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KERR-McGEE CORPORMION
FIRA McGEE CENTE A e Oxi. AHOMA CITY. OKLAHOMA 73125

* C;HNOLOGY & ENGINE EP'NG DN@CN

"EI"Jic7NT EwaONvENmortamONs 27 April 1994

Dr. John it Austin
Chief, Decommissioning and Regulatory issues Branch
U S. Nuclear Regulatory Commission
Washington, D C. 20555

RE: Cushing Site Decommissioning Plan
Docket 70-3073, License SNM-1999

Dear Dr. Austin:
Materials License SNM-1999 specifies that Kerr-McGee submit a proposed plan to

,

decommission its Cushing site. A plan developed to meet requirements of 10 CFR Part
70 38 (c)(2)(iii) and generally conforming to Regulatory Guide 3.65 is included
herewith. Kerr-McGee requests that its license, SNM-1999, t'e amended to approve this
plan. The plan includes the following elements:

O historical licensed material and decommissioning activities,
planned cleanup and restoration activities,-

radiation safety program for protecting workers and the environment,
final radiation survey plan, and
organization and adniinistration 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 i1.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 by wind and watec 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
decommissioning 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 radioactive material is 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 ResidualI

Thorium or Uranium from Past Operations, SECY 81-576 & 46 FR 52061, October 23,
1981.
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An integral part of the Cushing site decommissioning plan is an engineered cell onsite in
which qualified radioactively contaminated material may be disposed. A preliminary

' '

analysis supports the feasibility of such an engineered cell onsite for this purpose. When '
,

Kh1C 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 20.2002.

Kh1C will presently submit a final survey plan for delineated areas that are not affected
by licensed material. While Kh1C wants to obtain recognition that certain designated
areas are demonstrated by a final radioactivity survey to be free of contamination by ;

licensed material, please note that KhtC is not requesting that the four unaffected areas ;

be deleted as authorized places of use after it 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 position 2 Option 1 specifications for unrestricted
release and to site the engineered cell. Once the designated areas are recognized as such
by the Commission, KNIC would want to discontinue radiation monitoring until we begin

!

placing licensed material in the engineered cell. In all four unaffected areas, we need
iNRC concurrence that the land is clean before grading or restoration activities are begun.

Kerr-NicGee is interested in completing decommissioning at its Cushing site as soon as is
practicable. To facilitate approval of the plan, we will provide whatever information is
necessary to expedite approval of this plan.

Sincerely yours, ,

/

R mith
Vice President, Environmental Operations,

i

Enc. ;

cc. Bob Evans, NRC Region IV
'

Gene Smith, ODEQ
,

: Scott Thompson, ODEQ
Rick Reiley, Cushing Citizens Oversight Committee.
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11. INTRODUCTORY INFORMATION
.

1.1 LICENSEE IDENTIFICATION

The Kerr-McGee Corporation, whose principal address is at the Kerr-McGee Center, Oklahoma

City Oklahoma 73125, 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
.

f

Cushing, in Payne County Oklahoma. Kerr-McGee used part of the site during 1962 through 1966 to l

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 licenses were j

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 (Pit 4) |
lon 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 ment order with the

Oklahoma State Department of llealth, now the Oklahoma Department of Environnwntal Quality. A
radioactivity survey of the Cushing site was conducted beginning in June,1990 and culminated with the
issuance of a ch.'racterization report in May,1991. It identified localized areas contaminated by former

processing and waste management activities. About 7600 yd3 of soil and other materials contaminated
with licensed uranium or thorium to NRC Branch Technical Position 1 (BTP) Option 2 or 4

3 of material averaging Option Iconcentration are estimated to remain onsite. About 1800 yd

concentration is buried in trenches onsite. j

Contaminated material recovered during decontamination of the former process buildings, i

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 is

|

I '
% I USNRC, Bunnch Technical Position on D:sposal or Onsite Storage of Thorium or Uranium Wastes From

Past Operations.10 Fed Reg 52061,1981. (
1

Cushing Decommissioning Plan rev.O April 25, U94 1. l
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O intended to fulfill license condition number 11 (A and B) requiring a plan meeting the requirements of

10 CFR Part 70.38(c)(2)(iii).

'

l.3 CATEGORICAL EXCLUSION
.

- Pursuant to 10 CFR Part 51.22(c)(11), decommissioning activities at the Cushing site qualify

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.

.

O .

O
_ _ - . . . _ . . .. . . . . _. . . . . _ . _ _ . . . _ .
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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 is rolling, oil producing

pasture land. Several oil fields were developed in the imrnediate 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 joining the Cimarron River 4 miles ENE at an elevation of 760 ft. Neighboring commumties
include Yale (7 mi NNE), Ripley (8 mi WNW), Agra (10 mi SW), Oilton (11 mi ENE), Quay (10 mi

NNE), Jennings (14 mi NE), and Drumright (8 mi E)J Geography in the vicinity of the Cushing site is
shown in Figure 2.1, and the main features and buildings on the site are identified in Figure 2.2.

2.2 OPERATING llISTORY

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.
2Additional adjoining land, less small 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 Commission (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 by 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 ad 1979, Nolan and Mae Vinson obtained title to the property. On August 6,

'

1979, J.F. Boydston purchased 115.05 acres from Nolan Vinson. In 1985 and '986, 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

3 Kerr-McGee license application dated 7/3/62.
2 The 1/30/90 consent order between Kerr-McGee and the State of Oklahoma references a 335 acre site,

whereas the 1124/91 ORAU Assessment of Decontamimition and Decommissioning Activities tefers to a
435 acre site.

3 Memorandum from Gene Mcdonald, Ecology and Environment, Inc., to Keith Bradley, EPA Region VI, )
dated 10/28/86

i

April 25,199[ 2.1
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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 propesy), the region of known waste-

disposal in the NE corner, and the former. disposal area in the NW corner. Since 1986, Kerr-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 Licensine and Operations

Source materials license SMB-664 was issued to Kerr-McGee on November 7,1962f The

license authorized unlimited quantities in a variety of chemical forms of uranium and thorium. Kerr-
|McGee's license application stated that.

Both normal and depleted uranium may be in our possession in a variety of chemical
-

in tFe case of depleted andforms. The bulk of the material will be received as UF6
as UF or mill concentrate in the case of normal. Typical products will be oxides, -

6

carbides, fluorides, nitrates, metal, etc. At intermediate points in our processing, a i

variety of compounds may be encountered, for example, uranyl nitrate. . Thorium I

will normally be received as concentrates. Typical p:oducts will be oxide or carbide
or combinations of uranium and thorium compounds at various ratios of thorium to

uranium.5

Special nuclear materials license SNM-695, issued . April 23,1963, authorized possession of any
,

enrichment of uranium in any form, except metal, including scrap recovery. It authorized Kerr-McGee

to possess up to 1000 kg of U235 at any one time 6 Kerr-McGee's license application stated that:
The uranium will be received in the form of UF or other chemical compounds6

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 limited
UO , UO , Uranium Carbide, Uranium Sulphate,to, the following compounds: 3 3

Uranium Nitrate, Uranium Terrafluoride, and U Og.73

Later, KMC's license., SNM-695, was amended to permit reduction of high enriched UF.; to

uranium metal buttons,8 done by thermite reaction with magnesium in a ceramic-lined steel vessel that

was bolted closed. The sLg was roasted to oxidize any residual uranium or magnesium, and the
uranium was recoveted from the scrap.9 |

!Enriched uranium was processed at Cushing from early 1963 until September,1965. Thorium

processing dated from Decembet,1964, until February,1966, when operations ceased following an
accident that resulted in the death of one employee.

AEC Source Material License issued to Kerr-McGee Oil Industries, Inc., dated 11/7/6'-
5 Kerr-McGee license application dated 7/3/62

AEC Special Nuclear Material License issued to Kerr-McGee Oil Industries, Inc., dated 4/23/636

7 Kerr-McGee license application dated 10/12/62
8 AEC Special Nuclear Materials License SNM-695 amendment issued 12/23/63.

Kerr-McGee SNM license amendment application to AEC dated 9/9/63.4

Cushing Decommissioning Plan rev.O April 25,1994 2.2
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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, i.e ,
the hoods, fans, duct work, stacks, and the sinks and work benches from the analytical laboratory,

apparently having been transferred to Cimarron. The inspectors further noted that "The facilities
!

appeared to have been thoroughly cleaned."Il Building 31, the site of thorium processing, had been
dismantled: only the concrete slab floor and brick wall common to Building 31 and the adjoining

Building A6 remained. The busling 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 recommended that the licensee be authorized to 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 25,1966.12J3 |

|
'

2.2.3 Process Buildim's

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 A6, separated by a wall, was used for depleted uranium processing. By June,1990, only the

portion of Building 30 that had been used for nuclear material processing remained standing. The
remainder of it had been torn down during same phase of decommissioning. Figure 2.3 shows a plan

view of these former process buildings.14

10 Kerr-McGee letter to AEC dated 6/9/66.
II AEC internal memo dated 7/29/66.
12 D.L. Walker, Dir., NRC Region IV., Close-our inspection, to L. Dubinski, Asst Dir. NRC HQ, July 29,

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

1966. j

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

Cushing Deconunissioning Plan rev.O Aprii25,1994 2.3
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M 2.2.4 Processes Performed

At the Cushing site, Kerr-McGee converted feed materials, such as uranium and thorium
concentrates and uranium hexafluoride (UF ) from the AEC, into usable chemical and physical forms of6

nuclear fuel materials for use by customers both inside and outside the United States.

Kerr-McGee processed enriched uranium in Building 30 from the beginning of 1963 through

September,1965. The processes entailed the conversion of UQ or other compounds and/or scrap to |

nuclear fuel materials-UO , UO , U Og, uranium carbide, uranium sulphate, uranium nitrate, and2 3 3

uranium tetrafluoride (UF ), and the reduction of high enriched UF to uranium metal. By early 1964,4 4

most uranium processing work was aimed at producing UO , U Og , and uranium metal for the AEC.2 3

Additionally, residues from metal reduction operations were reclaimed. In February,1965, Kerr-
IMcGee was testing a new solvent extraction development system using depleted uranium and applied

for authorization to add a scrap dissolving facility and rafGnate holding tanks to be located in Building

30.

To make ceramic-grade UO in Building 30, enriched UF was bubbled into a 5-inch diameter2 6

reactor containing an organic reductant, perchloroethylene, to form UF precipitate. The UF4 cake4

was filtered, dried in a furnace and then contacted with a hydrogen-steam mixture to form ceramic

UO Fused uranium carbide was formed by mixing UO2 with carbon followed by an arc meltingy
operation. Uranium buttons were formed by placing UF and magnesium in a magnesium oxide4

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 material.

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 organic

solution, composed of 25% tributylphosphate (TBP) and 75% amsco, a kerosene-type diluent, to

sohent extract and concentrate the uranium.
. .

Building A6, which adjoined Building 30, was used for processing depleted uranium. UF6 was
converted to UF in a process that used perchloroethylene as a reductant.15 UF4 was then reduced to4

uranium metal. In that process, a semi-continuous fluid bed reactor was used to convert UF to UF46
0

by feeding UFn gas. CO . and vaporized perchloroethylene into the fluid bed unit at 550 F. The UF4
2

was then reduced to uranium derby metal in an induction-heated reactor using magnesium as the
reductant. The reduction unit was also used to oxidize some large depleted uranium buttons from

llanford to U Og.3

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 nitric 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
2 processing linesampled prior to discharge to a waste pond. At that time also, a high enriched UO

15 AEC Inspection Report dated 1/23/64

_ . . . . . . . . . . . _ .. - . _
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was being readied for startup on new fuel powder orders. The initialjobs would involve preparation of
\ ceramic UO -2

Thorium processing, conducted in Building 31, was begun in December.1964. The thorium

process used as feed material either thorium nitrate tetrahydrate (Th(NO )4 4H 0) or recycled scrap3 2

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 precipitate thorium oxalate, which was then aged in a barrel.

The slurry was then centrifuged for separation of oxalate cake. The oxalate c.tke was dried, and the

dry thorium oxalate was reduced to thorium oxide in a rotating kiln. Process steam and ammonia were-
fed into the kiln to convert the dry thorium oxalate to thorium oxide.t6 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.
i

Two processes were used for producing thorium pellets from metal sponge. After mixing
thorium oxide with calcium metal and calcium chloride and reducing the thorium to metal sponge, in

one proces: the metal sponge was leached with water to remove the soluble unreacted calcium and17

calcium chloride. The thorium metal, in a liquid slurry, was then vacuum dried. In another processP

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
transferred to 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.

215 Waste Disnosal 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 prew.:s
generated a raffinate in which the uranium concentration was about 0.05 g/l ( < l.7 - 10-5 pCi/cc).

2
Reports that the raffinate was discharged into Skull Creek 19 and was discharged into a waste pond 0

are in disagreement. KMC believes they were discharged into the creek.

21The UF to UF conversion generated no liquid or solid waste. An AEC inspection report6 4

stated, "The unique aspect of the conversion li.e., UF to UF ]is that no waste material is generated.6 4

The reaction can be carried out in a vapor phase Guid bed reactor or in conventional liquid phase

i reaction equipment.'

16 AEC Inspection Report dated 9/21/65
17 AEC report dated 7/9/65 of investigation of a fire and rapid oxidation involving thorium processing at the

Cushing facility.
,

I 18 AEC Inspection Report dated 9/21/65

;_ ' 19 AEC inspection Report dated 1/23/64
20 AEC Part 70 Inspection Report dated 5/26/65.

,

i 21 AEC Inspection Report dated 1/23/64.

Cushing Decommissioning Plan rev.O April 25,1994 2.5
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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 sludge 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 Creek 22 The thorium liquid 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 in the trash dump in the NW and in the area in the SE corner of the tank farm

property north of Deep Rcck Road, i.e. , an area south of Pit 4 and north of Deep Rock Road 23

A 1984 an EPA contractor's reconnaissance inspection of the Cushing site indicated that

thorium oxalate filters from thorium processing had been deposited in a refinery waste sludge pit (Pit

4),24 At that time, Pit 4 also contained part of a structure, concrete chunks and slabs, that emitted
,

radiation that "cannot be attributable 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)25

2.3 FACILITY HISTORY OF LICENSED MATERIAL

2 3.1 Radionuclides

'(
Uranium and thorium processing operations were conducted at the Cushing site between late

1962 and mid-1966.
,

Uranium. The uranium received at Cushing was a highly refined form, either Ull or metal.-

having only a very small fraction of its radioactivity in the form of long-lived decay products. Only the
238, U 35, and U 234, and a short-lived nuclide Th231, would have2radioisotopes of uranium: U

2 234 will have grown intoarrived at Cushing in significant quantity. By now Th 34, Pa 234m , and Pa
2radioactive equilibrium with U238 but not the daughters of U 34. Thus, the uranium series

radionuclides of primary radiological interest are lp38, g234, Th 230, and Ra 26. U235 in the2

actinium series is also of interest.

Since the purity of the uranium received at Cushing was high, there was very little Th230 or

230 would haveRa226 in it; any Th230 and Ra'26 would have tended to remain together in waste; and Th
226

to exceed Ra226 by more than an order of magnitude in order to produce significantly more Ra
230 s notduring the next millennium. Thus, if auxiliary measurements demonstrate that Th

significantly more abundant in soil than is Ra 226, routine measurement and control of Ra226 wilt
230 is also controlled. Moreover, a current finding of significant Ra226 wouldadequately assure that Th

be indicative of NORM.

22 II.W. Crocker, NRC:III, Part 70 Inspection, Sept. 21,1965.

23 ORAU Scoping Study dated 10/27/89

24 Filters seems to have been an ersoneous reference to filtrate.
25 Memorandum from Ecology and Environment, Inc., to Keith Bradley, EPA Region VI, dated 10/28/86
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SNM-695 authorized Kerr-McGee to possess up to 1000 kg of U235 at any one time in Building

OA 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 UO2 at 4.5% enrichment.
During an AEC inspection in January,1965, Kerr-McGee's SNM inventory was 155 kg of U235 , or
which approximately 90% was enriched to 2 90 wt% U235,26 Although uranium with a wide range of
U 235 enrichment values were received, most environmental samples have exhibited relatively low

enrichment. .,

i
!Thorium. The thorium processing, in Building 31, used as feed material either thorium nitrate -

- 4H O) or recycled scrap of high thorium content. The thorium nitratetetrahydrate (Th(NO )4 23

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 thorium processing ended at Cushing, the thorium !
!

series radionuclides will have grown within about 0.95 of secular equilibrium with the Th232
,

2 3.2 Locations Where Radioactive Material Was Processed. Handled. or Stored ,

The Nuclear Products Department of Kerr-McGee's Cushing facility consisted of approximately
27 The largest of the these15.000 square feet under roof and was divided into three adjacent areas

i

'

areas was Building 30, a brick building of approximately 10,000 square feet, including the second
floor. The others were buildings A6 and 31.28

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 UQ in2
f

Building 30, Enriched uranium contained in metal reduction residues was recovered by dissolution in
nitric acid and extracted from the aqueous uranium solution by contacting it with a solvent extraction

i
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 U235

A second processing 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
'

least one occasion. a number of large metal reductions of 3.7 percent enriched uranium were performed
'

there 29 An earlier repor!30 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
i

6 4

large depleted uranium buttons from Hanford to U Og.3

All thorium processing operations occurred in Building 31, formerly the Materials Storage e

Facility. There, thorium-nitrate-tetrahydrate was converted to pure thorium oxide, which was reduced

26 P.S. Sandel, NRC:IV, Compliance Inspection Report, Feb. 16,1965..

27 AEC Inspection Report dated 9/2/64
28 Kerr-McGee, Plot Plan (Process Areas), dwg. A-NPD-78, May 1,1964.

29 AEC Inspection Report dated 9/2/64
30 AEC Inspection Report dated 1/23/64 7
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to a metal powder and pressed into' compact: The thorium processes are described in detail in Q2.2.4,

Processes Performed. i

|
''2.3.3 Locations of Snills 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, Waste 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. Uranium processing had already been moved to Kerr-McGee's )
Cimarron facility at the time of the latter 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 explosion occurred within a 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 MPC31

The first serious accident occurred on June 23,1965, when a fire and explosion involving 120

lb of natural thorium metal propelled a 61ter-dryer out a garage-type door and across Skull Creek,

coming to rest near an oil storage tank in the rennery approximately 200 yards from its origin.
Thorium was deposited on the outside wall of the building (Building 31) where the container had exited.

2180,000 dpm/100 cm . No other contaminationContamination readings on that wall ran as high as

along the path of the filter-dryer was detected.32 Calculations indicated that the maximum quantity of

activity available for release was 6 millicuries of natural thorium from the 120 lb 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 material 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 strall 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 alpha contamination of 5000 dpm/4 sq in. Minor
contamination (2000 dpm/4 sq in) was spread to connecting refinery and maintenance rooms." An AEC

33 stated that the " spread of thorium contamination outside of the process buildingcompliance report
'

was insignificant " Surveys outside Building 31 showed a maximum smear of 300 dpm/4 sq in

- AEC Internal memo dated 4/14/65

Memorandum from Eco ogy and Environment, Inc., to Keith Bradley, EPA Region VI, dated 10/28/86.A

33 AEC Compliance Report dated 3/7/66.

1
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O ' immediately south of the building. Kerr-McGee terminated its thorium operations following this
' '

incident.
-

- 2.4 PREVIOUS DECOMMISSIONING ACTIVITtES

After operations were termmated 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 termination on June 9,
1966. The AEC advised Kerr-McGee that any residual contamination at the licensed site was

insignificant and presented no hazard to health and safety. The two licenses under which operations
were conducted were terminated on July 25,1966.34

In 1972, surveys were performed and cleanup conducted of the northeast corner of the Cushing

site, the Old 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.35

Between 1979 and 1982, additional decontamination and stabilization activities were performed

on Building 30, the building access road, (i.e., the road connecting Building 30 and Deep Rock Road),
Skull Creek, and the NW, NE, and SE sections of the Kerr-McGee tank farm area. Contaminated soil
and other wastes that exceeded a radiation reading of 50 pR/hr we:e sent to the Cimarron facility for

further processing. Soil measuring 30 to 50 pR/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 pR/hr was left in place or deep

plowed. Approximately 20 acres of land in the NE corner were plowed and terraced to distribute
residual contamination and to prevent surface runalf 36

In October 1989, a survey by the Oar Ridge Associated Universities confirmed the presence of

general low-level radioactive material in the nvtheast 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 in 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 puideline values for propeny being released for unrcstricted use."37

in a consent order with the State of Oklahoma that went into effect in May,1990 Kerr-McGee

agreed to remove contamination in and around the old process buildings to Option I criteria specified in
the NRC's Branch Technical Position (BTP). Kerr-McGee was also to actively pursue a thorough

characterization survey of the entire original 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 to conduct a radiation survey of the refinery

Moore , Morgan, Kerr-McGee Refining Corporation, letter to Scott Thornpson, Oklahoma State Dept.34

Ilealth. October 24,1990.

35 ORAU, Scoping Study, Oct. 27,1989.
36 loc. 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.38

Contaminated soil was stockpiled, analyzed for both chemical and radiological contaminants, and .

shipped to the Chem-Nuclear waste disposa! ,ite 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 machine 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.
Iligh pressure steam was used to wash down the ceiling and support beams in the uranium process area.

A 500-galloa septic tank that was found ta be contaminated was removed. Contaminated soils were
also removed from the Skull Creek stream bed and stockpiled. Concurrent with the effort to reduce

radiological contaminants, Kerr-McGee worked to clean up and remediate the refinery site. ;

i

2 A.1 Buildinc 30

Uristairs. A characterization survey including direct and smear measurements was begun in

1989. Decontamination done during 1990 included these activities:

i removed ventilation ductwork, loose piping, and loose material on the floor;.

removed asbestos from piping and loose asbestos from the floor and packaged it for shipment to a.

disposal facility offsite;
removed contaminated Door tile and packaged it for shipment offsite to a disposal facility; i

.

surveyed sheetrock on a 2,x 2 m grid.. removed that meeting release limits, and buried it onsite. !.

packaged contaminated sheetrock for shipment to a disposal facility; |

removed electrical conduit, light fixtures, floor drains, and all remaining material; surveyed those
I

.

materials to sort 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 Door;.,

washed down the walls and Door again;.

performed a complete radiation survey of the walls, ceiling, beams, posts. and Door; and.

cleaned contaminated spots to less than the release limit..

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 steel shot blasting machine. Light fixtures were removed and temporary lighting was

installed.

,

38 Kerr-McGee, Cushing Site - Radiological Characterization, May,1991
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O 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. j
i

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
1limits. '|

Remaining contamination exists primarily in areas inaccessible for decontamination until

building demolition takes place.

)
West Dock. During alpha and gamma surveys of the west dock in 1992, several areas of j

contamination were found along the edge by 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 f
was broken up into slabs and hauled into building A6 for final survey and more cleaning. The broken
slabs were surveyed 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.'

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

dealer.

East Dock. During 1992, the dock along the east side of Building 30 was scanned for
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, andg
bottom) and doing complete alpha and gamma surveys except b2 hind the lip of the dock that is against

the building.

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

removed.

Basement. During 1991, a roadway into the basement was excavated. Using a portable .

'

mstrument with a shielded,3-inch Na1 detector to guide the work, the basement floor and piping were

cleaned; Contaminated bnck were removed and put into 55-gallon drums. Contaminated pipe was

remmed drunimed, and shipped offsite for burial at a licensed facility. A final survey remains to be |

done.

|
2 4.2 Pad of Buildinc 31

iWhere 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.
.

,

O. 1

v

. _ . .-. . . . .
-

i
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' 2.4.3 SNM Storace Buildine

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 walh that remain to be cleaned to the unrestricted release limit.
,

>

2.4.4 Buildine A6

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

sort, and package contaminated materials.

After 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

surveyed inside and out. After samples of the paint were determined to be contaminated, a vac-u-blast
O

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

gamma 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 is using it for

packaging 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.

L4.5 Land Around Process Buildine

Yard East of Buildines 30 and A6. During 1990, the yard east of the process buildings was

surveyed; contaminated soil was excavated and sorted using a portable instrument having a shielded 3-
inch Nal detector and by sample analysis using gamma spectrometry to establish sort points. Excavated

soil 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 to be shipped to a radioactive waste disposal site. The pile of option i 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

J gallon drums and was shipped to an off-site burial facility. Further decommissioning remains to be

done.
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Sectic Tank and Line. The septic tank serving the process laboratory and shower room was 1
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 I level and back-filled.
.

2.4.5.1 Ditches Adiacent to the Process Buildine.

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
i

Building 31 into Skull Creek. This pipe has been removed and the ditch remains open. The third is a
concrete-lined drainage ditch reaching from the southwest end of Building 31 to Skull Creek. At one

I
time before Skull Creek was cleaned, the concrete lined ditch was used to clean brick; at that time a

sandbag fiher 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 creek bank.
J t

i

2.4.6 Block 125
8

During the characterization survey in 1990, an area with an exposure rate of 36 R/hr was
observed in block 125. Guided by a survey instrument having a shielded,3-inch Nal detector and the

'

results from the in-hoase sample counter, the contaminated soil was excavated until the shielded, 3-inch

detector readings were at background levels. The affected area of block 125 was then gridded on a 2

meter by 2 meter grid, sampled, and those samples analyzed by gamma spectrometry after its cleanup.
\ The instrument with a shielded,3-inch Nai detector was used to do a complete scan of the area for j

release. The sample results showed that the remediated area was at background levels. |

The soil excavated from block 125 was transported to the yard beside Building 30 for sorting.

Soil containing option 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. I14,

121 and 122.

2.4.7 Blocks 133 and 140
l

Blocks 133 and 140 contained areas that exhibited elevated exposure rates (15 to 19 pR/hr) ,

during the characterization survey. These areas were revisited with a micro-R survey instrument and an j
instrument with a shielded. 3-inch Nal detector. Soil sample analyses demonstrated that the soil is at j

background radioactivity concentration and the elevated exposure rate is produced by furnace refractory 1

brick which had been deposited there.
!

2.4.8 Skull Creek l

The upstream, and tMs unaffected part of Skull Creek is southwest of the nuclear materials

process buildings. 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.

- .-. -
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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, a gamma scan was performed. After all these readings were i

taken, samples were taken where the elevated readings had been observed and were analyzed. ,

i-

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. .

1

The survey identified spots of elevated ganuna 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 points. 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 grid was re-
established at 5 meter intervals with survey readings recorded at waters edge, I meter and 5 meters on

each bank using a lead shielded,3" x 1/2" Nal detector and a pR survey strument. Locations of !

elevated readings were sampled at the surface and 1 foot deep and were analy7.ed in KMC's gamma,

spectrometer to verify results.

KMC four.d 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 I 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 bourdary is free of radioactive contamination above BTP Option I and is typically at

background.

Ilistorical, aerial photographs show that part of Skull Creek in blocks 103 and 104 between the

railroad bridge and the si e boundary was rerouted. The abandoned channel was backfilled.t

2 4 9 Pits 1. 2. 3. and 5.

Material in Pits 1 through 5 consists of a mixture of clay, hydrocarbon, ans sulfuric acid from ,

an acid-clay process used in refining tube stocks. These Ove sludge pits existed when Kerr-McGee

acquired the refinery. Acid sludge in the five pits onsite consist of high molecular weight
>

hydrocarbons, diatomaccous carth, c.nd sulfuric acid. The materials are tar-like in nature. Four of the
,

< - five pits (1,2,2, and 5) were full and were nat used by Kerr-McGee. Pits 1,2,3, and 5 were sampled |

,
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and analyzed for radionuclides in 1986.39 Analyses of samples ficm those pits confirm that they are
not contaminated by licensed radioactive material above backgrcund.

2.4.10 Pit 4

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, radieactive contamination in Pit 4 was characterized by

removal and analysis of core samples. ,

- Soil northwest of Pit 4 was sampled in areas that displayed elevated 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 frou

'

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. l

|

2.4.11 Trash Dump )

Believed to have been called the trash burn pit and the old Globe property dump, the trash-- I

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.
'

>

;

J

:

,

39 Moore,1990.
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3. DESCRIPTION OF PLANNED FECOM511SSIONING ACTIVITIES ,

1

3.1 DECOMMtSSIONING OltlECTIVE

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 I;OR DECOMMISSIOFING

The NRC has stated its intention to continue to a: cept existing NRC guidance, criteria, and

practices to determine whether a site has bee-n sufficiently decontaminated so that it may be releasedt

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 radioactive material into

three categories. Soil and debris containing radionuclides between maximum acceptable concentrations

in llTP Options I and 2 will be put imo an engineered cell onsite for permanent disposition in
accordance with site specific application of IlTP Option 2. A preliminary exposure pathways analysis
demonstrates that a radionuclide concentration more than enumerated in BTP Option 2 may be safely

put into an engineered cell onsite, KMC may request NRC approval to pu'. soil and debris having
radionuclide concemration 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 offsite for disposal. Soil
and debris satisfying ilTP Option 1 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 Umestricted Use or Termination of 1.icenses for

Ilyproduct, Source, or Special Nuclear Materials.

| The criteria KMC proposes tojudge completion of decommissioning are based on the existing

guidance, applied to the Cushing site, and are presented here. All criteria apply only to licensed
radioactive material; it does not apply to naturally occurring radioactive material (NORM).

<

3.21 licensed Radionuclides Present

liranium. The uramum received at Cushing was Uli,, a highly refined form of uranium having ;

only a very small fraction of its radioactivity in the form of long-lived decay products. A wide range of

1 Selin, Ivan, SDMP Sites: The View Fmm NRC, speech at SDMP Workshop, Rockville, Maryland, Nov.
19,1992

. . _ . . . _ _ . . - . . - . . . _ . .
. . - _ _ - . _ . . . _ . .
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|

uranium-235 enrichment values were reported to have been received, but residual uranium enrichment

is typically about 12 % tF35 or less.

' Uranium series radionuclides of primary radiolcgical interest are U238, U234, Th230, and

Ra226. U235 n the actinium series is also of interest. Cushing received refined uranium compounds:
~'

* UF , etc. Only the radioisotopes of uranium: U238, U235, and U234, and a short-lived nuclide, Th6
231, would have arrived at Cushing in significant quantity. By now TIP34 , Pa234m , and Pa234 wjij

have grown into radioactive equilibrium with IF38 but not the daughters of if34
,

Since the purity of the uranium received at Cushing was high,1) there was little TIF30 or Ra

226 in it, 2) any Tl@30 and Rg26 would have tended to remain together in waste, and 3) Th230 would
have to exceed Ra226 by more than an order of magnitude in order to produce significantly more Rg26

during the next millennium. Thus, if auxiliary measurements demonstrate that Tli230 is nyt
significantly more abundant in soil than is Ra226. routine measurement and control of Ra226 will

adequately assure that Th230 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 r,rown practically to secular

equilibrium with the parent Tl;32,

3.2.2 Criteria for 1 and and Buildines

KMC plans to clean up buildings it intends to keep and land onsite to NRC criteria for
unrestricted release stated in this section. Existing radiological criteria for unrestricted release of ,

decommissioned facilities on which cleanup of land and buildings is planned follow.2.3,4

i

3.2.3 Surface l

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 j

s3.2.6 may be used for bulk rubble such as chunks of concrete or brick. These surface contamination
criteria are based on Guidelinesfor Decontamination of Facilities and Equipment Prior to Releasefor :

Unrestricted Use or Termmation of Licenses for Byproduct, Source, or Special Nuclear Material, \

Policy and Guidance Directive FC 83-23.5 |
|

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

3 USNRC:NMSS, " Action Plan to Ensure Timely Cleanup of Site Decommissioning Management Plan
Sites," in NMSS Licensee Newsletter, NUREG/BR-0117, no. 92-2, June 1992.
USNRC:NMSS:Decom. and Reg. Issues Br., Branch Technical Position On Site Characterization For4

) Decommissioning Sites, draft, July 1992.

Cunningham, R.E., USNRC:Div Ind & Med Nuc Saf, Termination of Byproduct, Source, and SpecialJ $

Nuclear Material Licenses, Policy And Guidance Directive FC 83-23, Nov. 4,1983, rev. August 1987,

. _ . . . _ . . . . _ . . . _ - . . . _ . _ _ . - . - _ _ _ _ _ . - _ _ . _ . _ - _ _ . _ _ _ . - . _ . . . . . _
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Table 3.1. Acceptable Surface Contamination Levels

Nuclides8 Average ,d Maximum d Removable .db c b

2 2 2(dpm/100 cm ) (dpm/100 cm ) (dpm/100 cm )
!

uranium 5,000 15,000 1,000

thorium, nat. 1,000 3,000 200

locluding associated decay products.a
2b Average contamination may be averaged over as much as 1 m ir

the area of an object is less than 1 m , average contamination over
the object,

!Maximum contamination level applies to an area s 100 cnf .c

dpm/100 cm may be measured by either alpha or beta-ganuna2d

sensmg instrument.
Where both U and Th occur, the sum-of-fractions s 1 formulae

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 thorimu 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 s 1 formula may be used to derive an appropriate limit based on these values. ,

32 4 Exposure Rate :

Thorium and uranium concentrations remaining in land and buildings shall be sufficiently low

so that the gamma exposure rate at one meter above the surface does not exceed 10 pR/hr above

background at one meter above the ground or building surface.6 in the event the exposure rate above

ground exceeds 10 pR/hr above background while radioactivity concentration in soil does not exceed

the BTP Option I concentration limi , KMC may plow the soil to increase self-shielding rather thant ;

excavate.

The average and maximum radiation levels associated with surface contamination in a building

resulting from beta-ganuna emitters should not exceed 0.2 mrad /hr at I cm and 1.0 mrad /hr at I cm,
,

2 total absorber.respectively, measured through not more than 7 mg/cm

- 3.2.5 ALAR A

Residual radioactivity concentration shall be As Low As is Reasonably Achievable.

Deconunissioning activities will be conducted to minimize increase of contaminated ground surface to

ALARA.

,

t

b USNRC,11 ranch Technical Position, Disposal or Onsite Storage of Thorium or Uranium Wastesfrom Past
Operations. 46 FR 52601, October 23,1981.

. . . - . - . - . . . - . . -. .. ,. - - - - .. - ..... .. . .. . - -. .. - - . . . - . . . -
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3.2.6 Volumetric

Options 1 and 2 from the USNRC Branch Technical Position, Dispotal or Onsite Storage of
7horium or Uranium Wastesfrom 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 (DCi/ cmp

Thorium (Th232 + Th228)if all 10.

daughters are present

Depleted Uranium 35

Enriched Uranium 30

above backgrounda

Material is in the Option I category when the combined radionuclide concentration, in pCilg,
'

less background, is s I using the following equation.

LU2381 + IU2351 + ru2341 + ITh2321 + ITh228] s1

35 30 10

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 isotopic data that are applicable.

3.2 7 Application of Radioactivity Limits to Measurement Area

3 2 7.1 Averace Radioactivity

Stated radioactivity limits are for average values, above background, applicable to.

affected areas:
2100 m area for soit radioactivity,
2100 m area for exposure rate on open land,
2100 m area for paved surface radioactivity,

'

210 m area for indoor exposure rate, and

I m for surface radioactivity on a building interior or exterior.2

Stated radioactivity concentration limits for ground water are for average values, above ..

background, 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 limit is exceeded, additional cleanup is required.

. _ . . . _ . . . _ . _ . . . . _ _ .
_ . _ . _ . _ . . . _ . . . - _ _ . . . . . . . _ . - _ . . . - . . _ . .
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3.2.7.2 Area-weichted Radioactivity

The average radioactivity concentration in soil must be < (100+ A)% times the.

stated limit where A = area of elevated radioactivity in ni and is < 100 nf .
.

Surface radioactivity on a building interior or exterior that is between 1 and 3 times. ,

the stated limit is acceptable provided the area-weighted average radioactivity within j

a 1 m area containing the elevated activity is within the stated limit.
'

2

1

Surface radioactivity on a paved surface out-of-doors that is between 1 and 3 times.

the stated limit is acceptable provided area-weighted average radioactivity within a

100 m area containing the elevated activity is within the stated limit. ]2

_

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

-]
,

is required.

3 2.7.3 Maximum Radioactivity
;

The maximum 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 background. j

The maximum radioactivity on an interior or exterior building surface, when.
,

averaged over 100 cud, may not exceed 3 times the stated limit above background. ;

I

Radioactivity measurements, above background, will be individually compared with the stated
limit. In the event a maximum radioactivity specification is exceeded, additional cleanup within the

area exceeding the limit is indicated. !
!

3.2.7.4 Survey linit |

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. i

A survey unit is a group of contiguous grids or regions with the same classification of !-

contamination potential and a similar history of use.
. - A maximum survey unit area is not specified for land.

A maximum survey unit area for an interior or exterior building surface area or a paved |.

surface out-of<loors is 100 n@.

Each survey unit for which measurements demonstrate the stated limit is met with 95%'
confidence will be acceptable and no further cleanup or survey is required, llowever, if the mean of
measurements is less than the stated limit but the 95% con 0dence test is inconclusive, i.e., avg. activity

_ . . . _ . _ . . . . . . _ _ . .

_ . _ . . _ . . _ _ _ _ _ . . . _ _ - . - . _ . . . - . . _ _ _ . . . . _ _ . . . _ . _ _ . _ _ . .
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;

i

< limit < (avg. activity + t.95 o+(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 Disoosal Cell Criteria

NRC BTP Option 2 provides for disposal of certain low concentrations of thorium and uranium
'

when buried under prescribed conditions 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 containui material away from the site. Land and buildings er
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 is: |

)

Table 3.3 BTP Optioc ' Radioactive Concentration Limit

:

Kind of Material Concentration (oCi/cm)

Thorium (Th232+Th22a) if all 50 |
'

daughters are present

Depleted Uranium

soluble 100
t

insoluble 300
.

Enriched Uranium j

soluble 100

insoluble 250

222Natural uranium containing Ra226 is not included under BTP Option 2 because of possible Rn

releases and resultant higher than acceptable exposure of individuals in private residences if houses
were built over buried material. Licensed uranium received at Cushing was in purified form, not

230 or Ra226, and thus qualifies for BTP Option 2.containing Th

RMC plans to evaluate topographical, geological, and hydrological characteristics of the site. It j

plans to design a cell that will stabilize materials in place, that will inhibit transport of disposed material j
,

away front the site, and minimize likelihood of intrusion. KMC plans to derive and propose - '|

specifications for design and construction of the cell. At a minimum, 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 to cause more radiation dose than the basic of BTP Option
' KMC may propose the alternative concentration to the NRC for approval. In that event, the+

I alternative concentration limit would apply in lieu of the BTP Option 2 limit everywhere herein. |
,

4

!

.
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(] 3_] 8 I 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 contaminant

concentration (MCC).

Table 3.4. Criteria for Radioactivity in Water
_

Contaminant MCCd

Radium 226 + Radium-228 5 pCill

Gross alpha 15 pCi/lh

MCC = maximum contaminant concentration.d

b including Ram but excluding radon and uramum

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
community and non-transient, non-community water systems in the Environmental Protection Agency's
(EPA) Interim Primary DnnAing Water Regulations,40 CFR Part 141.7 Other provisions of 40 CFR

141 do not apply to radioactive cleanup of the Cushing site.'

3 2 9 ()ftEte 1)is.posal Crnerion

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 Cl EANtJP CANDIDATES

Lew-level manium and thorium contamination remains on the Cushing refinery site as the result

ot uranium and thorium processing while radium contamination exists from naturally occurring
raJioactive materiah, i.e NORM such as nipe scale from crude oil production activities in this area.

Areas displaymg elevated gamma radiation include Pit 4, several tank berms, segments of Skull Creek,
the mamienance building sump, a pipe storage yard, 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 incasured during the characterization survey ^ and from employee knowledge of the site is

summarized hereafter.

( USEPA, National Interim Primary Drinking Watcr Regulations, EPA-5?0'9-764K)3; und 41 FR 384U4:
$

'

(,,/ July 9.1978.
Kerr-McGee, Cushing Site-Radiological Characteri:ation, May 4,1991.H
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(])( 3 3.1 Pit 4. !
_

Pit 4, in the northeast part of the site contains heavy hydrocarbons from a lubricating oil l

- manufacturing operation and wax. The hydrocarbons are primarily high molecular weight asphaltenes, )
and contain a significant percentage of sulfuric acid Oypically 15 to 25 percent). Thorium contaminated I

l

waste was previously disposed in the northwestern corner of the pit; later, the pit was covered with a j

soil cap. In 1990, the pit was extensively cored, sampled, and the extent of radioactive contamination |

was delineated. 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 Option 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
I

above background. Measured uranium and thorium concentrations range up to 7 and 34 pCilg

respectively, in biased sampling in the northwest part of Pit 4 where elevated gamma radiation exists. )
Thorium contamination in the northwest part of Pit 4 is a candidate for removal. j

3.3.2 Refinerv Tank Berms.

In several tank berms exhibiting elevated gamma radiation, thorium contamination was found to

be within one foot of ground surface. Some tank berms contain tar-like residue and natural thorium in

concemrations typically ranging irom 10 to 30 pCi/g. The thorium-bearing residue within affected

berms is subject to further characterization and cleanup.
O
f i
V 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. h 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 material. Remaining

materials within the berm surrounding the trash dump are subject to further cleanup.
.

3 3 4 Burial Trenchet

During historic cleanup activities, solid radwaste having elevated radioactivity concentration

was shipped to the Cimarron site. During cicanup activities in 1979 through 1982, contaminated soil,
sand, concrete, and waste presentmg a radiation exposure rate between 30 and 50 pR/ht was buried in

trenches on th'e Cushing site. while material with higher concentrations was shipped to licensed disport
sites The burial trenches were excavated as deep as 12 to 14 feet and 6 to 7 feet wide.

Gamma radiation observed on the ground above the trenches averaged only about 2.5 pR/hr

above background or less. Of 83 core samples taken within the trenches and analyzed by KMC, only
ten were in excess of NRC B FP Option 1 average concentration limit of 10 pCi Tly /g. In only one

sample did thorium exceed 3 times the limit. Uranium did not exceed 30 pCi U/g, the Option I limit

D for uranium in any sample. ~l'ne activity concentration in all of KMC's characterization measurements

d .

)! %

-
i
.

J. ,*
__

.

( . - .
,

Cushing DecommissioningiP!an rev. O Apnl 25,1994 3. 8

activ4. doc
,

%

. - - - . - - - -



_. ~ . - _ _ _ _ _ __ __ _ _ _ _ . - ___ . _ _ __

%

5

related to the trenches was less than the BTP Option 2 average concentration limit? KMC intends to

characterize these burial trenches more closely."

