LIPFEN Solublliity consrant 0 .000E+00 | & OOCGE+GD not used | BOLUBEL 4)

i

ROI6 | Bistribuclon cootticlents for Th-230 t |
LAY Contaminaced sune (CI“J}’I & GOOB+04 | 6 DODEsGA DENUECT 32
RO Unsaturated anne | (cer* )iyl 6 OGOB+04 ' & QOOE+04 - [ DENURUL 5.4
Nous Saturazed same (emW**3/g) 6 ODDE+O4 & OODE+04 ! DERUESL §)
ROIH Leach vate Llyp) O GOUE+00 | O DOUE+O0 B OMESE. 10 ALEACH( 5
Rile Solubtlity censrast © DOOE+0U | © BOOE«OD ady ysed SOLUBK( 5)
ROIS Listitboutkon conftic lents for Th-2 W
ROie Centaminated zone 1om¥*) g & D0pE«De | & UDDE«04 - DENULEL 61
BUIS Unsatureted aone 1 lew**iig) & GODE<4 | B ODGELDA = DONDCEL 6. 1)
RUib Sarutared sonc (cm** i)y b 000E+04 5 DOOF«04 BONUCRL 6
RO L& Leach zave (17t} U OOUE+00 L. OO0E-00 o ORBRE. 0 ALEACH( &)
BO1h Selubility consrant 0 0UGFE«00 | 0 GOUR-DD nor wsed AOLUBK( 6&)

Ifenidusl Redionccivity Program. Versioh 5 04 LER TR DI g !

Summary KN CUST SENS DA, RADON DOAE VS TUVER DEPTH, G H Flle EMOSHIA UAT

Slte-Specific Paramecer Summary fconzinued)

U Uper Used by RESRAD Paramgret
Me his Parametor Input uruu (1e allteranx from wser Input) | Nawe
KO ib tisciibutlon coetficlents tor daughter Ph-2.9
LI e Contaninated Tone jcavdiig) 1 GODE+GS i O0UReDZ " DONUCOC 1)
Roie Unsacurated zone | (cwt*iig) | U0OE+<02 | | DODE<LZ VONUCUL 4, 0D
Ki i Bataratks zone (e *iip) | QUOE=CZ | DODE+G2 BONDCS {4}
ko1e Leach rate ((wri [ ODUE«00 0 .000ELO0 $ 333E-10 ALEACHT 1)
KRGS Solubility constant D Q09€«00 ' O ODDE<00 | 0ot uned SOLUBKC 11
RGI1?  Inhalstlon vece (e%*3{va) Nt osed B AQOE~0Y INHALR
ROIT  Maas loadiag for Llahwlation (glevel) not used 2 ODEE-D4 | MLINM
RUL?  Bllutsen lemgih for alrborne duet. inhalarion (m) snot used 1 .000800
BO17  Expowure durecion 1 DO0R«G1 3 OOOE-D! £
hO14  Shielding tactor, Inhalaeclon ot used % DOQE-O) - SHFs
Ro|? Shielding taccel, oxtetpal gammd 6Ot used 1 BOGE-~ 01 | SHFI
"gi? Frarifon of time gpent fndoots 5 UOBE-01 9 . CGOBE <DL e FIND
BOLT  Fraction of tlee spent outdoors (on slte) 9 CIOE+00 | 2 SGOE-C) . i FOTD
Ril?  Shape tactor. exTLinAl gamma wat uved 1. 000E+30 751
RGi? Pracilons &0 snhalst o+ eas within AREA 4
| 2R Outer annuiar tedlus yu) = S35y not uked | OORE+00 FRACAL 1)
8ei Guter ennulat tedise (m) = Y1i0/n) not used i DOGE+GO FRACAL 2)
! Guter annwlar rasius fw) » VIZO/e) npt used 1 QODE+DT FRACAL 3
647 Quret anpular radias tmy « Vi50/s) not used L DOUE<00 FRACAT &)
[HIR Duter anbular fadlus M) & VilOGia} net uses i GOOE D0 FRACAL 5)
BO1? Oute i annudar redius (m) = V{200/n) nut used i DOGE<GO - FRACAL &)
[ TR} Duter annuiat rafilad (o) « Y150070) not gued i DocE: o .- FRACAL 7)