3.33 Skull Creel

The upstream, 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 aid in remediating

hydrocarbon pit 5. 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 to 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 the railroad bridge and the
site boundary downstream, only 3 spots contaminated above BTP Option I concentration were found.

'

Dirt removed from the creek was sorted into 3 piles, now stored south of Building 31.

Part of Skull Creek in 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 m interval. j

I

KMC also 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. -|

1

3.3.6 process BuildinRS.

In former process buildings A6 and 30, some areas, particularly those that conot be accessed

until building demolition, remain contaminated in excess of current NRC puidance for unrestricted ]
'

release. Uranium and thorium are localized in their separate processing areas, with cross-contamination

limited to areas where analytical laboratory and change rooms were formerly located m
4

,

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

survey, sort, and package contaminated materials.
~

..

9 Nert-McGee, Cushing Site-Radwlogical Characteri:ation, Tab \c 3, May 4, l991.

In Kerr.McGee.1991, p.54.

~.. -_. .. ..- -. . . - . . - - . . _ ._
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3.3.7 Land Areas.

3.3.7.1 1.and Adiacent the Process Building,

Yard. Radioactive contamination around the process building is localized. An area next to the

loading dock is contaminated to about 4 feet deep. A small amount of radioactive material has been,

Il These spots are subject to cleanup.identified under the process building
.

Ditches. There are 3 ditchet 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. Before
Skull Creek was cleaned, the concrete-lined ditch was used to collect wash water while cleaning brick;

at that time a sandbag fiher was used to prevent particulates from reaching the creek. The resulting
'

ditches between the process building anJ Skull Creek may be contaminated by uranium and or thoriam.

To prevent any contamination from reaching the creek, a terrace was graded along the creek bank to

collect any drainage from the ditches.

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

cleaned to BTP Option 1 level and backfilled. -|
l

3 3.7 2 Soil and Rubble.

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

process building.

WlIere lluilding 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. The railroad right-of-way is located in blocks 125,133, and 140.

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

blocks 102 and 103.

3 3.7.3 Soots North of Deep Rock Road.

Some localized spots of contamination were found by gamma surveys during the

characterization survey in 1991. Most of them are thought to have resulted from surface drainage or

from spillage while waste or raffinate was bemg hauled to the trash dump or to pit 4.

3 3.7 4 Piles af BTP Option 1 Material.

Blocks 113, l|4.121, and 122 contain piles of soil and concrete with licensed radioactive

material not exceeding BTP Option 1. The accumulated material originated in the thorium buildirg pad

and in land in block 125.

11 Kert McGee,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
-'

building 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 pR/hr gamma

' - exposure contain fire brick, which, in turn, contain naturally occurring uranium series radionuclides

unrelated 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 Estimated Volume

Volumes of contaminated material onsite have been estimated.12 In Table 3.5, the estimated

volume of all contaminated soil in the burial trenches and the volumes exceeding BTP Option I

concentrations in other areas are tabulated. .

v

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 1 limit.13 The volume in the burial trenches is estimated to be 1800

yd3

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 trenches. Most of the BTP Option 2 and 4
contamination identified as sitemide is thorium. Of 169 site-wide samples, only 4 indicated a higher

Option level based on uranium than on thorium.

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

The 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 uncertain,

3 of material in BTP Optionabout 400 yd 3 of material in BTP Option 4 concentration and about 600 yd
2 concentration are estimated to be in the trash pit.

Other than in Pit 4 and the burial trenches, about 5100 yd3 of BTP Option 2 material and 550

yd of BTP Option 4 material remain onsite.3

U Kerr.McGee, NRC License Application, Cushing, OK Refinery Si e, rev.1, attach.1, Sept.1992.
t3 Kert-McGee, Cushing Site Radiological Characterication, Table 3,1991.

. . . _ - _ _ .
. . _ _ . . . . _ . . . . . . ~ . . . _ . . . . . _ . _ _ . . . . . . . - . . . .
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Table 3.5 Estimated Volume of Contaminated Soil and Debris

Location Material Avg. Thorium Avg. Uranium

Volume Concentration Concentration
3(yd ) (pCi/g) (pCilg)

Pit 4 1900. 20. Iow

Trash Pit 400. 60. 160.

600. 20. 60.

Site Wide 150. 60. Iow

2050. 30. low

2500. 7. Iow

Burial Trenches 1800. 6. 7.
'

. <,

3.3.10 Summary.

Most of the contamination is in discrete locations north of Deep Rock Road or in or near the
'

processing buildings. Uranium and thorium contamination is primarily in shallow soils; their
concentrations are typically less than 50 pCi/g thorium and 100 pCi/g uranium.

3.4 DECOMMISSIONING ACTIVITtES AND TASKS

3.4.1 Pit 4.

Thorium contaminated 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 delineate the
extent of radioactive contamination. An estimated 1,900 cubic yards of acidic hydrocarbon sludge in

,

Pit 4 is contaminated with thorium. Sr.mples from 10 boreholes located randomly showed no

radioactivity above background. Biased sampling detected uranium and thorium concentrations ranging |

14up to 7 and 34 pCilg respectively

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

concentration was removed in 1992.
!

l

14 Kert-McGee,1991, Table 4 |

- _ . . . _ _ _ _ - . . . . . . _ _ _ . -. _ _ _ . - - . _ . - - - - . . . - . . . . , . - _ _ . - , . - _ _ . _
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The sulfuric acid contained in the acidic hydrocarbon sludges requires neutralization prior to

excavation. Materials 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 to exceed National Ambient Air 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 Quahty (ODEQ), As a result, KMC plans the following actions to remediate Pit 4.

1. 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 pil of 9 i 2 standard units by adding basic
reagents and mixing in about a 0.3 to 1 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 for radioactivity or

measured in-situ on a 3.5 x 3.5 n' grid depicted in Figure 3.1. The radioactivity measurement

methods are generically described in N3.4.9.

5. 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 grid element.

7. Material removed that contains BTP Option I 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,
14, and 15. Such material is designated as OtherIndustrial Waste (OlW) by the ODEQ.

8. Material containing > BTP Option I 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 concentratien
demonstrated to meet cell criteria will be placed in an engineered cell onsite.

10. Waste exceeding BTP Option 2 radionuclide concentration or the maximum concentration
Idemonstrated to meet cell criteria will be transported to and stored in one of the designated

storage areas surrounded by a berm pending disposal offsite at a permitted disposal facility.
I1. After all waste has been removed, KMC plans to verify by sampling and analysis or by in-situ

measurement that the residual 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 m deep where waste ,

J

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 NRC
"

confirmatory survey of the pit is desired.

. _ _ - . . . . - _ . . . . _ _ _ . . _ , . . . . _ _ - . _ . . _ - . _ . . - _ . . . - . . . . . . . . _ . .
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14. KMC will afford the NRC an opportunity to perform a confirmatory survey of treated material

placed in the OlW cell before KMC covers it.
.

14.2 Refinerv Tank Berms,

buting 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 tanlike layer in the floor of the benns in 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 1.

KMC intends to follow the general plan described in $3.4.9 to survey, sort, and excavate

contaminated soil and debris from contaminated herm areas.

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

place or may be stored temporaris in a pile near the tank berm. This material may eventually be
used as fill dirt to help contour the site or be handled as Other ladustrial Waste.

2. Material having radioactivity concentration greater than BTP Option I will be excavated and

O sorted as generally described in Q3.4.9.3, Excavation and Sorting, according to the radioactivity

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

3. Dirt and debris containing greater than BTP Opdon 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 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 I radioactivity has been removed from the berm area.

KMC plans to verif: by sampling and analysis 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 1. To do that, measurements will be made on a 5 x 5 m grid at the surface and at I

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.

8. After residues have been removed from the area surrounded by the tank beim, KMC intends to

bulldoze the earthen berm toward the interior and grade it to gently sloping topography. j

9. The reclaimed ground will be revegetated.
'~

lt is impractical to attempt to screen, crush, and or sample metal scrap and tar-like substance in

the area surrounded by the tank berms. Such material, if radioactively contaminated above a screening

.... - ...._.._..~_ . _ . . _ ,
_ . _ . _ . _ . . . . . . . _ - . . _ . _ . . . - _ . - _ . . . _ . . . . _ _ . . _ .
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[ level designed to be less than the BTP Option i limit, will be excavated, stored in a designated area,
\- and eventually put into the engineered cell as is.

I

L4.3 Trash Dumn. (NW Berm) |
1

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 -)

1waste on the ground surrounded by the berm. Some excavation was done in 1992 to remove non-oily,

BTP Option 4 material. Remaining materials within the berm surrounding the trash dump are subject to _

further cleanup. ;
-1

KMC intends to follow the general plan described in Q3.4.9 to survey, sort, and excavate
contaminated soil and debris from the interior and any contamination in the berm.

1. Material removed that contains BTP Option I 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.

2. Material having radioactivity concentration greater than BTP Option I will be excavated and )
I

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 elemen: J

3. 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 si.rrounded by a berm. |

5. Material exceeding HTP Option 2 radioactivity coreentration and the maximum concentration
demonstrated to meet cell criteria will eventually be packaged and transported offsite for disposal i

at a permitted disposal facility.

6. After material containing > BTP Option I radioactivity has been removed from the trash dump, |

KMC plans to verify by sampling and analysis 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 1. To do that, measurements will be made on a 5 x 5 m grid at the surface and at I

m deep where contaminated soil and debris was removed.

7. KMC will notify the NRC prior to putting uncontaminated soil in the former trash dump area in j
the event that the NRC wants to do a confinnatory 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.
9 The reclaimed ground will be revegetated.

There is enough metal scrap and tar-like substance in the trash dump that it is impractical to

attempt to screen, crush, and or sample it. Such material, if radioactively contaminated above a

. screening level designed to be less than the BTP Option I limit, will be excavated, stored in a

designated area, and eventually put into the engineered cell as is. j

_ _ _ . _ _ . . . _ _ . _ . . _ _ . . . ___
i

_ . _ . _ . _ _ . . . . . . _ . _ _ . . _ - . _ . .
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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.r5 .

I - Activities Planned. KMC plans to do additional boring and coring to better define the lateral

boundaries and depth of contamination in the trenches. At a minimum, borings will be done at 5 m

intervals along the estimated centerline of each trench and at I 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 radionuclide concentration guidelines.

1. If BTP Option 1 is met. KMC will leave material in the ground.

2. If 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 disposhion in

place would be the preferred alternative.

3. If 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 to an authorized disposal facility.

4. In the event some contamination in the trenches exceeds the BTP Option I 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 |

#3.4.9.3.

In the event some excavation from the vicinity of the burial trenches were required, soil |

meeting unrestricted release guidelines, i.e., BTP Option I concentration guidelines, would be put into j

the cavity to cover residual soil at least 4 feet deep, compacted to restore the ground to grade, and

seeded to establish a vegetative cover.

If excavation of contamination from trenches were necessary, health, safety, and environmental 1

protection provisions described in Chapter 5 herein would be practiced while excavating and handling

the material.
1

3.4.5 Skull Creek.
~

Part of Skull Creek in blocks 103 and 104 between the railroad bridge and the site boundary i

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 . j

bed, additional sampling will be done in the vicinity to determine its extent.

If KMC finds no contamination > BTP Option 1 in the ditches between the process bmidings

and Skull Creek, it will not be surveyed again downstream to the site boundary. If contamination is

O
15 lbid.
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found, then KMC will survey the terrace along the creek bank. If contamination is found there, then
g

KMC will survey Skull Creek downstream.

Part of Skull 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 creek bed on a 10 m interval. 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 is excavated from Skull Creek,

KMC would plan to do it during a time of low flow. KMC would seek pennissiotifrom the Oklahoma

Department of Environmental Quality (ODEQ) to dam the creek temporarily 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,

l. Material removed that contains BTP Op' ion I radioactivity concentration will either be left in

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

2. 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
,

b concentration measurement representing each 3.5 x 3.5 x 0.3 m grid element. |

3. Dirt and debris containing greater than BTP Option I 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 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 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 verify 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 f
BTP Option 1. To do that, measurements will be made on a 5 x 5 m grid at the surface and at I

a
m deep where the material had been removed.

3.4.6 Other Land Areas.

llistorical information and the site characterization survey have identified discrete areas, or -

spots, of land which may need cleanup or final survey.

rev.d Aprll35[1994 3. 13Cushin . Decommissioning Plan
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1 3.4.6.1 Areas Known to ba 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;*

ground under Building 30; (after the building Door 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.

3.4.6.2 Potentially Contaminated Areas

Other areas that have been cleaned (most have been surveyed) or that KMC plans to investigate

for possible contamination are:
- -

area where Building 31 was located;. ,

. . the spot where the septic tank setving Building 30 was located,
the basement under Building 30 (after Building 10 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.

an area in block 72 where contaminated doors and clothing resulting from the 1966 thorium j.

processing incident may have been disposed of);.
the area in the northeast corner of the property where thonum process waste water had been.

discharged; and
an area northwest of Pit 4 where BTP Option 2 and greater contamination was removed during.

1992.

3.4.6.3 Cleanun 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 surveyed and,'if necessary, contamination removed in the following actions.

1. KMC intends to follow the general plan described in f 3.4.9 to survey, sort, end excavate
contaminated soil and debris from land neas which are the object of this section.

2. Material removed that contains BTP Option i radioactivity concentration will either be left in

place or may be stored temoorarily in a pile near the excavation site. This material may.#

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

3. . Material having radioactivity concentration greater than BTP Option I will be excavatul 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.

4. Dirt and dehvis containing greater than BTP Option i radioactivity concentration will be

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

5. When approved, waste cor.taining 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.

_. _ _ . . _ . _ _ , _ _ . . _ . . _ . _ - . . . . _ . . . . _ _ - _... _._.

Cushine Decommissioning Plan rev.O April 25,1994 3.18
activ4. doc

-, . . . - - , . ., . .-. -., - , - _ . . ,_ - -. .- -



.

_ . _ . . . _ _ _ _ _ .
y. . ___. - _ _ . . - - _ _ . . . _ . _ .__

m

6. Material exceeding IITP. Option 2 radioactivity concentration and the maximum concentration
I demonstrated to meet cell criteria will eventually be packaged and transported offsite for disposal

at a permitted disposal facility.
~

- 7. After material containing > !!TP Option I radioactivity has been removed from the berm area.

KMC plans to verily by sampling and analysis or by in-situ measurement that the residual
radioactivity concentration in ground surrounded by the berm and in the berm does not exceed

IlTP Option 1. To do that, measurements will be made on a 5 x 5 m grid'at the surface and at I

m deep where material was removed.

8. 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. .

9. 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.

10. The reclaimed ground will be revegetated.

It is impractical to attempt to screen, crush, and or sample metal scrap and tar like substance.
Such material, if radioactively contaminated above a screening level designed to be less than the IITP'~

f Option I limit, will be excavated, stored in a designated area, and eventually put into the engineered

cell as is.

3.4 6 4 Ituried Rubbled

Where buried rubble contaminated by licensed material above the IITP Option i 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 s3.4.6.3. This includes rubble from Iluilding 31 not yet

surveyed 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
cannot 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 concentration than ordinarily

occurring in soil has been observed onsite. Radium contamination in a sump near the maintenance -

building in the adjacent pipe storage yard northwest of the 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 other instances, such fire brick has displayed elevated
-

NORM. Other spots in blocks 82 and 93 contain pipe scale, with which NORM concentration is often

associated.
t

Concentrations of NORM material will be collected and handled in accordance with the
requirements of the ODEQ and the Oklahomr. Corporation Commission.
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3.4.8 Process Buildines.
l

3.4.8.lXonditions
;-

"

Of the original nuclear materials process buildings, uranium process Building 30, the SNM |
'

Storage Iluilding, and fluilding 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 flouse 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 Buildmg 31 floor was :,

removed. Some hard-to-access spots remain to be decontaminated to the current standard for j

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 lluilding. 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.

3_ 412 Plan

KMC expects to clean and dismantle Building 30 and the SNM Storage Building. WhetherU

lluilding 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.

3 4.9 Measurement and Sortina
i

3.4.0.1 Sconine 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.

'

Estimate the approximate radioactivity concentration range.a.

b. Identify bounds of contamination.

c. Delineate where to excavate.

d. Confirm relationships between important radionuclides and surrogate radionuclides and or
to establish whether uranium predominates, thorium predominates, or there is a ~ mixture of

uranium and thorium.

1. Where a location is designated as affected, KMC plans to establish a 10 x 10 m 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 + 3a), KMC

plans to further delineate the affected area by sampling and analysis or in-situ 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 surface contamination. This area would be marked with stakes or surveyor flags. |

Soil or debris samples are collected and analyzed with the computer-based, multi-channel gamma-

analyzer to determine the radionuclides present. If subsurface radioactive contamination is expected,
sampling with + depth enables the volume of soil or debris 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 foi excavation at a future time.

3 4.4.2 Measurement for Excavatine and Sortine

KMC plans to measure radioactivity concentration in the soil or debris to help guide excavation

and to 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 in-situ in the field or may be sampled and analyzed in a laboratory. The following procedure

for measuring and sorting includes these alternatives.
,

1. Near ground surface on a 10 x 10 m grid, KMC plans to take a sample for analysis or measure in- i

sirlL

2. In the event an area is confirmed by a scoping survey or the survey on a 10 x 10 m grid to be

affected 1

the grid will be increased to a 5 x 5 m grid, anda.

b. KMC plans to take a sample for analysis or measure in-situ on the grid.

1) if potential contamination is most likely to be surficial, e.g., on undisturbed
.

terrain, sample or measure in-situ within 0 to 15 cm of ground surface.

2) if potential 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 I radioactivity concentration is detected, ,

increase the grid to s 3.5 x 3.5 m spacing, and ja.

b. at each depth in increments of_ s 0.5 ni on the grid, take a sample for analysis or

measure in-situ.

16 TheA god of 5 x 5 m and 1 m interval with depth is recommended for a final survey

proposed 3.5 x 3.5 x 0.5 m grid for excavating and sorting will be approximately 6 nf , which is 0.25
of the volume represented by recommended spacing for a final survey of a previously affected area.

This is a reasonably small volume, considering the large total volume of' material to be moved and the

size of equipment needed to 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 13erger, pp. 4.16 & 4.19.
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Some rubble or solids containing metal or asphahic matetial 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 to the laboratory for multi-channel gamma spectrum analysis (MCA).
When uranium is predominant, the soil sample, collected as specified, will be analyzed bya.

MCA or other radionuclide analysis, |

b. When both uranium and thorium are present in competitive concentrations, the 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-channelc. ,

gamma spectrum analysis (SCA), by Nal + MCA, or by similar instrument.
228 concentration may be(1) When measuring thorium with an Nal detector + SCA, Ac

measured as a surrogate for thorium series radionuclides.
-

(2) Alternatively thorium series radionuclides may be measured with an Nal detector +

MCA.
4

Measurement In-situ. 5n the event soil or debris is measured in the field, it may be done by

either putting the detector at measured intervals in an augered hole in the ground in an excavated pile,
or in a vessel of the material. The instrument will have been calibrated by immersing its detector in

three or more vessels of soil containing independently determined concentrations of uranium and 3

thorium to simulate measurement conditions.

3.4.9.3 Excavation and Sorting
,

Measuremem, described in s3.4.9.1 and 53.4.9.2, will indicate which category each 3.5 x 3.5 x -

0.5 m element or lot belongs in. Alternatives are: ,

Return to land or store for return to land (radioactivity concentration in llTP Optiona.

I range);

b. Store for disposition in engineered cell on-site (may have one or more concentration |
ranges and storage piles in this category to accommodate a future regulatory ,

decision); ;

Store for shipment off site to burial.c. i

After radioactivity concentration is measured, material whose concentration is >' BTP Option I

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, considering the motorized
excavator being used. A portable instrt ment will be used to guide the excavation process until the ;

detector indicates concentrations below JTP Option 2 levels.

As determined by the measurement before excavation, excasated soil or debris will be sorted
finto one of three categories by putting each increment removed, e.g., a 3.5 x 3.5 x 0.5 m element
'

represented by a radioactivity measurement, into a specified pile or into a carrier destined for a

specified storage area.

t
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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 (EFMPC). i

The EFMPC is determined by dividing the activity of each radionuclide by the maximum permissible

concentration within an option, and then summing the ratios. If the sum of the ratios is less than one,
'

the matetial lies within that option. For example, a soil containing 8 pCilg thorium above natural
lbackground, plus 20 pCi/g enriched uranium above natural 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 4

back-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 basis to enable soil samples to be taken later from below the

excavated area, if necessary.

3 4.9.4 NORM Material

Some material exhibiting enhanced concentrations of radium-226 has been identified. This

material is associated with previous activities involving oil field equipment and firebrick material, and

is therefore NORM in origin. NORM material will be collected and handled in accordance with the

requirements of the ODEQ and the Oklahoma Corporation Commission.

3.4.10 Stockyjline and On-site Storace

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 area. A fence will be constructed
,

around the berm to 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 area to monitor exposure rate. TLD will be sent to the laboratory for analyns on a quarterly

basis.

During sorting and stockpiling activities, wind dispersal of the soils 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 will provide storage for the radioactive

material placed therein until the site deconunissioning plan stipulating final disposition of the material is

approved. In the future, KMC intends to use a portion of unaffected area 1 in the NW corner of the site
for disposition of soit meeting BTP Option 1 concentration.

3.4.11 Ability of Storace Areas to Resist Erosion

During stockpiling activities, wind dispersal of the materials placed in the storage areas will be

controlled by wetting or by covering the material with plastic if air sampling were to indicate a need.

p
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O ' Once stockpiling of all contaminated materials on-site is complete, a vegetative cover will be established
-

d to minimize airborne dispersion of the soil.
;

1

The radioactive material storage area will consist of an earthen berm 400 feet in diameter or :

larger. Tl:e earthen berm will be constructed in accordance with Figures 3.2 and 3.3. The berm will
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 floor of the .

'

storage area.

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
Othe 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 yards of material, without

exceeding the elevation of the herms.

A surface water collection sump 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(b)(2).
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 i

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 inhibitor. ;

if the berm is constructed in the fall, the initial 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 |
berm. h will consist of three-strand, barbed wire with a locking gate to provide vehicular access to the j

!
storage area. The fence will be posted with signs reading, " Caution: Radioactive Materials" in

accordance with 10 CFR 201902.

3.5 ENGINEERED CELL FOR ON-SITE DISPOSAL

Kerr-McGee intends to bury material meeting NRC BTP Option 2 requirements in an

engineered cell on-site. A site has tentatively been identified on the southern boundary of the property. 1

i
A preliminary 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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nadionuclide 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 lieu of the BTP Option 2 limit.

3.5.1 Performance Obiectives

The proposed cell design is being formulated to rneet the following performance objectives:

- to protect the general population from releases of radioactivity so dose does not exceed 100

mrerolyr total effective dose equivalent (TEDE) when institutional provisions are obeyed,
'

- isolate disposed material to minimize 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, j

- to minimize potential for intrusion into unit.
- to control radiation dose below the dose criterion for at least 200 years and, to the extent |

icasonably achievable, for 1000 years.

|
3 5.2 Site Description |

|

M2.1 Location

The location of the site for the proposed engineered cell is shown on Figures 2.2 and 3.4. The
Isite is located on the Cushing property on the tip of a small ridge ofland extending from the southern

property boundary. It is located immediately to the southwest of the site of a planned industrial waste

disposal cell whose location is 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 is

sparsely populated and rural in nature. No significant development or population growth is anticipated

in the area.

Both developed and undeveloped land border the Cushing property. Undeveloped areas

bordering the property are used primarily for agricultural purposes. Specific agricultural activities

include growing gram, managing the land as pasture, and raising livestock. Developed land
surrounding the property is zoned industrial and residential, Some residences are located adjacent the

property. Deep Rock School is located east of the property boundary.

3.5.2.2 Topocraphic Settinn

The Cushing facility lies in a geographic transitional zone between the Central Redbed Plains
and the Northern Limestone Cuesta Plains.17 Surface topographic relief on the property is

approximately 100 feet, ranging between 820 and 920 feet above mean sea level (MSL). The property

'l' D'Lugosz, J.J., R.G. McClallin, and M.V. Marcher,1986. Geohydrology of the Vamoosa.Ada Aquifer
East-Central OUahoma. Oklahoma Geological Survey, Circular 87.
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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 to the southeast as indicated in Figure 2.2. The
elevation of the planned disposal site is between 870 and 880 feet MSL On the eastern, northern, and

western edges of the ridge, the relief drops twenty or more feet into well-developed drainage features.

3.5.2.3 Geolonic Settine

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.18 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 N85,38 monitoring wells had been installed on the property. Fifteen

' O. additional wells were installed by 1991. During a characterization study for the industrial 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 installation 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 early 1993
and an analysis of the facility hydrogeology are documented.19 The site specific investigation of the

~

nearby industrial waste dkposal cell is also documented.20 The borings completed at the site of the

proposed engineered cell are documented within this Decommissioning Plan.

The investigations conducted on site have indicated that soils beneath the facility property are

primarily residual, derived from weathering of the underlying bedrock originally deposited as mudstone
and shale with occasional lenses of sandstone. Soil encounteted during drilhng includes sandy and silty

M Shelton et. al.,1985. Geologic Map of Payne County, Oklahoma.
19 Burns & McDonnel Waste Consultants,1993. Phase / Remedial Investigation Report: Kerr McGee

Cushing Refinery Site, Cushing, Oklahoma.
20 Lower, Steven R.,1993.- Other Industrial Waste Disposal Cell Site Characteri:ation, Kerr-McGee

Cushing Refinery Site, Cushing Oklahoma. Report prepared by Kerr-McGee 11ydrology 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. |

' Site soils are underlain by bedrock of the Pennsylvanian-age Vanoss Group. Core samples of

the bedrock underlying tlie facility property have been collected from borings ranging in depth from a
Tew feet to 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 limestone. Some shale also occurs beneath the facility property, j

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 Vaness

Group. These sandstones typically contain varying amounts of sitt and clay and are generally oflimited
!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 locally throughout the Vanoss Group.
,

These limestones consist primarily of thin, discontinuous stringers with thicknesses ranging from 0.5 to J
'

3 feet.
!

The Vanoss Group is underlain by the sandstones of the Ada Group and the sandstones and j
shales of the Vamoosa Fonnation. The Oklahoma Geological Survey collectively refers to the Ada j

;

( Group and the Vamoosa Formation as the Vamoosa-Ada Aquifer hydrologie 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 80 feet.
The sandstones representing the Vamoosa-Ada Aquifer typically 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 in a'

boring (CC.6) in the northwest portion of the Cushing facility. The uppermost sandstone uniti

| encountered in this boring was found to be 66 feet in thickness. A second boring (CMW-32.2) in the

j southeast part of the facility and approximately one-half mile up dip geologically from boring CC-6 has

j located the top of the Ada Group at an elevation of 729 feet MSL
,

l
! 3.5.2.4 Ilydeceolonic 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 in 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 thes

'i
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 j

significantly lower water levels ranging between 810 and 825 feet msl. Ilowever, 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 innuenced by topography, particularly at the shallower depths.

Recharge to the Vanoss group is thought to occur by direct infiltration of precipitation and
21 At the Cushing property, ground water collecting in theoverland flow on the outcrop areas

unconsolidated overburden and moving laterally to areas of lower relief infiltrates slowly into the-
bedrock. Ilowever, 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 sand; tone or limestone interbeds or in areas of heavily weathered bedrock.

At depth, ground-water now 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 to direct ground water flow horizontally, toward points of discharge. These

points of local discharge may be areas of outcropping where ground water rejoins now in the shallow
overburden or may be points of direct discharge into local drainage features, including Skull Creek.

"

The piezometric 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

boundary.

The impact of the more permeable sandstone and limestone deposits on the hydraulics of the

shallow ground-water now 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.
Ilowever, 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.

Ilowever, in areas where the more permeable lenses are overlaid by materials of significantly

lower permeability, such , tight 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 in
unsaturated conditions locally. Unsaturated conditions are most likely to be encountered in association

with permeability comrasts. Slight reductions in permeability may perch infiltrating ground water,
resulting in the formation of unsaturated zones beneath these perching layers in layers of increased '

permeability.

Ilydrogeologic conditions that have induced strong vertical gradients in shallow bedrock have
been identified on the hill immediately to the northeast of the area identified for the proposed

engineered cell. This site has been extensively investigated for purposes of constructing an engineered

21 Irlugon ci 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. Ilowever, a large sandstone unit is encountered at a depth of apinoximately 40 feet. While

monitoring wells have not been completed in the shallow mudstone, monitoring wells have been

completed in this first major sandstone unit. Water levels observed in this sandstone unit extend only
slightly above the top of these units, indicating a strong vertical gradient between the sandstone unit 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 -
8 cm/see to 3.1 x 10 cm/sec Permeability values for the two sandstone samples tested were7l .2 x 10

1.6 x 104 and 1.8 x Ig6 cm/sec. Fructuring 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 is separated from

ground water in the shallow Vanoss formation by the deeper units of the Vanoss Group. Data from on-
site borings indicate that these deposits are also dominated by thick mudstone and shale beds of low ;

f

permeability which act as an aquitard Ground water in the Vamoosa-Ada is conf'med by these

overlying, low permeability strata. Gmund-water gradients in the Vamoosa- Ada aquifer, itself, have f
not been established beneath the Cushing property. Ilowever, the flow direction in the aquifer is -

generally in the westward direction, 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 elevation of approximately 790 feet MSL. Thus, a
I

downward gradient from the Vanoss Group strata into the Vamoosa-Ada exists beneath the facility..

ilydraulic properties of the Vamoosa-Ada aquifer are controlLd by the lateral and vertical
distribution of its sandstone and shale units and the physical characteristics of these rocks. Published

2 day to 290 ft2 / day, with antransmissivity values for the Vamoosa-Ada Aquifer range from 70 ft /
overall decrease in f ransmissible from the south to north throughout the region. This decrease

corresponds to the decreasing saturated thickness of sandstone from south to north. flydraulic
4 cm/s and 1.4 x 103 cm/s, and theconductivity values have been reported to range between 7.1 x 10 ;

aggregate thickness of the water bearing sandstone of the Vamoosa-Ada aquifer has been reported to |'

range from a minimum of 100 feet to a maximum of 550 feet.22 Analysis of data f rom a twenty-four
hour pumping test conducted in a well screened in the uppermost 75 feet of the Vamoosa-Ada aquifer

on site yielded a hydraulic conductivity value of 1.0 x 10 5 cm/s.
i

itecharge to the Vamoosa.Ada Aquifer is thought to occur primarily from infiltration of direct |
'23 Itecent analysis of tritiumprecipitation and overland flow on the outcrop areas of these deposits

Isveh in water samples taken on site indicate that the ground water of the Vamoosa Aquifer is much
older than surface waters.24 These data appear to indicate that the Vamoosa-Ada aquifer beneath the

Cushing property is in poor hydraulic communication with overlying strata and supports the conclusion

i

22 D'lugosz et al.1986. ;

23 D'lugosz et al.1986,
24 Durns 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.

3.5.2.5 Reciona'l and Local Ground-Water Use
. .

Within north central Oklahoma, wells provide water for many rural homes, municipal use in 1

small communities, and use in small 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 to the Geologic Map of Payne County, Oklahoma 5 the2

nearest usable alluvial aquifer 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 interbeds within the low permeability mudstone of the Vanoss group.

Ilowever, due to their limited extent, these sandstone and limestone beds are of 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 Resources lloard,26 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,
llowever, 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
sandstone units of the Vamoosa Ada Aquifer before 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 Geoloev and livdroceolony

|
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. Boring 11-148 (E-70, S-60) was continuously cored, and the remainder of the

borings were peologically logged using the cuttings brought to the surface during mud rotary drilling.

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

25 Shehon et al.,1985.
26 Gary Glover,1991. Oklahoma Water Resources lloard. |
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- bedrock 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, S-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 beginning 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 oflimestone was
encountered beneath 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 southern border of the property. In boring B- |
"

155 E-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 105 foot boring. Similarly, in boring B-156, E-80, S-90, a
shallow. seven-foot thick sandstone 1:ns was encountered at a depth of 15 feet (approximate elevation of ,

863 ft. MSL.L An additional sandstone lens was encountered between the depths of 54 and 661/2 feet.

In the shallow ravine located immediately northeast of the proposed site, data from boring B-148, E-70,

S-60 indicated only thin sandstone stringers at depths of 50 and 58 feet (approximate elevations of 816
ft. 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 is likely the lateral extension of the sandstone

sequence 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
The first significant sandstone sequence with any apparent lateral continuity is found at a depthextent.

of 99 feet (approximate elevation of 778 ft MSL).

V/hile monitoring wells have not been installed at the site to verify hydraulic conditions, it is

anticipated that the hydrology of the site conforms closely with that identified for the nearby industrial
waste cell. While perched ground water may be present in the shallow unconsolidated deposits directly

overlying bedrock, infiltration into bedrock is undoubtedly restricted by the low permeability mudstone
that dominates shallow bedrock. The permeability of this mudstone is low and selected layers of this

material likely exhibits vertical permeabilities as low as 10 8 cm/sec, as found at the nearby industrial ~

waste disposal site. Any water infiltrating into bedrock will tend to migrate vertically dowmvard
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 water may form at permeability contrasts, Ground water may also be directed

laterally along these perched zones, if present. However, the dominant control on lateral and vertical
flow will be exerted by the more significant sandstone layer encountered at approximately 778 feet'

. MSL, Strong dowaward vertical gradients are likely toward this layer. The piezomuric surface in 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.2

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 cell. Engineered controls

can be implemented to minimize infiltration into the cell, The disposed material will be placed

approximately 75 feet above the first potential point of ground water use and will be separated from that

potential point of use by a thick sequence of low-permeability mudstone. The top of the principal
'

aquifer in the area is 135 feet below the bottom of the cell and is separated by a thick sequence of low-
'

permeability bedrock. Recharge to the pr:ncipal aquifer by infiltration at the ground surface is minimal,
if at all. Thus, the hydrogeology of the site appears suitable for developing an engineered cell that is

capable of ef fectively isolating buried materials from ground water and minimizing any potential
:

migration of radionuclides to points of potential ground-water use. Additional hydrogeologic
investigations will be conducted as necessary to aemonstrate the isolation of buried material from

ground water and to determine the potential for the migration of radionuclide from the cell.
5

3 5 2.7 Surface Water Hydrolony
,

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,

i
flows east-northeast in this area of Oklahoma. The region is well drained with a dendritic drainage

pattern that shows an 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 is used for agricultural, municipal, industrial, recreational and aesthetic
27 Ipurposes

,

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 to the southeast. The site is well drained
iand free of areas of flooding or frequent ponding. Drainage of surface water onto the site from uphill

areas should be minimal due to 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 containing refinery waste lies immediately to the north of the site; but the
materials contained in this pit are to be removed, and the area regraded with drainage toward Skull

Creek. Runoff from the eastern slope 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 Wa:er Resources Board,1982.
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3.5.3 Cell Desien

-

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 ,

i

mel.

-|
3.5.3.1 Basic Conceotual Desien

An engineered cell 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. Ilowever, to accommodate the inadvertent construction of a
basement 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 L55 and 865 feet MSL. Excavation of overlying unconsolidated-

soil and between 10 and 15 feet of mudstone will be required. At 855 feet MSL. the bottom of the cell

would be approximately 75 feet above the top of the first significant sandstone lens (see section

3.5.2.6).

The top of the radioactive material deposit is assumed to be 3.05 m (10 ft) beneath the surface. |

A low-permeability (108 cm/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 Ra226-bearing NORM is put 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-

222.

'

3.5.3.2 Intiltration Controls ,

The disposed material will be placed directly on top of and within the excavated bedrock. A

low permeability barrier wH1 be placed immediately above the buried material, and a french drain will
be constructed around the peripherv cf the cell. These features are included in the preliminary design

'

of the cell to minimiz.e any potent, niact of percolating or standing water with the buried materials

afts closure of the cell and to isolate .nc buried material from the ground-water regime.
.

With permeabilities approaching 108 cm/see, the mudstone bedrock will serve as an ideal
natural liner and will minimize any potential migration of moisture from the cell. The barrier placed '

immediately on top of the buried material will have a permeability of no greater than 1(f cm/sec.
However; the barrier material will also be at least as impermeable as the underlying bedrock; = This is to

-p ensure that the buried material remains unsaturated. Based on current estimates of the bedrock

( permeabDity, a permeability of 108 cm/see should prove adequate for this purpose. Should subsequent [
i

-
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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, to enhance the long-term perfonnance and

reliability of the barrier. The low-permeability barrier will be pixed below basement level so that a
potential intrusion scenario would not impact the integrity of the barrier. A thickness of four feet is
now being considered for this barrier.

(I
A french drain will be installed around the periphery of the cell to intercept any water

I

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 is anticipated that the low-permeability barrier installed ;

immediately above the buried material will be placed largely below the soil bedrock interface and will !

consequently isolate the buried material from any perched water present. Ilowever, to further isolate
ithe 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 Dowing
into the cell area. A sand layer may also be installed directly over the low permeability barrier and ,

drained into the french drain as an added measure to ensure that water does not inadvertently collect

over the low-permeability barrier.

'

The french drain will also be extended the full depth of the cell 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 How from sandstone or limestone stringers that may exist within the mudstone ,

bedrock, 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 j

lower elevation, most likely into the tributary stream located immediately to the northeast of the site. It

will also be design and constructed to require no ongoing maintenance to function effectively. f
|

3.533 Cover Desien

A cover will also be placed at ground surface over the area excavated for the cell While not

the primary infiltration bariier, the cover will be designed to minimize 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 limit infiltution to less than n.1 in/yr. The cover will be constructed to conform with

the general contour of the natural land surface except as necessary to facilitate drainage of precipitation
"

off the cover and to 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. r\ full, self-sustaining j

vegetative cover or a rock cover will be established.
1
I

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

i

drainage. A preliminary inspection of site topography 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 93.5.2.7).'
,

'

3.5_3.4 Institutional Controls
,

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

be determined. .

!

3.5.4 Operational Procedures

Plans establishing operational procedures will be developed before excanting 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 material in the cell. The proposed location of the
'

engineered cell. in block 56, is an unaffected area of the site; as such, construction of the cell may

proceed without radiation protection until placement of radioactively contaminated material begins.

Procedures will be implemented to ensure adequate control of liquids in the cell and buried ,

material while the cell remains open. Similarly, procedures will be implemented to ensure that buried

material will be adequately compacted 30 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 materials 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. i
l

u

A construction quality control plan will be required to ensure that the low-permeability barner, j

french drain. cover, and other design features are properly constructed. A summary description of the- .I

construction qaality contml plan is provided in section 4.2. The health and safety plan that will be

followed is presented in Chapter 5.0.

3.5 5 Environmental Radioactivity Pathways Analysis

3 5 5.1 In:roduction
i

The primary purpose of this pathway analysis is to develop a preliminary estimate of the
masimum acceptable con.untrations 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 I

thici.nesses for materials containing thorium-232 and for NORM, i.e., radium-226, respectively.

The pathway analysis process consists of three steps: 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 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 on maximum acceptable dose and the calculated relationship between dose and

- . - . . . - . = -. - . . . . . . . . . - . . . . - . - - . - . - . - . . . . - ..
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. ) waste concentration. 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 1

account of both natural processes and human activities that could be expected to alter the patterns or 3

rates of contaminant movement.

226 on-site. Since theOil production activity has left a small amount of NORM elevated in Ra
volume is minor relative to the soil and debris contaminated with licensed material, the most reasonable j
disposition would seem to be to place the NORM in the lower part of the engineered cell To evaluate i

this alternative, exposure pathway analyses included Ra.226

3.5.5 2 Potential Exoosure 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 in
the near future is most likely to be similar to the present industrial use. Ilowever, 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 involving groundwater use, radiation exposure could resuk
from ingestion of water and from ingestion of radioactive material taken up from irrigation water into

~

garden pmducts prodaced 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 scenarios allow for varying levels of disturbance - r

of the contaminated materials by human action, so that the potential impact of isolation 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 in activit3s

;

_ _ _ .- _
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f 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

probable use. in addition, two scenarios have been developed for purposes of sensitivity analysis.
,

These are considered scenarios 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 hrlyr 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 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 unexpected 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 ,

agricuhural products on the land for their own consumption. The house has no basement,
but is built on a riab 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.
1

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

Table 3.6 and described in Appendix B. :

3.5 53 Results and Conclusions

Analvses. Preliminary exposure pathway analyses for radioactive material put in the engineered

cell are described in Appendix B.

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,

Appendix 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.

. . - . . - - - .- ... . .. - . . . - . . - . . . . . . . . - - - - - . . - . - . . . -
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[b
. As expected, maximum doses from the farm product consumer (FPC) scenario were calculated

'

to be zero. This is because the assumed depth of material in the cell is 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 p'eriod of interest to affect groundwater assumed to 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. r

llowever, doses remain very low in the FW scenario because the cover material assumed to be located

between the disposed soil and rubble and the receptor effectively attenuates or prevents radiation

exposure.

Calculeted max mum doses for scenarios involving intrusion are substantially higher than doses ,

calculated for base use scenarios. For the resident fanner with a house on a surface slab (RFS). dose
mremly per pCi nuclide/g soil except for U234 and Ra226 The maximumremains below I x 106

calculated dose for U234 is slightly less than 1 x 10-6 mremly per pCi nuclide/g soil. The maximum r

calculated dose for Ra226 distributed only in the bottom third of the cell is 0.033 mremly per pCi

nuclide/g soil. Even if Ra226 were distributed uniformly throughout the entire depth of the cell, the
maximum calculated dose would be approximately 0.30 mremly per pCi nuclide/g soil. The radon

2progeny inhalation pathway would be the main contributor to dose from U234 and Ra 26 Food

pathways and groundwater pathways contribute nothing to dose because they remain incomplete for this j
'

scenario.

For the resident farmer with a house with basement (RFB). dose remains below 2 x 106
mremly per pCi nuclide/g soil for U235 and (F38. The maximum calculated doses for Th232 and U234 |

!

are 3.0 x 104 and 1.8 x 103 mremly per pCi nuclide/g soil, respectively. The maximum calculated
dose for Ra226 distributed only in the bottom third of the cell is 0.12 mrem /y per pCi nuclideig soil.

(The maximum calculated dose for Ra226 distributed uniformly throughout the entire depth of the cell

would be approximately 1.1 mremly per pCi nuclide/g soil.) The direct exposure pathway is the major
contributor to dose for Th 32 The radon progeny inhalation pathway is the major contributor to dose2

for U234 and Ra226 Food pathways and groundwater pathways contribute nothing to dose because they

remain incomplete for this scenario.