; ¥, OutRY Snnuial T84 L0s (8 YLLB0E ) npt used i DOUE+GE - FRACAL B
Ao ‘Qurer annviar vedius (m) & ¢ (5000/7) Bt used 1 QUBEAGO FRACAT @)
ROT? Guter annuiar tadius (m) » v4] Beld]m) | net used 1 DODES0O wid FRACAL 10
"oy Dute: anfutar tadius (m) = Vil B+05/m) ot used ¢ 000F+00 -* | FRACA(LL)
"o Outer adnulat tadlan (md = V(1 E+Dé/n) nat uked 0 GOUE«DG | \ FRACALLZ)

i

KUik  Feulus vegetables and graln consumptlon thkg/yr) | 6or used 1 p00Es02 DIETC)
RUIE  Lewty vegetable consuapt lof (Rg/yr) Rt used i WUGEG | - MET)
ROGE MiiE consumpr fon tLive} nat used S 2008+01 DIET(M)
ROSR  Meat and poultry consumption (kg/¥r) net used & 300EG! - | BPLET (A
KDI®  Fish censumpclon (Kg/yrs not used 5 ADOE+OO VIET (5}
KUK  Ocher sesfoud consumption (hg/yr) not esed 9 00OE-GI - UIET(4)
ROIE | Boll ingestion rate m/t not used | 3 650F«0) | sOIL
%oid  Drinking wetev intske | Ivn m( uwhed | 5 10GE+D2 . el
ROi%  Contaminntion fraction of deinking water t used | 1 OODE«DD Fow
KOlh  Conveminacion 1factlon v! household water i aoulaoe I GOGEGO Fri
KOlE | Conteminsvion froction of livestock water not used | | OQ00E+0C Fiw
ROJE | Contasination Cracrion of lrrigation witer not used 1. OD0E+00 FiRwW
R | Contamination trecrion of A?ulth’ toas not wsnd 5. fO0E.5) FRY
ROLE  Contsmimavion fraczion of plant fond fat psed || FPLANY
k18 Contamination tracclon of meat not used -d TMEAT
KUlE | Contamination fraccion of sylx not used |-} L
KDUS © Livestock fodder intake tor meat (kg/day) not used & s00F<01 - LFLS
®O1% - Livesvock todder intake tor wilk (kg!oay) not used 3 S0GE«D] v LFle
RUIS | Livestook water intake tor meatr (i /day) | not used 5 . O00BsGI | . WMIS
RIS | Blvestock water Lntake for siik (L/day) not used 1 B0GE=02 - IWie
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! RADOH vE mvu BEPTH, U W File m‘l
SlreBpecific Pavameter Summary (continued)
| L Vser | Used by RESRAD Parameter
X Me tiu Paramoter Inpur | Defauly | (3¢ dufanm. lm- user Laput) | Name
- T ramtl ST N S WS s, i RSP PRl o= SN eyt scesient o AL o
RIS | Livestock soll inteke (kg/day) et weed 5 OBOR-0) | 151
RC19 | Mass loading tor foiiar w-ulon igle** ) not used I DDOE-04 L | MLFD
ROIS | Depth of soll mixing layer (&) 1.5008-0) |« | 50080\ i
RGI9 | Depsh of rosts (m) not uned 9 J0LE-0!
¥oi9 Ilrl.uun& water Craction {roe ground wacer nat used T 000F+00 L | EOWIW
ROLS | Household water fraction froe ground watsy 1 000%+00 | 1 OODE~GD b | FoWi
K310 Livestock water fraction from ground watet not used 1.060€+00 ! » | RGVLW
k o ROI9  Terigation tractien from gio water | not wsed 1 000%+00 | * - FOWIR
Gla €17 conzencration in water (g/oem*es) a0t used 2 QODE-GS | - ClawTk
ik €. )4 contentrarion in contaminated soll (g/g! nat used 3 eong-pz | - clace
(9 1] Pracrivn of vegetation carbon ftom soil not ased 4 ODOE-OZ | .- C50IL
€34 | Fractien of vegetation carbon trom ait not aeed | 9 BOCE-0i e | CAIR
ci Coi4 evanion laver thickness Ln soil (wm noL used ¥ gove-o1 | | DMC
€14 Coia ovasion tlux rate from soil (l/sec) nuL used 1B vR-U7 | . EVSN
Ci4 | C-07 evasion Clux vare from soll fl/sec) gt used I 000%. 10 . BEVSN
Cia Fraction of grain in bee! cattle feed noL uhed B 0QOE-G1 i .- AVFGL
Cis Fraction of graln Iy sllk cow feed not used | I QGOE-01 | .. | OBVFGS
ROZI  Thicknesz ot bumm: foundat Lo (a) 1 5008-0G1 ' } SUCE-D1 ' ! FLOOR
#0221 Bulk density of bullding fowndation lgizet*)) 2 400800 | 1 AOGEsDO | - | GENSTL
Ro2 Totel porosity of the cover waterial & DUOE 01 © & 00UE-0) | - TPCYV
KOI! © Toral poresity of the building faundacion 1. 00001 | 1. OOOKE-BL | Wi THFL
BOZi | Volumetrle water conteat of che cover material 5.0708<02 ' 5 000E-02 | U200
RO\ Volumerilc water tontenr of thc foundat ton 3 GU0E-D2 | 3 GDCE-0. PH2OFL
Rozy Piltusion coefficlient for radon gas (m/sec) {
ko2l i cover materisml 7 DOOE«De | & UOOE-O6 | . DIFCV
LUTE] i toundatlon matecial 3 QUDE-OF | 1 QOCE-D? | DIFFL
AUEI | in contaminered zone soil ¢ QUGE-D8 2 DOCE-DG | DIFCZ
w04l | Radon vervical dimension of mizing (w) < OUOE+BD | 2 DODEDG | HHIX
ROZI | Average anneal wind speed (mlsec) 2 000E+00 | 2 .000E«00 WiND
RO2L | Av:rm puilding air exchange race (1/hr) 5 ponE-0) | 5.000%-01 REXC
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hone Converstor Factor {and Relsted) Parame 1 Summary