Results. Sensitivity Analvses. RESRAD runs examining the effect of soil cover attenuation on

irradiation by Th232 and its progeny are summarized in Figure 3.5. The calculated dose by external
irradiation from Th232 and its progeny,3 to 10 mremly per pCi Th232 /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

material 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 Iow.

for a scenario that includes a house on a surface slab and somewhat high for a scenario that includes a

. . _ , . - . . . . . - . - - _ . _ -.- . . _ . . -- - _ - . - - -
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|
1

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 to 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 10-8 nf /s, the dose would be about 5 mrem /y per pCi Ra226 /g soil

for no attenuating soil cover between the floor 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
It 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 Ka are presented graphically in Figure 3.7. Given reasonable expectations for the long-

term, low permeability of the cell cover (10-8 cm/s) and a reasonably low estimate of radionuclide
retardation in the mudstone materials beneath the cell, equivalent to a Kd greater than about 10 ml/g,

radionuclides in the cell would be isolated from the uppermost 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 1 m!/g, provided the cover remains tight. Ilowever,d ,

even if the' permeability of the cover and the underlying mudstone is assumed to be higher by a factor of
10 (increased from 104 to 107 cm/s), 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 Kg in the mudstone layer of about 4 ml/g is assumed.

Conclusions. Results of the calcu::En of the maximum contaminant concentration in material
which may be placed in the engineered cell without exceeding candidate acceptance criteria are also
included in Table 3.7. The results indicate that the isolation capabilities of the disposal cell would be
sulficient to contain materials with concentrations far above NRC Branch Technical Position Option i

and Option 2 limits. Even if acceptance criteria were chosen to protect against low doses in the event
of unanticipated intrusian, material with nuclide concentrations higher than 10,000 pCi/g could be
accommodated for all nuclides except Ra226 for the scenarios examined. For Ra226 and the most

restrictive combination of exposure scenario and acceptance criteria, the limiting concentration would ;

he slightly greater than 800 pCilg. 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 indicar: an engineered disposal

- cell on the Cushing site would be capable of isolating radionuclides in all the contaminated site

. . - . . , . . . - . . . - - - . . ..-.-. . . - - . - - . . . . . - . . - . . .
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T 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.

3.6 RADtOACTIVE WASTE MANAGEMENT
,

The site decommissioning activities involve relecating residual radioactive contamination,

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:
Solids will be surveyed; any exceeding unrestricted release limits will be buried onsite in thea.

engineered cell or packaged and shipped offsite for disposal.

b. Contaminated liquids will be absorbed into contaminated soil in a storage pile.

Equipment will be decontami:.ated or disposed in the engineered cell onsite.
1 -

c.

Liauids. Contaminated liquids are not discharged from indoor activities. The only

contaminated liquids generated indoors are a small amount of acid washings from steel beam
decontamination activities. When surface contamination is removed by washing with nitric acid, '

contaminated wipes are neutralized and stored in bags. Discharge of contaminated liquids is prevented

by decontamination procedures.

Contaminated water may be generated outdoors during precipitation events. Due to the low

solubility 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;

runotf wil! N contained within berms surrounding designated storage areas as described in s3.4.10.

Samples of accumulated surface water will be obtained and analyzed for contamination prior to release
i

to the environment. No discharges above the limits prescribed in 10 CFR Part 20.1302 will be

allowed.

3.7 OFFSITE DISPOSAL

Remaining ilTP Option 4 material will be temoved, packaged, and shipped to a licensed -

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 in 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 in Tables 1 or 2 of 10 CFR 61.55 and is therefore Class ;

A waste according to 10 CFR 61.55(a)(6).

' Packacine. Material to be shipped offsite will be:

- classified per 10 CFR Part 61;

. . _ . _ _ _ , - . . . _ . . . _ . . _ _ . . _ . _ _ _ _ . . . _ _ . _ . _ _ . . . . _ _ _ . _ . _
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:

O - verified or made to meet waste form requirements of Part 61;
,V - pack' aged to meet DOT requirements for transportat on as specified in 10 CFR Part 71.i'

. A shipping manifest is prepared.

3.8 SCIIEDULE

A estimated schedule to decommission the Cushing site is presented in Table 3.8. It is

recognized that approval of all government agencies having jurisdiction over elements of an activity is

required before that activity may commence.

3.9 REPORT

Details regarding completion of desommissioning actions will be documented in a Site

Decommissioning Report.

,

1

O

!

i
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TABLE 3.7

CALCULATED MAXIMUM CONCENTRATIONS OF NUCLIDES

Scenario Nuclide Maximum Dose Calculsted Maximum Concentration, pCi/g------- ---~

.

1994-10CFR20 Pre-1994 10CFR20 Natural Background
Rad Prot Std Rad Prot Std Radiation

mrem-0/y-pC1 100 500 300
mrem /y mrem /y erem/y

Base Case Scenarios

FPC Th-232 0.00E+00 >10000 >10000 >10000
U-234 0.00E+00 >10000 >10000 >10000
U-235 0.00E+00 >10000 >10000 >10000
U-238 0.00E+00 >10000 >10000 >10000
U-depi 0.00E+00 >10000 >10000 >10000
U-nat 0.00E+00 >10000 >10000 >10000
LEU 0.00E+00 >10000 >10000 >10000 '

HEU 0.00E+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 >10000 >10000 >10000
U-235 1.80E-14 >10000 >10000 >10000
U-238 1.60E-10 >10000 >10000 >10000
U-depl 1.10E-08 >10000 >10000 >10000
U-nat 7.82E-08 >10000 >10000 >10000
LEU 1.27E-07 >10000 >10000 >10000
HEU 1.55E-07 >10000 110000 >10000
Ra-226 6.70E-06 >10000 >10000 >10000

Intrusion Scenarios

RF5 Th-232 6.90E-07 >10000 >10000 >10000
U-234 7.90E-04 >10000 >10000 >10000
U-235 4.80E-14 >10000 >10000 >10000
0-238 7.80E-07 >10000 >10000 >10000
U-depl 5.44E-05 >10000 >10000 >10000
U-nat 3.86E-04 >10000 >10000 >10000
LEU 6.28E-04 >10000 >10000 >10000'

HEU 7.65E-04 >10000 >10000 >10000
Ra-226 3.30E-02 3030 >10000 9091

RFB Th-232 3.00L-04 >10000 >10000. >10000
U-234 1.80E-03 >10000 >10000 >10000
U-235 1.80E-09 >10000 >10000 >10000
U-238 1.80E-06 >10000 >10000 >10000
U-dep1 1.24E-04 >10000 >10000 >10000
U-nat 8.79E-04 >10000 >1(000 >10000
LEU 1.43E-03 >10000 >10000 >10000 ,

HEU 1.74E-03 >10000 >10000 >10000
Ra-226 1.20E-01 833 4167 2500

Note: Ra-226 assumed confined to bottom third of cell

__
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Table 3.8 Cushing Site Radioactive Decommissioning Schedule.
*

Activity Start Einish

Unaffected Area Survey
-

Plan in development 5/30/944

Perform Survey
,

Prepare Report 3

Submit to NRC 7/1/94

Characterization Surveys 2/94 4/1/95
L

Temporary Storage Areas
Construct at approval of all gov't agencies + 3 months

Decommission at removal of all stored material
e

Excavate, Sort, Stockpile !

Trash Dump 4/?/95 or approval of all gov't agencies, whichever is later + 24 months 3

North Property 4/1/95 or approval of all gov't agencies, whichever is later + 24 monthsa

Skull Creek 4/1/95 or approval of all gov't agencies, whichever is later + 24 monthsa
,

I|
Other Land Areas 4/1/95 or approval of all gov't agencies, whichever is later + 24 monthsa

Pit 4
Treat, Sort, Stockpile 8 to 12 months after approval of all .

gov't agencies'

ORISE Confirmatory Survey

Process Buildings .[
Develop Plan 7/1/95

,

Decontaminate and/or Demolish at approval of all gov't agencies + 12 months |
Engineered Disposal Cell

#

Design in development 5/1/95

Construct at approval + 6 months
.

Fill completion of construction + 6 months -

ORISE Confirmatory Survey
Closure '

Final Survey
Perform Survey at closure of engineed cell + 12 monthsS

ORISE Confirmatory Survey
--

24 months schedule includes all areas, not each oae -a

. - ._ . ... - ., . .-- . - .
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FIGURE 3.5

EXTERNAL DOSE VS. SOIL COVER THICKNESS
1 pCi Th-232/g
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FIGURE 3.6
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1 pCi Ra-226/g

100 .
1
Ts Slab dif+ coeff _

[ 3.0E-7 sq m/s -

PESRAD 5.04 default - - +' '~. gt -

1 %
p

,

N
10 s - :

.

E'
-

X-

fXd 1+
N :- _.

tg
- Slab diff coeff

I
2.0 E-8 sq m/s --

O RE5 RAD 4.6 default
'

. . -

$
0.1 1 - . =

- --

-. . . . - . . .
. . . . . - . ,

..

.

. . _ . .

-[

. . . ,

! ! :0.01 ! ! :
''

!

0 1 2 3 4 5
SOIL COVER THICKNESS, m

L _

1

~ , e - ~ - --e, ,- w



O (3 t*
V V V;

FIGURE 3.7

MIGRATION TIME AND DISTANCE VS. Kd
20 m distance and 1000 yr time
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4. ORGANIZATION AND ADMINISTRATION'

:
1

4.1 ORGANIZATION

4.1.1 Licensee Orcanization

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. Former 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 Nuclear

Regulatory Commission or an agreement state. The company maintains the organization, qualified

staff, formal policies and procedures, and other administrative and training programs needed to perfonn
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 reloionsh5s 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 keyO personnel are summarized in Appendix C.5

4.1$ 1.1 Corporate Manacement Responsibilities
.

Management is committed to providing the resources necessary to complete the remediation

work involving 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 Ilealth, NRC regulations, the specific terms of license SNM-1999 and to maintaining

radiation exposures as low as reasonably achievable (ALARA). ,

4.1.1.2 Oneration3, Manacement 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 Emroovee Responsibilities

Employees are responsible for understanding and complying with the rules and regulations for

avoiding internal and external exposure to radiation in accordance with the instruction and training they

( receive. The employees will guard against damage to personnel protective equipment and will

' '~
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~l

immediately report all malfunctioning equipment to the responsible person. Failure to comply with
L 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. Its implementing
iprocedures are reviewed and approved by at least the Radiation Safety Officer and either the Vice

President of Environment Operations or the Vice President of Environment and llealth Management.

4.1.2.1 Radiation Safety Officer (RSO) Responsibilities

The Radiation Safety Officer, in conjunction with his staff, reviews procedures to assure that

exposure limits are not exceeded and monitors activities to assure that exposures are maintained at i

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

be 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 site shall be subject to KMC

supervision.

4.2 QUAtJTY 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 is 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 trainmg.

During the Cushing deconunissioning project, the quality of radiation and radioactivity measurements

and design and construction of the engineered cell will receive particular emphasis. ,

|
i

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 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.

5
i

._ _- - I
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i

4,2.2 Radiation and Radioactivity Measurement

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

following areas.

Procedures

Quality Control in Sampling
Quality Control During Sample llandling

Reference Standards

Calibration
Operability Checks

Instrument Maintenance

Laboratory Analytical Quality Control

Data Processing
' Records

'

Audits

Training

Regulatory Guide 4.15,1 was consulted during the development of the QA plan for measurements.

4.2 3 Engi_neered Cell

The construction quality control plan will include procedures and record Leeping 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 eff :iveness of the radiation protection program and to verify compliance

with the program. Audit results shall be documented and reviewed by corporate management,

operations .ianagement, 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 PROCEDURLiS AND PROCEDURES CONTROL SYSTEM

4.3.1 Obiectives

The site radiation safety program guides all activities required for the remediation and release

of the former uranium and thorium processing building and residual areas of soil contamination. The

1 USNRC, Quality Assurancefor Radiological Monitoring Programs - Effluent Streams and the
Environment, Regulatory Guide 4.15,1979,

c . _ . . . . . _ . . _ . . . . _ . , . . . . , . . ~ . - . . . . - -.
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radiation safety program documems exposures and verifies that workers and the public do not receive

exposures above the limits stipulated m NRC Standardsfor 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 Procram Tasks
;

Primary task.s under the radiation safety program include:

1. Providing training in radiation safety on a routine basis for all personnel who work in

or frequent restricted areas.

2. Preparing special work permits governing the safe performance of decommissioning
'

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.

5. 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.

6. Performing air sampling to ensure that airborne contamination is maintained below I

levels specified in 10 CFR 20.1201 and 20.1202.

7. Performing personnel monitoring to ensure that exposure to radiation workers does not

exceed levels specified in 10 CFR 20.1201.

8. Ensuring that material and equipment that leaves radioactive materials areas is |

releasable for unrestricted use in accordance with applicable NRC regulations. !
'

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

property is in compliance with NRC regulations.
10. Ensuring that licensed material is properly inventoried and that disposal documentation |

is in accordance with applicaHe 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 materiais 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 unsite, the procedure on procedures provides for an SWP to complement
other control activities reined to site remediation and radiation protection.

Either a writter. procedure or a special work permit is required and must be completed before

beginning work wheriever a safety hazard is suspected to exist or could be created. Each Special Work

Permit specifies industrial and radiation safety measures to 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 heahh and safety officer, and the site coordinator.

. _ . ~ _ ~ . . _. . _ . . . _ _.
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Employees assigned to an SWP-related activity review the SWP and follow the indicated
k 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 is 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 provisions

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 Emercency 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 organizations. The liat is included as

Appendix D.

4.4 TRAINING

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

1

'

areas.

4.4.1 Trainine Objectives and Topics

4.4.1.1 Two-to-three-hour Indoctrination
t

A brief 2-to-3-hour indoctrination program will be given to new employees and contractois
whose site activities are related to radioactive material and who will be under supervision of a trained

radiation worker. ;

E

4.4.1.2 Eicht-hour Trainine

All employees and contract personnel will attend an 8-hour health and safety indoctrination

session prior to working independently with radioactive materials. This health and safety indoctrination
will be documented 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, shoes etc.,

Use of alpha survey instruments, .

. . - . . . . . - - . . -. .- . . . - - - . .- .- -.
,
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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 techniques, and

flow to report injuries and incidents.

4,4.1.3 Topics Specified in 10 CFR Part 19.12 ,

Both the 2-to-3 hour and the 8-hout L. th and safety indoctrinations for people working in or

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

Storage, transfer, or use of radioactive materials or of radiation within the restricted area; |.

Ilealth protection problems associated with exposure to such radioactive materials or radiation:.

Precautions or procedures to minimize exposure;.
I

Purposes and functions of protective devices employed;
"

The applicable provisions of NRC regulations and licenses for the protection of personnel from.

exposures to radiation or radioactive materials occurring such areas and instruction to observe 1

those provisions to the extent within the worker's control;
Responsibility to report promptiv 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 involve exposure to radiation or radioactive material; and j

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 heahh protection

problems in the restricted area.

4.4,1.4 Annual Trainina

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

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

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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I
;
,

Unrestricted release of material and equipment,

Shipping and receivit.g of radioactive material, |

Liquid waste release, j

Contamination control, 1

Decontamination techniques,
~

Protective clothing,

Use of respirators,

Survey instrument use, and ;

Emergency procedures.

t4.4.2 Duration and Frecuency of Trainina
-

|

New employee indoctrination will be performed one time before the new employee or |
I

contractor is allowed to work independently in radioactive materials areas or with radioactive materials.

This training requires approximately 8 hours to complete. Annual refresher training 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 m
'(radioactivity levels or materials handling procedures.

'

4.4.3 Testine and Comprehension
.

A written examination will be administered at the end of each formal training session to

document each employee's attendance and understanding of the training material covered. The written
exams will be reviewed at the end of the training course and correct answers to all questions will be j

tdiscussed,

4.4.4 Recordine Participation
,

,

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

I

4.4.5 Oualified Safety Trainine Personnel

'

Training will be provided by the RSO or his designated alternate. ;

4.5 CllANGES

If it were impractical to implement a specific element of the decommissioning plan as descritsed

or if an improvement is realized, KMC may change an element of decommissioning activities described -)

in s3.4 provided criteria in 63.2 are not changed, organization and administration in $4, the health and j
safety program in Q5, 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 increase in radiation exposure

to workers or in any significant increase in impact on the environment. Suen change must be approved

Cushing Dechimissioning Plan ev$0 April 25,1994 4. 7
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t

by the RSO ardeither the Vice President Environment Operations, or the Vice President, Environment

& llealth Management.
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Figure 4.2 Special Work Permit Form

(
KERR McGEE CORP. CUSillNG, OKLA.

SPECIAL WORK PERMIT #447 Page 1 of 3

Effective Date: Ol/24/944730hn; Enir36oo Date: 12/29/94.f 545 hrs

JOB DESCRIPTION: OFF-SITE BACKGROUND SURVEYS & SAMPLE COLLECTION
INDUSTRIAL SAFETY

POTENTIAL TYPES OF RECOMMENDED

HAZARD ACCIDENTS SAFEGUARDS

A. Mechanical, Struck by equipment Ute caution while working around equipment.

Physical
Lifting / straining Use proper lifting techniques.

Trip / Slip bazards Be aware of holes, trenches, uneven ground.

B. Environmental Poison Ivy /other allergen- Use caution, avoid contact

producing plants.

Insect bites, stings. Avoid contact.

C. Chemical Minimal, not anticipated. N/A
._

Industrial Safety Eauiprnent Required:
,

1

i1 Safety glasses (ANSI Z87 approved)
|1 Safety shoes (mbber/ neoprene boots)
|

_ Hard hat !
1 Normal Level D Work Uniform
X Leather, or cotton gloves.

I
RADIOLOGICAL SAFETY

i

H.P. Tech. Recuired: Personnel Monitorine: Radiolocical Survey Reauirements:
'

__ _._.

1 Job Start Film Badge _ Job Start
_

Full Time _ Lapel Air Sampler _ Full Time
_1 Intermittently _ Intermittently

End of Job _ End of Job
_

HP TECIL Special Instructions:

1. Verify survey & sampling locations are off-site. ,

Survey for unrestricted release any equipment to be taken offsite, if it is currently stored in a Restricted Area or j
2. !

Radioactive Materials Area, or was used in affected areas on-site and not yet surveyed.

3. If licensee radioactive material is found off-site: Stoo Work, and notify the RSO and the Site Coordinator

immediately. |
H.P. Tech shall ar.sist in the background surveys and sampling. 'Re RSO or the H.P. Tech may remove this4.
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 Page 2 of 3

b EfTective Date: Ol/24/944730 hrs: Expiration Date: 12/29/94-1545 hrsN

_ WORK PLAN

1. Verify that work location is off-site.

2. Check in with HP Tech. prior to job start.

3. 9 ckground Determinations:
Perfoun three determinations at each location, using a 5 rneter 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, time, location, etc.*

Health Physics Technician may impose requirements .nore restrictive than those specified in this SWP. Workers4.
shall follow those requirements.

SPECIAI- INSTRUCTION _S

\ 1. No smoking, No chewing, No eating or drinking.

2. Chain Of Custody is required for any samples leaving the site.

. __

\

~ -
_ _ _ _ - _ _ _ - - _ _ _ _ _ - _ _ _ -
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KERR McGEE CORP. CUSIIING, OKLA.

SPECIAL WORK PERMIT #447 Page 3 of 3

Effective Date:Ol/24/944730 hrs; Expiradon Date: 12/29/94-1545 hrs

Signatures of all people involved in Job , ,

Approval Signyure Date Signed

Site Coordinator / ~ 2 4Tf
wy

Radiation Safety fR S| ffOfficer
7

Ilealth and Safety - /- -

.

. .hlk/f/fy Y G/l&LCYet , |99fOfficer
__

-
,

.

_ _ _

Individuals working Signature Date Signed

under this SWP (Print
Name)

Crew Supervisor Q ~p p _ , g - b g 1 ; yej . p e,/

1i? Tech. pfAmt- /SUf5 |~2N ~ 9||
tbm Ylb |" E Y- W

'
I

O |

|

_ . _ _ . _ _

i

|
\
1

Work Completed and SWP Tenninated Date: Time: _.

Site Coordinator:
--

|

O

. -- -
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O 5. METIIODS TO PROTECT IIEALTII AND SAFETY
-

5.1 IIEAt.Til PIIYSICS PROGRAM
.

Radiation safety measures are employed to protect workers and the general public against

exposure to radiation levels exceeding permissible limits and to assure any exposures are maintained as
low as reasonably achievable. The radiation safety procram 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 most 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 Monitorine Devices

Film badges are used to monitor the external ganuna radiation exposure of employees. The

badges are furnished and processed by a supplier certified under The National Voluntary Laboratory
Accreditation Program (NVLAP) as required 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 Bioassays
.

The licensed material remaining at the site has been exposed to the effects of the weather for

many years. The remaining radioactivity is therefore chemically fixed within various matrices and is
insoluble.1 Kerr-McGee considers the licensed material remaining on site as contamination to have a Y

lung solubility 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 1. 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 analysis 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

I 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 5,1991,

-nemm v.
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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-riro lung count is performed every two years on each employee who routinely works
with radioactive material. In-rito lung count results are used to compare the levels of uranium and

thorium deposition in the lungs with the ALI or maximum permissible lung burden.

-

5.1.3 Surveys and Monitorinn
I

5.1.3.1 Durine Work With Licensed Radioactive Materials

Health physics activities supporting site decontamination activity include definition of areas of j

radioactive contamination 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 personnel monitoring will be specified in an SWP. As a 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 Storace 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.

llealth 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 rnonitoring may be specified. As a minimum,
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.

O
.

. ~ . -
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|
5.13.3 Air Samnline Procran)

!

Airborne radioactive materials may be encountered during excavation of contaminated material, i

l

its transfer, and packaging for shipment. Airborne particulates may be generated indoors when

removing contaminated concrete from building floors, and when packaging contaminated soils.

Airborne particulates may be generated outdoors during excavation activities and transfer of radioact "e
i

materials to storage or packaging areas

Air sampling is performed at locations where the potential for airborne contamination exists,

e.g., during excavation of contaminated soil. Air samples are analyzed daily. Results are evaluated to
determine whether specific limits are exceeded. If 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 to enable KMC to test whether the level stipulated in 10 CFR Part 20.1302 (old Part |

20.106) may be exceeded.

if there was 1 mg dust /nf air, the radionuclide concentration in airborne particles < 10 pm in
diameter could be as much as 1000 pCi'g dust 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 soil,

which would produce less than 0.1 of the DAC limit. Moreover, it is reasonable to expect that I

mg/m airborne dust would be noticeable in view of the realizations that 1) the observed upper limit of3

airborne soil mass loading of particulate less than 10 pm in diameter is about 0.7 mg/m3 , 2) the ;

observed upper limit of particles larger than 10 pm in air is about 230 mg/m3 ,3) 5 mg/m respirable |
3

fraction and 15 mg/nd total dust are the maxima ofinert or nuisance dust allowed by OSilA, and 4) a |
2 Therefore, as long as the total uranium !dust loading of 110 mg/nf is barely tolerable for breathing

and thorium 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 a person
- '

exposed 40 hours / week by inhalation while working, in that circumstance, neither continuous air
3

sampling is lapel or breathing zone air sampling is proposed by Regulatory Guide 8.25:

51.3.4 Etnuent and Environmental Monitorina

Ef0uent and environmental monitoring is addressed in three aspects: environmental monitoring, .

fimonitoring of intentional releases, and monitoring 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,

O Stewart,1967. quoted in D. Randerson, ed., Atmospheric Science and Power . roduction, DOE / TIC2 P

27601.p.542,1984.,-

3' NRC, Air Sampling in the Workplace, Reg. Guide 8.25, rev.1, June 1992.

Cushing Deconunissioning h'lan rev.O April 25,1994 5. 3
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'

Airborne 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 oflicensed material in the soil and flora. Groundwater samples are

obtained from five grormdwater monitoring wells. Upstream and downstream surface water samples )-

are collected at the property line to monitor the concentration of licensed material in surface waters.

Surface water and groundwater samples are analyzed on an annual basis for gross alpha ad beta

activity. Analyses for uranium and thorium concentration will be performed for samples that have |

gross alpha activity exceeding 15 pCi/ liter. !|

!The only intentional 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

1controlled.

Should an unintentional release occur, appropriate measures will be taken to monitor the release

of radioactive materials to the environment. These measures may include, but are not limited to: j

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- )

active material concentrations in the effluent.

5.1.4 Radiation Detection Instruments and Calibration

Portable alpha and gamma radiation monitoring instruments are used to determine site radiation

exposure and activity levels. These instruments are calibrated at the Cimarron Corporation's Cimarron
Facility on a quarterly basis in accordance with manufacturer's recommendations. Performance of all
instruments 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 gRihr on lower scales. . Logs

are kept on file as a record of instrument calibration.

Multi-channel gamma spectrum analyzers (MCA) are available in the counting lab to determine
the concentrations of licensed material in soil and environmental samples. Each uses a lead shielded,

sodium iodide crystal, 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 radionuclide 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 monitored by the equipment.

5.1.5 Airborne Radioactive Material

Measures will be taken to control airborne suspension of radioactive material during decontami-

nation activities in order to maintain employee and public exposure as low as reasonably achievable.
!
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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 until suspension o' particulate matter has visually subsided. Dust control

measures may vary for each activity depending on the natme of the work. ;

5.1.5.2 Demolition of Structures

When contamination cannot be removed from structures in place or is shown to 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.

Ilowever, 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 contamination removed using
i

the methods discussed in chapter 3 herein.

5.15.3 Excavation

Excavation of contaminated soils, building rubble, and sludges is accomplished with typical

earthmoving equipment. Ambient soil moisture nonnally precludes dusting. Ilowever, each operation
is evaluated for dust control applications that may involve use of water sprays, foams, wetting agents,

'

dust suppressors or a combination thereof. Excavations will be limited to minimize normal drying of

soils during the excavation process. _i

5.1.6 Equipment

Equipment 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, liefore 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 s3.2 herein.

5.1.7 Administrative Comrol

KMC will establish procedures to govern transport of radioactively contaminated, bulk material

in miaffected areas and to prevent significant contamination of any Imaffected area by licensed material

from an n/Jected area.

5.2 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 is everyone's

responsibility, requiring involvement and cooperation of all personnel.

.
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Kerr-McGee'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: I

job planning, procedures, and SWP |.

contamination surveys j.

d

radiation dosimetry and air sampling.

environmental monitoring.

selection of protective equipment.

training in radiological and industrial safety and in emergency response.

records management, and1 .

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.

Each job safety analysis done to prepare an SWP takes ALARA considerations into account,

Accurate and dependable surveillance of radioactisity on surfaces, in air, in personnel, and in
efnuents are essential to maintaining ALARA radiation exposure and radioactive effluent. Cleanup and
restoration activities are monitored to identify deficiency in engineered or administrative 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 initiate timely correction.
7

Adininistrative controls facilitate the setting 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 is being cleaned up. Kerr-McGee radiation protection policies, health physics

program, training, and administration described herein would apply to contract personnel,
t

:

;

.. . - , f
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TABLE 5.1

RADIATION htONITORING INSTRUh1ENTS

INSTRUMENT NUMBER RADIATION SCALE

i TYPE AVAILABLE DETECTED RANGE MDA

Micro-R Meter 2 Gamma 1 - 5,000 pR/hr 2 pR!ht

; lon Chamber 1 Gamma 0.1 - 300 mR/hr 0.2 mR/hr 3

3" x 1/2"Nal Scintillator 2 Gamma 0 to 500,000 cpm 500 cpm

2
435 cm Gas Flow Digital Scaler 1 Alpha-Beta, Gamma 0 - 500,000 cpm - 30 dpm/100 cm2

,

2'

100 cm Gas Flow Digital Scaler I Alpha-Beta, Gamma 0 - 500,000 cpm 150 dpm/100 cm2

2
60 cm Gas Flow Digital Scaler 1 Alpha-Beta, Gamma 0 - 500,000 cpm 300 dpm!!00 cm2

2
60 cm Count Rate Meter 3 Alpha 0 - 500,000 cpm 350 dpm/100 cm2

2
60 cm Personnel Room Monitor 1 Alpha 0 - 50,000 cpm 350 dpm/100 cm2i

2" Slide Drawer Counter 1 Alpha 0 - 500,000 cpm 1dpm

Pressurized Ion Chamber 1 Gamma 0 - 100 mR/hr - 3pR/hr

A0.5 pR/hr @ 10 min {
count

,

Computer-Based Auto Sample 1 Alpha-Beta 0 - 99,999,999 cpm 1dpm
.

Counter Tennelec LB5100W

Computer-Based Multichannel 1 Gamma Spectrum Being evaluated

Analyzer- Nal Well Counter

i

1

;

i
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TABLE 5.2

V PERSONAL, ENVIRONMENTAL, AND AREA
MONITORING EQUIPMENT

EQUIPMENT MEDIA SAMPLED NUMBER CAPACITY OR
OR MONITORED AVAILABLE R.ANGE

Personal Lapel Pumps w/2" Air 5 0 - 4.5 LPM
Filter lleads

Powered Area Monitors- Air 3 0 - 3 CFM
Ilealth Physics .

Powered Area Monitors - Air 3 0 - 5 CFM !
lEnvironmental

Personal Film Badges Gamma Radiation As Required MDA = 10 mrem

Therrr.oluminescent Ganuna Radiation As Required M D A = ~ 0.8
Dosimeters mrem / week

O

O
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O 6. FINAL RADIOACTIVITY SURVEY PLAN

6.1 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 result 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 /nformation, and Chapter 2. Site Information, of this

Site Decommissioning Plan.

6.2 SITE INFORMATION

6.2.1 Site Description

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. oil _ producing, pasture land. Skull Creek runs through the site before

joinmg 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 contained in Chapter 2,

Site information.

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,1 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. Ilowever, some

portions of the unaffected area land will have been subsequently used for disposition of soil from
alfected areas. Figure 6. I shows the location of the designated unaffected areas and other features

relevant to decommissioning on the site.

As part of the deconunissioning acuvities, contaminated structural surfaces of remaining

buildings will have been cleaned by scrubbing shot blasting, chipping, and the use of chemical agents.

Iluildings 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, Desenption of 1

Planned Deconanissioning Activities. Some soil will have been left in place or moved (BTP Option 1
!

A Guidelines refers to survey objectives in s6.3.1.

. .-. -
-- -

-
-. .
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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

6.3.1 Survey Obiectives

The purpose of the final radioactivity survey is to demonstrate that the radiological conditions at
the KMC Cushing site satisfy survey objectives in W6.3.1, and that the site can therefore be released for
unrestricted future use without radiological controls and the license terminated. The specific objectives

of the survey are to show that:

A. Surface Activity inside Buildings and Structures

1. Average surface contamination levels for each survey unit are within the acceptable .

levels specified in Table 3.1, Acceptable Surface Contamination Levels.

2. Small areas of residual activity, i.e., discrete spots, do not exceed three times the

average value. The discrete spot limit applies to areas up to 100 cm2. The average

activity level within a 1 m area containing a discrete spot must be within the surface2

activity criteria in s3.2.
3. Reasonable efforts 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 pR/hr above background.

Exposure rate levels are measured at I m from floor / lower wall surfaces and are
2averaged over surface areas, not to exceed a maximum of 100 m . Maximum exposure

rates at any location may not exceed 20 pR/hr above background.

B. Volumetric Activity of Soil, Water, and Building Materials

1. 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 m2

grid area.

2. 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)t/2 , where
2A is the area (in m ) of the discrete spot.

3, Exposure sates do not exceed 10 pR/hr above background at I m above the surface.
2Exposure rates may be averaged over a 100 m grid area. Maximum exposure rates-

over any discrete area of greater than 100 m2 may not exceed 20 pR/hr.

4. Average radionuclide 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 pCill 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,s
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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.

(Q.2 Identity of Contaminants

llased on the knowledge of site operations and the results of a 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 radiological contaminants, the criteria for on-site
t

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

sludge, oils, and gt:ases. These materials as well as NORM materials will be addressed in accordance

with requirements of the State of Oklahoma and the U.S. Environmental Protection Agency.

6.4 ORGANIZATION AND ADMINtSTRATION

6 4.1 Oreanization and Resronsibilities

The overall organization and responsibilities for decommissioning are described in Chapter 4,

Organization and Administration. The final radioactivity survey will be performed by a team within
the organization compcsed 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 Coordmator |

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. l
|

1;ield measurcments of radiological parameters and sample collection will be under the direction

of the Radiation Safety Officer. lie 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. lie will also oversee the activities of any laboratory contractor assistance.

Cushing Decommissioning Plan rev.O April 25,1994 6. ' 3 |
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y 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 Traininu

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 traming session at which radiation protection, survey procedures, |
and quality assurance activities will be reviewed.

1

6.4 3 General Survey Plan

a
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 to the appropriate team members as required. ,

;
1

Subsequent sections provide information on conduct of these tasks.

6.4.4 Tentative Schedule ,
, ,

The first three of the major activitici in the final radioactivity survey depicted in Table 6.1 have -
i

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 METilODS

6.5.1 General

Due to the nature of operations conducted at the Cushing site, buildings and land areas consid-

cred potentially contaminated will be surveyed. The location, type, and density of samples takea 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 from those surveys may also be used as part of or in

support of the final radioactivity survey.

Throughout this chapter, the survey activities are generally described in the future tense.
Ilowever, 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 Irstrumentation

Table 6.2, Instrumentation for Final Radioactivity Survey, lists the instrumentation planned for

use in the final radioactivity survey, along with applications, typical parameters, and detection sensitiv- i

ities for the instrumentation.

The minimum detectable activity (MDA) of an instrument is an a priori estimate of detection i

sensitivity. The basic equation for estimating instrument MDA is: j

MDA = 2.71 + 3.29VBTiit + 1/I )h s

EA
where

minimum detectable radioactivityMDA =
'

background or blank count rate (ct/ min)B =

background count time (min) ]th =

sample or source count time (min)t =
s

overall detection efficiencyE =

volume, mass, or area of sample measuredA =

When th = t , this equation is equivalent to applications of this relationship to several practical radio- |s

activity survey modes presented in NUREG/CP-5849,95.2.
I

Sensitivities for surface contamination surveys by alpha or beta. gamma instruments are based 2

on movement of the detector over the surface at about i 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. Operational and background checks will be

performed as specified by KMC procedures.
!

I
The objective 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 |
.

been divided into affected and unaffected areas. The bases for these classifications are:

Affected Areas: Areas (including buildings) that are likely to have radioactive material contam-
ination based 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 contamination.

Una]Jected 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-

tion.

Table 6.3, Potentially Affected Areas, lists the v'arious site areas, 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 Features of ;

the Cushing Site.

4 - 6.5.3.2 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 f
Classification, and other factors described below. 1

/

All building floor and lower wall (up to 2 m) surfaces in an affected area will be gridded at I m )
intervals. Upper walls and ceiling surfaces will also be gridded at 2 m intervals. Building surfaces in j
unaffected areas or those upper surfaces in affected areas that have not been contaminated will not be i

)

gridded; measurements m 'these surfaces will be referenced to other grid systems or to prominent i

building features.

Both affected and unaffected outside areas will be gridded at 10 m intervals. The grid system is

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 into 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 lower

walls and for other building horizontal and vertical surfaces.

I
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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 will be 100 m2 for open land,10 m2 for indoor ,-

exposure rate, and 1 m for contamination on building surfaces. |2

?

6.5.3.3 Surface Scans
|

Scanning of surfaces to identify locaticas of residual surface and near-surface contamination

will be performed according to the following protocch j

Affected Area Surfaces - 100% of surface-

Upper Surfaces in affected areas (s6.5.3.2) - scans in immediate vicinity of measurement-

Unaffccud Arca Surfaces - 10% of surface (none in upper building surfaces) |
.

| Building interior surfaces will be scanned for alpha 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 scanning is listed in Table 6.2. The instruuents having the greatest

detection sensitivity will be used for scanning as physical surface conditions anil measurement locations
|permit.

Scanning speeds will be approximately 1 detector width per secnad for alpha and beta detection

instruments, and 0.5 m per second for gamma detection instruments. Audible indicators (headphones- :

or speakers) will be used to identify locations having levels of direct radiation about 2 times higher
than ambient. All scanning results will be noted on standard field record forms, locations of higher
than ambient radiation will be identified for subsequent investigation.

[d3 A Surface Contamination Measurements

Direct Measurements. Direct measurements of alpha and beta-gamma surface contamination
r

will be performed at selected locations using instrumentation described in Table 6.2. The instruments

having the greatest detection sensitivity will be used for surface contamination measurements as

physical surface conditions and measurement locations permit. For instruments so equipped and ,

calibrated, measurements will be conducted by integrating counts ovet the time period used to estim' ate ]

the MDA. When a ratemeter type of instrument is used, the count averaging time should be about twice

the time constant of the instrument.

Because scanning is capable of detecting uranium and thorium contamination at < 25% of the ,

i
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 j

surfaces that may have contamination >25% of the guideline values, as determined by scanning.

1

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 include surfaces where radioactive material would likely settle and'

- sufficient ad:litional locations to provide measurement coverage at an average of at least I measurement
2location per 20 m of surface area.

On building surfaces in unaffected areas, a minimum of 30 random measurements or an average
2 of surface area, whichever is greater, will be performedof at least I measurement location per 50 m

I
for eacii survey unit. These locations will include all building surfaces.

Removable Contamination Measurements. Smears to detect removable surface contamination
'

will be collected at locations in boildings where direct measurements are performed.
t

6.5.3.5 Exposure Rate Measurements

Gamrna radiation exposure rates will be measured at I m above ground and floor surfaces,

using a pressurized ion chamber instrument, or a gamma scintillation instrument or micro-R meter cali-

brated against the pressurized ion chamber instrument. Measurements will be uniformly spaced
,

according to the following protocol:

Building Interiors
2Affected Areas: 1 measurement per 4 m ,

Unaffected Areas: 1 meksurement per 200 m2 |
l

Outside Areas
2Affected Areas: 4 measurements per 100 m

2Unaffected areas: 4 measurements per block (100,000 m ) or 30 measurements at

randomly selected locations, whichever is greater |
1

l

6.5 3 6 Soil / Sediment / Water Samplinn

|

Surface. Samples of surface soil (0-15 cm) will be systematically collected from 4 points-

midway between the center and the block cornt:s 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 to Skull Creek and from any natural surface drainage pathways from atfected areas to Skull
Creek. At each surface sampling location, contact gamma radiation levels before and after sampling

will be monitored to 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 Skull 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 centerline 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.

. - . ~ -
. . . . .-
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Subsurface. Subsurface investigations will be performed at the location of Pit 4, the trash

dump, dismantled fluilding 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 sampling locations will be selected around

the perimeter of Pit 4 and the trenches to confinn the absence of subsurface migration. Borings will
extend about one meter below the depth of excavation.

Samples will be collected and analyzed on a ganuna spectrum analyzer or mea.,urements made
in-situ. If results are above a cleanup limit, subsurface samples will be obtained to define the area and

magnitude of residual contamination.

Water. A series of 10 or more pairs of I liter water samples will be collected from Skull Creek
at its entrance and exit from the site. Each sample will be analyzed for gross alpha activity, if the

alpha activity concentration in the downstream sample exceeds that in the upstream sample by more

than 15 pCill, the pair of samples will be analyzed for Ra226, Ra228, uranium, Th232 , and Th228 ,

Soil Placement in Encineered Cell. Samples will be collected from each element of soil as part

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 Soning). these samples will be

archived for possible future analysis.,

6 5 3.7 Special Measurements and Samples
s

lluildine Interiors. Other than surveys of walls, floors, and ceilings, survey measurements of

buildine interiors are not expected to be necessary because most fixtures have already been removed.

Iloildinn Eueriors. Measurements of direct and removable contamination will be performed on

the exterior and interior surfaces of any remaining air exhaust equipment and at representative

locations on roof drains in affected areas. Samples of roofing material will be obtained where direct

measurements indicate possible entrained contamination.

Outside Areas. Cores and sail sampling will be performed on paved outside surfaces where
lscans or direct measurements indicate possible contamination beneath the paving. The number and

location of these cores wih be determined based on the findings as the survey progresses.
)
4

6 5 4 llackeround Level lkterminations

Background radiation exposure rates will be determined for building interiors b, taking a
minimum of 10 measurements at locations without a history of use with radioactive materials.

llackground 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
on-site or within a 0.5 to 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-

g 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 averages. 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 i20% at the 95% confidence

level, if necessary, additional measurements or sampliiig will be performed to satisfy the criteria, The
total number of background measurements needed to satisfy the objective will be calculated by:-

<

nn l(195.5Edf s, )+(0.2 xb )] 2=

number of background measurements requiredwhere nn
=-

xb rnean of initial background measurements=

standard deviation of initial background measuremen'ss =
x

(95 Lar = t statistic for 95% confidence at df=n-1 degrees of freedom, where n is the number
of initial background data points

2Table 6.4 contains a list or values for the 1937, statistic at various degrees of freedom

Subtracting the number of data points already collected (n) from the total calculated number (rb ) will
determine the number of additional measurements or samples that will be required to demonstrate the

desired confidence of the data. If this calculation 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.
'|

/I 6.5.5 Sample Analysis

Smears and swabs collected for removable contamination will be analyzed for gross alpha and

gross beta activity. Soil, sediment, roofing material, and other large volume samples will be analyzed
,

for thorium and U235 and IF38 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, Radiomielides). |

Samples of paint, residues. and other samples of small volume will be analyzed for uraniurn and -

thorium by wet chemistry and alpha spectromeny.
|

>

Laboratary 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 cm2 (surface contamination), pR/hr

(radiation exposure rates), and pCi/g (soil concentrations) for comparison with guidelines. Net
measurements, i.e., after subtraction of background, will 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:

x, (1/n ) E x;-( l E A ) + E yg A=
s t g

2 NUREGiCR-5849, Table B-1.
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s -

weighted mean including elevated area (s)where x, =

x; systematic and random measurements at point i=

number of systematic and random measurementsn =
s

elevated area activity in area kyt =

2fraction of 1 m occupied by elevated area kAg =

number of elevated areasng =

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:

(lht,) E x;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:

x + t -n.df 'S + Uu =
l xn

95% confidence level obtained from Table 6.3; df is n-1; a is the false probabilitywhere t =
9,,,n

tthe probability that u is less than the guideline value if the true mean activity leveln

is equal to the guideline level)

calculated meanx =
standard deviations =

s

number of individual points used to determine x and sn = g
r

The value of u will be compared to the guideline value, if q, is less than the guideline value,n

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.,g:

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

on-site engineered cell.