Metiu Paramecer
Al Grownd unrn-l anama . volume DCF s,
A1l | Aeea2?eh | soll density = | 0 glomes
A—{ | #c2d27+3 | soil density » | & glewed)
A ! u v

A<l Paal o 741 density v | O gilam*sd
:{ i\ Pa-23 , soll denslty = | B glomed])
Al Po-Z10+b |, so1) density » 1| O giem**3
Ao Ph-210+0 | soll denpicy = | B g/omee]
Ast

Al ko 23620 | xoil densley = | 0 giem**)
Al Ra-2284D | soll densiry » [ 8 gleors)
A=l

A=l | Ba-22840 . sotl denslry & | O glomte])
:'l Fa i2Bsli . soll denalvy » L 8 glowssy
~k

Al Th-228+D  soll densicy = | 0 g/om*tl
Al Th-228+D | soll dewnalty « | K gicme?)
#=1

Bl Th-230 . soll density « 1.0 giowes)
Al Th-330 soll densliey = | 8§ gicatey
Al

Aol The 232 . sall densizy ¢ | 0 glussdl
A1 Th-23d ; woll Guapity & [ B gicest])
Al

AL 123 . Aot} densivy = 1 O gicmesd
Al 234 . soll densiry = ) & glow**)
Al

A<l Be23%0 . soll derslzy » | U glos¥*)
AL Ue2Thelr | sodl déusity o | # gloamassy
Al

A4 U-E384D 8ol denalty « 1 0 gicmetd
A U238+ | soll density » | & glom*e]
A Deprh facrors, ground extecnul gamma .
A3 Ae<22TaD | 30 .k damlu o 1 0 glumeey,
A Ae-227+0 | moll densicy ¢ 1 0

A<l Ai-227+b . sedl density = | U glomeey
A A J2TsD | maii density = | B giomeed
Al Ac<1237+h | sell denslity = | B gien**)
A Ac 237D . sull density « | B glowsey
Al

A Fo-241 roll density = | O glams*]
Al Fa-211 . Rodl density & 0 U prumel,
A Paxili . soil densicy = | O gicmony,
A-d Pu-idi . sofl Henkiry = | & glease],
A Pa-231 #pll densfty » | 8 glem**d,
A} Fa-211 soll donglsy % | M glem*ry
Al
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Avd Po-210+0 . maill ceaslty = ). 0 giom*a],
Acd o PBL2i0eR | soll denslty @ 1.0 glomeel
Al Ph-240+D | mol( denstty « | D glemeel
A PE-210+D | soll denisity ¢ | B gicmbe)
A-3 | W20 | mell depstty = | B gienttd
Al Pho2lU#0 | sall dengity = 1| & glomhay,
At

LB ] Ra 2206+L . soil desxity = | G gras®es
4 Ba 226+ | soil deusity » 1.0 glemt®)
A-1 Ra-2dbsD | soll densicy » | U giew=r]
A Ba- 2261 . soll dengity = 1 B ;u-“.\
kel Ra 286°0 . sodl genmity = | B glvesss
Aol Ra 226+D . wotl demsity » | ¥ g/ow*e)
A

Al Ra-228«D . soll depatvy < J 0 gloweey
A= Ra- 2280  xoll doonity = | 0 glowde]
A-d Ruedl@shh | sell densley » 1 0 glomést,
A=) Ra-228+D . sol] desn=izy = ¢ gromes
A-5 Ra 12840 | soil densioy = L B glemen],
Al ka-308+0 . sull dengity « | B greme)
A-)

Al | Th-2iRel | goll denaliy ¢ | 0 glem* )
L Thel284D . soll denmity » [0 grew**d
Al T 22K+D | sull density o | U gizmre)
Al Th-2TBol . xoil gensity & 5 # glowred,
A Th-23840 |, poll densletv = 1 R glemes
n-j Th-28eb sali dersivy » | 8% gicmted,
..

At Th=230 soll densiiy = 1. D gl:w"'.’
A Th230 soll densicy » 1| O glumeed
A-2 Th-23C sotl densivy » 1 O giemé*y,
AT L ThZN sl denkity « L B gfemsey,
A-3 | Th-2%¢C soll denstoy = 1 B glemes)
A Th-230 S00) densiry » L B gleghed
Al

Ay Th-2az sall denstuy » 1 0 g/omsed,
A3 1 Th-132 ¢ soll densliy « 1.0 glomees,
A-3 | Th-288 0 . soll denslty = 1 0 giomes]
A-3 ' Th-3%2 ; soil densicy « 1 8 glomne],
A3 0 TheadR soll demalty « 1 8 glemavy
A<l | Thed32 . Apll density « 1. B Kiemwe),
A3 1

Al U-234 stll dennity = | D gromes}),
PR TS soll donsity » 1 O plomss),
AT B aohl Aenuity = | O glease),
Al | D234 axl] denelcty « | B wicwmee),
LI LSS soil density # | B ginate]
AY DN soll densicy = | A gromevy,
Al
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Parameter
Name

peFIr 1.0
DCFLIL 1.2y
DEFIL 2.1)
BEFLC 2,20
DCELL 3,8)
DCFIL 3,2)
BCFL( &, 1)
BEFIL 4.2)
DEFLL 5,10
BOFLL 5.4
DCFIL 6.4)
DCFLL b.2)
PEFIC 7.4)
DEFLC 7,2)
DCFIL &, 1)
neri 8.2y
PCFIC 9. 1)
BRI ®,2)
DEFLIAG. 3)
DEFLLI0. &)
DEFIALL, 1Y
TOFLONS L 20
oy Ld.0)
PRl B, 2.9%
BE 2.3 1)
FoM 3.1.3)
Fio{ &,2.33
Fue 1o,
ot 2.1.0
Pt 2.2.15
Fbt 4.3.47
0 2.1
Fb{ 2,2.0)
Four 2.3.2)
Paranetar
Naoe
¥ :'._1_1)
i .70
L 4T T N
|13 B e 3
PO 32,209
e 3,120
i & 1,1)
FO1 4.2.1)
Ot & 3,0)
PO & 1.4
L &0 .2)
Fii &3,
£ 5. 5.1
PUL §.2.1)
Fiu 4.8.10)
FD1 %, 4.3
¥ ¥.31.2)
FOI 5.0 2)
FOL b1 02
Fhi 8, 0.5
Ebi 63,00
DU 6.0, 2)
OO 6.2.2)
PO & 0,20
bt 7.0
i 1.2, 40
o 7.3.40
Foq 202
Fing ¢ 2.3
B 700
¥y 8,34
i 8.2.1)
Fot B b
Fbi B,i.2
U B.2.2)
o1 8, 8,21
FD1 9.4.1)
el
¥OL 9.0, 1)
Foi 8.1.30
FD¢ 9.2.3%
o s 3.0