6.7 REPoitT

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
NUREGICR 5849. Mamtalfor Conducting Radiological Surveys in Support of License Tertnination.
Data will be sununarized in tables and figures. Measurement and sampling locations will be shown c'1

scale drawings.

O
-
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All field and analytical data, including procedures and instrument calibration certificates used in ,

' I the survey, will be archived by Kerr-McGee Corporation until such time as the NRC agrees that they j

may be disposed or until the license is terminated.

|

|
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Table 6.1 Overview Of Final Radioactivity Survey Activities And Tasks

,

Activities Tasks

f

Evaluate contamination potential 1. Review operating history with respect to facility
use, spills, releases, etc.

2. Review radioactivity data from scoping and
characterization surveys.

3. Identify radionuclides of concern and determine
,

guidelines
4. Classify areas as to affected and unaffected

'

Establish grid reference system 1. Install prids
2. Prepare facility survey maps .

Determine background levels 1. Measure indoor exposure rates and ambient
b(ta-gamma radiation levels

2. Measure outdoor exposure rates
3. Collect and analyze background soil samples.
4. Measure background radionuclide concentration

in soil. >

Perfonn direct measurements 1. Conduct surface scans ;

2. Determine frequency and locations of measure-
ments to meet criteria

3. Conduct building surface activity measurements
4. Measure exposure rates

Collect samples 1. Determine frequency and locations of sampling
to meet criteria

2. Collect systematic and special samples

Analyze samples 1. Count smears and swabs. Analyze soil,' residue,

liquid, and other samples for uranium and
thorium activity

Interpret data 1. Cor. vert data to standard units
2. Calculate average levels
3. Compare data with criteria
4. Compute inventory of residual radioactivity in

disposal cell

Prepare report 1. Construct data tables and figures

2. Prepare text
3. Submit report to NRC.

~
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TABLE 6.2
'

,

RAD'ATION MONITORING INSTRUMENTS
.

INSTRUMENT NUMBER RADIATION SCALE
TYPE AVAILABLE DETECTED RANGE MDA

Micro-R Meter 2 Gamma 1 - 5,000 R/hr 2 pR/hr

Ion Chamber 1 Gamma 0.1 - 300 mR/hr 0.2 mR/hr

3" x 1/2"Nal Scintillator 2 Gamma 0 to 500,000 cpm 500 cpm

2
435 cm Gas Flow Digital Scaler i Alpha-Beta, Gamma 0 - 500,000 cpm 30 dpm/100 cm2

2
100 cm Gas Flow Digital Scaler 1 Alpha-Beta, Gamma 0 - 500,000 cpm 150 dpm/100 cm2

2
60 cm Gas Flow Digital Scaler 1 Alpha-Beta, Gamma 0 - 500,000 cpm 300 dpm/100 cm2

2
60 cm Count Rate Meter 3 Alpha 0 - 500,000 cpm 350 dpm/100 cm2

2

60 cm Personnel Room Monitor 1 Alpha 0 - 50,000 cpm 350 dpm/100 cm2

2" Slide Drawer Counter 1 Alpha 0 - 500,000 cpm 1dpm
'

Pressurized lon Chamber 1 Gamma 0 - 100 mR/hr - 3pR/hr
/10.5 pR/hr @ 10 min
count

Computer-BasM Auto Sample 1 Alpha-Beta 0 - 99,999,999 cpm 1dpm

Counter Tennelec LB5100W

Computer-Based Multichannel i Gamma Spectrum Being evaluated

Analyzer- NaI Well Counter

_

<

* ,
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g-. Table 6.3 T-test Factors for Comparing a Survey Data Set and its Limit }

Degrees of Freedom t,93 Degrees of Freedom t,95

1 6.314 19 1.729

[2 2.920 20 1.725 .

3 2.353 21 1.721

4 2 132- 22 1.717 '

5 $- 15 23 1.714

6 . 943 24 1.711

7 1.895 25 1.708
,

8 1.860 26 1.706
,

9 1.833 27 1.'103

10 1.812 28 1.701

11 1.796 29 1.699

12 1.782 30 1.697

13 1.771 40 1.684

14 1.761 60 1.671

15 1.753 120 1.658 ;

16 1.746 400 1.649

17 1.740 m 1.645

O 18 1.734 {

. Degrees of freedom is the number of items cf data minus.l. For values of degrees of freedom not in the. -)
|table, interpolate between values listed.
|
|

1

|
|
;

!

(

O
'

. . . . - . . . - .-- - . . - . . -
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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 tenk berms in blocks 7. 29, and 41

Trash damp in b!ack 4

Burial tretches 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 between process buildings and Skull Creek

Spot of land adjacent the loading dock

Soil and rubble in blocks 12) and 122
Soil and rubble in blocks 113,114,121, and 122

Pile of earth in blocks 108 and 109

Rubble in wash in block 102
Several spots north of Deep Rock Road

Ditch along the railroad right-of-way in blocks 126 and 133
Naturally Occurrine Radicactive Material

O. Sump adjacent SW end of maintenance building

Pipe storage yard near SW end of maintenance building
Firebrick in several spots in blocks 103, 133, 140, and along the railroad right-of-way.

i

.

i

O
U
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Figure 6.2. Cushing Final Survey i'lan Implementation Schedule
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APPENDIX B
ENVIRONMENTAL RADIOACTIVITY PATIIWAY ANALYSIS

INTRODUCTION

1

The planned site cleanup involves placement of materials containing concentrations of j

radioactive material exceeding the BTP Option 1 limit in an engineered disposal cell onsite. The cell is

intended to minimize migration in groundwater, minimize intrusion potential, minimbe 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) |

containing 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 f om j

radioactive materials placed in the cell. j

i

The primary purpose of this pamway 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 nuclides

and their radioactive progeny. The secondary purpose is to establish minimum acceptable cover
thicknesses for materials containing aged natural thorium and radium-226, respectively.'

1

Within the context of NRC regulation of decommissioning, pathway analysis includes the i

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

lrates of contaminant movement.
i

DISPOSAL CELL DESIGN KEY ASSUMPTIONS

Disposal cell location and design specifications assumed for planning purposes are discussed in

W3.5. The dimensions of disposed soil and rubble in the cell are assumed to be 50 m x 50 m x 3 m

deep. The top of the radioactive material deposit is assumed to be 3.05 m (10 ft) beneath the surface.

A low-permeability (10 cm/s) clay-soil cover 1.22 m (4 ft) thick is assumed to be located immediately8

above the waste. The top of the cover would bc 1.83 m (6 ft) beneath the surface. If any Ra226

bearing NORM is put 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-222.

O
I

_ _
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!

ASSESSMENT METHODOLOGY

The pathway analysis process consists of three-steps: 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 calculate future

exposures and radiation doses as a function of tirr'e and as a function of concentration of nuclides in the
waste material for the specifed scenarios; and 3) computation of maximum acceptable waste

concentrations based on maximum acceptable dose and the calculated relationship 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 5.041 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

2methodology, specifically those in Federal Guidance Report 11 . In conformance with this guidance,
the term dose, as it is used in this report, means committed effective dose equivalent (CEDE) in

reference to doses from internal exposure, deep dose in reference to external exposure, and total |

effective dose equivalent (TEDE) in reference to combined internal and external exposure. Doses - {
totaled over all applicable exposure pathways are computed as a function of time after license j

termination over a period up to 1,000 years for each potentially important receptor. The peak value for

each receptor is retained.

Environmental Exposure Pathwan

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 ground surface can irradiate a person standing on the

contaminated ground if the radiation emitted is sufficiently penetrating to reach internal body tissues.

In internal exposure, the body absorbs radiation emitted by radioactive material that has been inhaled in

air, or ingested in food or water. In general, the level of the radiation dose received decreases as the

1 Yu, C., et.al., Manualfor Implementing Residual Radioactive Material Guidelines Using RESRAD,
Version 5.0, ANL/EA/RP-8133, September 1993. ;

2 Eckerman, K., et. al. , Limiting Values of Radionuclide intake and Air Concentration and Dose
Canversion Factorsfor Inhalation, Submersion, and ingestion. Fed Guidance Rpt No.11. GPA-52011-88-
20 Sept.1988.

. . . . _ . . . . . _ . _ _ _ _ ._.. ..
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( quantity of radioactive material available for exposure decreases, but the exact relationships are

sometimes complex. External radiation exposure can be mitigated by dilution of the source material,' by

increasing the distance between 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.

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 is:
1-

I' l. Ground
1 '

| Direct radiation from ganuna-emitting nuclides in soil.

! 2. Dust

Suspension of surface particulate material-air-inhalation.

i 3. Radon (water independent)

| Release of radon gas from radioactive material in near-surface soils--ingrowth of.

| airborne particulate radon daughter products--inhalation

4. Plant (water independent)

Suspension of surface particulate material-air-deposition or uptake in edible plant.

tissue--ingestion
'

Uptake of material in soil through root:, of edible plants-ingestion.

5. Mear or Milk (water independent)
Suspension of surface particulate material-air-deposition or uptake in edible plant.

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. Soil

Ingestion of soil.

7. W ater

Release 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 to 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 infiltrating water-groundwater-transport to surface as.

|- (^ irrigation water-deposition or uptake 'in edible plant tissue-ingestion
!

_ _
. - . . . _ , . . _ - . _ _ _ . . . . _ . _ . . . . _ . _ . . _ . . . . . _ .

f Cushing Decommissioning Plan rev.O April 25,1994 B. 4'

j- appx_b. doc
. - - - . .- - -- - -- . - .-



__ _ _ _ _ _ . _ _ _ _ _ _ ._ _ _.. _ . _. -_

d

'

/
- 11. ' Meat or Milk (water dependent)

T Release of materials in soil to infiltrating water-groundwater-transport to surface.

water-ingestion by animal-ingestion of animal product
. Release of materials 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.

'

Scenarios for Ennineered 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
in a number of ways. The site is a 440-acre industrial site in a rural setting. Use of the land in the near
future is most likely 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 soil and rubble. Use of groundwater for domestic purposes or for irrigation is considered

feasible, but unlikely pathway because of the very long time to migrate to the uppermost aquifer .|
beneath the cell. Excavation into the soil above the disposed material or construction of a well through |
it would he considered an mtrusion. _)

i

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 groumi surface. If residual
radioactive material were contained in soil near the ground surface, exposure could occur by irradiation

directly fro'm 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 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 scenarios allow for varying levels of disturbance
of the contaminated matenals by human action, so that the potential impact of isolation 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 in activities ;

|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 -

probable use, in addition, two scenarios have been developed for purposes of sensitivity analysis. !

These are considered scenarios of intrusion and much less likely to occur than the base case scenario.

s

- .- .-,
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. /] . These scenarios are:

U
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 above the disposal cell, where he
is assumed to be exposed to airborne dost, radon progeny, and direct radiation.

Sensitivity Analysis Cases:.

Resident farmer, house with basement (RFB):

.\ 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 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 isO 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 frora 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.

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

Table 3.6.

Evaluation of irradiation Throuch Soil Covn

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

high for a scenario that includes a house with a basement. The occupancy factor is the sum of the
indoor and outdoor 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 contaminated material, the cover thickness and occupancy factor must be specified

, . - - . . . . - . . - . . - - . . - -
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carefully. Specifying the distance between the surface and the top of the contaminated zone as the cover
thickness with use of the default occupancy factor will cause underestimation of external dose and radon

progeny inhalation dose by overestimating attenuation of the indoor dose. Specifying the distance
between the basement noor and the top of the contaminated zone as the cover thickness with use of the

default occupancy factor will cause overestimation of external dose and radon progeny inhalation dose

by underestimating the attenuation of the outdoor dose. The best compromise is the use of the distance
between the basement Door and the top of the contaminated zone as the cover thickness and occupancy

factors designed to correct the overestimate of outdoor dose. As a consequence, 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 to 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.

Evaluation of Groundwater Miuration Pathways

The concentration of radionuclides in ground water was computed using RESRAD's mass

balance option. The low rate of infiltration through the cover makes use of this approach conservative
without being unduly restrictive in this case. This option is based on the assumption that the entire
release of radionuclides teaching ground water in a particular year will be withdrawn by a well located
on site if the volume of leachate reaching the water table in a particular year is less than the volume of

water withdrawn by the well during that year, the ratio of the volume of leachate to the volume of

ground water withdrawn from the well is used as a dilution factor. If the volume of leachate is greater
than or equal to the volume of water withdrawn from the well, no dilution is assumed. RESRAD's
default assumption for the volume of water withdrawn annually from an on-site well is 250 nf /yr.

This is roughly equivalent to 180 g/d, which is a conservative estimate for average family use given

total domestic water requirements.

Application of this method requires an estimate for the amount of water in0ltrating through the
buried material. An estimate of the infiltrating volume of water was obtained by assuming a unit

gradient across the low-permeability barrier placed immediately above the buried material. Assuming a
4saturated hydraulic conductivity of 10 cm/sec, the annual infiltration rate through this barrier is 3.15

2Based on a surface area of 2500 m , the total in61tration through the barrier isx 104 m (0.124 in).
7.88 m /y. Using RESRAD's default well withdrawal rate, a dilution factor of 0.032 is obtained. ;3

RESRAD computes infiltration through buried material by applying runoff and evapotranspiration
,

coefficients to the infiltration and irrigation rates. To ebtain the infiltration rate, the precipitation and j

irrigation rates and the runoff and evapotranspiration coefficients entered into RESRAD were

manipulated to produce an innitration rate of 3.15 x 100 m. For runs assuming no irrigation, the
precipitation rate was set to 1 m/y. the irrigation rate was set to O m/y, and the runoff and

evapotranspiration coefficients were set to 0.99685 and 0, respectively. F a :ns assuming irrigation,

the precipitation rate was set to 0.8 m/y, the irrigation rate was set to 0.| a> and the runoff and i

!

evapotranspiration coef6cients were set to 0 and 0.99685, respectively.
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Concentrations of radionuclides in the leachate leaving the burial cell at any point in time are ,

computed by RESRAD using distribution coefficients (K ) and concentrations of radionuclides in thed

buried material at that time. RESRAD's default Kd 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 10 m/y (108 cm/s),4

effectively saturating the material based on the infiltration rate established above. While data

identifying 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
minimize 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 IQ for each radionuclide in the mudstone is

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. Ilowever, the consolidation
and limited cementation that this material has undergone can reduce the ability of the material to adsorb

radionuclides, Consequently, a range of IQ values was assumed to evaluate the effect of this parameter
on the dose received from the ground water pathway. These values ranged from 0 ml/g, indicating no

partitioning o aJionuclides to the solid phase, to as high as 60,000 ml/g, and included defaultf .

RESRAD values. Since the mass balance option for computing dilution factors in ground water does

not depend on the parameters specified for the aquifer, default RESRAD values were assumed for the
|water table aquifer.

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 to the top of the first extensive sandstone layer indicated that, with minimal IQ ,
arrival times would easily exceed 1000 years. While the potential impact on the water dependent ;

pathways was included by specifying that all irrigation water as well as potable water be obtained from |
~'

an intruding on-site well. RESRAD analyses predict no impact on water-dependent pathways due to th(

long radionuclide navel thnes to the sandstone unit.
O

' When considering the prospect of radionuclide 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 to the creek, the migration time via this sandstone e

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
1

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 transpor*ed by groundwater into Skull Creek can

similatly 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 in Skull Creek of 1.0 gpm, the estimated dilution factor would be
0.004. Even if groundwater-to-surface water pathways were complete, dilution in Skull Creek would be

much greater and radionuclide 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 SEQUFNCE

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 pCilg each of Th 32 , U238 , g235 ,1

.

U 234, and Ra226, and the, material was assumed to be distributed uniformly over the entire 3 m depth of
ithe cell. These cases are summarized in Appendix B as:

Table KMCFPCI Farm Product Consumer Base Case
,

Table KMCFW1 Farm Worker Base Case ;

Table KMCRFBI Resident Farmer, House With Basement

Table KMCRFS1 Resident Farmer, llouse Without Basement

in the second run of each of these cases. the material assumed to be deposited in the cell contained I ;

pCi Ra226/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

to examine the sensitivity of doses from certain nuclides and pathways to the thickness of soil cover

between the top of the contaminated material and the receptor above. The first sequence enmined the
effect of cover thickness on external dose from Th 32 and progeny. The first run in the sensitivity2

analysis, at 0.01 meter soil cover, is summarized in Appendix B as Table KMCSill A for the model ,

using irradiation-to-dose conversion factors by Kocher and Sjoreen and as Table KMCSil2A 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, is sununarized in Table KMCSII3A. Another parametric analysis examined the effect of Kd in '!

the zone between the bottom of the cell and the top of the uppermost aquifer on the time required to e

migrate through the zone and on the migration distance in 1,000 years. The input data for the sequence

and the computed transport times for variou, nuclides to migrate to the uppermost aquifer are in Table

KMCSil5E. t

.

r

.

.

I

a
-
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A1
A-3 Ac-227+D .. soit density * 4. 0 g/rm") 2 760E*00 2.760E*00 DCFit 1,1)

A-1 Ae-227+D , soil density * I 8 g/cm**) 1 540E*00 4 520E+00 DCFit 1,2)

A1
A1 Fa 231 sott density * 1 0 g/cm**3 2.210E-01 2.210E-01 DCFit 2,1)

,

A1 Ps 211 soil density * 1 8 g/cm**1 1 240E-01 1 210E-01 bCFit 2,2)
,

A1
A1 Pb-210+D . soll denstry * 1 0 g/cm**1 4 870F C) 4.870E 03 DCFit 3,1)

A1 Pb-210*D . set t denalty * l # g/ re**) . 2 310E 03 2 AlCE 05 DCFit 3,1)

| 1 $50Fe01 1 550E+01 DCFl( 4.1)A1
A1 Re 226*D , soit denalty * 1.0 g/rsi'*)
A41 Es 226+D soll density * 1 8 g/cm**3 |9$60E+00 8 St,0F*00 DCF!t 4,2)

A-1 f.

A1 ha-218+D , set t densit y * 1 0 g/cm**) {8 lHOF*00 5.180E*00 DCFit $,1)

A! ] Ra-2 28+D , soll densit y * 1. 8 g/ c.s**3 - 4 $10E+00 4 $10E+00 DCFit 5.2) |

A1 J ' J'

1 O g/ca,**) 1 J)Di+01 1 J10E*01 Di' F i t 6,1)AJ { Th 228+b , soll de nsit y *

1.8 g/cm**) . 7 160E*00 , 7 360E*00 DCFil 6,2)A4 | Tb 2264D soll den 41cy *

A-1 I t

A1 Th-2)0 soll. denstcy * 1 0 stem **) 2 110E 03 2 Il0E-0) DCFit 7.1)
A-1 Th-230 an L 1 dens ity * 1. 8 g/c e* * ) l 1.030E-03 1.030E 0$ DCril 7.2)

,

'

A1
A+1 { Th 232 soll density 10 gite"1 i 4 350F-0) 1 350E-0) DCFit 8,l)

i
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A1 i y

A-1 U 214 mall density * 1 0 g/cm**3 1 560E-03 1 $80E 0) DCFit 9,1)

A-1 U-214 6cL1 denstry * I 8 gicm**) 6 970E 04 I 6 970E-04 DCFit 9,21 |
A! |

A1 U 2)$+D soil density * 1.0 g!ce**1 a 940E-01 8 940F-01 DCFl(10,1) '

A1 U 235*U soll densit y * i 8 g/ce**) 4 900E-OL i 4 900E-Ol DCFl(10,21 |'
fA1 J '

A1 ' U-238+b soll densit y * l 0 glen **3 L 270E-01 , 1 2707-04 ' DCFitti,JJ
'

A1 U 2Jd+D soll density * 1 6 g/cm**) 6 910E 02 j 6 970E-02 j DCFilli,Jn

A-3 be pt h f ac t o r s , g r ound e s t e r n41 g amma , d ime ns tonle s s - Ii
: ;
'

A-3 Ac-227+D , soll density * 1 O g/cm**), t hic kne ss * 15 m [ 7 900F 01 7 900E.01 FDt 1.1,1)

A) Ac-227+D soll densit y a 1 0 g/cm**), thickne ss * O 5 m | 9 700F-01 9.700E-01 FDt 1,2,11

A-1 Ac 227+D soll density * 1 0 g/cm**). thic kness = 10m 1 000E*00 1 000F*C0 FD( 1 ),1),

A-1 < As 227*D -. soll dens it y * 1 9 gien**), t hic kne s s * 8) a ; 9.100E-01 9.100F-01 FDt 1,1,2)

A-3 Ac-Ul+D soit density * 1 8 g/ ce"), thickness * Q.5 m 1 000E*00 1 00CFe00 i FDt 1,2,21'

fAc427+D so L L dens it y * i e gice* * ), t hic ane s p 10m 1 Ot4E+00 . t 000E*00 FD t 1,3,1)A-3 =

1A-) < ' 7 900E 01 | 7 900R-01 ! FD( 2,1,1)A-j j Pa 231 soll denalt y * 1 0 g/cm**), thir * ne ss * !$ m
A1 Fa 231 soll densit y * 4 0 g/ces**), t hic kne ss * 0. 5 m 1 000E*00 * L 000E+00 l FDt 2.2.1b

Pe 211 soll densit y * 1 0 gres**). Ebts kness * 10 m , 1 000E*00 l 1.000F*c0 FDt 2.3.1) iA-1 i

15 m i V 200E-On 9.700E 01 FDt 2.1.23A-) Pa 211 soll density a ! 8 g/cm**), t hic k ne s s *
,

A .l Pa 231 soll denetty * 1 8 g/to**), t hic kne ss * 0. 5 o |1000F*00 1.000F*00 Tbt 2.2,2)
1 000E*00 1 000E*00 FD( 2,),21 |A-6 P.s 2]l soit density * 1,8 g/cm**), thickne ss * 10m, ,

A-1 '

1 Re s idi*e l ka d ioac t iv t t e Program, Versten 5 04 04/03/94 23 58 PaFe I
!

hmmary EM CU W kMd PCI Full Cell ptPTH Pile- utCFPCJ.DAT

Dose Conversion For tor land Related) Fataectet Summary (continued)
FersmetetG Cu t t e nt

' Default Name ,I
,

Me nu Pataerter V alue'

q-. + * .
7. Tbt 1,1,1)15 m 8 800E.01 j H M006-01A1 i Pb ?!O D soLL denetty * IO3/c e") . t hic k ne s s *

A.! i Pb-210*D , satt denstry * 1 0 g/cm**), thickness e 0$m 1 000E+00 ; 1000F*00jFD( 1,2,1)
A3 ! Tb 210*D , soll densit y * 1 0 glen **), thickness * L0m 1.000F*00 f a D00E+00 FDt 3.3.13
A,) ! Pb 210+b soll density 1 000Ee00 1 1 000E*00 - FDt 3.1,21i 9.700E 01

|9.700F.0L
* 1 8 g / cm* * J , t h it kne ss a .1% a

| FD( 3.2.2)Ph 180+D sett denstry * 1 8 glcm**), thtekness = 0 $ eA-) '
,

Al ! Pb 210+D soll de u tty = 1 8 g/cm**). thic kness * l.0 m i 1.000f*00 ( l.000E*00 i FDt 1,3.J6
i ; iA3 l
6 '00E 01 ' 6 300E 01 : FDt 4,1,1)lla soll density * 1 0 g/cm**), thic kness * 15 m e

; as 226+D
3AJ

2 26+D . soll density * 1 0 g/cm**3. thickness * 0.5 m | 9 200R-01 9 200F-01 1 Fbt 4.2,1) jA-sA1 ; F4-226+D . soll densit y * 1 0 glen **), thickness * 10m : 1 000E+00 1 000E*00 I'D ( 4.1.1) i
,

A.) , Ita . 2 26+ D se L L den * Lt y * 1 B g(ce**), thickt.ess * 15 m ! 8 500E 01 8 500f 01 FD t 4,1,1) I

' IA1 i ka 226+D - soll density * I 8 g/ro**), t hic kne s s * O 5 m L 000F800 1 WOF+00 | Fb( 4.2.2).
A1 ke 226*D soll density * L 8 g /c m"), thickness = 10 m 1.000E*00 1 000f,00 ' FDt 4.3.2) }
A5
A.) Ra 2284D so t ! den. ity * 1 0 g / cm** 3, t hickne ss * 15 m j 6 socF-01 6 n00E-01 j Fbt 5.1,1) l

a

A-) k4-216+D set t densit y * 1 0 gsc m* *), thickness * 10m | 1 000F*00 1 000E+00 : Fbt 5,2.1)
;

1 0 glen **3, thic kness * 0 $ s, t 9 700F 01 9 700E.01A3 i Ra 228+D soil denstry *
'FDt 5,3,1)

:

A3 ! Ra-22M+D , soil dens it y * 1 8 g/cm**3, thic kns,ss = 15 m ' 4 $00E-01 , 8 500f.01 FDt 5,1,2)
Fbt 5.2.2)A-) 1 D 4 2 21h D , soll sens tr y * I 9 g/ca'), t hlc line s s * 0 5 s, 1000E*00 | 1000E *00 i

A.) Its 22t+D soll de nsity * A N g/cm**3, thicaness = l 0 m 1.000E*00 ; i DOCE*00 ! FDt 5.)J)
A3
A.J Th-228*D , soll dcult y * . Q g|ce ** J, thlone ss li a 6 100E OL 6 1 DOF .01 - Tbt 6.l.1) )

1 0 k cm**l, t hickness = 0 $ m ! 9 40bF-01 9.400F 01 j Fbt 6.4.1)iA.) , 1h-225+D . soll denAlt y *
A) Th 228*0 , soll denaity * 1 0 g/cm**l, tht:kne ss * 10 e i 1 000E400 1 000E*00 Tbt 6,3,1) |

!A+) Th 2Nt+D set t dene tt y * 1 8 g/cm**), t hic kne tis * 15 m } 7.500E.01 7 500E-01 FDt 6,1,2)

A-3 Th. 2 2a *D soll density a ! 8 g/cm**J. thickness * O $ e ! 1.000F+00 1 000E*00 FDi'6.2.1)'
'

A-j i Th-22B+D soll dens tt,y * i 8 sIce**), thickne ss * 10m l.000E*00 1 000E*00 FD( 6,3,21

A.)
A-J ; Tb2)1 soll dena lt y * 1 b g/cm**). t hickness * 15 m |9.300E01 9 300E 01 |FDI 7,1.1)

1.000F*00 FDt 7,2.1)4-) Th-230 s,oti density * I O glse**J. thlchness e 0.5 m : 1 000E*00 1000E*00),FDt 7.),1),

A-J Th-2)0 soll denalty * 1 0 sles**). t h ic kne s s * 1 0 m , 1 000E*00i
t.8 g/cm**). thickacas * ' 15 m 1.000E+00 t 1 000E+00 ~ Fbt 7.1,2)A3 . Th-250 soll density *

! l 000E*00 r 1 000E+00 Fbt 7,2,2)

1 000F*00 [ ! 000E+00 |s
A+1 : Tb 230 soit denalt y * I 8 gfcm**J, th tchness * O 5 m

FDL 7.3.2)A-) ! Tb 230 pli density * 1 8 g/cm* *), thtc eness = 10m i< .

}- A-1 | !' 9 500E-ul ! 9 500E.01 Fbt 8,1,1)
;

A.) r Th-232 soll densit y * 1 0 gles**1 thickne sa * 15 e
A-) ; Th 232 soll dens it y * 4 0 g/c m* *), thicaness * G 5 si j 1 000F*00 l 1 000E*00 FDi 8.2,1)

t h ic k nes s * 1. 0 m . 1 000F*00 1.000E+00 FD( 8,1,1)AJ -; Th 232 soll density * l.0 g/ce**J,A-3 i Th-2)i soil density * 1 8 g/cm**), thickness a li e, 1 000E*00 1 000E*00 FDt a.1,2)
,#

A1 * Th 2H soll density * i 8 g/cm**), thtchness = 0 5 m 1 000E*00 1 000E+00 Pbt 8,2,2)

A-) i Th 232 soll de nsit y * - 1 8 g/s m* * J. t hic kne s s * 1 0 m 1 000E*00 1.000*!*00 FD( 8.),2)
A 3 i

A.) U 234 soll density * 4 0 g/ ce"), thtt kness a 15 m i 9 000F 01 9.000E-01 FDL 9.1.1)
A3 U-234 soil density * 1 0 g(cm**J, thickness * 0 $ a |1000E*00 1,0cct+00 FDt 9.2.1)

A-3
. U 234 soll density = 1 0 g/cm**), t htchee ss * 10m ( ! 000E*00 i Oc0E*00 | Fbt 9,3.1)A-)
~) U 234 soll densit y * I 8 gicm** ) . thic kness * 15 a 1 000E*00 1 000E*00 p FDt 9,1.211

A-1 i U-234 soll dens tr y * ! R g/te**), thickness * O $ e 1 000M*00 1 000F,00 , FD( v.2.2)

A1 i U 214 soit denett y * L 8 s/ce**J. t h te kne ss * 1 0 - | 1.000E+00 h.000E+00 I Fht 9,3.1)
A4 '

_

-, -q w --s e1--- --,y.'t - y-pgr-, ygr . g. a- T -m2,- .e-ca 4 ea-- - - -- -------- --ah----- -"*-**--
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Summary KM CU568-ENCFPCla rULL CELL DEPTil File : KMCFPCI DAT

Dose Conve r sion F ac t et tand Related) Parametet Summary (cont Lnued)
4 Current . Parameter0 | Fatemeter Value Default NameMenu

5

A3 U 235+b soll densit y * 1 0 g/cm** J. thickness * 13 m R.700F 01 8.700E 01 Fbtl0,1,1)
,

A3 U-2M+b soll denotty * 4 0 g/cm**3, thickriens = 0 $ a 1 000E*00 1 000E+00 FD(10,2.1)
,

A3 U-2J)*D soll density = 1 0 sitm** J thick ness * 1 0 a 1.000F+00 1 000F*00 FD(10.3.1)
,

AJ U-2)$eD soil density a ! 8 g/ cm* * 3, thic kne ss * 15 m 1 000f*00 1.000f400 FD(10 l.2)
,

A-J U 23)*D soll de ns it y * 1. 8 g / cm**), thickness e 0 . $ as ! 000F+00 1 000E+00 FDl!0,2,2)

A3 U 23)+D act1 density a 1. 5 g / cm* * 3, thic kne ss * 1 0 m 1 000f+0,, 1.000t+00 FDt10.3.2)
-A3 ,

15 m 7 B00f-01 7.900f 01 Tbtil,1,1)A3 U-2)$+b soll den 6 tty * 1 0 g/cm**), thickriess *,

00 1 000t+00 F*.J t i l . 2.11A3 U-238eD soll denstty * 1. 0 g/ cm* * 3, t hic kne ss * 0 $ e>
1.000E*00,

AJ ti- 236 + D set t denalty * I O g / cm* * ), thickness * 10m 1.000F 1.000f*00 FD(ll,3,1)
,

A-3 U-738+D soll densit y * I 8 g/cm** 3, thickness * .15 a 8 tt00E-01 8.800E 01 FD(ll,1,2)

-A-3 U-238+D soil density * I 8 gire**3. thickness * 0.5 m 1.000E*00 1.000E*C0 FDill,2,2)

A43 U 238 D soll denalty * I 3 g/cm* * 3, thickne ss * l.0 m 1 000E*00 1,000t+00 FD(!!.3.2)

B1 Dome c onve r s ion f ac tor s f or Inhalat ion, arealpC1 -
B1 Ac+227+b 6.70cE*00 6.700t+00 DCF2( J)

l 1.3002 00 DCF2t 2)
2. 'JD0E +008-) Pa 2)J

100F-02 2.100E-02 DCF2( 3)B1 th 210+D
t41 ha 226*D 7 900E-0) 7 900F-03 DCF2f 4)

4 500E-0J DCF2( 5)
'|4.500E-038! Re 228+D

3 s00E-01 3.100t-01 DCF2t 6)81 Th 228+b
61 Th 230 i 3 20CE-01 3 200f Og . DC F2 ( 7)

-8-1 Th 232 I 600R+00 1.600E+00 DCF2( B)'

I L 300E-01 1.300E 01 DCF2t 9)51 17 234
R-1 i U 235+D 1 200E-01 1.200F-01 DCF2(10)

jU-234*D j 1 200t 01 1.200E-01 DCF2(ll)B-1

b-I i Dose conversion factors for Lnseation. eree/ pC L
1 $00002 1 500F 02 DCF3t 1)

|'6700F-0?
Dt At 22hD

1.100E-02 1.100t-02 DC F)( 2)D1 Pa 231
; 6 700E 03 DCF3( 3)Pb 210+DD1

| Re-226+D |1 100f 0) 1 100E C3 DCF)t 4)D1 -

D-1 !ka218+b 1.200E-03 1 200E 03 ( DCF3t 5),

D-1 i Th-228+D 7 500E-04 7 $D0E 04 brF)I 61
D! I Th 230 S 300E-04 $ . '300E -04 I DCF3( 7)
D! Th-211 1 2.800E-03 2 600F 03 DC Fit 8)
D1 U 234 1 2 600E-04 2 600E 04 DCF3t 91
to l U 2 M*D i 2 500E 04 2 $~$F 04 DCF)(10)
D-1 U 236+D ! 2.5006-04 2.5002 04 DCF3til)

y

Foud t tanste r f ac tor s j j
|Ar-227+D

D 14
pier.t / soil concent rat ion rat to, dime ns ionle s s j 2 $00f-0) 2 500E-03 3 RTF( t,1)IL M E ,

D-)* j Ar 227+D tee t / ltvest oc k Int ake retto. I pd ikg)ftpClld) - 2 000F OS 2 000F-OS ! PTf( 4,2)
,

DM l Ac-22T*D milkillvestorm intake ret to, tplitLal(pCllda 2 000E-05 i4 000E-05 ) RTFt 1.J)i

D-J4 [ [

RTF1 2,1) I'
D-34 1 Fa-231 plantinot t content r at ion rat io. d imens ton ness 1 000R 02 1 000f-02 i

b 34 i Pe 234 beet /llvestoth-tatake tatto. (pCLikgilipCt/dl fS000F-0) $ C00F-0) I kTF( 2,2) j

$ 000E-Ote ) 000E-06 i RTFt 2.33 iO 14 i Pa 234 ellk / t tvest oc k -int a6.e retto. ( pC t II. )l t pC i t d ) ,
!

b- M <

1000E-02|RTFt 3,1) !DM IPh180*D . plant leetl cuncent rat ion ratto, d ise ns ionle s s { l 000E 02 -! RTT4 3,2) Ibes t i llve stoc k- int aks retto. ( pf ilkFilipCild) ( 8 000E-04 8 000E-04
D-Je i Pb 2104D , milk /11ve s t or k-int a k e ratto, ( pC l > 1. )l t pt il d ) ! J 000Ee04 3 000F-04 ! RTFt 3.3)D- M ! Pto210+D

Ike aldual Sadlou tivit y Pro verston S 04 04/031 % 2) 58 Pare %

FM CUS14.lLMCFPCI gram,r ULL CFLL DFPTH File EMCFPCI DATSummary
Dose Conve ta ton Factor tand Related) Parame te r Summary t r ent inue d )

o Current ' | Pa r ame te r
Pa r ame t e t Va he , De(sult ' NameMenu |

. _ _ _ . . _ _ . . _ . . _. . . _ . _

D-34 ' Ra 226+D , plar,tisoil coru:ent ration rat to, dimena tonless j4000F-02_ . _ _|4000E-02 .
- _a.___ ._._ _..m . _ - _ . ._

RTFt 4,1)

D-14 Ra- 2/b 3 . beet / livestock intate ret to, tpf!f kgilipcild) 1.000E-03 | 1.000E-0) RTF( 4.2)
DM Ra 226*D , ratio, tprt/Lillptild) 1.000F 03 1 0001-0) RTFt 4.31, allallivestock int ake
D- M
DM Ra 228+D plantisoil concent t at ion tat to, d ime rts tonle s s 4 000E 02 4 0001-01 , kTFt 5,1)

in M Ra 229+D bee t t live stoc k-int ake ratio, (pCilkglitpClld) 1 000E 0) L 000F 0) ! RTF( $.21
DM Ra-22R*D , milk t live s toc k int ake ratto, tpCIILittpCLtd) 1.000E-03 1 000E-0) | RTF( 5.3)

1 000F 03 | 1 000f-01 | RTF1 6. 3 )
0 14
DM Th-228.D lentfoot! roncentration ratio. d ime ns ion le s s a

)/(prild) I 1 000E-04 ( ) 000F 04 I RTFt 6,2)
(pCL/kg/(pCLId) $ 000E 06 * $ 000f-06 ! RTF{ 6,33D- M Th 229+D *ettlivestock Intake retto.
(pCtfL)D9 Th-22s+D milk / t tve s t oc k - int ake ratio,

DMi

|RTF(
RTFt 7.1)D 34 i Th 2s0 plantinoil c oncent r atlon retto, d ime ns tenle s s 1 000F-0J l 000E 0J

) 7,2)i i D00E-U4 i 000E-04D- M Th 230 beef fltvestcck int ake ratto, (pC1/kgilipcilds

b . l4
. at tkll tve s t or.a int ake ratto, spCt/LlitpC1/dl ! $ 000E-06 5 000f-06 RTPt 7,3)D>M - Th 230 i

D- M Th 232 plant / soll conce nt r at ion i st le, d imens tonless 1 000f 0) ! l 000E O s i RTF( s 1)
D.M I Th-232 bee t /l tventoet -int ake rat ta, spritkgiftprild) 1 000F c4 ! l 000F-04 ! RtFt 5.2)

,

DM Tin 232 , sillk / l tve st oc k - t rit ate t a t to. s pC a lL) / tec tid) 5 000E-06 , S 000F-06 RTF( #,3)

D-)* i

b-J4 ll- 2 M plantisoll concent rat ion rat 19 dimenstonlese ! 2.500E 0) i 2 >00E 0J ; RTF( 9.1)
)/qpCildi i 3 400E-04 ' ).400F 04 RTF( 9.2)

(pCllkg/(pClld)D 34 lb 2 M tce flitvestock int ake retto,

(PCIIL) 6 000F.C4 6 000f-04 RTFt 9.JD- M L1 2 )4 milk i llve s t oc k - Lnt ake v 4 L lo .
D 34 .

plant / soil concent ration r at to. d ime ns tonle s s 2.5005 03 1 $00E 0) RTF(10,1)-
'

D- M i U-2)$+D ,

3.400E-04 3 400E 04 RTF(10,2)D 34 : U- 21S + D bee t f live st oc k int ake istle, (pCilkg)/tpC11dt
. 6.000E 04 6 000E 04 RTF(20.1)D 34 | U 23)+D . milsillve srock intake tatto. (pC ill.11 t pC ild ) t.

D.M i
-

D- M { U-238+0 plant / setl t oncent r a t ion r at tu, d ime ns tenle s s 2 500f-0) 2.500E-0) 1 RTF(ll,1)

|RTFill,2)beett!!vestock-Intake tatto, (p"tlkgilipCtId) j 3 400E-04 3 400E 04
D M [ U-21540
D-34 ,

< U 238+D . milkiltve stock , tatake tat to, (pct /LilipClld) ' 6 000E-04 6.000E Die < PTF(ll,1)

D-$ B ioac c umulat ion t ac tor s , ( se th nia t e s', ( f b g
D-5 At 22F+D t ish 3 500F+0i $.$00E*01 flOFAC( l.1)
bi Ac-217*0 . crustacca and sol' lusts ~ 1 000E*03 1 000E+0) STOFAC( l.2)
Da

Pa 231 tish | 1,000F+01 1 000F+01 810FAC( 2,1)
b.>

>|Pa2)t crustacea and mollkaks j 1.100f*02 i 100E*02 510 Fact 2,2)D)
D->
D> % | Ph+1104D . fish 3 000E+02 3 000E 02 EIOFAC( ).1)

i 810FAC{ 3.2)[ 1 00cr+02 1 000f+02D-S
} Pb-210* D . c rust aces and molluska !'

D5
5 000r+01 } B10FAC( 4,13

}5.600t<01
D-i Ra 22DD . tish

* $00F'02 2.$00f+02 | 210FAC{ 4,2)b-5 Ra-226+b c runtate a and molls sks
Da j

t ish j i.000E*01 5.000E*01 810FAC( S.1)0-4 Ra 228+D , crustacea and mullunes
i'D-S Ra 228+D 2 500E+02 2<500F+0J tlOFAft 5,2)

D-S
D-5 Th-229.D , itsh 1 00,1+02 | '.000t+02 410FAC( 6,1)
D5 Th-228*0 c ruarace s and mollusks $ rdO M 2 1 e.000E*02 410 FACE 6,2)
Dd i

i

. - . . , - . . . - - , . .--- - . . . - - . . _ . - - . . . - .- - -,
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F.M CUSH-KMcFPCI HULL CELL DEPTil File KMCFPC) DAT! Summary

Dose Conve rs ton factor (and Related) Paramete r Summary E continued)
i Current I ra r ame te r0

Menu |;-
. . . _ . . . - - -y. 4

Parameter V alue i Def ault Name

4
- DS j Th 230 fish j 1 000E*02 1,000E*02 E!OFAC( 7,1)

,

: D$ l
, c reat acea and mollusks t $ 000E*02 $ 000E*02 $10 FACT 1,2)D.$ i Th-230 .

?

!- - D-$
.

Th-232 (Lah
|$000F402

1 000E*02 1 000F*02 810 FACI 8,5)
,

$ 000E*02 h!0FAC{ 8.2)D.S th 232 , crustacea and mollushs ,

|)D$
; 000E*01 1 000E*01 b!OFAC( 9.1)D-$ U 214 tinh,

D$ U 234 C r ustatea and mollyssa 6 000E*01 6 000E*D1 BIOFACt 9,2)
D$ I
DS U 23$+D (Lah 1 000F+01 1 000F+0! 810FAC(10,1)

,

D-$ U 23$+D crustates and molluebs 6 000E*01 6 000E*01 810FAC(10,2).