B A e ——

T gy ——

e

Resldusl l«lmuvuginuum Version 5 04 Oh/L1/04 1B a2 Vage 1
fummary KM CUSH 5F . CHOUNDWATER 20 M UNSAT  KDeVARTABLY
File EMUSHLE DAY
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User I | Used by RESRAU | Parametsr
Meru | Patamet~) Inpuc Detaulc 1 {1t difterent trom user input) | Nume
v memn iy con remeefpren—n e P, 3 (08 ron e St S e s o = B Bl el L S b i M ol s il R e - ' "
ROLL | Area of contaminated gone (ot«)) 2 S00E«0) | | OGOEeD4
H0ii | Thickoess of contasinased vone (mi 1 GUOE-00 | 2_0O00E+H0 | THICKO
KO L-a':h paraliel 1o squiler flow (wm) 1 COOE+UZ | 1TDN0E+"" LCZPAY
RGLY | Basic redlation dose limlt (mrem/yr) 3 000K+@l | 5 000E-0l B BRLD
ROLL | Time since piatement of marerial (yr) | D OGOELOG O DOOE<O0 24
ROJE | Times tor cslculations (ye) 1 GOOE«00 | | DODE«OC T
RiLi ¢ Times for caleulationw (yr) 1 DOOE<OC | 3 OOUE<GD "N
ROL: | Times for zalculutions t(yr) 1 DO0E+0) | . GDOESOI T &
ROLl | Times tor caloulatlons (yr) 3 GOGE<01  § UODE+Dl | T 5
K011 Times tor celculavions (yr) | 1 DODE«02 1. 000E«02 | - e | T 6
RUii | Tiees fo: calculstions (yr) 3 -000EB+02 | 3 OOUE«03 | vhs [ Tt 1)
ROYI | Yimes for calculatfons (yr) ') DOOE«Q) | 1 O0DEYD]) | 1L #)
Kol Times tor calealations fye) not used 1 00080 T %)
ROLl | Tioes fo: calculatians (yr) not used | OUOE<OA | THL0)
HOi2 | Intvisl principsl radionuclide (pClig) Ha 226 | DG0E«03 . U DDOE«S0 74 511 43
ROZ | Inftial princips] radlonuclide (pOiig)  Ta 2N 1 D00FeE3 | 0 GOUESGO ae | Sl &)
RUIZ  Inittal principal cadioouc lide (pfitig) U-234 i QCOE«0Y | O DOCE<QC s St 9
ROIZ | Indtisl principal ra tonuciide (pCilig) - 255 { Q0oeepy | O F+00 LAV
ROIZ | imdttal principal rediouscilde (pCi/g) Uoi)e i GOORDY | O DODE+GO LIS SR}
#0112 | Concentyatlon in gtoundwatet (pCLILY) . Re-216 nat used 0 DOOE«0D LWL @
kile | Concentrarion ln groundwarer (pCijly  Th-232 nor used 0. HoGRGU Wit 8)
ROiZ  Concencration in groundwater ipii/L) U-0% not uwed 0. DOOE+09 . Wi 9
ROLZ2 | Concentration In groundwater (pei/Ly - U-235 not used 0 O0GE+0C Wigio:
ROiZ | Concenteation in groundwater tpllrty U-I%8 et used 0 CUDE«UO Wi
RIII | Cover depch (m) } USDESO0 | 0 000E+00 | | coveRo
BI13 | Density of cover material (glemt*)) } SDORS00 | 1. 500800 - | DENSCY
RUiY | Cover depth srosion tane tmfvr) G _ODOELDO 3 DOOE-D3 1. %%
BUi3 | Denslty of contamingted zone [gicm**y) 1 SOOE+00 5 SUOEDG DENSCT
ROLY | Contaminated zone ecvuslon rsve (®iyr) 1. 000803 i DUOE-03 - | yoz
R0l | Convaminsted zone treal poradincy & DOOE-01 & DhOR-01 1R7
RGLY | Conceminated zone ettecrilive porosivy 2 DOGE-0) & UROE-OL ey
Kirl3 | Conteminated 2one bydraullc conductivity imivy) 3. 150E-03 L UOOE«0 ) HECZ
#il) | Contaminate: gonw b paraméter § GO0E«00 | 5 J0DE«DD BCZ
RO | Humidity An alr tgfeted) apt used # DUOFUT UMb
KOL3 | Evapotrsnspirerion coefflclen: 0 OCOE«DD | % OOOE-0) EVAPTR
Kel3 | Preciptuation tmiyv) I ODOE=DD I Q0GB +00C PRECIY
ROLY | drckges ton (eiyr) 0 QUOE«00 | ¢ QOOE-0i + K1
ROLS Irelgavion sode e thead ove vhead Irel
Roi s Kunot! coeiticlent 4 964E. 01 1 000¥-Gl RUNGFF
K01 | Watershed ares tor neachy strsas o1 pond (e%%y) 6 1) A8+05 I DOGE <06 WAREA
ROLY | Avourecy for water/soil computations | DOGE-03 L ON0E-G3 EPS
ROl | Densiiy of saturared 2one (g/sweed) i A00ES00 | | SDOEsSDO UENSAT
ROI4 | Sasurated pops total porosity & QUOR-01 ' & OOUE-UL | TPSZ
Ril6  feturated zone effecilve porosity 7 DROE-G1 | R 000R-03 - RS
RUt4 | Seturated tone hydraulic conductivity f(ajyc) 1 '000E«02 | GOOE=02 WCS2
RGIA | Saruvarsd zone hydrsullc gradient 2 0O0E-02 | & DOOE-(2 HOWT
EGl& | Sauyrared z2one b pataacter 5. 300E«00 - 5 J0GE«00 . BS2
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File FMCSHGE DAT