D-$
,

i
fleh 1 000F*01 1 000E*01 B10FAC(11,1)D-$ U 234+D

. crustacea and mollusta b 000E*01 6 000E*01 810FAC(ll,2)D-$ U 238+p ,

ram, Veraton $ 04 04#0)f94 21 ~>8 Par.e 7
IRestdual Radioactivity Prog'ULL CELL DEPTHi

Summary EM CUSN-FMCFPCI t File- EHCFPC) . DAT'

Site Spec Lf te Parameter Summary
'Used by RISRAD Pa r ame te r

| (if dit te rent
0 i i User J

'

Me nu J Pa ra me te r Input I. be c ault , from user input) Name
_p .______-..._.__._,_.__%._._..%. + ._

|2.$00F*03i 1 000E+04 AREAR0ll i Area of contaminated tone (m**2)
)000E*00|2.000E*00|

- LCZPAQ 1

t THtCEOR0ll Thickness of contaminated none in) |
! 000E*02 1. 000F, * 02 |RG11 Length par alle l to aquife r f low (m) j' 3 000E*01 3 000E*0! ! SRLDRoll taatc tadiation dose limit toteelyr)

kO11 Time since placement et material (yr) ! 0 000E*00 0 000E*00 * TI
R0tl Time s tot calculations (yt) i 1.000E*00 1000E+00| Tt 2)

Tl 3)R0l! T Lees f or calculations tyr) | 3 000E*00 3.000E+00 |
- T( 4>R011 Time s toe calculations tyr) I i 000E*01 1 000E*01 I

E 3 000F+01 ! - Tt 5)
I, 3 000E*01R0li Time s f or calculations t yr)

1 000E+02 1 000E*02 I T( 6)k0li ! Times f or calculations tyr)
R011 j T L ee 6 for calculations lyr) i ) 000E*02 3 000E+01 ! Tl 7)

|1.000E*03
- !Tt 8)RCl! 5 Times f or calculations f yr) - 1.000E+0)

1 000E*03 - ~ TI 9)k0ll * Timen f or c alculat ions tyr) not used
T(10)1 000f*0s ;RD i l i Timea for calculattons tyr) not used i

$ F012 Init ial pr incipal radionuc lide spCt/g) ka-226 1 000E*00 0 000E+00 i Sit 4)
6

Init tal pr incipal radlunuclide (pCL/g) Th 232 1 00CF+00 0 000F*00 11( 81
k0l2 , inittel principal radLonucitde ipCL/s) U-23e 1 000E+00 0.000E+00 - | Sat 9)Roll 4

C 51(10)(P llgi: U-2)$ ! l 000E+00 0.000F+00 , Sit!!)R012 - Initial principal radLonutilde

{WatA)R012 c Initial princLpal radionucitde (pct /s) U 2)R j 1.DOCE+00 0 000E+00
'kD12 : Concent r at ion tr groundwate t (pC1/L! Rs 226 : not uned 0 000E+00

i not used 0 000K+00 | Wit 8)'Rol2 Conce nt r at ion in groundwater s pC ll t 1 Th.212 ,

R012 f oncent r at ton in gr oundwate r (pftlL) D-244 not u se d : 0 000E+00 i Wit 9) ,

'
Roll rentent r a t t on in groundwater (pCL/L) U-23$ not used 1 0 000F+00 Wl(10)

{0^^;.-uu W1(ll)Poll Concentration in groundwater IpftlL1 U-235 not used
,

i
-

|00VEROR01) j Cove r depth in) [ 3 048t+0' | 0 000E*00
DENSCV1.$0GF+00 j gDensit y of cove r mate r ial (4f em**3) i use o901) .

|notRoll i Cover depth e rosion rate (mlyr)
- 1 $00E*00 1 $00E+00 - 1 DENSC2

1 000F 03 1 000F-0) ( ' VCV

9013 | Density .of contaminated zone (gice**3)
| 4 0001 OL

1 000E-03 1 000E 0) VC28013 Contastnated gone otosion sete telyt)
R06) ! Contaminated sone total poroatty 4 000E-01 TPC2

Ji 2.000E 01 2 000F 01 , i FPCZE013 { Cont aminated sone e t tec tive porosity
RO13 Contaminated more hydraulle conduc tivit y (mlyt ; ' 1 000E*01 1 000F+01 ! HCC2 ,

kO3) 1 Contaminated rete b paramete r $ )O0f*00 $ 300E*00 i BC2

R013 , HumLdily in att agtm**3) not used - 8000E+00| - ' ilUMID
RG13 g Evapot r annyttation coe f fic Lent 9 969E 04 { $ 000E-01 - - | EVAPTR
R013 . Pre c ipit a t ion (m/yr) R 000E-01 1 000E*00 j PRECIP i

R011 litigation (alyr) 2 000E 0! ' 2 000E-Oi 1 - Rt !

P013 j 1rrigation mode over4ead ove r he a d ! IDITCH |,

0 000E+00 2 000E401 - + RUNOFFR043 Runott coetricient j
ROI) Wate rnhed area f or hearby st ream or pond (m**2) t 000!*06 1 000E*06 - ! WAREA,

RGi3 Accuracy f or wate r / soil comput ations 1 000E 03 1 00CE 03 --- ' EPS

kO!4 Density of saturated sone (g/cm**3) J 1.$00F*00 i ! $00E*00 DENSAQ
kO14 Saturated tone total poroatty 4 000E 01 ) 4 000F 01 TPf2
P014 set u t ar ed zone e f f ec tive potes tt y 2 000E-01 i 2 000E-01 EPS2

) 000F+02 t 1 00CE*02 - ) HCR2R614 $srurated gone hydraulic conductivity (m/ytt

|'2CCOE02!
,,

S 300E+00 i $ 300E+00 | -
j HGVT2 00cR-02 -R016 5aturated sane hydraulic gradient
, BBZR014 Saturated zone b patemeter

,1 0 000F+00 1 000E-03 -- VWTRGl4 Wate r t at te drop tate totyr)

s

)
5

E

i

L
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$wama ry KM CU511, rNCfPCl TL*LL CELL DEPTH File . FNCTPCI t)AT

Site-Specific Parameter Summary (continued)
0 |

User I
' Used by RESkAD Parameter

Menu Persneter Input | Default (if dif ferent t rom user input) Name4

- . .
- . - . . . . - -_.-- a -- -

DW1BWTR016 Well pump int ake depth in tielou water table) 1 000E+01 ' 1000E*01|
-- MODEL
-

R014 Medel Mondtapersion (ND) or Masa-Salance (MS) KS ND i

ROJ4 Individual's use of groundwater (m**3/yr) 2 500E+02 2.500D02 l W

]2000E*01
1 1 - MS

R013 Number of unsatutated gone st rata
1 4 000E*00 11( !)R0!S Unset. sone 1, thic kness (m)

DENSU2t!)Rol$ Unnat. sone 1, soll denalty t g/ ca"3) } 1.500F*00 1.500F+00 --

TPU!(1)R0l$ Unsat sone 4, total povoalty 1 2 000R-01 4 000E 01 -

EPU2(1)R0li Unsat none 1, effective porosity | % 000E 02 2.000E 01 -

SUZtilR011 Unsat. sone 1, soil-spec tile b parame te r I S ;100F+00 5 300E+00 --

HCUI(l)1 J 450E-0J ! 000E401 - ,Rol5 Unset s one i, hydraullc conduc t ivit y (m/yr)
I

R016 Distribution coef fic ient a f or Ra 226 I DCNUCCt 417 000b 01 I 7 000E*01'

E ce" )/ g > )A086 Cont aminated zone
f ca"3/ s 7 000Fe01 ! 7 000E+0) ; - DCNUCVt 4.1)R016 | Unsecurated sone I

R016 1 $sturated sone (ce**)/g> 7 000E+01 1 7 000E+01 i -. DCNUCS( 4)
RDl6 Leac h rate (lyr) J 0 00wf*00 i 0 000E*00 9 979F-06 ALEACH( 4)

not used SOLU 8Kt 4)k0l6 ,g Solubility constant 0000E400|0000F400 *

R016 Dist ribut tors coef f icients f or Th 232
R0lb Contaminated none (cm**3/g) | 6 000E*04 6.000E*04 - DCNUCCt 8)
RDt6 Unsaturated tune 1 trm**3/g) | 6 000E*04 6 000E+04 -- DCNUCU( 8,1)

6.000E+04 -- DCNUC5( 8)
[6000E*04R0 t6 . Saturated tone tem **3/g)

0 000F+00 | 0 000E+00 1 161E 06 ALEACHL 61R0l6 Leach rate (lyr)
Solub titty constant i 0 000E*00 t 0.000E*00 not use d SOLUBK( 8)R046 i

+

P016 Dist ribution coe!!!clents tot (*- 2 34 !
I' - DLNUCC( 9)R016 Contaminated tone (ce' 3/g) 5 000E+01 ' S 000E+0!

N0l6 Unsaturated tone 1 (ca'3/g) 5 000Ee04 5 000E*01 DCNUCU( 9,1) y

'R016 , Laturated tone s ca"3 tgj 5.000F+01 5 000E+01 -- DCNUCS ( 9)

R016 i Leach rate t /yr) , 0 000F*00 0 000E*00 I 396E-CS ALEACH( 9) :

R016 i Solubtitty constant t 0 000E+00 2 0 000E400 not used , SOLUBKt 91 !

l
1

Role [ Dist ribu.t ton coe f f icienta f or U 2 35 l

R086 i Corq sminated tone (es " 3/g) 5 000Fe01 5 000E401 [DCNUCC(10)DCNUCUt10,1) I

R0lb i Unsaturated sone .1 tem **3/g) ! 5.000E*01 h 000b01 ~
i

bCNUCSql0) j
hol6 i Saturated sone tes**3fg) 5 0006 01 $ 000E+01 --

'

R0lb Leach rate t/yr) O C00 BOO O 000D00 1 J96E-0) ALEACHI10)

R016 Solub111ty constant 0 000DD0 0 000E+0c not u se d soLUBKL10)

k0l6 Dist ribut ton coe f f tetents tot U-238 . ,

i
R0l6 1 Contaesited zone sce**3/g) | 5 000E*0L S . 000D 01 - ! DCNUCC(ll)

5.0000 01 - i DCNUCU(!).1)
| $ 000D01 -- |DCNUC5(!!)

k016 Unasturated tone 1 t em"J / g) - 5 000F*01i

: ) 000E*01R016 1 . Saturated scoe ten **31s) > ? ALEACH(!!)h016 Leach rate (lyr) } O 000E+00 ! 0 000E+00 1-396E 05
R016{- 0.000E+00 ' O 000F+00 ' not vee d ! SCLUBK(11)Solub(16ty c onst ant +

| Residual Radluact twit y Pregten. Ve 's ton 5 04 Oa/01/94 23 58 Page 9

Summary FM Custi-FMCFPt:l FULL (ell DEPTS File . EMCFPCI DAT

Slee Spec if ic Pa r ame te r Summ.ity ( c oat inue d ) .

{ Parameterther Used by REERAD0 .

Pa t ame te r Input
--- . . - . - . . - - - - - y
De f ault f (11 d L t f e rent from user input) Name

Me nu | . - ,

R046 ! O tst ribution coe f f icient t for 44ughter Ac 227
R0lb ' Cont aminated none tes**3/g1 2 000b01 1 2 00cF401 i DCNUCCt 1)
R0l6 Unsatutated g or.e 1 I ca* *)/ y, t 000F+01 1 2 000E*01 i DCNUCUt 1,1)

RD16 ' Saturated zone (cm**J/gl 1 000E*01 ' 2 000E*01 .- DONUC5( f)
RGl6 ! Leach rate (/yri 0 OG0E+00 0 000E*00 j 474E 05 ALEACHI 1)
R016 Solubility constant 0 000F+00 0 000E*00 nct used SOLUSKI 1)

R0 l6 i D t a t r ibut ion coe it ic ie nt s f or daught e r Pa- 231
R016 Contaminated sone (cm**3/g) 5 000F+0! 5 000F.01 DCNUCC f 2)

Unsaturated none i t em" 3 / g l $ 000E*01 i 5 000E*0L i DCNUCUt 2.1)RUlb
R0l6 I Sat urated tone (cm**3/g) ! 5 000D04 ! $ 000F+0! I

-

'i
-- DCNULSt 2)

B016 j Leach tate (lyr) | 0 000E*00 0 000F+00 ! A 396f-05 | ALEACH( 2)
not use d j $0LUBK( 2)R016 [ Solub titty constant | C 000D00 . 0 000D00 |

P016 ) Dist s t but ion coe f f ic ient s f or daught e r Pb-210
'

I -

) ) ,

t
DCNUCCt ])1 0006 02 ! 1 000E+02 . ;

i RGi6 | Cont aminated zone
t e m* * J I 4, g) s It e m") 1 000D 02 i 000E*02 l - DCNUCU( J.11

, R086 Unsatur eted sone I

' R0lb Le ac h r ate t /yr l 0 000D00 } O 000E*00 )
-- DcNUC5( 311 000E*02 1 000E.01 |) R016 Sat urated zone tem **Jfg3 i

j R0l6 Solut611try const ant 0 000E+00 { 0 000f +00 '
6 990E-06 ALEACH( 3)
tso t used ' SOLU 6Kt 3)

R0th Dt se r tbut ton coe f f ic ient s f or daughte r Re-228 i i

R0l6 (ent setnated .rone t c m" ), 41 ; 7 000F*01 ; 7 000E*01 i DCNUCC( 5)
20l6 Unnarersted tone I tem **lig) - 7 000E*01 j 7 000E+01 i DCNUrU( $,1)
RSl6 3 Laturated tone tur**3/gi ? 000F*(L 7 000E+01 j - * DCNUCS( 5)
RC16 Le ach rat e (tyr) 0 000D00 0.000Fe00 | 9.979b06 * ALEACHL $)
R016 Solubtlity constant j 0 000D 00 ; O 000P+00 i r.o t used | SOLUBKt S)

;

R0l6 Dist ribut ion coe f fic ierit s f or daughte r Th-228
, 6 000E+04 6 000D 04 , DCNUCCI 6)

k0l6 i Cont aminated zone I ce" 3 / s ) |

k0l6 6 Unsc turated mone ! sce**J/gl 6 000D04 4 b 000D04 i DtNUCU( 6,1)
,

R0l6 Satursted sone tcm**J/g) 6 00CD 04 i 6 000E+04 ' --- . DCNUCS( 61
RGib Leach rate (tyt) 0 000F+00 j 0 00cF+00 1 167E-Ca f ALFACH4 bl

not ue d LOLUBKt 6)R0l6 Solubility constant ,0000E*D0;O000F+00 j

,|6000E+04R016 Dist ribution coe f ficient s f or daughter Th 230 }
6 000D04 , -. DCNUCC( 7)R0l6 Contam6nated sone (cm**3/gl

1 6 000D04 6 000E*04 ) - DCNUCU( 7,1)
R0l6 bnssturer.ed tone I tce**1/g)
R016 j saturated sone tcm**J/g) , 6 000E+04 6 000D04 ! --- DCNUC5( 7)

R016 | Leach rare t/yr) i 0 000D00 0 000 D00 I 167E 06 ALEACH1 7p

R0l6 i Solutilltry constant 0 000E+00 0 000D00 t not veed , 50LU5K( 7)
I |8.600F+03 -

l
R0lf 1 Inhalarton raee (m**3'/yr) not u se d IN11ALR

RolF ! Mass loading f or inhalat ton (g/m**3) hot u s.e d 2 000E 04 , ML!NH
dust, tuha W ion im)t no t usc d 3 000f*00 LM

| Dilution length f or atrborneR017
k017 , Exposure duration ~1 000E*01 3 000D01 > - i CD

4 000E-01 -- ! $11F3kO!? | Shtelding factor, inhalation not use d i

|3000E01
- t SHF17 000E-01

'
Rol f | Shielding tac tor, este t nel gamme , not use d

+ ! FINDs
kot? . F raction of time spent indoors ' r.ot use d

2 500E-OL ' For0F r ac t ion of s ine s pe nt outdsors ton site) not usedRDl? + not u se d I 1 000E*00 ; F51
ii

kO!? I Shape f actor, ente rnal gamma ,

- - _ _ - - _ _ - _ _ _ - _ _ ~ _ .. , ,_ -. .-- - - ,.
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1 Residual Radioactivity Frogram. Version 3 04 04/03/94 23 $8 Page 10
Summary EM cts 11-KMcFPCI FtJLL CELL Df PTit F t te . KMC F PC I . DAT

i Site-Spec L t te Far emeter summary (cont inued)
i 0 t Use r

' Used by RE5kAL Pa r ame te r
Me nu f a t sme te r input Default (If d t t fe rent f rom user input) Iteme

R317 Fractions of annular areas within AREA |
' R017 Outer annular taatun tal * V(lin) ! not used 8.000E*00 FhACA( ll

Roll Outer annular radius (m) * Vt10/a) not used 1.000F*00 FRACA( 2)
V120 fan i et use d 1 000E*00 -- FRACAI 3)R0ll Oute r annutes radius (e) =

V($0/a) r et use d T 000E+00 - FRACA( 4)
.

R0l? Outer anwlar radius (a)' =

V(ID0ln) set use d 1.000E*00 FRACAt $)| R017 Outer annular redtus (m) *
R0l? Outer annular radiue tel a V1200/n) not used 1 000E*00 - FRACA( 6)

' FRACA( 7)kol? Outer annular radius (el * /t$00fa) not use d t.00GJ+00 - -

FRACA( 8)
*

IVt!000Is) not u se d 6,000R*00 -Rol f - Outer annular radius (m) =

V($000ln) not used 1 000E*00 - - FLACA( 9)R0l? Outer annular radius tal =

W 1 E+04 /4) not u se d ' l.000f*00 - FRACA(10)Rot? Outer annular radio to) *
r at ned 0 000E+co - TkACAtil)

. R017 Outer annulat radius (e) * Vil DO$ln)
Vti,D06/a) fnot ned 0 000E*00 -- TRACAlt2)= kC17 Outet annular radius (m) =

>.

kO18 } Frutts. vegetables and grain consumption thg/yr) L i 600fe02 1 600F+02 -- DIET (1)!-
Rot # ! Leaty vegetable consumption ikglyr) !l400F+01 1 400E 01 - DIFT(2)
R018 Milk consumpt ion t Llyr) 9 200b O! I 9.200E*01 - DIET (3) 3

h018 Meat and poultry consumpt ion O glys ) , 6 300E*01 6 300E+01 -- DitTte)
Fish consue.pt ion (kglyr) I not use d + $ 400D00 . DIET ($)

P018 | Othe r seaf ood consus.pt ton (kglyt )R018 not use d | 9 00CE,0! - DIET (6)
kU18 j Soil ingest ion rate (glyr) not used | 3 650D08 - - SC1L

,

brinking water intake ILIyr) not used ; 5.100E*02 D'41R018 |Cnntaminationtractionofdrinkingwater . not use d I & 000E*00 - FDW
,

R018
j 1018 Contamination ftastion of household watet i not used I 1 000E*00 - FH1tW

R018 Cont amination t rac t ion of live stock wate 1.000F+00 1 J00E+00 - FLW

1 000F*00 FIRW
]-

R018 , Contamination traction of trrigation wates
1 000E*00 . $.000E-On --- FR9

' R018 1 Cont amination t raction of a uat ic tood not ned |
R018 1 Contamination traction of p ant food t-1 1-1 0 $00bO3 F PLANT

-1 l 0 17 $ b 00 FMEAT
~

R018 I Cont amination f raction of me at |-! ',8
| 0. !2 5b00 FMI LFR018 Contamination t rac t ion of milk |-l"

1

i
R019 Livestock fodder intake for seat (bgIday) 6 900b 01 6 800E*01 LFl$

9
R019 i Livestock todder intake for milk (k Iday) $ $00E*01 , S $00E.01 -

I' LF16Ldl $R019 Livestock water intake f or meat (Li ay) 1 $ 000F+0! ! $ 000F+01 -

' LW16R019 Livestoc k wate r intake f or mL Lk (Lldays ' 1 600b O2 ! ! (40D02 -

i R019 Live stock soll intate tagldsv) ! $ 000E-01 $ 000E-01 [LSI
3019 Mass loading f or tot tar depos t t lon (g/m**4 ! 000E-04 j | PLFD

* ! 000F 04 4'

DMR019 Depth of soll mining layer (m) j i H0F-01 , 1 $00! 01 i
B019 | Depth of rovt s (m) 9.000E 01 | 9 000F.01 | j DROOT
R019 Drtaking water t rac t ion f rom g.ouns water not used 6 000E*00 | FGWW

.

I R019 I Household water fraction from ground watcr not u se d 1 000E+00 FCWit
it019 l Livestock water t r act ion f rom ground wate r 1 000D 00 1 000E*00 . kWLW'

i FGWIRAGl9 trrigation frattton from ground water 1 000E*00 1.000h 0D 4

I

Cin C 12 concent rat ion an wate s Ig/ce**33 f not ne d 2 000E C$ ' Cl2VrR
C16 C 12 concent ration in contamtuated soll (g/gp { not used 3 000E 02 Cl2C2

i vege t at ion c arbon f rom set t - not used |2000E-02 C501L
{Fractionof

014
Fcaction of vrgetation carbon from str ! not u se d 9 800E-01 CAIRCl4 1

DMCl' CIA ; C 14 evas ton layer thickness in set t to) not used t 3 000E-01 j
| f14 ; C 14 evaston flus tate tros soil tilsec) not u se d i 7 000E-07 FVSN

j C16 i r 42 evaston flus rate from soit (IIsec) nut ned I 1 0000 10 ! REVSN

1Re sidua l Rad toac t iv a t y Progrs*. Version $ 04 04101/94 21 $8 Page !! .

Summary KM CUSH- W FPCI-FULL CELL DEPTH File . EMcFPCl DAT

Site Specific Parameter Summary (continued)
Dee r i } Used by RESRAD ! Fa t ame t e r0 t

Menu i Fe r nme t e t input ; Default <{
(If dLiterent from user input) i Name

.__.m _ . _ _ . _ _ . .__._-p + _ . -....___-_m. - ,

'
C64 ' Fraction of graLn in beet cattle feed i not use d ' 8 000E-01 AVFG4

C14 Fractton of grain in milk tow teed ! not used i 2 000E-01 -

I
i , AVFGi

i e

IR021 Th ttkness of build Lr. toundetton (m) not u se d | 1 $00b01 FLOOR

K21 i Total porosity of the cove r sacer tal not used 4 000E 01 '
DFNSFL2 400D 00 |F026 Bulk density of bull ing foundation (g/ce**s) not un d ii ' TPCV

M21 ! Total porosity of the building f oundat ion not u se d 1 000E-01 i TPFL
' PH20CVRC21 ' Volumetric wates content of the cove r mate r ia l not use d ' S 000E 02 |

- Pil20FLR0li Volumet r ic wate r content of the f ounda t tors not ue d 3 000E 0J
lt C 21 Dit lusion coef f icient for raGon gas (m/sec)
P,0 21 in cove r mate r tal j not ue d i 2 000E 06 - DIFCV

,

kcli [ nn fo ndattou material ' not used ! 3 000E-07 | I;1FFL
DIFCZR0dl in contaminated tone soil noi ped i 2 0C06 06 i
WIK;

h32i Radon vertical dimeulan of mLalog (mp no t ued '2 000 BOO i -

WINDAve rage anneal v thd speed t%1sec) not used 2 000F*00 - 1h024 :
RCll Average butiding air exchamte rate (1/hrt not ued , $ 000e.01 RFIC

t

3 RGil height of the bull'$1ng t roomi tm) not used ] 2 500E+00 + HRM

{ FAIRG/l Building treterior area f actor not ned 0 000 h 00 j
-

'(EMANAt!)
kO21 Butiding depth belw drounti surtace (mi not used 1 000F+00 i DMFL'

RO2i j Emanat tag powe r et kn-222 W not use d j 2 $G0E 01 --

EMAMAl2)kO21 1 Emanating powe r et kn-220 gae not ned , 1 $00E 01 ;
! -- m _

i
a

Summary of Pathway %e le c t ions

Pathway Use r Select Lon
- - _-- - .- -.4-.

j i -- etternal gamme j
- ~ .. - - -

suppressed
- 2 inhalation twto radon)| ouppre ned-

3s- plant ingestion ', active
4 - odat t nye s t ion t active
$ +- silk inge st ion active
6 - aquatic foods suppressed
7 drinking water suppressed
8 soll ingestion su pp re s se d
9 radon suppressed

1Re s tdual Rai'toac t ivit y Fro 04/0J/94 23 $8 Page l2
KM CUSit KMCPPCI g ram. Ve r sion $ 04i

rVLL CELL DEPTil File KMCFPCI !>ATSummary.

Contaminated tone Dimensions init tal sot.1 Concentrations, pct]*

Arec: 2500 00 squete metets ka 226 1 000E*00
Th ic kne s s . 3 00 me te r s Th 2R 1.000E*00

Cove r Depth. 3 03 seters U 214 1 000E*00
U-2 h 4 006D 00
U-21P 1 fdOFe00

i

{'

a

. -- . - - - .. . . . - - . .__ . . . , , , _. , . , _ , . . . . _ , . , . , , , _ . ,,_m.,,m,e ,m,,.,,.,,, y. . _ , ,y.n,-ry,- my-.,--~
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O
total Dose TDOSE t t i, areelyr-

f Sante RadLation Dose Limit 30 miemlyr*

Total M Lature Sua ML E ) e Fraction of Basic Dose Limit ksce tved at T4sc tti

t (yeaval: 0 000E*00 1 000t+00 3 000E+00 1 000t+01 3 000t+01 1 000t+02 3 000E*02 1 000t*03
TDOSEtt)- 0 000E*00 0.000E*00 0 000f+00 0.000t*00 0 000f*00 0.000E*00 0.000E*00 0 000E+00

#'
M(ta= 0.000f*00 0.000t+00 0 000E*00 0.000E*00 0 000t+00 0 000E*00 0 000E+00 0 000E*00

1.000E *03 yearsOMaalmum TDO$f(t). 0 000E*00 stemlyt at t =
IRealdwal Radioactivity Program, Verston 5 04 04/03/94 23;$8 Pete 11
Summary '- FM CUSH.EMCFPCI. FULL CFl.L DEPTH F ile - #NCFPCl DAT

Total Dose Cont ribut tons TDORE ti,p.t) f or InJLvidual hadtonucitdes (t) and Pathways tp)
As eremlyr and Fraction of Torst Dona At t * O D0014VD yeata

0 Wate r Independent Pat hways tinh41st ton escluden r edon)
0 Cround Inhalation Radon Plant Me at Nilk Soll

-- -- - - . - - -Radto. - - - - - - -

aremlyr fract areelyr fract. aremlyr tsact, areelyr fract.:
Nuc!Lde aremlyr fract. steelyr fract, mienlyr flatt

Re 226 0 000t+00 0 0000 0.000E*00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000 0 000E.00 0 0000 0 000t+00 0 0000
Th-232 0 000E+00 0 0000 0 000F+00 0.0000 0 000E+00 0 0000 0 000t*00 0 0000 0 000F+00 0.0000 0.000E*00 0 0000 0 000t+00 0.0000
U 73a 0 000F+00 0 0000 0 000E+00 0 0000 0 000R+00 0 0000 0 000t+00 0 0000 0.0002 00 0.0000 0.000E*00 0.0000 0 000E*00 0.0000
U-2)$ 0 000t+00 0 0000 0 000f*00 0 0000 0 000t+00 0.0000 0 000E+00 0 0000 0.000f*00 0 0000 0.000t+00 0 0000 0 000E+00 0.0000
U.235 0 000E*00 0 0000 0 000t*00 0 0000 0.000E*00 0 0000 0 000t+00 0 0000 0 000F+00 0.0000 0 000E*00 0.0000 0 000E+00 0.0000

,

,

Total 0.000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E*00 0.0000 0 000E400 0 0000 0 000t+00 0 0000 0 000E+00 0.0000
j0 :

total Dese Cont ribut tons TDO$tt t.p.t ) for Individual Radionuclides (L) and Pathways (p) a

As aremlyr and Fraction of Total Dose At t * 0 000E+00 years .q
,

0 Wate r Dependent Pa t hwa ys
0 Water Fish Redon Plant Me a t Milk All Pathwaya*

-

Radio- ----- - - - -

I
Nuclide areelyt tract. mremlyr fract. areelyr fract areelyr fract. aremlyr fract arenfyr fract. aremlyr fract.

y
.

24-226 0 000E*00 0 0000 0 000E*00 0 0000 0.000t+00 0 0000 0 000E*00 0.0000 0 000!+00 0 0000 0.000f+00 0 0000 0 000E*00 0 0000 |
Th-IJ2 0 000E+00 0.0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000f*00 0 0000 0.000E+00 0 0000 0.000r+00 0,0000 0 000E+00 0 0000 i

,

U 214 0 000f+00 0 0000 0 000F*00 0 0000 0 000E+00 0 0000 0 000f*00 0.0000 0.000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0.0000 }

U-233 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0600 0 000F+00 0 0000 0 000R*00 0 0000 0 000R*00 0.0000 0 000E+00 0 0000 J
U 239 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 t

|

Total 0 000E*00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000t*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 !

0*5vm et all warer (nde pe nde nt and dependent pathways

1
i ke s t dua * Radioactivtey Program. Versien 5 04 04/03/94 23 58 Page 14
Summary FM CUSH-KMcFPC1-FULL CFLL DEFTH F ile KMCFPCI.DAT

4 '|Tot al Dome Cont r ibut tona TDOSE t L ,p. t b tor Individual Radionuellde s (1) and Pathways (p)
I 000t+00 year *As aremf yr and Fraction of Total Dase At t **

O Water Inde pe nde nt Pathways (Inha Lat ion escludes redon)
G Ground Inh +iation "* don Plant Me a t Milk Soll
RadLo, -

i

Nwelide stem /yr fract mremlyr tract areelyr fract ores /yr fract steelyr fract a re tl y r fract oreelyr fract

P4 226 0 000E+00 0 0000 0 000F*00 0 0000 0 000F+00 0 0000 0 000E+00 0 00C0 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000
Th.232 0 000E*00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000t+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000f+00 0 0000
U 2 }4 0 000f*00 0 0000 0 f*0f*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000Fe00 0 0000 0 000f+00 0 0000 0 000f+00 0 0000
U 2)$ b 000f*00 0 0000 0 00cf*00 0 0000 0 000E+00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0 OOOF+00 0,0000 0 000E+00 0.0000
U-238 0 000f+00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0 000f+00 0 0000 0.000F+00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000

10tal 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000f*00 0 0000 0 000t+00 0 0000
0

;- - Total Dose Cont ribut tons TDO&f(L p.t) f or Individual Radtunuc1 Lees i1) and Pathways Ip)
As seemlyr and Fraction of T0641 bose At c * 1 000F+00 years

0 Water Dependent Pathveys
0 Vater Fish Radon Plant Meat Hilk All Pathways *

R4dtor - - - - - - - - - -- - - - - - - - - - - -

; Nuclide stem /yr tract merelyr fract. steelyr fract ares / y r fract miemlyr f ract areelyr (ract oreelyr ftact

i
_ _. - , . _ . .

. .__ .. ._ 0 000F+00 0 0000 0 000E+00 0 0000 0 000t+00 0 0000 0 000E+00 0 0000 0 000t+00 0 0000
-

Re-226 0 000E+00 0 0000 0 000E+00 0 0000
* 1h-2)2 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 D.000E*00 0 0000

U 234 0 000F+00 0 0000 0 000f+00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000R+00 0 0000 0 000f+00 0 0000j
- U 235 0 000E*00 0 0000 0 000F+00 0 0000 0 000f400 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000

U 235 0 000f+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000!+00 0 0000 0 000t+00 0 0000 0 000t+00 0 0000 0 000E+00 0 0000

T ot a l 0 000F+00 0 0000 0 000f*00 0 0000 0 000E+00 0 0000 0 000f*00 0 0000 0 000E+00 0 0000 0 000t+00 0 0000 0 000E+00 0 0000"

0*5um of all water inde pe nde nt and de pendent pathways

! Residual Radioac t ivity Program, Version 5 04 04/0)194 23 58 Pase 15
Summary KH CUSH-KMCFPC1. FULL CELL LE FTil file KMCFPCl DAT

Tot al Dose Cont r tbutions TDOSf(1.p.t) for Individual hadtonuelldes til and Pat hways (p)
A4 mies/yr and Fract ion of Total Done At t * 3 000E+00 yearsi

0 batet Independent Pat hw4ya (J nhalat tnn excludes rados.)
0 Crooni Inks 5stion kadon Plant Me a t Milk Soil

Redia. ~ .~ -

Nucktor mecalyr fract a r e n! ,. fract arem!yr f riet ar e sly r fract esemlyr f rac t mtemfyt tract eremlyr tract )
, - - - , . _ . - _ _ . . , - - - _ _ i

i

Ra-216 0 000F+00 0 0000 0 000t+00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000
Th- 2 32 0 000t+00 0 0000 0 000F+00 0 0000 0 000f*00 0 0000 0 000f*00 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0 000F+uo 0 0000 |
b 234 0 000f*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000t+00 0 0000 0 000t+00 0 0000 0 000f+00 0 0000 0 000E+00 0 0000 ;

U 235 0 000F*D0 0 0000 0 000E+00 0 0000 0.000t+00 0 0000 0 00cf400 0 0000 0.000E+00 0 0000 0 000E+D0 0 0000' O 000E+00 0 0000 |
U 2)6 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000t*00 0 0000 0 000t+00 0 0000 0 000E+00 0 0000 0 000f+00 0 0000 .

Total 0 000E*00 0 0000 0 000F*00 0 0000 0 000f+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0.0000
Total Dose Cont ribut Lons TbOSE t t.p.t) f or Indtvidual Radlonuclides ( L) and Pathways (p)*

As nremlyt and Trac t Lon of Tot al bohe At t * 3 000E +00 yesta
0 Wate r be pendent P a t hways ,

O Water Firh Radon Plant Meat Milk All Pathways *
'
i

Radto. -

Muc lide areelyr fract aree/yr fract areelyr fract nieelyr fragt. eremlyr tract. Dremlyr fraer mres/yr. f rac t .-

i Ra-276 0.000F+00 0.0000 0 000f*00 0 0000 0 000t+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E+00 0.0000
Th 2)? O 000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 0 0:0E*00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0 0000'

U 234 0 000E*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0.600f+00 0.0000 0 000f*00 0 0000 0 000f+00 0.0000 0.000t+00 0 0000s

U-l)5 0 000F400 0 0000 0 000E+00 0 0000 0 000F+00 0 0003 0 000E400 0 0000 0 000E+00 0 0000 0 000F400 0 0000 0 000E+00 0 0000s

E U 2 38 . 0 000E+00 0 0000 0 000E*00 0 0000 0 000t*00 0.000) 0.000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000t+00 0 0000.

fu Total 0 000E*00 0 0000 0 000t+00 0 Occ0 0 000E+00 0 0001 0.000E*00 0 0000 0 000E+00 0 0000 0 000t+00 0.0000 0.000E*00 0.0000
C+ Sum of all water todependent a nd de pe nde r t pathways. {*

i

|



. . - - - _ _ _ . _ _ -_- _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ . , _ _ _ _ _ _

l
!

1Realdual kadioactivity Progree, Ve ra ton * 04 04/03/94 23 58 Pase 16 '|
Summary EM CUSH-EMCrPc!* FULL CtLL DEPTH Flie + EMcFPf.4 DAT

Total Dose Contributtona TD0%Ett.p t) for Individual Radionuclidea 11) and Pathways (p)
000t+01 yearsAs stemlyr and Fraction of Total Dose At t *

0 Water ladependent Pathways (Inhalation est udes radon)
0 Orpund Inhalation Redon Plant Me a t Milk Soll .{

- - -
'

padio. - - - - -. - - - - - - - - - -

stemlyr fract. areelyr tract. preelyr fract steelyr trast.
~

Naclide eremlyr fract ereelyr fract. areelyr fract.

Ra 226 0 000E*00 0 0000 0 000t+00 0 0000 0.000t+00 0 0000 0 000t+00 0 0000 0 000f*00 0.0000 0 000f*00 0.0000 0.000f*00 0 0000 j

Th 212 0 000f*00 0 0000 0 000t+00 0 0000 0 000f*00 0 0000 0 000F+00 0.0000 0.000E*00 0 0000 0.000E*00 0,0000 0 000f*00 0.0000 t

U-234 0 000f+00 0 0000 0 000E*00 0 0000 0 000F*00 0 0000 0 000t+00 0 0000 0 000t+00 0 0000 0 000f*00 0 0000 0 000F+00 0 0000 l

00 0 0000 0 00CE*00 0.0000 0 000F+00 0 0000 0 000r+00 0 0000 0 000E400 0.0000 0 000f*00 0 0000 tD 235 0 000F+00 0 0000
0 000f*00 0 00000 000t 0 000t*00 0 0000 0 000t+00 0 0000 0 000t+00 0.0000 0 000E+00 0 0000 0 000E+00 0.0000 !U 239 0 000t+00 0 0000 .

1otal 0 000t+00 0 0000 0 000f*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000r+00 0 0000 0 000R+00 0.0000 0 000E+00 0 0000 ]
i

0 Total Dose 0pntributiona TDOSE(1,p.t} for Individual Radionuc liden (1) and Pat hways [p)
As seemlyr and Ftact ton of Total Dose At t* 1 000E+0! years j

0 Wate r bependent Pa t hwaya
0 Water flah Redun Plant

'

Ka st Milk All Pat hwayss
--. - - ~ qRadta- -- - --

eremlyr tract. sten /yr tract. stem /yr tract ereelyr tract. l.N ac ! L de eremlyr tsact areotyr tract eremlyr tract.

Re.226 0 000F+00 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0 0007+00 0.0000 0 000t+00 0 0000 0.000E*00 0.0000 0.000t*00 0 0000
Th-232 0 000t+00 0 0000 0 000t+00 0 0000 0 000E*00 0 0000 0 000R*00 0 0000 0.000r+00 0 00u0 0 000F*00 0 0000 0 000E*00 0 0000-
0,2J4 0 000t+00 0 0000 0 000f*00 0 0000 0 000t+00 0 0000 0 000f*00 0 0000 0 000f+00 0.0000 0.000f*00 0 0000 0 000H+00 0 0000
02.1% 0 000E+00 0 0000 b 0002400 0.0000 0 000F+00 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000
U 2 IM 0 000f*00 0 0000 0 000t+00 0 0000 0 000E+00 0 0000 0 000f+00 0 0000 0 000E*00 0 0000 0 000t*00 0 0000 0 000t+00 0.0000 |- - - * .

'

total 0 000f*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000t+00 0 0000 0 000f*D0 0 0000 0.000t+00 0 0000 0.000E*00 0 0000
0* Sum of all water Lode pe nde nt and dependent pathways .

IlRealdual Radioactielry Program, Ve +2 ton 5 04 04/03/94 23 46 Page 17
tummary BM CUSH-FMrfec t ruLL rgLL DFF111 File KMCFP(i DAT {

Tot al Dose Cont r ibut tons TDOSF( L , p. t ) ter Individual Radionucitoes til and Pathways (p)
).000E+01 yearaAn eremiyr and Fract ton of Total Done At t *

0 Water !ndepe nde nt Parhways tinhalut ton excludes redon)
0 Oround Inhalerton kadon Flant Me a t Milk Soll
g,dto, _ -_ _ . . _ . . _ . - _ . . . ._ __ _ ____ _ . _ _ -

pres /yr fract.Nuclide areelyr tract areelyr tract eremlyr itect mreelyr fract asemlyr tract steelyr tract

; Ra 226 0 000F+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000R+00 0 0000 0 000f*00 0 0000 0 000f+00 0 0000 0 000t+00 0 0000
i

Th 231 0 000E*30 0 0000 0 000t+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000f*00 0 0000 0 000f+00 0 0000 0 000t+00 0 0000i

U 214 0 000E*00 0 0000 0 000R*D0 0 0000 0 000f*00 0 0000 0.000F+00 0 0000 D 000E+00 0.u000 0 000E+00 0 0000 0 000F*00 0 0000
U 23$ 0 000F+00 0 0000 0 000f 00 0 0000 0 000f*00 0 0000 0 000R+00 0 0000 0 000F+00 0 0000 0 000f*00 0 0000 0.000E+00 0 0000
0 2 IF 0 000F+00 0 0000 0 000f+00 0 0000 0 000f 00 0 0000 0 000f*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000t+00 0 0000

Total 0 000F+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000F*00 0 0000
0 Total Done f.ontrt6uttons TD05fti,p,t) for Individual Radlonuclidea (1) and Pathways (p)

Ar preelyr and f ract Lon et Total bose At t * J 000E*01 years
0 Water be pe nde nt Pathways
O Water fish Radon Plant Meat Milk All Pathways *
Radio. -.--- - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - -,

Nac i t ee stemf yr tract miem # y r tract tremlyr tract steelyr tract mreplyr fract mres/yr f r ac.L . 4temlyr fract
. . . . . _ . . . , . _ - . , . . , -

P4 +26 0 000F+00 0 0000 0 0007a0V 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0.000t*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000
Th JJJ 0 000E*00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000
LF1)* O 0000 + 60 0 0000 0 000F+00 0 0000 0 000F+D0 0 0000 0 000F+00 0 0000 0 000R+00 0 0000 0 000t*00 0 0000 0 000t+00 0 0000
U tJS 0 000F+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000f*00 0.0000 0 000E+00 0 0000 0 000F*00 0 0000

)

U-JJM 0 000F+00 0 0000 0 000E*00 0 0000 0 000f*00 0 0000 0 000E+00 0 0000 0 000f*00 0 0000 0 000E*00 0 0000 0 000f+00 0 0000
-

Total 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000t+0D 0 0000 0 000E*00 0 0000 0 000E+00 0.0000
0*$ue of aL1 water inde pe nde n t ano dependent pathways

thestdoel Radioacttwitv etogies, Versten 5 04 04/03/94 23 $8 Page 18
d $9mmerv 6 M (USH-B MC FPCI-FULL r ELL Df PiH File EMffPL$ DAT

Tot al Dose r.ont ribut tons TDOSE( t .p.t ) for Individual Rad Lonucildas til and Pathwayt (p)
1 000E+02 yearsAs preelyr and F raet ton of tot al Dome At t a

C Wate r Independent Pat hwa y s tinhalat ion escludes n adan)
0 I;r ound intialat ton kadon Plant Meat Milk Sot!