Slee-Specific Paranecer Summiry (contineed)

Use 1 Used by REGRAD Paramete s
Neau Patametet Inpuc Details (1§ diftecent from user laput) Name
RUi4 | Wagetr vablie drop rate tmiyri 0 ODOEOU ' | OBOE-DY Va1
HOLe | Well pump (ntske depth (» below water table) L DOGE<0) 1 090F-0) DWIBWT
Kilh | Model Nondispersion {ND} or Mass-Balance (B} ME MODEL
NGIA | Indiviguel's oee of groundwater (m*e)/yr) 4 3D0E«0L | 2 S00ReGN v
KOIS | Number of unsaturated zone strats i | NS
RGIY | Unser some |, thickness im) Z DUOE«D) A QOGR<OO Hil)
RULS  Dasat  zose | sokl density (glemdey; 1 300,400 | | SCOBRs0C BENGUZ (1)
RS Unwar sone 1, total povusity J NOGE-CL 4 DOOR-G) - TPUZ (1
BULS | Unsat  zone |, ettertive porosity S UGOE-UZ | 2 DOUE-§I ERUZ(1}
RUIS | Ubsat zene 1, boli-spesifie b patameter 5 300E+00 5 J008e00 puztl)
BULY  Uosar  zone ©. uydradlic condsctivicy (m/yr) 1. 1508.0) 1 DOOE2D) wuz i
khib Ulswrbbut ton coetficloncs for Ra- 224 1
RO Concaminated 2ome (ome® /g P ODOR+OL | 7 DDOEWDI . DENUECA &)
fnie Unnaturared zhme | (im*®} p) 0 DUGE«00 7 POLE«Y) DONUCET &, 13
R 1b Gaturated zone (cm**)ig] © (O0FT | 1 OO0E«d) e e BONUCSY &)
Rlg Leach gate {iyr} L OUOE-0C 0 GO0E+0C 9 GhIF 06 ALEACHL &)
LU Sclubblicvy constans O UODES0D 000800 noL Esed SOLUBK( 4}
RO16 Sistribyt von curfttetenis Yoo Th- 254
RE1E Contaminated rone (Em**3/g) & DUOE+DA | & GOOF+04 DURUE. 1 )
RGOS Vosatutated zune | Jea®* )iy 1 000F<00 | & DOOE=D4 LDENUCUL 8 1)
Role Saturated fone lomteiig; & DUDEWGe & DUOER=G s DONUCEY §)
xiie Leach rate (/y1) 0 QOOR+00 £ J00K=00 I 167809 ALEACH W)
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Transport Time Parameters for Unsaturated Zone Stratum No. 1

Stratum thickness [h(l)) 20.000000 m
Bulk soil material density [rhob(l)] 1.500000 g/em**3
Effective porosity [peuz(l)] 0.050000
Hydraulic conductivity [Khuz(l)] 0.003150 m/yr
Total porosity [ptuz(l)) 0.200000
Soil specific b parameter [buz(l))] 5.300000
Saturation ratio [sruz(l)] 1.000000
Radio~ Distribution Retardation Transport
nuclide Coefficient Factor Time
(1) Kduz(i,1), cm**3/g Rduz (i, 6 1) Druzf{i, 1), yr
Ac-227 2 .0000E+01 1.5100E+G2 4.7937E+04
Pa-231 5.0000E+01 3. 7600E+02 1. 1937E+05
Pb-210 1.0000E+02 7.5100E+02 2 .38B41E+05
Ra-226 0. 0000E+00 1. 0000E+00 3.1746E+02
Ra-228 2. 0000E+02 1.5010E+03 4., 7651E+05
Th-228 5.0000E+02 3.7510E+03 L. 1908E+06
Th-230 1. 0000E+D3 7.5010E+03 2 .3B13E+06
Th-232 i . 0000E+00 8.5000E+00 2 6YBLE+(O3
U-234 2.0000E+00 1. 6000E+01 5.0794E+03
U-235 5.0000E+00 3.B500E+01 1. 2222E+04
tU-238 1. 0000E+01 7.6000E+01 2 .4127E+04
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APPENDIX C