I kg$[o .

mremlyt tract sree/yt fract areafyr tract stenfyr tract premfyr tract. preelyr tratt,
- . . .

her lide niemlyr tract

ka-JJ6 0 000F+00 0 0000 D C00E*00 0 0000 0 000R+00 0.0000 0 000E*00 0 0000 0 000f*00 0 0000 0000i+00b0000 Dbbbh+000.0000
~

i tb /Ji 0 000F+00 0 0000 0 000F*00 0 0000 0 000f*00 0 0000 0 000E*00 0.0000 0 000f+00 0 0000 0 000F+00 0.0000 0 000t+00 0 0000
8 U- J H 0 000F*00 0 0000 0 000F+00 0 0000 0 000f+00 0 0000 0 000t+00 0 0000 0.000t 00 0 0000 0 000E*00 0 0000 0,000t+00 0 0000

U Jis 0 000f+00 0 0000 0 000f*00 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0 000r*00 0 0000 0 000f*00 0 0000 0 000f+00 0 0000 g

ti ! la 0 OSDt+00 0 0000 0 ODOP+v> 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000f*00 0 0000 0 000r+00 0 0004
.

i
-

Tot a + 0 000F400 0 0000 ' 000E- 0 000c 0 000r,00 0 t 300 0 000E*00 0 0000 0 000t*00 0.0000 0 000F+00 0 0000 0 000E*00 0 0000 j
O

Total Dose fontributionn TbOSf(1.p.t) f or Individual Radionne t t oes t 11 and Pat hways t p),

1 000E*02 yearsAs micefyY and Fr ac t ion of Tot al Done At t *
O Water De pendent Pathways
0 b+rer fish Radon - Flant Ke a t Mllk All Pathways *.

+
m_.._..._. _ . _ - . . , _ .

aadso. - _ . _ . . - . ._ - m- . . _ _ _- _ - - . _ . . tract mremfyr tract- areelyf tradt.Muslide orcelyr tract tremfyr tract. sten!yt tract nietlyr tract area /yr
,

Ra 7/4 0 000F+00 0 0000 0 000t+bo 0.0000 0 000F+00 0 0000 0.000f+00 0.0000 0 000t+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000.
Th 2JJ 0 000f+00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000F+00 0.0000 0.000E+00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000
0-234 0 000F+00 0 0000 0 000E+00 0 0000 0 000t*00 0.0000 0 000E+00 0 0000 0 000f*00 0 0000 0 000t.00 0 0000 0.000E+00 0.0000

-

U.23) 0 000F*00 0 0000 0 000E*VO O 0000 0.000F+00 0 0000 0 000f+00 0 0000 0.000E*00 0 0000 0 000f*00 0 0000 0 000E*00 0 0000
|

U 238 0 000F+00 0 0000 0 000F+DO 0 0000 0 000F+00 0 0000 0 000E+00 0.0000 0 000f*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000' |

1otal 0 000E+00 0 0 000FA00 0 b b 000t+00 0 0000 0 000t+00 0,000E+00 0 0U0btSb00 0$
C+5um et all wate r inde pe nde nt and dependent pat hwa ys

$

t

n
W

I

i
!
!
1

+

3

4

-- * . = . . . - < = . - - ~ - , . _ . , s .,.,.,.._....._.n ,,. , _ , , m,, , _ , , , . ,,p . ,
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Ikas tdval Radioactivity Proaram. Verston 1 04 04/03/94 71;)s -Page 19

Summ4ry . EM CUSH FMcFP08. FULL CELL DEP16 File : KMCFPCI DAT

Tot al Dose Cont ribut tons Thosit t.p.t) for Individust Radtonucitden (1) and Pathways (p)
As nreelyr and Fracelan of 1otal Dome At t * 3 000F+02 years

. O Water Independent Pathways tinhalation eactudes radon)
0 Ground Inhalation Redon Plant Me a t Milk Soil

. . . . . . . - - . _ , , -..m- - - .. ~ ~ - -- -.-.-m.. m. . - . . - - - -

$3d(g. - . ~ -

arcely , fract atemlyr f ract . areelyr tract, areelyr feast ereelyr fract steelyr fract.Nuclide areelyr fract.

ka.224 0 000F*00 0 0000 0 000t+00 0 0000 0 000t+00 0 0000 0 000E+00 0 0000 0 000F+00 0.0000 0 000r+00 0.0000 0 000t+00 0 0000
Th-232 0 000E*00 0 0000 0 000E*00 0 0000 0 000t*00 0.0000 0 000F+00 0.0000 0.000F+00 0.0000 0 Ouor+00 0 0000 0 000r+00 0.0000
D 234 0 000E*00 0 0000 0 000t*00 0 0000 0 000t*00 0 0000 0 000t+00 0 0000 0.000E*00 0 0000 0 000F+00 0.0000 0 000t*00 0 0000
U- 2 ) $ 0 000t+00 0 0000 0.000E*00 0.0000 0 000t+00 0 0000 0 000E*00 0 0000 0.000t+00 0 0000 0 000f*00 0 0000 0 000t+00 0 0000
U-238 0 000t+00 0 0000 0 000t+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000t+00 0 0000 0 000t+00 0 0000 0 000E+00 0 0000*

Toral 0 000F+00 0 0000 0 000t+00 0 0000 0 000f*00 0 0000 0 000f*00 0.0000 0 000f*00 0.0000 0 000r+00 0 0000 0 000t+00 0 0000 ;

O Tot al Dose (ens r lbut tons TDOSE t t,p,t) for Individual hadlonuclides (1) and Pathways (p)
As mremlys and Fract ton of Total Done At t * 3.000t+02 yesta

1 0 Wate r bependent Pathways
0 Water Fish Radon Plant Me at Mllk All Pathways *

- - - - - - - -

hadio. - - - - -- -- - - - - - - - - - - - - -
stem /yr tract areelyr treet steelyr' fract.

Nuclide sremlyr tract treelyr fract oremlyr fract uremlyr fract

t - Re.226 0 000F+00 0 0000 0 000E*00 0 0000 0 000Ea00 0 0000 0.000t+00 0 0000 0 000f*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000
Th.232 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000F*00 0.0000 0 000F*00 0 0000 0.000E*00 0 0000 0 000t+00 0.0000
U-234 0 000f*00 0 0000 0 000f*00 0 0000 0 000t*00 0 0000 0 000E+00 0 0000 0 000f+00 0 0000 0 000F*00 0 0000 0.000t+00 0 0000
U J)$ 0 000f*00 0 0000 0 000f*00 0 0000 0 000t+00 0 0000 0 000!*00 0.0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000

:

0 000r+00 0 0000 0 000t+00 0 0000 0.000t+00 0.0000; U-236 0 000t*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000k+00 0.0000. -

Total 0 000f+00 0 0000 0 000t+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000t+00 0.0000 0 000f*00 0 0000 0 000E*00 0 0000
0* Sum of all water independent and dependent pathwaya

Ikeatdaal Radioactivity Program, Version S 04 04/03/94 21 58 Pase 20
Summary EM CUSH-FMCFPCl-rULL CfLL DEPTH F ile - KMCFPCI.DAT ,

l
Tot al Deze Cont r thut tons TDOSEt t.p , t ) for Individ44L Radtonuclides it) and Pathways sp)

1 00Cf+0) veersAs premlyr and trac t ion et Tot al Done At t *
0 Water inde pe nde n t Pathwave (Innatattor escludes redon)
O Cround Inhalation Radon Plant Meat Milk Soil

Radio -

Nuc1 toe oremlyr tress. mremlyr tract areatyr tract niemlyr tract stemlyr tract. ereelyr tract oremlyt tract,

0b00E+h00ObiIORa-226 'C 000f+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000t+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000
Th.232 0 000Ee00 0 0000 0 000E*00 0 0000 0 000E.00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000f*00 0 0000
U.234 0 000r*00 0 0000 0 000f*00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000F+00 0 0000 o coof*00 0 0000 0 000E+00 0 0000
U 2.15 0 000f*00 0 0000 0 000E*00 0 0000 0 000F*00 0 0000 0 000E+00 0 0000 0 000f*00 0 0000 0 000Fe00 0 0000 0 000E+00 0 0000

j ' U-2)M 0 000t 00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 00ut*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000

lutal 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0.0000 0.000F*00 0 0000 0 000E*00 0.0000
0 Tural Dose Contttbestonn TDOSEtt,p.t) for Individual Red tonuclide s (t) and Pathways tpt

1 000f*03 yearsAn mremlyr and Traction of Total bose At t *
0 Watei Dependent fathways
0 Water Fish Radon F lant Hear Mll's All Pathw4ys'

-- - - - - -- ~ = - - -

kadla> --- -

Nuclade esemlyr tract mientyr tract atem/yr - - - steelyr fract. aremlyr fract mreelyr ftact- mremlyr fract.tract

R4 226 0 000e'00 0 0000 0 000E+00 0.0000 0 000f*00 0 0000 0 000R*00 0 0000 0 000f+uo 0.0000 0 000t*00 0 0000 0 000E*00 0 0000
Th 232 0 000Fe00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000F*00 0 0000 0 000E*00 0.0000 0 000t*00 0 0000
U 234 0 000E+00 0 0000 0 000F+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 0.000F+00 0 0000 0 000F+00 0.0000 0 000f*00 0 0000
U Lli 0 000F+00 0 0000 0 000E*00 0 0000 0 000f*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000
U 23H 0 000E*00 0 0000 0 000f*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000f*00 0 0000 0 000t+00 0 0000 0 000F400 0 0000

Total 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 00nE+00 0 0000 0 000F*00 0 0000 0 OOOF+0u O 0000 0 000E+00 0 0000
0* Sum of all water inde pe nde nt and dependent pat hways

the n! dual Radioactivit y Fro Ve ra ton 5 04 04/01/94 21 59 Page 21
FM CUSH4NCIPC1 gram,rULL CELL DEPTH P tle KMCFPC) BATSummary

fDosel$nurce kat ion Summe d Ove r All Pat hways
iParent and Progeny Principal Radtonucinde coner tnut tons Indicated

c ra v e nt Product t r anc h DLRaj,t} teremlyr)ltpCt/gl
1) (J) Fraction r* 0.00ct+0D 1 000f*00 3 ovef+00 1 000E+01 3 000f*01 1 000f=02 3 000F+02 1 000E+0J

De 226 ka-226 1 000E+00 0 000E*00 0 000F400 0 000E*00 0 000F*00 0 bc0Fe00 0 000E*00 0 000E*00 0 000E*00
Fa.226 Pb 210 1 000E*00 0 000t*00 0 000E+0D 0 000E+00 0 000F+00 0 000E*0n 0 000E*00 0 0 CF*00 0 000E*00
Re 226 IDSRijl 0 000E*00 0 DDOE*00 0 000f*00 0 000f*00 0 000E+00 0 000F*00 0 000E 00 0 000t*00

UTb 212 1h 232 1 000E+00 0 000E+00 0 000E*00 0 000E*00 0 000E+0D 0 000E*00 0 000F*00 0 000E*00 0 Occr*00
Th42 12 to 22k I 000E*00 0 000f+00 0 000E*00 0 0002 00 0 000E*00 0 000E*00 0 000E400 0 000E*00 0 00cf*bo
th 232 Tb-228 1 000F+00 0 000F+00 0.000F+00 0 000t*00 0 000Fe00 0 000E*00 0 000E*00 0 000F409 0 000F+00 '
Th-232 IbSR t )) 0 000F*00 0 000F*00 0.000E*00 0 000f*00 0 000E+00 0 000F+00 0 000E*00 0 000F*00

00 214 U-234 1 000E*00 0 0006600 0.000F+00 0 000E+00 0 000E*00 0 000E*00 0.000f*00 0.000E*00 0 000E*00
U2H Th 230 1 000E*00 0 000F+00 0 000E+00 0 000E*00 0.000E*00 0 000t*00 0 000E*00 0 000F*00 0 000F*00

* U 2.M Ra-226 1 000E*00 0 0.J~400 0 C00E*00 0 000Fo ; D 000E*00 0 000E*00 v 000t+00 0 000E*00 0 Or0F+00
V26 Pb-210 1 000F'00 0 000f*00 0 000F*00 0 000E*00 0 000f*00 0 00tf*00 0 000E*00 0 000F*00 0 000F+00'

U-234 IDsktjj 0 000E,00 0 000F+00 0 000E+00 0 000t*00 0 000t *00 0 000F *00 0 000E*00 0 000F+00
OV ZJ) U 23) 1 000F+00 0 0006 00 0 Ocor+00 0 000t*00 0 000t+00 0 000t+00 0 000d*90 0 000E+00 0 000F*00
U 235 Pa 231 L 000E +00 0 000F*00 0 000E+00 0 000E*00 0.000E+00 0.000f*00 0 000E+00 0 000R*00 0 000E*00
U-23% Ac 2Ji 1 000f*00 0 000E+00 0 000E*00 0 000E+00 0 000e.*00 0 000E+00 0 00CE+00 0 000f*00 0 000t*00
ti - l .1 % tb5R(}) 0. 000E*00 0 000E *00 0 000E*00 0 000F e00 0 000E *00 0 000E+co 0.000F *00 0 000t *00

OU-2 M U-238 1 000E*00 0 000E*00 0 000E*00 0 000t*00 0.000t*00 0 000E*00 0 000E+00 0 000F*00 0 000Feb0
U- 2 in U-234 1 000E*00 0 000E*00 0 000E*00 0 000E+00 0 000E+00 0 000E+00 0 000F *00 0 000E+00 0 000E*00
U 23A Th-230 1 000E+00 0 000F+00 0.000E+00 0 000E400 0 0002 00 0,000E+00 0 000E+00 0 000E+00 0 000F*00

0 000F*00 0 000t.00 0 000F+00 0 000t+00 0 000f*00 0 000t+00 0 00cd*00 0 000E*00
0 000t*00 0 000E+U-J39 Ra 226 4 000E+00

00 6 000f*00 0 000t+00 0.000E*00 0 000F+00 0 000E+00 0 000Fe00U 238 Pm 210 1.000t+00
U 218 tD$R()) 0 000E*00 0 000F+00 0 000E*00 0 000E+00 0 000F+00 0.000E+00 0.000E*00 0 000F+00

t r enc h Frac t ton in the cumulative factor for the l't h principal radionuclide daughte r - CLHD RF t )) , tRitij*tkFt23* SRFtJ)
T he D5 A include s cont s tbut tona f ten associate 4 thalt itte : 0.5 yt) daughters

0
Sing le kadlonuclide Soil Cu tdelines Ot t,t1 in pCilg

30 aremlyr84ste Dadtation Dose Limit a

OMuclide
(1) to 0 000E*00 1 000t*0n 3 000F*00 1 000E*04 3 000E+0! ! C00E 02 1 000E+02 1.00E*01

Ra 226 '9 882E+11 '9.88?f*ll '9 882t*ll 't 882f+11 '9 882tell *t 682t+11 *9 882 Eel! *9.882 fell
Th 232 *1 092K+D$ *l 092F*05 *1 092E*0% *l 092F*0S *1 092f*05 *l.092E+0i *l 092f+05 al 092F405

' U 214 *6 211t*09 *6 233f.09 *6 233F+04 *D 2 3 }F +09 *6 2))F*09 *6 23)E+09 86 233E+09 *6 233R+09
'

U - 215 *2 160E*06 *2 160F*06 *2 160F906 (2 160E*06 42 160F*06 *2 160E+06 *2 160F406 *. 1600+06
U-238 *) 160E*05 43 360F*05 *3 360t*0% *) J60t+0i *3 160E*05 *1 J60E*0$ *) P 0f *0's *1 lbOE*05

s
. - - - .

kt hh@ c k O arkkv ky ak

-
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I ikesident Radioactivity Progree, Verston S 04 04103/94 23 $$ Pese 22
Summarr . RA CU58-EMCFPCl-rULL CFLL DEPTH F L Ls EMCFFC1 BAT

Summed base /&ource lattes D5R(L t) in (artelyril(pCL!Si
and Single Bs4Lonoc1Lde Sall Gukdeltnes Gil,tl Ln PCLig

' at tain * time of alntoun sLngle radionuritde soll guideline
and at tass e time of mas Laus tot al done * 4.000f *03 years

ONucites laittet teln D5pt l.tein) CI L,teini Dshit,taan s ci t,cean) +

P ilg tre.ts) (pCL/s)- tpcits)Cfil

. ns.226 1 C00E*00 1.000t*03 0.000F*00 *9 982t*ll 0.000t+00 89 38JE+1)
Th 232 1.000E+00 1 000t*0) 0.00Ct+00 *n 0921*0$ 0 000t+00 *t.092t+05
U-214 1 000R*00 4.000t+0). 0.000R+00 *6.2))f*09 0 000t*00 86.233r*09
U-Eli 1.000f*00 1s000F+0i 0 000t *00 *2 160t+06 0 000t+00 83.160t*06
U 238- 1.000E+00 4.000E+03 0.000E+00 *).360t*05 0 000f+00 83 360t*05

' *At specific activity limit
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Time e 1 000f*01 16

3 000F+0! LiT lee *
! 000E+02 laTime e

3 0008602- 14 iTime =
1.000E+0) . .. .. . 20 |Time .
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IResidual lled toact ivity Progr am, Verston 5 04 04304/94 00'22 Page 2

'

Summary EA CU118 KMCFW1 FULL CfLL lifFTH F(Le; FMCFVi DAT

- Dose Conve t a Lon f as t or ( and Re late d ) Paramete r Summary1''
O I Current Pa r a me t e r
Mano | Pa r ame te r Value betsult Name
__.4 _ - .._. - - __ ._ _-_ _ - _ - . _. _ . - ~ ._ . . - _ , ~

A.I Cround ente rne t gamma, volume Df F's , tercelyr)lipriles**3)-
A-j AC 227+D , soil density * 1,0 gle***) 1 760P'00 2 760f*00 DCFlt 1,1)
Al As 227+b , soil density * l B g'en**3 6.520R*00 1.520t.00 DCFl( 1,21,

) A4 .

soll densit y * 6 0 g/cm* * 3 2/2l0E 01 2.J10R-01 DCFlq 2,L)
I

AI Pa 238 ,

Al Ps 231 soll density a ! 8 g/cm *3 1 210E-01 L 2108 01 DCFil 2 Jle
,

A-1
* A1 Pb 210+b , soll density a 1 0 g/cm**3 4 8 70R-0) 4 870E-03 OcFlt ),1)

Aal Ph-2 LO*u , soll density * I 6 g/cm**) i 2.3106 03 2,310f-0) DCFit 3,2;
A1- |

A1 Ra 226*h soll density * 1. 0 g /c m* * 3 | 1 550t*01 1.550t*01 bcFit 4,4)
A-1 Ita 226*b soll censity * 1.8 gIrm**3 l 8.560f*00 8.560F+00 DCFit 4,21
A-l
A1 Re 228+D soll densit y * 1 0 gice** ) 8 480F*00 8,180E*00 DCFLt 5,1)
A1 Ra J29*b , noti denalt y * I 8 g/cm* * 3 4 110f*00 4,310E*00 ix' Fit 5,2)

A.!
A-1 Th-228+D , ..o11 density * l D g/ce**1 1 330E*01 1 330F*01 bCrit 6,1).
A4 Th- Na *u sat t density = 1 8 g/ cm** ) / 360E*00 7 360E*00 DCFat 6,21
A1
A4 i Th-210 soll density * 1 0 g/cm* *) 2 110E-03 2.110f C1 DCFl( 7,1)

|Th,2JO sol L dene tt y = 1 8 g/cm** 3 1.030E 03 1 0J0E 0) DCFit 7,2)Al ,

i A-1
,> Th 2)2 soll dena lt y = 1 0 g /cm**) i 1 350R-03 1.350E-0) t>Cri t 8, I sA!

A4 I Th-232 soll dengity ! 8 g/cm**3 6 040R 04 6 0402-04 DCFit 8,21a
,

A1
A1 0 234 soit density = 10 g/cm**) {6970E04 , 6 970E-04 DCFil 9,2)

l $8DE 0) 1.5BCE 03 DCrit 9,1)
A-1 U-234 soil denstty e 1. 8 g / c m * * ) ;,

j - A1 |
1 A-1 U 2)DD soll densit y * i O g/cm**3 8.940f 01 8 9401 01 DCFit!O,ll j* A-1 U-235*0 soll density * 1 8 g/cm**) 4.900E-04 4 9002 01 DCFit10,2)

i

A-1
A1 U-239eD sot! density = 1 0 g/cm**J

J 6 970f-0J , 6 910E 02 ; ncritti,21
1 270F-01 1. 2 70E 01 DCFitti.it,

A4 Il- 2 38 + D soll denalt y * 1 8 g/ cm8 * J

IA.J bert h f ac tors, groun t e nte rne t gamme, dimenstonless >

A3 Ac-227+D , soll density * 1 0 g/cm**3 thickne ss * 15 m ' 7.900E-01 I ? 9002-01 FD( 1,1,l)

j Ac 227*D su11 densit y * 1.0 g|ce'), t hickness * O 5 m j 9.700f Oi 9,700E-01 FD( L.2.liA1
a A) Ac 227+D soit density * 1 0 *cm**). this t ne ss * 10m

. 9 100E 01 9,100F.Un ' FDI l.1,2s i

L 000E*00 1 000E*00 FDt 1,3 I)
I Ac 227+D soll density = 6 8 g l e n* * J , t h ic kne ss * 15 m i

i

A 3
'A-3 Ac 227*D soll densit y = L 8 g/cm**J t nickness = 0 5 m l.000!*00 1 000t+00 FDt 1 1.21 i

A) Ac 227+D soil density e i 8 g/c ,*e3, thickness = 10m I l 000f*00 1 000E*00 FDt 1.).2) 1
,

A-J | |
A-) Pa - 2 il soll densit y e 1 0 g /cm*e l, thickne ss a !$ a 1 7 900f-01 7.900f-OL FD( 2.6.1) |

A3 Pa 6 31 soll donalty a 1 0 g/cm**J, t hic kness e 0.5 m 1 1.000t*00 1 000F+00 FDs 2.2,1) l,

Ad Pa 231 soll dens try * 1 0 g/cm**1 thickness = 10m | 1.00n *00 1.000E*00 FD( J.J.1)
4J Pa 211 soll density * 1. 8 g/ce* * J t hl(kne ss * 15 m ' 9.200E-01 9 200E-OL FD( 2,l.21
A-3 Pa 231 soll densit y = 1 8 g/cm* * J, thic kness = 0 5 m 1 000E*00 1.000E*00 FD( 2.2,2p+,

,
A.) P4 2 31 soll dens tr y = 1 8 g/cm** J, thic kne ss 10m 1 000E+00 1 000$*D0 Fin J.).21a

,

A )
i

lRes tdual Radioact ivit y Prott en, Veraton 5 04 04/04/94 00 22 Page 3 i

!Lus,aia r y FM CUSil4M(FWI Flit.t. CELL DEPTil File FMcFV1 DAT j

Dose Conversion Factor t and Re lated) Parame ter Summary (cont inued)
| Current | l'a r sme te t0 i

Me nu j Pa t a,ac t e r i Velue betsult { Na mu*
- ,.~..- _ -._ -._. .- .- ,.. - _ ,.---.- + ...-. - - -.---n..._

'A3 Pb-210*D , soll dens t ry * 1. 0 g!ce" J , t hic kne s s = 45 m 8 800f-01 a 8002-01 ' Fbt 1,i li
A-1 Pb.210*D . soll densit y a 1 0 g/cm**), thickness = 0'0 m%a 1 000R*00 4 000f*00 FDt 3.2,1)
A-) Pb 21D*D soit density * 8.0 g/cm**), thickne ss a 4 1 000f*00 1.000t*00 FD( .) , ) .1 )

* A1 Pb 210*D soit density a ! 8 g/cm***, thtchness * li n 9 700F-01 9 700E OL FD4 1,1,2)
A1 Pb - 210 * D , so i t de ns it y * l.B g/cm**>, thlcmness = 0 $ m 1 000f*00 1.000t*00 FD( ).2,2)
A-| ; Pb-J10*D soll densit y a ! 8 g/cw**), t hickness = 1 0 m 1 000E*00 e 1 000t*00 i FDt 3.J.21A3 |

6.300f-01|FDLA-J | Ra-226*D not! density a 1 0 g/ce"), thic kness * 15 s 6 300E Of 4.1.1)
Ad i Ra 226*D soil density = 1 0 g/cmas), thickness = 0 $ m 9 200t-01 9.200F-01 FD( 4,2,1)

\ not! dehstty * 1 0 g /ca"). thickness * 1.0 m 1.000E*00 1 000F*00 FDt 4,J.4)| Re 226*D ,Aj
4
l Aj Ra-226*D soll decstt y * 1 5 g/ce"), thickness a ;j) m 8 500E 01 8 500F-01 FD( 4,l.2)
| A.) lle + 2 26 * D soll density a ! 8 g(ce"J thickness * 0 5 m , 1.000F*00 1 000E*00 FDq 4,2,21
t A-3 Rs-226+D so L L density a 1. 8 gica"J , i n ic kne s s = 10m t i C00feUO 1 000E*00 FDI 4.3,2)

A.1
A) R4 2J8+D , soll densit y * 1 0 g/cm**), t h ic k ree n s = 15 m 6 500E Gi 6 800F 01 Tbt $.I.41
A-3 Ra 228+D . soll density = 1. 0 g/ cm"), thickness * 0 5 e i 9.700f 01 9 700f-01 , FD( ),2.11
A1 ha 22n*D no t i de ns it y = 1. 0 g/ ca* * 3, t hic kne ss a 10m I 1 000t*00 1 000E*00 FD4 4,3 Il

, A3 Re.229eb soll denn it y = 1 8 g/ce**3, t hickne ss * 15 m j 8 $00E 01 R 500E-Dn FD( S.I,21
'A-) R4 22B+D soll densLty * I 8 g/ ce* * ), thickness = 0 $ a 1.000F*00 1 000E*00 FDt 5,2,2),

-|
Aj llo 22d+b soll density = 1 N gica'J, thlcaness = 10 m $ 1 000E*00 1 000f*00 FD( S.1,2)
AJ t i

l A3 Th+22HeD soll deo,ity = . < g icei* * ), thickness * 15 m ' 6 100f-01 6 100E.0; FDt 6,1,1)
A1 i Th-228+D soll density * 1.0 g/cm**), t hickness * 0 $ a . 9 400E-OL 9 400F 01 FD4 6,2,1)

,

|7500E-OL 1000f*00|FDt 6.),1)A4J Th-228*0 , soll denstry * I O g/cm**). thickness e 10m 1.bOOf*00'
4-

A1 Th 22 bed , soit density * 1 8 g lem* * 3. t hic kne ss e li a - i 7 $00E-Ol FDI 6.1.2)
1 8 g/cm**J, thickness = 0. S mA.) Th 228.D - soll density *

a A41
'

thicknens * 1.0 e ' 1 1 000f*C0 t 4.000R+00
FDt 6,2,21

A3 th 22B+D soll densit y a i 8 g/ce*e), | 1.000f*00 ] 1 000E*00 FD( 6,J,2)
^

,

j A-J
' Fh 230 soll dens tty * 4 0 g/cm**J thtc Kne ss * 15 m 9 300f.01 9 3COE-01 FD( 7.1,11'

1 AJ Th-210 soit density = 1 0 g/cs.*a), th tchne ss = 0 $ e . 1.000E*00 1 000Fe00 . FDL 7.2.11
A-3 Th 230 soll density a 1.0 g/cm**), thic kness = 10m i 5 000E*00 1.000F+00 L FD( 7,J,1),

A3 Th.230 ho11 density * 8 9 g/can**), thlckness = .15 s, l

A.3 Th 230 soll denalty * 1. 8 g/ ce* * J , t hic kne ss = 0 5 m
, 1,000E*00 1.000f*00 Tbt 7.1,J)

*
., t 1.000E*00 1 000f*00 FD( 7 , 2 ,1 )

j A-3 Th 2)0 so! L denalt y * 1 $ qtica"). thickness * 1,0 m 1 000f*00 1.000f*00 FD( 7.J.J),

- A,)

A3
' Th 2). soll denetty * 1 0 g/cm**1, thic kness = 15 m 9.$00E 01 9.500F-01 FD( 8,1,1)AJ' ,

Th.232 soit density 1 0 g/cm* * 3 thickness * O 5 m i 1.000f*00 1.000R*00 FDt 8,1,1)a

A1 Th-232 soll dens ta y * 1 0 gIce"3. thickness = 1 0 m 1 000E*00 s 000f*00 FD( pc).1)
A.) Th.232 soll densit y * 1 8 g/cm**). t hickness * !$ in {L000F*00 1 000E*00 FD( u.l.2),

d A.) Th-232 soti denalty 1.N gfcm**), thlikness * O $ m r 1.000R+00 1.000E*00 FD( B,2,21=

A-3 Th 232 so!! density * 1 8 glen * *3, t hic kne s s * l0m 1.000E+00 1 000f*00 Tbt 8,3,26
A-)

* A-) 11 234 sot 1 density * 4 0 g/cm* d t hic kness * li n 9.000f 01 9 000f DI FD( 9,l.8),

' A3 U 234 soil density = 1.0 g/cm**), thickness * 0 5 m 1.000f*00 1,000f*00 FD( 9,2,1),

{ A3 ) U-234 soit density * 1 0 g/cm**3. thickne<a = 10m 1 000f*00 1 000E*00 FDt 9,3.1),

A1 I U.214 soll densit y * 1.6 glem**). thickness a 15 m 1.000E*00 1 000 b00 FD( 9,l.2)
A.3 j U 234 soll densit y = 1 8 g /ce"J. t hickness = 0 5 m 1 000f*00 1 000Fe00 FDL 9.7,2),

A) | U-214 soll density a ! $ g/cm* * 3, t hirkne ss = 10m 1 000t*00 1.000E+00 FD1 9.3,2)
3 ,

j A-3 1

a
4
J

i

.

9F,*--- 'g h-t,P- * ' * * P' "g w w *' v PW T y'y-w wygrqwr+,--- e-ey v1.y - "'ywv'vJy*n =ue' W"Mt w*e w ve 95 v www-0=* w.rv-We '--p7T- wr e s s'rw a.r. e-c9 w9s'.-w e+ v twt =w -e .y ae.-m-- 9.--se * em ahNe .hw --.-ew. eel' et EP'---av'W wr



_..n.. - ..- _ - .-. _ .-- _.-.-.~ - . - . . - - - - - - - . . . .- - - . - - - . - - _ _ - _ . ~ - - . .~ ._- __.-

lb aldual Radioactivity Frogram. Version 5 D4 04/04/94 00-22 Fa ge 4
5 smeary KM CU$lt DtCN1 FULL CELL tlEPTil File' KMCFWA DAT

Dose Convers ton f actor (and Related) l'aramete r suassary (continued) -
0 Current Pa r ame te r

Menu Fa r ame te r Value Def ault flame

]
'

A-) U .1 h*D soll denalty = 1 0 g/cm* *3. thickness a 1$ m 8.700E 01 8.700E 01 FD(10,1,1)
A.) U 235+D soll density a 1 0 g /cm** 3, t hic kne ss = 0.S a 1 000E+00 1 000E*00 FD(10,2.1),

A3 U 235+D soll denalty a 1.0 g/se**), thickne sa * 4.0 m 1 000E+00 1 000E*00 FD(10,3,1),

A-3 U 235*0 soit dens tr y = 1 8 g/ce**3, thickne ss a 15 m 1.000E+00 1 000E*00 FDt10,1,2)
.

A3 U-235+D soll densit y - 1 8 glem**3 t hhkness = 0 $ e 1.000E*00 l.000E*00 FD(10,2,2)
,

A3 U-23)+D soll density e 1 6 g/cm** 3. thickness a 1.0 m 1 000E600 1.000E+00 Fb(10,3,2)
A-3
A3 U 238+D soll denstry = 1 0 g /ce"), thickness a 1) a 7.800E 01 7.800F-01 FD(ll,1,1)
A-3 tl 238eD soll de na lty * 1. 0 g /ce* * 3, thickness = 0 S m 1 000E*00 1.000E+00 FD(ll,2,1),

A-3 U 238+D . soll density * 1 0 g/ce**), thickness * 10m 1 000F+00 1 000E+00 Fotti,3,1)
A-3 U 238+D soll densit y = 4 8 g / c e* * 3 . t hickness = 15 m 8 800E-01 8.800E-Oi FD(II,1,2),

A3 U-238+D sett density = 1. 8 g /ce"), t hicuness e 05m 1.000Ee00 4.000E+00 FD(!! 2,2)
,

A+3 U-238*D soll density a 1 8 g/cm**J, thickness * 10m 1 000E*00 4.000E+00 FD(ll,3.21.

81 Dose converston factors for inhalation, mien /pC1
1-1 Ac-227+D 6.700E400 6,700E*00 DCF2( L)
81 Fa 231 8 300E+00 1 300E*00 DCF2( 2)

4 6-1 Pb 210*b I 2 100E 02 2 100E-01 DCF2( 3) 1

8-1 Ra 226+D- 1 7 900E-03 7.900E-03 DCF2( a) I

I' 4.500E-03
4.500E-03 DCF2( $)8-1 Ra-226+D

3.100f 04 3.100E 01 DCF2( 6)81 Th-228+D

!' 3 200E-01 3.200E 01 DCF2( 7)8-1 Th-230
1.600f+00 1,600E+00 DCF2( 8)8l Th 232

i01 0-234 1.300E-01 1.300E al DCF2( 9)4

11 U-235+D 1.200E-01 1.200E-01 DCF2(10)
al ; U-238+D 1.200E 04 1 200E-01 DCF2 ( !!) -

t
D1 I Dose conversion tactors for ingestion, eren/ pct.
D-1 i Ac-227+D 1 $00E 02 1 50$E-02 DCF3t 1)
01 ; Fa-231 1.100E+02 1.100F 02 DCF)( 2)
D1 | Pb 210+D 6 700E-03 6.700E-03 DCF31 31
D-l i Ra 226+b i 100E-03 1 100E-03 DCF3( 4)
b! l Ra 228*0 1 200E 03 1.700E,03 DCF3( $1

7.500E 04 DCF3( 6)D-l i Th-228+D 7 $00E 04
D-1 1 Th 210 $ 300E-04 5 300F-04 DCF3t 7)

,

D1 i Th-232
' 2 600E 04 2 600E 04 IK F 3( 9) '{

2 800E-03 2.800E-03 DCF3t 8) i
i

| 11234
D-l

U 235+D 2.500E-04 2.500E 04 DCF)(101 {D-1
b-1 U-238*0 2 500E-04 2 500E-04- DCF3(11)- :

r

I l
b 34 ' Food stanatet factors
D- M Ac-22 hD . plant /soll c oncent r at ton rat to, d iec ns tonle s s ? SGOE-0J 2 500E-03 j RTFi 1.1)
D-34 Ac-21 bD . beet /11 vest ock !ntake rallo. I pC ' * ii g ) / t pf t / d l 2 000F-05 ? 000F 05 l RTF( 1,2)'

DM I Ac 22 bD milkil tvestoc k int ane rat io, tpCliL)ltplild) / 000E-05 2 000E 0$ R1F( t,3)

b u|
| )1 000E-02

1.000E-02 RTF1 2.1)D 34 , Pa 2 51 plant /soit concentration ratto. d ime ns tonle ss

|Pa231 beet /1tvet,tock-intake ratto, (pCL/kgiltpCL/d) ; 000E-03 5 000E-0) FTF( 2,2)D H
bM Pa JJL mLit t live stock int ase ret to, ( pC i / L ) / f p.. t id ) ! 5.000E 06 $ 000b 06 RTF( 2,3)
D- n p

D-u Pb-240 D . plant /noll concent rat ion retto, d ime ns ionle s s I DCOE-02 I 00CE-01 R TF( J,1)

|'8000E04
;

to )4 Pb-210+D , bee t / livestock -intake tat to, (pCL/kgpllpCLtd) ; 8 000E 04 RTFt 3,2)
i

D- )4 Pb-!!0*D . milk /ltvestock-intake estio, IpCl/L)llpCild) . 3 000E 04 3 0002-04 I RTF( ),3p'

IResidual Radioactivity Program. Version 5 04 04/04/94 00 22 Fage 5
Susuma ry FM CUSH-FNCFW1 FULL CELL DEPTil File ' IHCFhe DAT

Dose Converston Factor (and kelsted) Parame te r Summary (cont inued)
j Current i j Pa r ame t e r0 $

Me nu | Fa r ame t e r 7 Value | Default Name,
- - . +

D 14 i Ra 226*D plant /soll concent ration tario, d ime ns ton te s s j 4 000F-02 l 4 000E 02-. ..I RTF (- . - - - -4.1)
D 34 I Ra-226*D , beef /itvestock-thtske ratio, I pf il k g )l t pC1/ d l j i 000E-0J | 1 000F 05 PTF( 4,2)

lb u | ha 216+D . attk /ltvestock intake rat to, (pC1/L)/tptild) |1000E03| 1 000003 RTF( 4.3)
b- u .