KEY PERSONNEL
CUSHING SITE DECOMMISSIONING PROJECT

Roy R._Smith

Vice President. Environmental Operations, Technology & Engineering Division. (Also President,
Cimarron Corporation)- Responsible for all site activities and selection of persoanel for all safety and
environment related positions

Jeffrey J_Lux
Project Manager, Environmental Operations, Technology & Engineering Division- Responsibie for
overall project direction

Jeffrey G. Osumeyer
Site Coordinator, Environmental Operations, Technology & Engineering Division- Responsible for
daily operations

Terence M. Moore

Manager, Health Physics and Safety and Radiation Safety Officer. (Also, Manager Health Physics and
Safety and RSO, Cimarron Facility)- Responsible for the conduct of the health physics and industrial
safety program to inciude directing health physics technicians, conducting specified radiation safety

surveillance and traming and advising on radiation protection matters.

Edwin T. Suli

Vice President, Kerr-McGee Corporation and Director, Environment and Health Management Division.
(Also. Vice President, Cimarron Corporation)- Responsible for developing and implementing corporate
policies and programs to rrotect the environment and the health and safety of employees and the general
public to include NRC licensed facilities and for determining compliance with company policies and
applicable regulations for environmental, health and safety matters

John C. Stauter

Vice President, Environmental Services- Responsible for federal and state licenses to include NRC and
agreement states, preparation of corporate radiation safety standards, and permits, liaison with
regulatory agencies and for coordinating with the site manager in matters of licensing requirements.

(5]
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Education

Experience

ROY R. SMITH

B. S. Mining Engineering, Michigan Technological University

Keliogg Graduate School of Management, Advanced Executive
Program, Northwestern University

More than 30 years experience in mining and earth moving operations.

1957-1968 Responsible for planning and operations engineering of large

surtace mining operatiorn

1968-1974 Responsible for planning and operation of open pit uranium

mine

[974-1978 Responsible for development and operation of two large surface

coal mines
1978-1981 Responsible for operation of two surface uranium mines

1981-1990 Vice President of operations for a large coal company -- two

surface and one underground mines

1990-Present  Technology and Engineering Division Vice President of
Environmental Operations.  Responsible for environmental operations and
reclamation of orphan sites with hydrocarbon and radioactive contamination
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Education

Experience

JEFFREY J. LUX

M .S . 1985, Geological Engineering, with emphasis on regulation,
assessment, and remediation, University of Missouri at Rolla, Rolla,
Missouri

B. S, 1975, Geological Engineering, University of Missouri at Rolla,
Rolla, Missouri

1991, Radiation Safety Instrumentation and Compliance, Oklahoma State

University
1992, Principles of Radiation Safety, Oklahoma State University

1987-1991 Responsible for groundwater assessment and remediation,
aquifer test analysis, and groundwater recovery system design.

Experience with RCRA and CERCLA facility investigation and remediation
programs

1991-Present Project manager for Environmental Operations. Responsible
for cleanup operations at two orphan sites
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. JEFFREY G. OSTMEYER

Education Ph.D., 1987, Wood Chemistry, Auburn Umversity
M.S., 1982, Forest Products, University of Missouri- Columbia
B.S.. 1980, Forest Products, University of Missouri- Columbia
A.A.. 1979, Pre-Forestry, Colby Community College
1992, Principles of Radiation Safety. Oklahoma Siate University
Experience 1988-1991 Senior Research Chemist, Kerr-McGee Corporation,
Technology Division. Project leader in Applied Research, Product
Development, and Chemical R&D. Technical Support to Environmental

Services

1991-Present  Site Coordinator for remediation of a closed refinery site

containing both radioactive and hydrocarbon wastes
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. TERENCE M. MOORE

Education B.S Health Physics, Radiation and Nuclear Engineering Technology,
Oklahoma State Umiversity, 1980

National Registry of Radiation Protection Technologists (NRRPT) 1988,
American Board of Health Physics. Part I Certificaton

Expenence 1980 - 1991 Wolf Creek Generating Station, 1135 Mwe pressurized water
nuclear reactor. Health Physics Technician, Foreman, and Radiological
Engineer: responsible for various aspects of the Health Physics Program for

a large nuclear power station

1991 - 1993 Y G&G Re gy Flats, Department of Energy Weapons
Production Mant. Radiological Engineer responsible for the development
and implem ntation of various procedures for the unrestricted release of

hazardous and non-hazardous wastes

1993 - Present Radiation Safety Officer, Kerr-McGee Cimarron Facility
. and Cushing Site
Supervises Health and Safety staff. Functions as radiation safety officer for
decommissioning the Cimarron and Cushing sites
Supervises health physics crew working on site characterization survey and
decontamination activities
Responsible for manning and implementing the final release survey of the
Plutonium and Uranmum plants at Cimarron
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Education