, 4 000f 02 - 4 000E 02 RTFt 5.1)
I

b-34 ; Ra-228eb , plant /soll concentration ret to, d ime ns tonle s s i

Db i Ra 228+D , bee t / live s t oc k - tot ake ratto, tpC1/kg)/lpCild) 1 000E-01 | 1 000F-03 RTF( 5,2)
D- 9 Re JZo+D milk / livestock intake tatto- (pCL/Ll/(pC11d) 1.000E-03

1 000E 03 |i RTFt
513)3 4 ,

D 54 t
D 34 j Th 220eb plant /soll come neration retto, dime ns tenle ss 1 000E-03 1.000E 03 | RTFt 6,1)

bee t /11ventock-int ake tat to, spC1/kg)ltpC1/dl 1 000E 04 1.000E 04 j RTFt 6,2)0 n j Th- m 4D .
DH . Th 2itt.D

milk /Livestoca-intata tatto, (pC1/L)/(pC4/d) 5 000E-06 5 000E-06 RTFi 6,3)DH

DM Th 230 tant (soll concent r ation rat to. diwr.s tonless 1 000E Ol. 1 000E 05 RTF1 7,1)
3-D !1h230 ee t /1tvestoc k-intake rat to, (pC1/kgil(pCL/d) 1.000E.04 > 1.000E 04 RTF4 7,2)

, ,

,

D-34
. mi lk t ! Lve st oc k- intake ratio, (pC1/L)lipC1/d) 5 000E 06 i 5 000E D4 RTFt 1,3)D - )4 ! Th-230

'

D- n Th 212 plant laall conce nt ration rat to, dlmerstentess .!l000E03|1.000E-05 ! RTF( 8.1)
Th-212 tree t / l tve st oc k latese tatto, (pCL/kgl/tpC1/d) j 1 000E 04 i 1 000E 04 RTF1 5,2)D- M

,3
,

DM Th 232 milk /llvestoct-in ake retto, (pC1/L)/spCild) 5 00CE-06 1 5 000E 06 RTh 8.3)

D. u |:
t

D-D U 2M tant / soll concent ration ret to, dimensionless 2 500F.03 2.500E-Os 1 RTF( 9.1)
DM' U 234 ee t /1 tve st oc k-intake rat io- (pflikg)/tpflid) 3 400E-Os 3.403F 04 ' RTFf 9,2)'
D- M U 2 34 , , milk /1tvestock-intake tatto, (pct /L)/(pCL/d) [ 6.000f 04 6.000E-04 RTF( 9.3)

D.J4 U-235+D plant itoll concent ration rat to, dimens tonless | 2 500E 03 {2500E03
b- M

i . RTFt10.1)
)/tpC1/d) } 400E 04 1 3 400F-04 RTF(10.2)DH U 235+D beef /1tvestock intake tatto,

(pC il k g/ (pti e'd)D.h U J35+D , ellk/livestoc k intake t at to, (pC LIL) 6 000E-04 i 6 000E-04 RTFt10,3)
D .M I
b.34 0 23tl*D plant itoll concent raflon tat to dimensionless 2500E-03|2500E-03fRTFill.8)D- 34 U-238+D bee flitve stock-intake rat to. t pC il k g ) /1pt ild ) 3 400E 04 ' 3 400F 04 RTFtti 2),

DM U 238+D milk illve stoc a Lat aks ratic, (pCL/L)/LpCL/dl 6 000E-04 6 000E-04 Rift:1,3)
;

D*5 ! Stosecumalarton factors- t re sh wate t . L/kg: | i

'D5 Ac-22 bD ftsh ' 4 500F+01 1.%0f*01 110FACL 1,1)
D-5 i Ac-22)*D . crustacea and mol b ks 1 000F*03 1.000F+03 810 FACT 1 2),

b.5 '

.
-

D5 Pa 23! fish j.1000E*01j i 000E+01 810FAC( J,1)i

D5 i Fa-2)k stustaces and mollusks ' i 10GFe02 - 1 100E+02 810FAft 2,2)

05 , Pb-210ab fish 3.000E*02 ' 3 000E+02 810FAC( ),1)
i

'IFt-210+D
D5
Do crustacea and mo!!usks ! l 000E*02

l.000E+02|810FAC(
3,2)

'

4 D4 i
' 'D5 Ra.226*D . fish 5 000E+01 5.000Fe01 tlOFAC{ 6,1)

D5 Ra 226*D . c r ust acea and e,ollusks 2 500E*02 ! 2.500E*02 i 810FAC( 4,2)
b-5 i 1,

; . b5 Ra 226+D , tish 5 000E*01 5 000E*04 |810FAC( 5,1).
q b-5 ka 228+D , c rust acea and mollmak e , 2 500E+02 2.500E*02 7, 810FAC( 5.2)

D-5 j j
D-5 Th-228+D . fish ! 000E*02 i 1.000E+02 BIOFACt 6,1)

Ib+5 1h 228.D cruaraces and molluska 5 000E*02 i 5 000E*02
| B10FAC( 6.2)D-3 ,

'

0

.~ _. _ _ - _. _ ______._ _ _ _ __ ,_ -____ _ _ ___ -_._ __ _ _ _ _ _.
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19esidus! Radioactivity Prerrae Veralen 5 04 04!04/94 00.22 Page 6
Summary 4 KM CUSH-FMCPWI FULL CELL LEFTH Flie , FMCrW1 LAT

Dese Conversion Factor (and kelated) Parameter Summary teontinued)
O Cuttent Parameter

Me nu P a r a me t e r Value De f ault Naew
- - -- -+

' D-5 Tb 210 fish 1 000F+02 1 000E*02 ' BLOTAC( 7,1)

-

'

D. ) Th 230 . crustates and mollusks S 000E*02 $ 000E+02 SinFAC( 7,2)
.

,

D1
D5 Th 232 fish 1.000F+02 1 000E+02 BIOFACt 8,l),

D-5 Th-232 s tustace s and mollusks 5 000F+02 5 000E+02 810 FACE 8,21,

D-5

b.) U-234 fish - 1 000E*01 1 000E*01 bl0FAf( 9,1),

D5 U-234 crustacea and molluska 6 000E*01 6 000E+Cl $10FAC( 9,2)
D.$
D$ U-2)S+D flah 1 000F+0L 1.000E*01 810 FACT!O,1),

D-) U 215+D crustaces and mollusas 6 000E*01 6 000F*04 BICFAC(10,2),

b.) I

D-$ |U-23N+D fish 1.000Ee01 1 000F401 810FAC(!!,1),

D.S U 2)H+D . ctustacea and mollusks 6 000E*04 6 000fe01 410FACill,2)
1
' h

ikesidual Radioactivity Progree, version 5 04 04/04/94 00 22 Faye 7

Summery EM CUSW-FMcFW1 FULL CEL L DFFFil File . KM(FW1 DAT

Site Spec if ic Parame te r Summary . . I
O , ; ' User i Uhed by REFKAD . Parahetet I

Menu j Pa r ame t e r ; input . De t ault |(itdifferent f rom use r input ) Name )
.m....._._-...._..__.-.__._._._+_._.._a___%-_-

holl j Atee of contaminated zone (m**2) 2 $00R+0) 1 000E*04 j - | AREARoll | Thickness of contautnated none (m) 3.000E+00 2 000E*00 Titttto -,

RD11 j Length parallei to aqutter flow te) 1 000E+02 1 000F*02 | - LCIPAQ
Roll 4 Basic vedtation dose limit lates/yr) 3 000E*01 . 3.000f+01 t -- Br1D
R0il Time stree placement of matertal tyrt 0 000E*00 ! O C00E+00 i j TI |

R01) Time n f or calculations Lyr) 1 000E*00 j ! 000E+00 * ft 2)' i

3000E*00y3000f*00| ' T( 3) '
R011 i TLee s f or calculations (yr)
R3il i T ime s for calco!stions tyr) 1 000E*01 - 1.000E*01 ! 7t 4) |

| T( 5) )R011 t Time s f or calculat tonn tyr) J.000E*01 3 000E*01 |
-

j T# 6)R011 ! Times ter calculattoca tyr) 4 000f+02 1 000E+02 .
T( F1

,

RGil ! Time s f or calculations tyr) J 000E+02 3 000E+02
. Tt 3)RDL1 { 7 tee s f or celevist Lons tyr ) 1 000F*0) 1 000F+0.1 -- I

PGli ' T ine s for relculations tyr) j not used 3 00CF *03 TI 9) 1

k0li ' Time s f or calculat ions tyr} } not used 1 000E604 + - T(10) *

Sid 4)
'

R012 inittal principal radionuclide (pCilg) Re 226 i 000E*00 0.600Fa00 -
:

R012 1 init ial princ ipal radionucilde (pC11g) U 234 1 000F+00 0 000E*00 --
| Sit 6)In L a tal principe t raJ1onuclide ( pC l / a ) - Th-232 1.000F*00 0 000E+00 -R0lJ ,
Sit 9) '

F0li Init tal pr inc ipal red Lonuclide 4 pC L / g > U 21) 1 000R400 F 0 000F*00 t $1(10)
RCl2 Init ial principal radionuclide ( pC i t y )P - 1.000E+D0|OC00E+00 } Wit 4)

U ~ )6 0 000E+00 Sitill
Roll Concent r a t ion in groundwater (pC1/L Ra 226

not u se d . D.000F+00 Wit 9)-

-

R012 foncentration in groundwater tpCLIL)- Th 232 not used i
R0ll Conce nt ra t ion in groundwater (pct /t)- U-214 not v ee d 0 000E+00 -- Wii 91
kOl2 Conce nt rat ton in groundwate r ( pC t / L) U-23) not used 0 000F+00 Witl0n
R0 2 ; Conce ns t at ion in groundwater (pct /Lt U-238 not use d C 000E*00 W1411)

Cover depth tal ) 04Bf*00 0000E+00|
- COVERDRoll t

1.500E*00 DENSCV901) bensity of cover material Ig!ce**J) 1 500E*00

@
poll Cover oepth eron ton este im!yri ! 000E-03 , 1 000F-03 %CV

DFNSC?k0lj be ns i t y of rentsetnat ed zone ( p l e m* * )) 1 $00E*00 ! ! $00F+00 -

; VC2
a

9013 Contaminated torse e rosion r ate talyr) 1 00CE 03 | 1 000E.u) -

{ TPC2NGL) f ont aeinsted gone tot al porosity 4 000E-01 4 000E 01 ,
P0t3 (ont aminated none e t tec tive putosity 2 000E-J1 2 000F-01 . i I PC2 -
k01) Cont antnated zorw hydraulte ronduc tivit y (m/yr) : 1 000F*01 1 000E*01 1 - i HCC2
RQ13 Coni smina t e d zone b pa r eme te t | S.300E*D0 5 300E*00 i j 6C2
R013 Hueldity in air fg/#**)) not used 8 000E*00 I - f H LIMl b
R0!) Evapot r an$p t r at ion c oe f ile ient 9 969E-01 5 000E 01 ; - EVAFTR
RolJ Prec 1p ttet ton telyr) 9 000E-01 1 000E*00 ' PRECIP
R0l3 levigation Imlyr) 2 00CE-01 2.000E-01 i RI
kuiJ tresgation made i +ve r he ad ove rhe ad ( - '1 DI TC H
h01) Runotf toe f f Lc tent O 000F+00 2 00cE-01 i RUNOFF'

Poi 1 Wate rshed area f or nearby stream or pond te**2p 3 000F+06 1 OCOE+06 ! WAREA
Rals Asteracy f or wate r f soll comput at iont 1 000E-0) LC00F-01j FP5

Pois be na lt y of saturated t one ig/cm**J) . 1 SGCE*00 1 500E*00 i . bENSAQ
4 431t Sar ut ated zone tot al porosit y ! 4 000E 01- & 000E-01 ' J TPS2

'

9016 isturated sunc ettectLve porosity ! 2 000E 01 2 000E-01 . - EP5Z
R014 hat ur ate d zone hydraulic conduct ivit y Islyr) |1 000E+02 1.000E+G2 - HCS2

2 000E-02 HGVT2 R016 Sat urated tone hydr aullt g r a d le nt
I' 2 000E-02kGin Sa*urated none b parame te r $ 300E*00 $300F+00| - ES2

R314 hat * r table crop rate relyr) 0 000E+00 1 000F-0) i -- i VWT

.e

d

;
4

e

W

+

a

+

m ew- --- , - , . , - - ,y- 4,+w r - . - a-wv.---we i.er-= -- r,.- - -wesw-,w--e,-ww -e.es- .i-- w i.- - -ww- - t -- wir--rv r1 e- f----e.r w-T -' - -b-
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I ' 1 Residual Radioactivity Propt as. Ve rsion 5.04 04/04/94 00 22 Pa ge 8

| Summary KM CilSH-UtCFW1 FULL CELL DEPTH File KMCFW1.DAT:

| Site-5pec tite Patameter Sums.ary (cont inued) |;
0 5 Use r 0 sed by RESRAD Pataseter

Input Detault (If dLiterent f rom use r input) Name |i Menu s'e r ame te t i

1

1 000E*01 1 000E+0! ~- DWI WT .R014 Well pump t.take depth to below water table) '

t R014 Model ;eondisper sion (ND) or Mass-Balance (MS) ( M8 ND - MODEL )
N k014 1Mavidual's use of groundwater im**3/yr) |2.500E+02 2 500E*02 ~ IN

)

R O ) '+ Num.be r of unsaturated zone st rata I 1 T .
- - NS |'

4 000E+0C |
- - H(1) !iR015 Unset. zone 1, thictness to) I 2.000E*DI

9015 Unast none 1, soll dettatty ( g / cai* * 1) 1 1.500!*00 1.500E+00 - DENSU2t!;
' - %015 Unsat. s one 1. total porosit y 2 000E-0) & 000F. 01 - TPU2(1)

2 000E-01 EPUZ(1)
!'5000F-02

k0li Unsat sone 1. effective porosity
5.300E+00 5 300E+00 - - BU2(4) iR015 Unsat. z one 1, sotl speelt ic h parame te r

R015 Unser sone 1. hydraulic conduc t ivit y intyt) j 3 150E 03 1 000E*01 - HCUZ(1) |
; ,

i

R0l6 Dist ribut ion coef ficients for Re 226 i
*

9016 Contaminated tone (cm**3fg) ! 7 000E*01 7.000E*01 | * - DCNUCC( 4) |
R0l6 Unsaturated zone 1 (ce**3/g) 7 000E*01 7 000!*01 - - DCNUCU( 4,j) 1

$ P016 &aturated zone (ce" 3/g) 7 000E+01 7 000E+01 -~ DCNUC$( 4) l

t R0l6 Leach rate t f yr) 0 000Ee00 0.000E*UO 9 979E-06 ALEACH( 4)
I. R016 Kolubility constant 0 000E+00 j 0.000t*00 r.ot used SOLUBK( 4) |

I |
R016 ' Diat tibut ton coe f f te tent s f or Th-232 a

Rol6 Contaminated tone (ce"3tp | 6.000E+04 I 6.000F*04 - DCNUCC( 8) d

Ro!6 Dr. saturated zone 1 tes**3/g) j 6 000E*04 | 6 000F+04 -- DCMUCUt 8.1)
R0l6 Saturated tone t ro**3(g p - 6 000F*04 i 6 000E*04 --- DCNUC5t 8),
R016 ! Leach vote flyr) 0 000E*00 | 0.000E*00 1 167E-08 ALEACH( 6)
R0l6 Solubility constant |0.000E+0010.000E+00f

,

,
not used $0LUBK( 6) !

t . I

k016 Dist ribut ion coe f f icient s f or U-Z)4 | |
P016 Contae1nated none tes**1/g) ; 5.000E*01 5 000E+01 -- DCNUCC( 9) 4i

I R0l6 Unnat urated zone i fem **)/gl ! 5 000E+01 5 000E+0L -~ DCNUCUt 9.1) |
E016 Saturated gone (cm**3/g) 5 000F+0! 5 000E+0! ~- DCNUCSt 9) |
DJ16 Leac h rate (tyr) 0 000E*00 . 0.000E*00 1 396E-05 ALF. ACH ( 9)
Rbl6 Solubility constant 0 OUGE+00 '. 0 000E*00 sat. used 50 LUBE ( 9) |

l

kol6 r Dist ribut ton coe f f te tent s ter U-235 j
'

I
'

.

''
i P016 Contaminated zone (cm**3/g) 5 00GF*01 5 000F*01 ' - - IKNUCC(10)

|5.000E*01
- I DCNOCU(10.1)-

R014 Ur.asturated zone i t e m" 3 / g ) 5 000E*04 5 000E*01
,

DCNUC5(10)k0l6 | Saturated zone Icm**3!g) 5 000E+01 '

; --
g

R0l6 14 ac h rate flyt) 0 000E+00 f 0 000E+00 j 1 M6E-05 ALE Acil( 10),

d R016 t Solubility constant 0 000E+00 ! 0 000E*00 not used > 50LUSKt10) i,

'
i I

'R0l6 i Dist r itiut ton c oc t f tc ient s for U-238 i

R016 i Contaminated none (cm**3/g) |5000F*01 5 000E*01 ; i DCNUCC t ll) '

R016 I Unsaturated zone 1 t re* * 3 r r) ' 5 000E*01 5 000E*01 i 14NUCU(11.1) i;

R016 ' Saturate d tone (cm**)lg) i 5 000E*01 | 5 000F*01 ' ' DONUCS(!!) i
R016 Leat h r.ne f lyr) j 0 000F+0C * O 000F=00 I 1 396E-05 ! ALEACil(ll)

|R01ti Solnbklity c.onstant 0 000E*00 0 000F*00 8i not u se d 50LUBk(11) ,

1

Ibtsidual Radioacth Lt v Program Version 5 04 04/04/94 00 22 Page 9 |,

1 Summary FM CUSH-FNCFV1 FULL CELL DEPTM TLle DiC FW 1. b4T '

I

51te 5pec it tr Pa ramete r Summary (continued) j
e

; Used by RESP.AD j l'a rasie t e r0 t Use r
!'

i
' *ie nu I Persecter Input Defan!t I (If different tros user input) } Naar

iR016 for daughten Ar-227 - ekol6 , Dist ribution coe f f ic ient s
"

q Contaminated sone tem **)tg) 2'000F+01 [2000F+01 i DC NUC C I 1)'
>016 ; Unsat urated zone 1 tre**3/gp

I' 2 000E*01 2 000E*01 ( DCNUCU( 1.1);

2.000E*01 2 000E+01 DCNUC5( 11R0l6 j Saturated rone tes**3/gl

,0000E*D0|D00CE+00|
--

,

k0l6 + Leach tate t!yt) 0 000E*D0 3 474F-05 AL.E ACH I 1)
,

A016 ! DLat ribut ion coef fic ients for daughter Ps 211 !

, 0 000E*00 not u se d SOLUtF( 1)R0lt holubility constant
4

$# '

. 5 000E*01 5 000E*01 | l DCNUCCt 2), R0l6 $ Cont amina te d tone tem **3/
nce**]4)) | 5 000E*01 5 000E*01 i i DCNUCU( 2,1)E016 i Unsatur ated tone 1 ig

5 000E*01 5 000E*01 DO NUC5( 2)R0lb saturated anne (cm**)/g)
I'

,

ROL6 Leac h rate (lyt )
(O000E*00[0000E*0010 000E*00 , 0 000E*00 |not u se d

1 396E-05 ; ALEACHI 2)
,9 E016 i Solubility constant
d f .

j SPlUBE( 2)
,

q 9016 Dis t ribution coef f icients tot daughte r Pb- 210 t !
$

1 000f*02 ! l 000E+02 DCNUCCI 3)a R0le Contaminated zone L e**)fg)
I' ,

RUi6 i Unsaturated rene 1 (ce**3/g) 1 000F+02 ' l.000E+02 DCNUCUt 3,1), 'P016 Saturated sons (es**3/gl r 1 000E*02 1 000E*04 "- DCNUCS( 3)
8086 Le ac h rate (lyr) ; O 000E*00 0.000E*00 6 990E 06 ALE ACIII 3)

f- R0l6 Solut 11Lty const ant [ 0 000E*00 0 000E+00 not use d SOLUEE( 3)

J RD16 Dist s tbution coe f f ic ient s for daugnter ita-228 |,

FCi6 Contaminated tune its*$3tgi 1 000E*01 7 000E*01 - DCNUCCt il
F0lb Unsaturated none 1 l e ad * N e ) J 000E+0! 7 000F*01 DCNUCUt 5,1)
9616 Sat urated zone tr e * )/ g f

, 0 00DF*00 0 OuCE*00 ;- 9 9Fvt 06 ALEACkt 5)
F 000E*01 ? . 0% F * 01 -- DONUC51 5)

1
!RGt6 Leach tare flyr!

3'

R016 Soluh111t y constar t 0 DD0E*00 O 000E*00 - not use i 60Lt'tF t 5)

, 9016 Dist Lbut ton coe f fir tents f or savghte r Th 228
RtJ 1fr Contaminated rone tre**3/g) 6 000E+04 | 6 C00E*04 DCNUCCt 6}
h016 Unnaturated none i sce**3/g) 6 000E+04 6.000F+04 j - DCNUCU( 6,1)g

R016 3 Saturated zune (cm** jig)
6.0 DOE *04 ' 0 000E*00 1 16?f-08 ALEAfH( 6)

' 6.000E*04 i -- ' DCNUC5( 6),
'R0lb Leach s ate (lyr)

'

0 000E+00
i 0 000E+90 0.000E*00 ' not used i 50LUErt 6)RC16 , 5elutillity constanti

<

i>016 Dist r ibut ton coe f f tt tene s f or daughte r Tb-2 30
, 6 000E*04 ' DCNUCC( 7)

,

R0le Contaminated none (cn* * 1! )) i 4 000E*04 |
Rol6 ; Unsatutared zone 1 Irm**)tt) j 6 000F*C4 5 6,000E*04 ' - DC EICU t 7,1) -
k0le . Saturated sone (cm**3/gp * 6 000E+04 6 000F*04 r DCNUCSI 7)6

k0l6 t Le ac h rate (lyt) 0 000E*00 t 0 000E+00 i 1 16 7E 0k ALEACH( 7)
R016 i Soluh tllty constant (0.000E*00 0000E+00{ not u se d i 50 LUBE { 7)t

! - i INLALRR017 Inhalation rate en**3fyr) B 400E+03 8 400! 03

3000F*00|. - - LM
Ron? , Mass loading for inhalation Ig/m**3) 1 000E 0) 2 000E-04 - j t'LIN!1
R017 j bilution length f or althorne dust , inhalation (m) ) 000E+00
Rcl7 Exposure auratton ! 3 000E+01 3.000E*01 1 -

;
ED

1017 shield tr,g f actor , inhalation 4.000E 01
.

1017 i Shie ld ing factor, enternal gamma 7 000E 01 , 4.000E-Ci ! $11F3

7 00GE 01 | sitF 1
,

. 1

E017 i Fraction of time s pe nt indoves , 0 000F*00 | 5 000E-01 FINb
R017 ) Fr att lun of t iec rpent out doo r s ton site) 2 300E-01 2.500F 01 - ! FOTD
R0l7 4 S ha pe factor, esterr.al geena 1 000f+09 ,! l 000Es00 i F51 1

i
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IResidual Radioactivit y Program. Verston 5,04 04f04/94 00 22 Pane 10
Summary DI CU5114McPWI FULL CELL DEPTif File- RMC W1 DAT

Site-Spec t ric Parame te r Summary (continued)
0 | t U se r

| j Used by RF5uD I Farameter
Menu |

. _ - . - - - --- -.- - - -.._~c. s._ ., - | NamePa r ame t e r I Input Default (If different t rom use r input),

-+ .

Rol? Fractions of ennulas areas within APEA- '

|
ROI? buter annulat radius (m) * Villn) 4 not used i 1.000f*00 - - ' P kACA ( !)
R0l? Outes annular radium tas V(10in) I not used

|1000E*00 - FRACA( 3)
- PkACA( 2)

Vf20/n) 4 riot usedkol? Outer annular redtwa tal * 1 000F+00
V(50/n) | not u se d 1 000E*00 - FRACA( 4)R0l? Outer annular redlus (m) *

R017 Outer annular radius (m) Vittola) I not used 1.000F*00 FitACAt 5)*

* V1200/al i not u t.e d 1 000E+00 FRACA( 6)
"

kolf Outer annular radius (m)3

A017 Outer annular tedius (m) VtS00/a) ' not used 1 000E+00 , - PRACA( 7)*

- R017 Outer annular radius fat - V(1000!nl | not used 1 000E+00 1 FFACAt 8)
R0lF Ourer annular radius te) v(5000fn) { not used 1.000F+00 - - FRACA( 9)e

,
H0!P Ourar annular radius tal via E+04to) not used 1 000f*00 - FRACA(10)e

1

4 R017 Oute r annular radius in) * Vt1 E*05/n1 not usee 0 000F+00 - - FKACA(11)
R0lf Oute r annular tadius (m) * V(1.E+06/a) not used 0 000f*00 - FRACA(12)

R018 Fruits, verstables and grain consumption (kglyr) 4 600E+02 - 1600R+02j
--- DIET (2)

- DIFT(1)
kol8 Leat y vegetable conavapt ion ikglyt e 1.400E+01 1 400E*ul r
R038 Hilk tonsumption (Llyr) 9 200f*01 9 200E*01 1 ~- D!ET(3)
POIS Meat sad poultry consumption (kglyr) 6 300E*04 fi . 300E *01 | - - DIET (4)
R018 Fish consumption (kglyr) 5 400F+00 5.400E*00 1 -

9018 Ot he r neaf ood consumpt ion tkglyr) 9.000F-04 9 000F.01 '
DtET(5)
DIET (6)

R0th Soll ingestion rate tglyr) [ 1 000F+02 3.650E*01 , 50ll
R018 Drinking wate r intake (L/yra ! 5.100E*02 5 100E*02 . DWI )Rota Contamination fraetton of drinking water | 1 000E*c0 1 000E*00 FDW
R018 Contsetnation traction of household water ! l 00Gf+00 1 000E+00 - FilllW
R0la Contamination fraction of itve nto< k wate r i 1 000E*00 1 000F*00 - FLW
R018 Contamination fraction of irrigation weter ' 3.000f*00 1 000F+00 -- FIRW
Rol8 Cont aminet ton f raction of aquat ie tuod 5 000E-01 5.000E-01 --- FR9
R018 Conteelnation fraction of plant food -1 1 0 500E+00 FPLArt
P018 Contamination traction of mest -1 -! 0.125t+00 VMEAT

-

|R018 Contaminat19n tractton of milk -1 -1 0.125F*00 FMILR +

*
R019 Livsstock todder intake for mest (kg/ day) , 6 800E*01 6 800E*01 1.F15
PO!9 Live s t oc k todder intake for allk (kg/ day) 1 5.500E*01 5 500E*01

)LF16
8

R019 Livestock water intake f or meat (Ltday) : 5 000f+01 5 000E*01 LWIi

|5000f-OL
R019 f.iun stoc k water int ake for milk (L/ day) 1.600E*02 4 600E+02 LWI6

* R019 Liventota soil intane (kgIday) J 5 000E-01 LSI
R019 Mass loading f or (011er deposit ion (gle**)) i 1 000E-04 1 000F-04 - MLFD
kD19 Depth of soil mining laye r sm) ' l.500t-01 t ! 'r00E-01 - DM
Rol9 Depth of sovt s (m) 9 000E-01 i 9 000E-01 DROOT,

000F*00|,1000F*009019 Drint ana wate r t ract ion t ron ground water ' l.00GE+00 1 000E+00 : Fr.WDW
''

R019 Household wate r t rac t ion f rom ground water ) i FGWH
kO!9 Livestock water fraction tros. ground water 1 000E*00 ; I 000F*00 +- FGWLW
R019 ( Ir rigat ion f rac t ion f tem y.;ound wate r ! l 000E*00 1.000f*00 FGWIR.

|C-12contentration in water (gits**3t not. used | 2 000E 05 CINFRC14,

(14 ; C 12 concentration in contaminated soll (p./g) , not u se d ) 000E 02 Cl2CI
C14 i Fisc tion of vegetar ton c ac hon (tos sa t t not use d 2 000f-02 C501L
Cl4 ' Fraction of vegetation carbon trom att not used 9 RC0E.01 CAIR
CI4 C 14 evaston laye r thickness in ac L1 is) i not used J ODOF-Cl -

| TVF.N
DMC

Cla > C 14 evenion flun sete f rom so!! II / sec ) ' not use d ? 00Df 07'

C14 ( C 12 evaston flua rate trom soil (1/seck not used 1 000F-10 i REv5N
4

1Realdual Radioactivity Frogram, Version 5 04 04/04/94 00 22 Pare 11
Summary EM CU$ll-FMCFW1 IULL CELL DEFTit File FMCFVI DAT

Site-$pec ific Farame te r Suavnary (r ant inue d )a

& .

Pa r ame te I Input .| be t au lt I (!f d i t te rent
i User . Ilmed hv ktSkAD Parameter

'som usar input) NameMenu | f
.---_p-____, _ _ . _ _ , . . . _ . . . _ , . - . _ ..)___.u.. _ . _. L
r14 ! Fraction of grain in beef c a t t le feed | not u se d P 000F-01 -- AVF04
Cl4 Fraction of 3 reln in stik cow f eed not u se d j 2 000E 01 ; AVFG5

)

R021 Thickness of building t'oundat ioti (m) ! not use d |1500F.01 I | FLOOR
!24.00E*00f DFNSFLR021 6ulk density of butiding foundation Igicm**3) fnot ur.e d

ROJa Tots! porosity of the cove r mate r ta! | 4 000E-01 '4 000E 01 ! - 'I PCV
B021 Tat al porosity of the building foundarton * not use d 3 000E 01 | TPFL

f R021 Volame t ric water content of the cover matertal 5 000E-02 5 DOCF-02 - Fil20CV
of the foundation j not use d i 3.000E 02 , - 4 Pil20FL

RG21 | Volumet ric wate s content |DIFCV
R321 Lif f un ton coe f f icient f or radon gas talsec) . j

"

|
R02) ; in cover material i 2 000E 06 ; 2.000E-06 ; i
B021 in toundet ton mates tal ' not used

| 2 000E-06 i
- r DIFFLJ 000E-0)

R02l . in contaminated zone soll 2 000E-06 .

' | DIFCZR02 t i Radon vertical dimenston of staing (m) 2 000F400 ' 2 000E*00 ' , HMII
'

R021 | Average annual wind speed tolsec) !2000E*00 2 000F=00 , VIND
* -kO2h I Averste butiding air exchange rate tilbr) not used 5.000E 01 i ! RFXG

is P028 i Height of the building troom) (a) not urse d 2 500F+00 i
| HRMRC2) autldtha inres tor area f actor i not used 0. 000E*00 I code coa.puted t r lee de pe ndent ) FAI

R021 1 Butiding depth below ground surface (e) not used 1 000E+00 [ - 1 DMFLa

*R021 Emanating power of Rn427 ., 2 500E-Oi 2 50cE 01 - FMANA(1).

R02LfImanatingpowerof Rn-220 gas 1 500E 01 i 1 500F-01 | j EMANA(2)

Summatv of Pa t hway Se lu s ions

Pathway User telect ion
. . _ . - . . _ . , _ _ __

! --. e ete r na l gamma j active
2- Inhalation tw/o saaonji active
) .- p la nt ingestion ! anive

' 4 -- meat ingestion i actLue
5 ., slik ingestton active
6 aquatic tood, attive
7- drinking water j active
8- soll ingestion ac t ive
9- radon j active

4

ea- -w, - - . , e- , + .---n- - - ..,--,,n.+ - , ..-,n. ---,n, ,- .,n.. --, - -- -n-- -- . . - - - n-, ,
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lkesidual Radioactivity Program. Verston 5 04 04/04/94 00 22 Page 12

]| Summary KM CUSH.KMCFW1 FULL CELL DE PTH File : KMC FW1. DAT

j' Contaminated Zone Dimensions initial Sett Concentrations, pC1/g
__- . - . _ ~ . - - ~ .

Area. 2500.00 square meters ka 226 1.000E+00

("""
Th t r kne s s - 3.00 meters Th-232 1.00DE*00 .

Cove r De pth - 3 05 meters U-234 1 000E*00 j
U 235 1.000E*00
U-236 1 000E* 00

0
Total Dome TbOSE(t), miemlyr

Basic Railation Dose Limit - 30 aremlyr i
'Total Misture Sum Mit) * Fraction of BasLe Dose Limit Race tved at Time (t)

t Eyears) 0 000E+00 .1 000E*00 3 000E*00 1 OJ0E+01 3 000E 01 1 000E+02 3 000E+02 1.000E*03,

+ TDOSEtt): 3.405E 05. 3 407E 05 3 411E-05 3.425E-05 3.465E 05 3.609E-05 4 057E-05 6.129E 05
i Mit)- 1.135E 06 1.416E-06 1 13FE 06 1.142E-06 1 !$5E-06 1.203E-06 1.352E-06 2 043E-06

DMaximum TDOSEtt) 6.129E 05 stemlyr at t a 1.000E*03 years

IResidual Radioactivity Program. Version 5 04 06/04/94 00 22 Page 13 -

Summary KM CUSH-KMCFWI FULL CELL DE PTH File : YMCFW1 DAT .I
Total boke Contribut tons TDOSE(1.p.cl f or individual Radionuclides (1) and Pathways (p)

As aremlyr and Fraction of Total Dose At c * 0 000E+00 years
a 0 Water inde pe nde nt Pathwayh (innalat ion exclude s radon)
d 0 Gr outed Innalation Redon Plant Meat Milk Soil

Radio. - - - , - - -

Nuc lide mremlyr fract. aremlyr fract aremlyr fract aremlyr tract. ares /yr tract premlyt fract_ mrem /y; fract

Ra 246 4 92eF 13 0 0000 0 000E*00 0 0000 3 405E-05 1 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 -

Th4232 0 000E*00 0 0000 0 000F+00 0 0000 0.000E400 0 0000 0.000E+00 0 0000 0.000!*00 0 0000 0.000E+00 0.0000 0 000E+00 0.0000 i

U-2)4 0 000E*DD 0 0000 0 000E*00 0 0000 0.000E400 0.0000 0 000E*00 0.0000 0.000E*00 0 0000 0.000E+00 0 0000 0 000E+00 0.0000 (
U-435 4 630E 28 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000R*00 0.0000 0.000E+00 0 0000 J

U-238 1 411E-18 0 0000 U 000E*00 0.0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E*00 0.0000 0 000E+00 0 0000 0.000E*00 0 0000
j total 4 92PE-13 0 0000 0 000E+00 0 0000 3 405E-05 1.0000 0.000E 00 0 0000 0.000E+00 0.0000 0 000E*00 0 0000 Ol600E+000.0000
'

0
* Tot al Dose Contr ibut tons TDOSE t t.p.t ) f or Individual Radionuclides Ill and Pathways (p)
1 As arem!yr and Fract ion of Total base At t = 0 000E*UO years

0 Water Dependent Pathways
0 kater Fish Radon Plant Me a t Milk All Pathways *

Radio. -- - --- -- 4 .- - - - . - - - - . , - - - - - - - - - - . - - - - -

Nac i tee ereelyr fract pres /yr fract steelyr tract are ely r tract, eremlyr tract mrem!yr tract areelyr fract..

Re-JJ6 0 000F*00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0.0000 C 000E*00 0.0000 0 000E*00 0 0000 3.405E 05 1 0000
Th 232 0 000E*00 0 0000 0 000E+00 0 0000 0 000F-00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 |
U lla 0 000E*00 0 0000 0 000E+00 0 0000 0 000Eeu0 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 j
U JJ5 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 00GE*00 0 0000 0 000E*00 0 0000 4 630E-26 0 0000

> U-23E O 0008+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0300 0 000E+00 0 0000 0 000E+00 0 0000 1 471E-18 0 0000
1 - . m,+-+-

. .- . _ . _ _

Tot e t 0 000E+00 0 00D0 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 3 405E 05 1 0000
0+5am of all w*ter inde pendent and dependent pathways

thestoual Radioactivity Program. Version 5 04 04/04/94 00 22 Page 14
Summary KM Cush-FMCFW! FULL CELL bf PTit File : KMC FWJ DAT I

Tot al Dose cont ributions TD05f t t p.t ) tot Individual Radionuclidna t1) and Pathways (p),

As steelyr and Fraction of Total Dose At t = 1 000E*00 years*

| 0 .

Inhalation Radon Plant Meat Milk Soll
Water inde pe nde nt Pathways (Inhalation excludes redon)

4- 0 Croune
/ kad[p. - -. .~ . . - - . . . ~ _ _ - - _ _ -__ . . -

but 16 dc etes/yr tract areelve tract oreelyr tract orem/yr tract. tremlyr frect, stemfyr tract mrcelyr (tact.,

; -.. - , _ __ - -

* Ra-446 4 974E IJ 0 0000 6 000E*00 0 0000 3 407E-05 1 0000 0 000E+00 0.0000 0 00CE+00 0 000G 0.000E 00 0 0000 0.000E+00 0,0000
Th - 4 JJ l 6 7 5F 11 0 0000 0 000F400 0 0000 0 000E+00 0 0000 0 OC0F+DO 0 0000 0 000E+00 0.0000 0 000E*C0 0 0000 0 000E+00 0 0000"

D . / J6 9 70/E-2/ 0 Ov00 0 000E*00 0 0000 6 646E 14 0.0000 0 000E*00 0.00c0 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000,

U 4 si I )=4L /4 t 0000 o OncF 00 0 0000 0 000F*00 0 0000 0.000E+00 0 0000 0 000E+00 0.D000 D 000E*00 0 0000 0 000E+00 0 00004.

U .1* I 6r9E 16 0 0000 0 000E*00 0 0000 6 924E-20 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0,000E+00 0.0000{.
Tot a i / 173E.12 0 000D 0 000F+00 0 0000 3 407E-05 4 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E*00 0.0000

.

Total Gose rentributtor4 TDOSEst.p.t) for Indiv Ldual Radionuc lide s (1) and Pathways (p)
As areatyr and Fraction of Total bone At t = 1.000E*00 years

0 Wate r Dependent Pathways
0 water Fish Redon Plant Meat Milk All Pathways *
kagic. . _ __. - _ . _ ._ .. -- __ . . - - - - .

hartide steervt treet miesIyt fract mrtelyr fract areelyr fract stem /yr tract eremtyr -tract aremlyr fract

he.J.6 0 000F+00 0 0000 0 000*+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E400 0 0000 0 000F+00 0 0000 3 407E-C5 1 0000
Tro i s. 0 00cf.00 0 0000 0 000F*0L 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000!+09 0 0000 0 000E*00 0 0000 1 67$E-12 0 0000

| O l>4 'O 00bf*00 0 0000 0 900F+D0 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 090E+00 0 0000 0.000E+00 0 0000 6 646E-14 0.0000
U + si 0 0005+00 0 0000 7 000Ra 0 0000 0 000F +00 0.tm00 0.00LE*00 0.0000 0 000E*00 0 0000 0 000E+00 0.0000 1.384E-24 0 0000 ..

L' 1 s p 0 000E+00 0 0000 0.000F+00 0 0000 0.000E+00 0.0000 0 000E*00 0 0000 0.000E+00 0 0000 0.000E+00 0.0000 1.555E-18 0 0000
lut a ; 0 000Fe00 0 0000 0 000F+00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 J.407E-05 1 0000

casue at all water inde pe nde nt and dependent pathways
,

itemidual badioacstvit, Proyree. Version 5 04 04/0t/94 00 22 Pare 15
j S umma r y EM CUSH KMCFW1 FULL CELL DEPT 4 File EMCFW1.DAT

. Total Done Contributtons TDOSE(1.p.t) f or Individual P.adionuclide s (1) and Pathways (p)
As aremlyr and Fraction of Total Dose At t = 3 000f+00 years

0 Wate r is. dependent Pat hways (*nhalation exclude s radon)
0 Ground Inhalation Radan Plant nea r Milk 5o11
Radio- -- -- .

Mut L tdc arcelyr fts*t stemlyr fract mremiyr fract stemlyr frart mreelyr fract stemlyr fract steelyr tract

Ra-ZZ6 5 06BE 13 0 0000 0 000E*00 0 0000 ) *11E-05 1 0000 0 000f*00 0 0000 0 000E*00 0.0000 0 000E*00 0.0000 0 000t+00 0 0000
1h-i3J 1.133E-11 0.0000 0 000E+00 0.0000 0.000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0.000E*00 0 0000 0 000E+00 0.0000)
10234 5 90lf 21 0 '000 0 000E*00 0 0000 5.991E 13 0.0000 0.000F 00 0 0000 0.000T+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000
U435 7 ChiE-24 0 ?000 0 000F+00 0.0000 0.000E+00 0 0000 0.000F*00 0 0000 0 000E+00 0 0000 0 000E 00 0 0000 0.000E*00 0 0000*

| U-234 1 $26E 18 0 0000 0 000E400 0 0000 1.702E-18 0 0000 0.000E+00 0.0000 0 000E*0u O 0000 0.000E+00 0 0000 0 000E+00 0 0000
,

. - - _ - _ - . ,
. _ . - _ __ _ _ _ _ . __ . - -

]
- 1otal 1 IB6E-Il 0 0000 0 000E+00 0 0000 3 411E-05 1 0000 0 000E*00 0.0000 0 000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0.0000

?
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-Tot al base Cont ributions TDOSEt t p,5) tot Individual Radionucitdes {t) and Pathways (F'
As nreelyr and Fraction of Tot al Dose At t * 3.000E*00 years

0 Wate r Dependent Pathways i

0 Water Flah Radoa Plant He a t ML1h All Pathways *
Redto. -- - - - ~ - - - -- - - - - - - -

mies/yr fract ores |yt tract:
- -- ---

kucilde areelyr fract steelyr tract ares /yr tract. aremlyr tract. neealyr tract

Ra 226 0 000E+00 0 0000 0 000E+00 0 0000 0 00r(+00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0.0000 3 Ulf-05 1.0000
Th 232 0 000E*00 0 0000 0 000E*00 0 0000 0 Os0E+00 0 0000 0 000E400 0.0000 0.000E*00 0 0000 0.000E+00 0.0000 1.133E-ll 0.0000
U-734 0 000E+00 0 0000 0 000E+00 0 0000 0 >>0E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 $ 991E-13 0.0000
U 235 0 000P+00 0.0000 0 000F+00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 7 OH2E-24 0.0000
U 238 0.000E*00 0 0000 0.000E+00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 3 2288-18 0.0000

Total 0 000E+00 0 0000 0 000E+00 0 0000 0.100E+00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 C '10E+00 0,0000 3.411E-05 1.0000
0*5am of all wate r independene and de pendent pat 5 ways.

Ike sidual Radioactivt r y Program. Version 5 0', 04l04/94 00 22 Fase 16
Summary KH CU5H-FNCFW1 FULL CELL DFFTH File- KMC FW l , DA T

Total bose Cont r ibut tons TDOREt t ,p,:1 f or Individual Radlonucitde s si) and Fathways (p)
As mremlyr and Fraction ei Total boke At t a 1.000E*01 years

0 Wate r Independent Fa t hway s tinhalation excludes todon)
O Cround Inhalation Radon Plant Me a t Milk Soll

Radto. -- - - - - - - - - - - - - - - - - - - - -

Nucitde stem /yr fract stem!> r fract- aremlyr (ract arcelyr fract. aremlyr tract steelyr fract oreelyr (tact.

ka-226 5.409E-13 0 0000 0.000E+00 0 0000 3 425E-05 1 0000 0 000E+00 0 0000 0.000E+00 0.0000 0 000E+00 0 0000 0.000E+00 0.0000
Th 232 5 438E-Il 0 0000 0 090E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000F+00 0 0000 0.000E+00 0 0000 0.000E+00 0.0000
U 234 1 057E 19 0 0000 0 000K+00 0 0000 6 698E-12 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0.000E*00 0.0000 0 000E*00 0.0000
U 235 5 680E-23 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 0.000E*00 0 0000 0 000F+00 0 0000
U 238 1 663E-19 0 0000 0 000E*00 0.0000 6 319E 17 0.0000 0 000'+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000

Total 5 492E-Il 0.0000 0 000E+00 0 0000 1 425F-05 1 0000 0 000F 00 0 0000 0.000E+00 0 0000 0.000E+00 0.0000 0 000E+00 0 0000
0

Total Dose fontributions TDOSElt-p.t) tor Individual kadlonuc Lides til and Pathways tp1
As steelyt and Fraction of Total Dose At t* 1.000E*01 years

0 Wate r bependent Pathways
0 Water Fish Redon Plant Meat Milk All Pathways *

Radio- - ~ - - - . -- -~ ~ - - - - - - - - -- - - - - - - - - - - - - - - ~ ~ - -

Nurlide tremlyr fract mreelyt fract oremtyr t rac t . mremlyr tract prem/yr tract miem/yr fract. area /yr f rac t .. ,

Ra 226 0 00G2+00 0.0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 3 425E-05 1 0000
Th 131 0 00aE+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 5 43HE-Il 0.0000
U- 2 34 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 6 69BE 22 0 0000
U-43% 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 ODGE*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 5 860E-23 0.0000
U-238 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E*00 0.0000 0 000E+00 0 0000 0 000E*00 0.0000 6 485E-17 0 0000
Total 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0003 0 000E.00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 3 425E 03 1,0000

D* Sum vt all wate r Lnde pe nde nt and dependent pethways

Ike r idu41 kan toact t v it y Program, verston 5 04 04/04194 00 22 F a te 17
b.mmary FM CUSH-FMCIW1 FULL CFLL DEPTu - File KMCFWI LAY

|Tetal Dore Cont ribut ions TDOSE t t .p.t ) for Indtvidual Radionucaldes iL) and Fat hways (p)
As oremlyr and Frac t ion of Total Dese At t - ) 000E*01 years

0 Wate r Independent Pathways (Inhalat ion exc ludes redon)
O Cround Inhalation Radon Flant Meat '

-- -' - - '- - - <

Milk Soli
kodio- - - - - - - - ~

mree' l y r
- - -- -

Nucitde miemlyr tract tract mremlyr fract- premlyr tract premlyr tract mremlyr tract mremlyr tract.

\s,,g: Ra 226 - 6 511E 13 0 0000 0.000E+00 0 0000 3 4657-05 i 0000 0 000E+00 0 0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000
Th 211 1 DRiE 10 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0.0000
0-234 1.152F-18 0 0000 0 000E*C0 C 0000 6 133E Il 0 0000 0 000E*00 0 0000 0 000E*0u O 0000 0 000E+00 0.0000 0.000E+00 0 0000
U 235 5 112F-J2 0 0000 0 000E+00 0 0000 0 DC0E*00 0 0000 0,000F 00 0 0000 0.000E*00 0 0000 0.000E*00 0 0000 0 000E*00 0 0000
U 235 2 llBE-16 0 0000 0 000E+00 0 0000 1 737E-15 0 0000 u 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000

Total 1-092E-10 0 0000 0 000E+00 0 0000 3 465E 05 1.0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0.0000 'O 000E+00 0.0000
0

Tot al buse font r ibut tons TDOSE t t ,p,t) for Individwal Radlonuclides (1) and Pathways (p)
As atemlyr and Traction of Total Dose At t = 3 000E*04 yearn

0 Weter Dependent Pat hways
0 Water Fish Radon Plant Ke n t Milk All Pathwaye*

Radlo- -- - - - - - - - - - - - -~ - ----- - - - - - - - - - - -

Notilde p rem t y r tract. treely r fract s.t eml y r t r ac t . eremlyr tract aretlyr tract aren/yr ftact aremlyr tract,

Ra 226 0 000E*00 0 0000 0 00GE*00 0 0000 0 000!+00 0 0000 0.000E*00 0 0000 0.000F*00 0 0000 0 000E*00 0 0000 3 465E-05 1 0000
Th 212 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000F*00 0 0000 0 000E+00 0.0000 L.085E-10 0 0000
U i .'m 0 000F+00 0 0000 0 000F+00 0 0000 0 000E+00 0.0000 0 000F+00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 6 133E-Il O C003
U-235 0 000F.00 0 0000 u 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 5 ll2E 27 0 0000
U-23M 0 000Fe00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000!+00 0 0000 0 000E+00 0 0000 1 739E 15 0.0000

Total 0 000E*00 0 0000 0 000F*00 0 0000 0 000E+00 0 0000 0 000!+00 0 0000 0 000E+00 0 0000 0 000F*00 0 0000 3 465E-05 1 0000 j
Casus et all watet inde pe nde r.t and dependent patNways ;

I
Ikes!cual Dadio.crivity tropram, Version 5 04 04/04/94 00 22 Page 16 j

5 4eima r y FM CUSO F.McFW1 FT L (Eli W PTH P t le KMCFW1 OAT

Tot al ! use Cont ributions TDOSE4L,p.t) tar Individual Radionuclidea (t) and Pa t hway s (p)
As eremlyr and Fraction of Total Dose At t * 1 000E*02 years

O Wate r inde pendent Pathwaya | Inhalation escludes s adon)
O Ground Inhalation Radon Plant Heat Milk Soil
gu to. - . _ _ _ _ _ _ __ _ _. - _ _

huclide miemlyr fract areelyr fract, mienlyr tract premlyr tract. stemlyr tract asem/yr tract eien/yr +ract

Ra-226 1 24?F 12 0 0000 0 000E*00 0 0000 3 609E 05 1 0000 0 000E.00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000
Th4232 1 976E 10 0.0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000
U 2)4 2 502! 47 0 0000 0 000E*00 0 0000 7 242E-10 0 0000 0 000E+00 0 0000 0 4J0E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000
U-235 8<177t-21 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 00cE.00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0.0000
U-238 5 038E 18 0 0000 0 000F+00 0 0000 6 814E 14 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000

Tot al I h89E-10 0 0000 0000!*0000000 3 609I 05 l'00v0 0 000E+00 0 0000 0 000R+00 0 0000 0 000F+00 0.0000 'O 000E*00 0.0000 I

~

O 1

Total Dose (ontribut ions TDOSE(1,p.t) for Individual kadionuclides (1) and Pathways (p)
As miemlyr and Fractlen of Total Dose At t = 1.000E*02 years 1

0 Wate r Dependent Pathways -

0 Water Fteh kadon Plant Ke a t 'Mllk All Pathways *
kadio- -- - - - - -- - - - - - -

Nuc lide stem /yr tract. aremlyr fract miemlyr tract arcelyt tract. aremlyr tract aremI f r. fract. miemlyr fract

Ra 226 0 000F+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 3 609E-05 1 0000
Tb-232 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*03 0 0000 0.000E+00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 1,976E-10 0 0000
U 234 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 0 000E+00 0.0000 7.242E-10 0.0000
U ' 35 0 000F*00 0.0000 0 OuoE+00 0 0000 0 000E+00 'o 0000 0 000E*00 0 0000 0 ODOE+00 0 0000 0 000E+00 0.0000 8.177E 21 0 00004

U-238 0.000E+00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 6 6S4E 14 0 0000

Total 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000 0 000E+00 0.0000 3 609E-05 1,0000 !