Experience

JOHN C. STAUTER
Ph.D., 1970, University of Utah, Metallurgy (Chemical/Extractive)

M.S.. 1967, Michigan Technological University, Metallurgical Engineering
B.S . 1966, Michigan Technological University, Metallurgical Engineering

More than ten years experience in managment and problem solving in
environmental permitting and nuclear licensing programs. Responsibilities
include oversight of activities related to permit requirements, ensuring
comphance, and developing engineering and management solutions.
Typical examples are:

1970-1974 Research Scientist, Conoco. Develop and prove processing
procedures for Conoco Minerals Division (Uranium Copper, Precious
Metals) and Consolidation Coal (Coal Cleaning) operations.

1974-1978 Research Group Leader. UOP Inc.. Direct fundamental
rescarch into new mineral processing systems and precious metal recovery
from catalysts

1978-1981 Sr. Project Metailurgist, Kerr-McGee Technology Division-
Direct long range and applied process chemistry systems recovery
(uranium, titanium) and mitigation or prevention of environmental impacts.

1981-1984 Sr. Environmental Scientist. Direct regulatory and engineering
oversight for facility permitting activities concerning EPA-RCRA
hazardous waste. Provide technical support and regulatory interpretation
for company nuclear related operations

1984-1990 Director, Environmental Affairs and Director, Nuclear
Licensing- Direct and provide corporate oversight of nuclear licensing
activities and EPA air, water, and solid waste programs

1990-Present Corporate Vice President, Environmental Services, Kerr-
McGee Corporation- Direct and provide corporate oversight of nuclear
licensing activities and EPA air, water, and solid waste programs.
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Education

Experience

EDWIN T. STILL

DVM, 1959, University of Georgia
MS, 1964, University of Rochester

Attendee of and instructor for numerous courses concerning biological
effects of 1onizing radiation, risk assessment, pathways, heaith physics,
radiation ~22*>ction, instrumentation, surveys, monitoring and all facets
related to radiation protection and safety .

More than 25 years in womzing radiation field with activities ranging from
bench research to field activities to program management to administration.
Typical examples

1964-1969 conducted original research on biological effects of neutrons,
protons, gamma and super voltage x rays, Department of Defense

1969-1975 planned, developed and evaluated research programs for
assessing effects of jomizing radiation on humans and the environment and
beneficial applications of nuclear materials, to include source, special
nuclear and by-product materials, Atomic Energy Commission

1975-1979 conceived, reviewed, evaluatea and initiated comprehensive
research programs on radiation health effects, mechanisms of radiation
injury and therapeutic measures for treaung radiation injury utilizing as
sources of radiation a nuclear reactor, multi-Kilocurie Cobali-60 array,
variable energy electron accelerator and super voltage x-ray raachines,
participate. in planning for and execution of decontamination of Atoll in
mid-Pacific formerly used for nuclear weapons testing, Department of
Defense

1979-1982 direcied program to retrieve and reconstruct personnel and
dosimetry data. to include external and iziternal dose, for specific groups
involved in nuclear weapons testing and ascertain any relationships between
health status and radiation exposure from the tests, Department of Defense

1982-Present responsible for developing and implementing programs for
protecting the health and safety of employees and the environment to
include activities invoiving source, special nuclear and 11(e)] and 11(eX2)
by-product materials.
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EMERGENCY CONTACTS




Environmental Services Bus: (405) 270-2623

Lux, Jeff
Project Manager Home (405) 354-8105
Environmental Operaticns Bus: (405 270-2694

Ostmeyer, Jeft
Site Coordinator Home:(405) 348-7446
Environmental Operations Bus: (918) 225-7753

Terence Moore

Staff Health Physicist Home:(405) 258 0312
Cimarron Corporation Bus: (Y18) 225-7753
KERR-McGEE EMERGENCY RESPONSE PERSONNEL

Barry Brand: Home: (405) 340-5882
Communications Bus: (405) 270-2434
CGary Hopkins Home:{405) 722-4006

Bus: (405) 270-2811

John F. Reichenberger Home :(405) 720-8609
Law Bus: (405) 270-2875
Steven D. Emerson Home:(405) 341-0004
Safery Bus: (405) 270-3740
Julius Hilburn Home:(405) 755-5768
Human Resources Bus: (405) 270-2754
John Gibbs, M. D Home:(405) 348-5879
Medical Services Bus: (405) 270-5879
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