C* bum of all water independent and cependent pathways

< - . . . - ,- - - - - . - - . - - - -- --.
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IResidual Radioactivity Program. Version 5 04 04/04194 00 22 PaFe 19
Summary KM CUSH-KMcFW1 FULL CELL DE PTH File - KMCFW1 LAT

Total Dose tor s tibutions TD05E(1.p.t) for Individual Radionuclides (1) and Parkways (p)s

As miemlyr and Fraction of Total Dona At t = 3 000E*02 years
j ' O Wa:=r Independent Pathways tinhalation escludes redon)
d - 0 Ground Inhalation Redon Plant Me a t Milk - Soit

kadto- --- -- - - - - - --- -

Nuclide aremlyr fract. mremlyr tract. stemlyr toast aremlyr tract. nreelyr fract. areelyr tract aremlyr fract.
2

Ra 226 7.982E-12 0 0000 0.000E*00 0 0000 4 056E-05 0 9998 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0.0000 L

. Th-232 9 736E-10 0 0000 0 000f*00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000
d U-234 1 527E 15 0 0000 0 000E400 0 0000 7.760E-09 0 0002 0 000E+00 0 0000 0 000E+00 0.0000 0 000F400 0 0000 0 000E+00 0.0000

U 235 4 480E-19 0.0000 0.000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000
U 236 3.947E-11 0 0000 0.000E*D0 0 0000 7 219E-12 0 0000 0 000E+00 0 0000 0 000E400 0 .0000 0 000E*00 0 0000 0 000E+00 0.0000*. e

Total 9 516E-10 0.0000 0 000E*00 0 0000 4 056E-05 1 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000
0

Total Dose Cont ribut tons TDOSE(1.p.t } for Indtvidual Radionucitdes (t) and Pathways (p)
4 As nreelyr and Fraetton of Totst Dose At t* 3 000E+02 years
; O Water Dependent Pathways

0 Water Fish kadon Plant Me a t Milk All Pathwayai
RadLo- ---- - - - - - - - - - . . - - - "-- - - ~ ~ - - -- -

Nucitde areelyr fract. areelyr (tact eremlyr fract areelyr fract. aremlyr tract- stemlyr tract. areelyr fract.

Ra-226 0 000F*00 0 0000 0 0006 00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 4 0$6E-05 0 9996
Th-232 0 000E*00 0.0000 0.00GE+00 0 0000 0.000E+00 0.0000 0 000E*00 0 0000 0.000E+00 0 0000 0.000E+00 0.0000 9.736E-10 0.0000
U 234 0.000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0.0000 0.000E+00 0 0000 7.760E 09 0.0002
U-235 0.000E+00 0.0000 0 000E+00 0,0000 0.000E*00 0 0000 0 000E+00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000 4 480t-19 0.0000
U-238 0 000E+00 0.0000 0 000E+00 0 0000 0.000E*00 0 0000 0.000E+00 0.0000 0 000E+00 0 0000 0.000E+00 0.0000 2.219E-12 0.0000

Total 0 000E+00 0 0000 0 00CE*00 0.0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 4 057E-05 1-0000
i ' 0* Sum of all water independent and de pendent pathways !

IRestdaal Radioactivity Program. VerStan 5 04 04/04194 00 22 Page 20
,

Summary KM CU5H-KMCFW1 FULL CELL DE PTH File - EMCFW1.DAT

Total Co+e Cont ribut ions TDO5F(1.p.t ) fos IndtvLdual Radlonuelides 6t) and Pathways (p)
1 000E*03 yearsAh areelyr and Fraction of Total Dose At t =

d- O hate r Incependent Pat hways tinhalation exclude s r edon)
0 Oround Inhalation kadon Plant Meat Milk Soll
Radio. _ . _- ~-___ - _ - - . , _ _ _ - ---

Muc1Lde eremlyr fract. aremlyr fract preelyr tract arepl y r fract mreelyr tract eremlyr tract aremlyr fract.

Ra-226 $ 298E-09 0 0001 0 000E*00 0 0000 6.087E.05 0 9931 0 000E400 0.0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000
Th-232 2 $91E-07 0 0042 0 000E+00 0 0000 0 000?+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000
U 2 34 1.183E-11 0 0000 0 000E+00 0 0000 1 S89E 07 0 0026 0 000E+00 0 0000 0 000Ee00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000
U-235 1 82FE-te 0 0000 0 000E+00 0 0006 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0,000k+00 0.0000

| U.238 3.39)E 13 0 0000 0 000E+00 0 0000 1.550E 10 0 0000 0 000E+00 0 0000 0 00cr+00 0 0000 0 Oc0E+00 0 0000 0 000E+00 0 0000 ,

5 Total 2 6&&E-07 0 0043 0 000E+0c 0 0000 o 103E 05 0 9957 0 Oc0E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000
0

Total Dome Contributtons TDOSFit.p.t) f or 1r,dtvidual Rad Lonut ildc 6 (1) and Pat hways (p) >

1.000E+03 years !As arealvt and Fraction of Total Done At t =
O Wete De pe nde nt Pethwayn .

O Water Fish kadon Plant Me a t Mllk All Pathways *
i Redlen - - - ~ _ - - .

Nuclide areelyr tract premlyr teart areatyr tract areelyr tract areatyr tract aremlyr tract, areelyr fract.

Ra-226 0 000E+00 0 0000 0 00cE*00 0 0000 0 000F*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 6 087E-05 0 9912
Th-232 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 2.59tE-07 0 0042
U-l)4 0 000F+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0.000E*00 0 0000 0.000F+00 0 0000 1 589E 07 0.0026
U J)$ O.000F*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 1 827E 14 0 Ov00

4
U 238 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000R400 0 0000 0 000E+00 0 0000 0 000Ea00 0 0000 1.554E-10 0.0000 -;

.

Total 0 000E+00 0 0000 0 000E+00 0 0000 0.000F*00 0 0000 0 000E+00 0 0000 0 000E400 0 0000 0 000E*00 0 0000 6.129E-05 1 0000-'

,

j 0+$um of all watet trioe pe nde nt and dependent pa t hWa F s
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I 1Res tdual Radioac t ivity Program. Version 5 04 04/04/94 00.22 Page 21
I Summary FM CU50 KMCFW1 FULL CELL DEPTH File FNCFW1 DAT

Dosellource Ratlos Summed Over All Pathways
Patent and Progeny Princ ipal RadLonuc Ltde Cont e lbutions Indicated

OParent Product Branch D5R(j,tj (artelyr)/(pCL/g)
(t) (j) FractLon ta 0 000E*00 1,0002 00 3.000f+00 1.000F.01 3.000t*01 1.000t*02 1 000!*02 4 000f+03

\
j Ra-226 ka 226 1.000t+00 3 40$F 05 3.4072 05 3 411t 05 3.425t 05 3 46$E 05 3 609E-0$ 4.056E-os 6 087t 05

Ra 226 PD-210 1.000f400 0,000!+00 1.673E 29 1 04Ff 29 1 719F-28 5 603E 28 3.I!2f 27 1.173E 2$ 3.264t 20
Pa-226 TDSR(J) 3 405f 0% 3 407E 05 3 ellE 05 3.42SE-OS 3 46SE-0$ 1.6097-05 4 0$68 016 087t 0$

OTh 232 th 232 1.000f+00 _ 2 276t 39 2.337E 39 2.46%E-39 2 967E-39 3 042F-39 3.2258 38 6 475E-36 7 423E-28
Th4232 ta 228 1,000F*00 0 000E*00 $ 39 st il 3 4 7 8 t-14 3 6$01 14 6.233E 14 1.316E-13 1 030E-12 1 380E 09
Th 232 Th 228 1000E+00 0 000E*D0 1 $10E 12 1.13sE.ll 1.414t il 1.095E 10 1 915E.30 9 726E 10 2 $7FE-07
Th 232 ED5R(J) 2 276E 39 1.675E 2 1 133f-ll 5>438f il I 055E 10 1 976E 10 9.736E 10 2 591E 07

0U-234 D 234 1.000F+0D 1.457E-3) 3. $31E 3) 3 691E 33 4.3025 33 6 662F-113 080E 12 2 446F 30 1 091F-2)
r U-234 TL-230 1 000E*C0 0 0002 00 3 229E 44 i O!?E-40 4 016E 40 1 957E 39 3.56)t 3s 1 367E-35 1 077t-27 'U 234 Ra 226 1 000E*00 0 0D0f +00 6.646E-14 3 991f 13 6 6988-12 6 133E ll 7 242f 10 7 760f-09 1.589E 07

O.234 Ph 210 1 000E+00 0.000f+00 1 096E-38 3 023E 37 1.207E-36 4 0712 34 3.589E 32 1 796F 29 7.912E-23
U 234 EDSRfj) 3.457f 31 6.646E 14 % 991f-l) 6 695E-12 6.13]E Il 7-242f 10 7.760E-09 1.5R9E 07

Ou 235 U 235 1.000E+00
4 610E te 4.724E 28 4.918E-28 5 662t 28 8 468! 28 J-.465E-77 1.940F-25 2 549E-19 lU 234 Pa 238 1.000t+00 0 000F*00 9.1132 2$ 2 809f 24 1 030E 23 4 060F 23 3 $17E 2 2 1.61$E-20 7. 5138 16

0-23% Ar-227 6 000t+00 0 000E+00 4.721E-2) 4 272E 24 4.850f 23 4 706E 22 7.8251 21 4 319E 19 1 751E 14 |
U-235 TDSRij) 4 6 )DE 28 1 184t-24 7 Os2E-24 5.880E 23 5.!!?f-22 8.177f-21 4 ea0E-19 3 827E-14 I

U 238 U 238 1 000F+00 1 47:t 18 1 469E-18 1,526E-18 1 663E 18 2 lier-!N $ 036t.18 $ 904E-17 3 258f 13
1-238 U 234 1.000F*00

0 000f *00 9 996F 00 0 000E+00 S.605E 45 8 268E 44 5.040E-42 5 799E-39 1
39 3. 3 )E. 38 1. 217E 3 7 5 6S 5E 3 7 B . 715E 36 2 0 7 7t 3 3 3 091E- 2 6

%238 Th 230 1.bO0f*00 0.000E*00 0 000E 522E-30
b4238 Ra 226 l.000E*00 0 000E+00 6 924t 20 1 702E-18 6 319E 17 8 7318 15 6 854E 14 2 2195-12 1 SilE 10
U-238 Pb-210 1.000E*00 0 000E*00 0 000E+00 $ 269E 43 8 6608 41 9 016E 39 2 847E-36 4 6942 33 7 478E-26
0 238 LDSR()) 1.471E-18 1 $$8E 18 3.228E 18 6.485E+17 L 739E 1$ 6 H54E-14 2.2198-12 1 5$4t-10

Branch f a setion is the cumulative f act ur f or the j't h principal rad Lonuc!!de daughte r CUM 8RT(j) 8RF(!)*8pF12)* BRF(J)-=

The 45R includee cont ribut tons ( rom assoc teted (halt life s 0 5 yrl davahters
0

Single Radionucllde Soll Guidelines L(1,t) in pCL/g
Basic Radiation Dose Lie.t * 30 steelyr

CNuc lide
it; to O C00E*00 1.000E400 3 000E*00 1 000E*01 3.000E*01 1 000E*02 3 000E+02 1.000E+03 q

Ra 226 8 810E*05 8 F05E*05 6 795E*05 U 759F*01 6 6)#R*05 8.313E*0) 7 397f40$ 4.928E+04 1

in-237 *! 092f+05 *1 092E*US *1 092E+05 il 092E*05 *1 092E 0) *L 042E+0) *1 092E+0S *! 092F+05
U-234 *6 233E+09 *6.233E+09 *6.23]E+09 +6 233E+09 *6 233E*09 *6 23.1E+09 3 866E+09 1 888E*0s

!.
U 235 *2 160E+ 82 16CE*06 *2 160E+06 *2 160E*06 *2 160E+06 *2 160E+06 82 160E*06 *2 160R406

,* 3. 350f .06U 238 05 +3 360E*05 *3.360E*05 *) 360E*05 *).36Cfe05 63 360E+0$ *3 360f*05 43 360E+0i '

*At spec i f ic ac tivit y limit

. - - I

*
I

.I

I

1Restdual Radloarrtvity Program. Verston 4 04 04/04/94 00 22 P a r.e 22 |
Summary FM CU5H'KMC FWI FUL L CELL DFFTil File EMCFWI DAl' 1

Summed Dose / Source Rat ton D5Ril .t) in tercelyr)ltpt.li 3

and Slagte Radlonuclide Lot t Guidelince Cil,t ) InpC1fg
|

,

. s l me of minimum single red Lonut ! Loo soll gutde,tne jat tain o
and at tasu t tme or sau tsum tot al dose = 1 000F+0) vears

ONac l Lde Inittet tatn D5R(L.tata) G(1.tmLn) bh4(L tman) 6( 1. t ma s !
11) pC L t g qyears) (prt/g) (pctfg)

Ra 726 1.000f+00 1 000F+0) 6 G87F-04 4 9/EF+05 6 067F-05 4.928F+0%
iin-232 1 000E*00 1 000E*0) J $9tf 07 'l 092F*05 2 591F 07 *l.0Va't=0) i

U - 214 1 000E+00 1.000E+03 i $#9R 07 L #PMEe08 8 >B9E-07 1 848E40A jb-215 1 000F+00
1 000F.03 627F.|0 *i 360E+03
i GC0F4 1 4 *2-i60E*06 1 827E-14 *1 : 160F. *C 6

0 23M 1 Cect+00 03 i ss E i i 354E i0 *, 360F.0s
,

-. __ _ . . .

*AL apecific ac t ivit y limit
. . . - - . . . . .
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Table KMCRFB1
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$wamary gM CUSH4MCEF81 FULL CELL DEPTH Flie. KMCRFil DAT I

,

Dose Conve rsion factor t end Rs tated) Pecameter Summary
0 ) Current Pa r ame t.e r
. Menu Fatemeter e Va lue De f a ult Name

+ 1

[ A1 Cround este rnst gea, volume DCF's, tareelyt)/ tpClicm**3) . i

A1 Ac 227+D soil dersity * 1.0 g/cm**3 2.760E+00 2.76DE*00 DCFit 1,1),

A1 Ar-227+D , sot'l density * 1.8 g/ cm**3 !<520E*00 1.520E+00 DCF11 1,2)
A-1
A-L Pa-231 soll density * 1.0 g/cm**3 2 210E-01 2 21DE ')! DrFlt 2.1), ,

A-1 Pe-234 soil dens it y * 1. 8 g /ce* *3 1 2!06 01 1.210E-01 DCrit 2,2)
A1
A1 Pb-210+D , soil densit y * 1 0 g/ce"3 4 870E-03 4.870F-03 DCFit 3,1)
A1 Pb-210+b , soll density * 1.8 g/cm**) 2,310E-03 2.310E-03 DCFit 3,2)
Al
A1 Ra-226+D soll densit y * 1 0 g/ce** 3 , 3.550E*01 1.550E*01 DCFit 4,1);

A-1 Ra 226+D sail density a ! 8 g/cm**3 | 8 %0E*00 8 $60E+00 DCF1( 4,2) ,
A-1 i

- A-1 Ra-228+D soll density * 1 0 g/cm**3 | 8.180E+09 8.180E+00 DCFl( 5,1)
A-1 Ra 228+D soll density * 1,5 g/cm**3 4.510F*00 DCFit 5,2)

1|4.510E*00A-1
A-1 Th 228 D soll denstty = 1,0 gicm**3 1 1 DOE *01 1,330E*01 DCrit 6,1)
A-1 Th-228+D soil density * 1 M g/cm**) 7 360E+00 7 360E+00 DCFit 6,2)'

A!
AI Th 230 soit denstry - 1 0 gfre**3 2 Il0E-03 2.110F-03 ' DCFit 1,1)
A1 Th 230 soll density * I 8 g/cm**3 1 OJ0E 03 1 030E-03 DCrit 7,2),

A1
A1 th-232 soil density a 1.0 g/cm**3 1 350E -0 3 1 350E 03 DCFl( 8.1),

A-1 Tn-232 soll density = 1.8 g/cm**j 6 040E-04 6 040E-04 DCFit 8,2)
A1
A-! U-214 soll density * 1 O g/ce**) 1 5'30F-0 3 1.580E-03 DCF1( 9,1)
A-1 0 234 soil denalty = 1.8 g/cm**3 6.970E-04 6 970E-04 DCrit 9,2),

A-l i
A-1 i U-235+b soll density * 1.0 g/cm**3 8 940E-01 8 940E-01 DCFl(10,1) ^]A-1 ! U-23,bD soil densit y * 1 8 g/cm**3 4 900E-01 4.900E Ds DCFl(10,2),

Aj l

I U-23S+D soll density a 1.0 g/ce**3
|6970E-02

'
1 270F 01 1 270F-01 DCFl(11,1)A-1

A1 tb239*D soll densit y = 1 8 g/cm**3
i

. 6. 9 70E -DJ DCFl(!!,2),
,

i
,

A.) '' Depth tartors. ground exte rnal samma, d ime ns ion le ss : I
' I

A.3 Ac.227+D soil de ns it y = 1. 0 g/ cm* * 3, thic kne ss * 15 m 7 900E-01 7 900E-01 j FD t 1,1,1)'

A .3 At-217eD soll density = 1 0 g/cm**3, thickne ss = 0. 5 m |9.700E01 9 700E 01' FD( l.2.1)r

A J Ac-227+D no ll dens it y * 1. 0 g/cm** 3, thickness * 10 m 1.000E*00 , 1 000E+00 | FDt 1,3,1)
A3 Ac 227+D soil density 19 g / cm** j , t hic Rhesh - 13 m i9 100E On | 9 100F 01 i FD( 1,1.2)a

05m | 1 000E*00 ' 1 00nE+00 FD( 1,2,2)A-3 Ar.227+D soil density = 1 8 g /cm* * 3, t hic kne s s =

A-3 i Ac,227+D soil density * 1 8 g/ cm** 3, t hic kne ss = 10m - 1 000E+00 1 DtJ*00 FDt 1,3,2)
A-3 i

| l 000E*00 l 1 000F+00 | FD(
A-3 Pa-231 soll density * 1 0 g/cm**1 thtche ss a 15 m 7 900F Cl ! 7 900F-01 FD( 2.1,1)
A-) : Pa 231 soll density * I O g/cm**3. thickness * O 5 e ! 2.2,1),

A-] | Pa-231 set t density . 1 0 g/c m* *), thlekness * 10m 1 000E+00 1 000F+0D FDt 2,3,1)
A3 Pa 231 soll density * I 8 gfcm**3, thickness * .15 m 9 200E-01 9.200E-01 + FDt 2.1.2)
A-) Pa-231 soll 6ensity a 1 8 g/cm**3, thickness = 0 5 m 1 000F+00 f 1 000E*00 I FD( 2,2,2) *

,

1 000F+00 ! 1. 000E+00 | FDt 2,3,2)A-) Pa 231 soll Sensit y = 1. 8 g/ cm** 3, thickness * 1.0 m
A-3 -

t
1RenLdual Radioarttvity Program. Verston 5.04 04/04/94 10 22 Fage J
iummary EM CU5ft-FMCRFS! FULL CELL DEPTH File F.MCRF61 DAT

Dose Converston Factor (and Re lated) Pa e ame t e r Summa r y (c ont inue d)
0 i Current j ! tatameter

. _.i_.,_._ - ~.~ _
.-_____.---#_ 4 +

Pa r ame tt. t | Value i De f ault i NaaeMe nu

'A3 Pb-210+D soll censtcy = 1 0 glcm**), thickness * 15 m jB60CE01 8 800F-01 FD( 3,t,1)
A-3 Pb-210+D soil density = 1.0 g/cm**), thickness e 0$m

, 1 000E*00 { 1,000F+00 FDg 3,3,1)
1 000E+00 + 1 000E+00 FDt J,2,1)

A3 Pb-210+D soil density * I 0 g/cm** 3, t hic kne s s = 1 0 ai
| 9 700E 01A-3 j Pb-210+D soll density = 1. 8 g /cm** 1, t hic kness = 15 m 9 700E 01 FD( 3,l,21
j 1 000F+00 |' 1 000E*00 FD4 3.Z.2)A-3 i Pb 210+D soll eensity * 1.8 g /cm* * 3, t hic kness e 05m t

j PB-210* D , soll de ns t ty * 1 8 g / cm** 3, t h ickne ss a 10m 1 000E*00A3
| 1 000E*00

FD( 3.3,2)t

A-J
A-3 Sa 226+D soll density * 1. 0 g/ce* * 1, th te knes s . .45 m 6 100E-01 | 6 300F-01 FD( 4,1,11
A-3 Sa-226*D . soll density * 1 0 g/c m** 3. t hic kne ss * 0 5 m 9 200F 01 9 200F-01 FDt h,2,1)g

!' Ea 226+D . soil density * 1 O g/cm**3, thickness = 10 m 1. t'00E *00 ; ! 00cF+00 FDt 4,3,1) .

' A-3 j
ka 226*9 soil density * I 8 g/cm**3, thickness * 15 m ( 8 500E-01 8 '200E -01 i FDt 4,1,2) IA-3

A-3 f pa-226*D soil dens Lty = 1 8 g /tm* * 3, th Lc tne s< * 0 5 m 1 000E+00 . 1 000E+00 | FDt 4.2.2)A-3 ! Ra-22fbD soll densit y * 1 8 g/cm**3, thickness a 1.0 m |1000E+00!l000E*00 i FD( 4.3.2)
A1 J j

-,
A-3 ' Ra 22H+D , soll dens tt y * 1 0 g / ce** 3, t hic kne s s * 15 m 6 800E On , 6 800f-01 FDL 5,1,1)
A1 Re 228+D soit censity * I O g/cm**), thickness = 0 5 m i 9 700E-01 ! 9 700F-01 FDt 5,2,1) |
A.) i Ita 228 +D s oil densit y = 1 0 y./c m** 3, thic kne s s = 10m I 000E*00

|8500F-01
t 000F400 FD( 5,3,1) 1.

i

;

A1 ) Sa-228+D soll denalty = 1 8 g/cm**3, thickness * 15 m | 8 500E 01 ' ibt 5,1,2)
A-J i Ra-128+D , soil density * 1 8 g/cm**3, thic kness * O 5 m ; 1.000F+00 , 1 000E*00 | FD( 5,2,2)
A 3 ^ ke=228+D soll density = 1.d g/cm**), thickness = 10m 1 0006+00 # 1 000E*00 j FDt 5 s,2)j 1

A-3 i l I

A3 ' Th-220*D soll den > t ty = g/cm**3, thickness * 15 m 6 100E 01 ' 6 100E 01 FDt 6.1,1). ,

A-3 3 h- 2 2 P .D soll densit y * 1 0 g/cm**), thickness * O 5 m 9 400E-Oi 9 400F-01 FD( 6.2,16,

A-) Th 278+D soll Jensity * 1 0 g/cm**3, thickness = 10m 1 000F400 I 000E+00 Fbt 6,3.11
4 A-3 Th-228+D soit density * 1 8 g / cm* * J , t hickne ss * 15 m , 7.500E 01 7.500E-01 FDt 6.1,2)

A1 Th-220+D soll density = 1 8 g / cm** 3, t hicane ss * O 5 m f | 000E*00 I 1 000E*00 FDt 6,2,2)
As Th-22H+D . soil densLty 1 8 g/ cm** 3, t hickness * 10m ! l 000E+00 | | 000E*00 FDI 6,3,2)=

1 A-j
, Th- 2 30 soil density * 1 0 g/cm**3, thic kness * 15 m 9 300E 01A1 1

|9300F-01
FDt 7.1, l') |I soll density a 1 0 g / cm** 3, thic ane ss * O 5 m i 1 000f*00A.)

| Th-230
1.000E*00 FDL 7,2,1) '

|!000E+00|1000E+00
A.) Th-230 soll density a 1 0 gice* * 3, thic kne ss * 1 0 m 1 000E*00 FDt 7,3,1)
A3 j Th-230 , soil density = i H gles**], thickness = 15 m 1 000F 00 FD( 7.1.2)} 1 000E*00 ; 1.000E*00 i FDt 7,2,2)A3 , Th 230 soil density * 1 8 g/cm**3, thickness * 0 5 m #

-

,

A3 ' Th-230 set t density * 1. 8 g/cm** 3, thickness 10m I 1 000E+00 , 1 000E*00 ! FDt 7,3,2)=

A-) i
! I

A3 Th-232 *a11 dertsity = 1 0 g/ce**), thickness * .15 m 9 500E-01 9 500F-01 i FD( 8. L,1 ) '|A-3 Th-232 soll density * 1 0 g/cm**3, thickness * 0 5 m 1 000E*00 1.000E*00 | FDt 8.2.1) i

A3 Th-232 so!! density = 1 0 g /cm* * 3, t h tc kness = 10m 1.000E+00 1.000P+00 1 FDl 8,3,1)
A-) Th-232 soll censity * 1 9 g/cm**3 thistness * 15 m 1 000E+00 1.000E+00 | tdt 8,l,2)5'D Ii; ,

A-s Th 232 soil density * 1. 8 g / cm** 3, thickne ss e 05m j i 000E*00 1 000E*00 1 8,2,2)
A3 i Tb-232 soll density * I 6 g /ce* * 3, th Lckne ss = 10m 1 000E*00 1.000E*00 FDL 8,3,2)

|
,

|U-234
-

A-3

A3 U 234
, soll density a 1 0 g/cm**.1, t hLc kne ss * 15 m 9 000E-01 9 000F-01 FDt 9,1,1; JA3 ,

A-3 U 234
_ so!! density * 1 0 g/ce**3, thlchness = 0 5 m 1 000E*00 1.000E*06 FDI 9,2,1)
soll density * 1 O g/ce'3, thickness a 10m I 000E*00 1.000E*00 FDt 9.3,1)

1 A-3 U-2 34 soll density * 1.8 g/ce**), thic kness * 15 m 1 000E+00 1.000E+00 TD( 9,1,2)
A-3 V-2)4 soll denalty * 1 8 g /c m* * 1, t. hic kne ss = 0. 5 m 1 000F+00 1 000E+00 FD( 9.2,2)6

A.) ,} U 234 soll dens ity = 1 8 g/ cm* * 3, t htc hewss = 10m 1 000E*00 1 000E+00 , Tbt 9 ),2143
i I

i

1

1

|

|
|

.#-- _ w - . , , - , . _ _ _ __ ___ _.__i
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Dose Converston Factor (and Related) Parameter Svamary (continued)
0 ! Current ' Pa r ame te r

Me na Forameter
'

Value . Detaalt Wome

. D A 3. U-235+D soll denalty = 1.0 g/cm**3. t hickness a .45 m 8 700E 01 8.700E-01 FD(10,1,1),

A-3 ' U-235+D soil density * 1 0 g/cm**3, thickness = 0 $ m 1.000E+00 1.000E+00 FD(10,2,1),

A-3 U-235+D . soit density * 1 0 g/cm**3 thickness = 1.0 m 3.000E+00 1 000E+00 FD t l G ,3,3 )
15 m 1 000E*00 1.000E+00 FD(10.1.2)A.3 U 235+D soil density a 1.6 g /cm* * 3, t h ic knent *

A-3 U-2 M+D soil denalt y * 1 8 g /cm**3, thickness = 0.1 m 1 000E*00 1.000E*00 FD(10.2.2)
A3 U-2)5+D soll density * I 6 g /cm**3, thic knes s * 1.0 m 1 000E+00 1 000E*00 FD(10.3,2)
A3
A-3 U-238+D soil dens it y * 1. 0 g/ cm* * 3, thic k nes s = 15 e 7.800E-On 7 800E-01 FDt31,1,1)
A-3 U-238+D soll density * 1.0 g/ce* *3, thickness = 0 $ a 1.000E+00 1 000E*00 FD(ll,2.1)
A3 ( U-238+D , sot! density - 1 0 gles** 3, t hickne ss = 1.0 m 1.000E*00 1.000E*00 FD(11,3,1)
A3 4 U-238+D soll denalty * 1 5 g/cm**3, thickness = 15 a 8 UOOF-01 8 800E-01 FD(11,1,2)
A-3 | U-238+D soit density = 1 8 g/cm6*), thickness * D 5 m i 1 000E+00 1 000E+00 FLill.2.2)
A-3 ' U 2)6*D 6o11 density a 1 8 g/cm**), t hic kne ss = 10m 1 000E*00 1.000E+00 FD(ll.3,2) *

8-1 Done covive rs ton f actors f or Inhalation, eremipC L
81 Ac-227+D 6 700E+00 6.700E+00 DCF2( 1)
8-1 Pa 231 1 300t+00 1 '300E+00 DC F2 ( 2)
81 Pb-210+D 2.100E-02 2.100E-02 DCF2( 3)
81 Ra 226*D 7 900E-03 7 900E-03 DCF2t 4) |
8-1 ka-228+0 4.500E-03 4.500E-03 DCF2( 5)
6-1 , th-228+D 3.100E 01 3.100E-01 DCF2t 6)
8-) - Th-230 3.200E-01 3.200E-01 DCF24 7)
8-1 I Th-232 . A 600E*00 1 600E+00 DCF2( 6)
B-1 ! U-234 | 1.300E-01 1.3UGE-01 DCF2( 9)
P 1 U-235+D 1.200E-01 1 200E 01 DCF2(10)

!1200E-01
+

8-t j U-238+D 1.200E 01 DCF2(ll)

D-1 ! Done conversion factors for inge st ion , aren/pC1 f
Dl i Ac 227+D 1 500E-02 1. 300E- 02 dC F'J ( 1)
D1 ' Pa-231 1 100F-02 1 100E-02 DCF3( 2)
's 1 ; Pb-210+D 6.700F-03 6 700E-03 t< F3 ( 31 i
D-l 1 t,a 226+D

| 3.100*-03
1.100E-03 DCF3( 4)

|Th229eb
1 200E 03 1.200E-03 DCF31 5)b-I Ra-228+D

! ; 7 500E-04 7 500E-D4 DCF3( 6)D1
D1 j Th-230 [5300E-04 'f5.300E-04DCF34 7) ,

D-1 'i Th 232 2 600E-03 : 2 800E-03 DCF3( 8) j
. bCF3( 9)
| 2 600E 04

D1 U-234 . 2 600E 04
U 235+D ji500E-04

D- t U-238+D - 2 500F-04 ' 2 5002-04
DCF3110)iD-l e

fDCF3141)2 500E-04
1

0 14 Food t r anat e r tactors. , ,
'

D-34 ' Ac 271 * D , plautlaoll concent ret ton ratto, dime ns ionle s s 2 500F 03 } 2 500E O'J RTF1 1,1)
b 34 I Ac 227+D , hee f li tve a t oc k-int ake ratio, s pC 1 'k g i l ( pC 1/4 ) i 2 000F 05 j 2 000E 05 R1F( 4,2)
DM i Ac -22 7+D . milk / live stock int ake ratio. ( pC 1/ L11(pf. ild ) ! 2 000E-05 * 2.000E-05 RTFt 1,3)
4 34 i 1:

1 00DE-02 l1 000E-02 RTFt 2.1)
|5000E-03 ' 5 OG0F-03RTF( 2,2, j

D - )4 P4-231 plantisoll concent rat ton ret to, d ime ns ionle s s
DM Pa 2)I . bee t / livest oc k + tnt ake retto, apct/kg)/fpCLId)
D 34 Pa 231 . milk / Alvestock intake rat to, tpC1/L)/(pCald)

|5.000E-06((
5 000F-06 R1F( 2,3)

D- 34 I

b 34 Pb 210eD plant / soil concent rat ton ratto, d ier nalon le a n |1000E-02 j 1000F.02|RTF( 3,1)
D 34 j Pb-210*D beeffltvestock-intake ratio. (PC1/kg)/fpC1/d) B 000E 04 it 000F 04 i RTF( ).2)
D 34 | Ph 210*D mLik tlive stock-int ake rarlo. tpC&lL)/(pCLtd) 3 000E-04 3 000E-04 RTF( J 3)

I
~
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base Cof.ve r s ion Fac t.pt t ana Related) Parame ter Suma ary t eont inued) '

O ; Current j q Parameter
Menu Pa rame te r : Value Jefault | Name

i

_ . + - . _ . _ -
' 80-36 i Ra-226*h . plant / soll c once nt r at ion ratio. d ime ns tanle ss 4 000E 02 4.000F 02 RTFt 4.L)

D 34 j Ra 226+D pert /ltvestock intate ratio, ipC1/kg)/(pCtid) 1 000E-DA 100CE-03lRTFL 4,21

b 34
. allkiltvestock-intake tat to, spC1/L)lipClld) ; I 000E-03D-34 Ra-226+D 1.000E03jRTF14.3)>

bM Re.228+D plantlull concent ration vario, disens tonlesa !4 000E-02 4 000E 02 RTFL 5,1)
DM Ra 228+D . beet /ltvestoc k-intake ratto, IpCLIkg)ltpC1/d) 1 000E-03 ' 1 000E 03 RTF( 5.2),
D 34 ka 22bD ellkillvestoc k-intake rat io, (pCLILJ/spCild) j 1 000E-0) 1 000E 03 R.TFt 5.3) j
b 34 1 ,

! 000E-03 ; I 000E 03 RTF( 6,1) .ID 34 Th-228+D , plantiso11 concerattation ratio, d ime ns ionle s s ?

! 1 000F-04 !.000F-04 RTF( 6,2) Ib-)4 Th 228+b bee f /1lvestock int ake tatio. (ptting)/qpCild)

5000E06|'5000E-06ti M Th 228+D . mLLk/11vestock-tr.t see tat to. (pCL/L)/(pC1/dl RTF( 6,3)

DM ' 1 h- 210 . plant / soil concent ration l at tu. d ime nsionle s a | 1 000E-03 ' l.000E-03|RTF( 7.1)
ss

D->4
D.- 34 Th,230 , beetlitvestorb int ake ratto. (pC1/kg)/(PC1/d) j i 000E.DA I ODCE-04 RTFt 7.2)3

DM r Th-230 , milk iltvestoc k int ake vetto, ipcirLil(ptild) 5 000f-06 5 000E-06 1 RTFi 7.3

0.34 . Th-232 plant /noil consentration satio, d ime ns tonle s s 1 0UOF-03 1 000E-01 RTF1 6.16D J4
,

bM Th-232 . t+ee(#1ivestock intake ratto, 4p(Likg>/fpfild) I 1 000P-04 1 000E 04 PTFt H.2)
D> M Tu- 2 32 . e.Llkil tvestoc a Lor ake retto- IpCL!L)1tpC11d) 5 000E-06 5 000E 06 RTFt L* 3)

1

D- M i '

D. M f U-2 % plant / soil concentration tat to, d ise n= 1oule s s 2.500E 03 2 500E 03 RTFt 9,1)
D 34 U-234 bee t / ltvest ock -int ake rat to. (pCtikg)ltpC1/dl
D- M U-234 . |6000E-04 . 6 000E-04 PTF( 9.3)

3 400F-04 3 400E-04 PTF( 9.2)

Ib H
. milk illve s t oc k - int a k e recto, (pC1/L)/(pcild) r F

i

'| 2 500E-C) j 2 500F 0) RTF110,ilD- 14 i U.2 n+D tantisoal concent rat ion ratio, diaens tonless
kee t /11ve s t- 3.600F-04 ' 3 400f-04 j R1F(10.2)DM U-2 D+b

. ellkillvestoc k intake ret to. (pC1/L11tpC1/d) 6 000E-04
6 000E-64 |RTFil0.3)

k intaae rat to. (pCitag>!<pft/d)
D-34 U 235+D .

D- 14
D-34 i tf- 2 3f9 0 plant / soil concent rat ion r at io, dimensionless ! 2 500F-03 < 2 500F-03 RTF(ll,1)
D.M U-238+D bee t illvestoca-intake tat to, tpC1/kg)/(pC1/dl t 3 400E 04 1 3 400F 04 RTFt11,2) ],

D-34 d U - 21b D . milk tlivestock intake tat to, IpCl/L)/(pct!d) [ 6 000E 04 j 6 000E-04 RTFill.3)
i

D-5 S toaccumulat ton f at r ot s t resh water , Likt i |1500E+01
''

D5 . Ac 227e9 flah ; 1.500F+01 - BICFAC( 1,1)

b-5 '

1 000F+03 I 1 000lNO3 ;, IIOFAC( t,2)D5 | Ac-227+D c rustacea and mollusks t
1

D-i i Pa 2 31 . flah 1 000E*01 I 1 000f=01 |310FAC( 2.11tb i .', Pa-231 , crustacea and mollusas ! l .400E+02 I 1 500E*02 BIOfACE 2.2)

|3000E*02_j610FAC(
D-5 i
D.5 Ph 210+D tish 3 000E*02 3,1)

D-5 Pb-21C+D , c rustacea and mollusks t 000E 42 1 000E*02 . BIOFACt 3,2)
b-5 I

D3 De-226+D fish 5 000E*01 I 5 000E+0) 810FAC( 4,6)
D5 Ra 226+D , crustacea ud mollusks . 2 500E*02 ' 2.500P+02 bl0FAC( 4,2)

. . D-5
* D-5 l Ra-229+D fish | 5 000D01 5 000E*01 610FACf $,1)

D5 i ka-228+D , c rustacea and mollusks |2,500E*02 2 500E+02 310FACf 5.2)
D-5 1 j
is . 5 i Th 22e+D tiah 1.000E*02 1 009E*02 510 FACI 6.1)

; 810FAC( 6.2)iD-5 t Th-226+D crustace a and mol +unk s j 5 000E+02 1.000E+02 :

i l !D-5 !

._, _ _ _ _ _ _ - _ . ,__ . -. - - . - - . , , . , - .
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- IBesidual Radioac tivity Program, Version 5 04 04/04/94 10 22 Page 6
Summary itM CUSil FJtcitF8 8 ITLL CFLL DEPTil File, KMCRFal.DAT

' Dose Conve rs ton Factor t and Related) Parameter Summary (continued)
0 i Current | } Patametet

Menu Pa t aa.e te r | Value Default | Name

D-$_
- -.--- - ~ . . ,~. _ -~1-

. -

Th-230 fish j 1 000E402 - 1.000E*02 810)Act 7.13
D-5 Th 230 , crustacea and mollusha j $ 000E*02 $ 000E*02 310 Fact 7,2).

D-$
F5 Th 232

. crustacea and mollusks 9- 000E *0 2 $.000E*02 B10FAC( 8.2)
fish 1.000E*02 1.000E+02 510FAC( S,1)'

D$~ Th 232 .

D-5
' I 000E*01 1 000t*01 BtDFAct 9,1)b-5 U 214

. cruataces and mollusts 6 000E*01 6.000E*01 810 FACT 9.2)
ftkh

D-$ | U-214*
,

D-$
|U235+DDS (Lsh ! 000E*08 1 000E+0i 510FAC(ID,1)
, U 2 M+D crustacea and mollusks 6 000E+01 6 000E*01 81cract10,2)D$

D5
b-$ U-218+D fish 1.000F+01 1 000R*01 810 FACT!!,1).
D-5 U 2)e*D clustates and mollusks 6 000E*01 6.000E*01 8!0FAC(ll,2)

ire sidual Radioac t ivit y Program. Version 5 04 D4/04/94 10 22 Page ?

Summary FM CUSH-FMCitF81 FUL.L CELL DEPTH File - r!K RF81 I AT

Site -$pecif Le Persne te r Summary
: Use t Used by RE5 RAD . Parameter0 1

Pa r ame t e r 3 Input De f ault IIf different f rom use r input) llameMe nu j
2 _ - . - . .. . _ . . _ _g-.-_.__,_-.-_~

Rail i Area of conteetnated sone im**2) , 2.500F'03 | J.000E*00
_ . . _ . _

1 000E*04 - AREA
R03) ! Thickness of contaminated zone tai i 3 000f*00 | THICK 0

'Roll Lengt h par allel to aquif e r flow sm) i 1 000E+02 ) 1 000f*02 LC2PAQ

|
* - BRLDR0li kaa t< radiation dose Itmit totes)yr) 3 000E*01 3 000E*01

K011 Time since placement of material tyr) 0 000E*00 0 000E*00 : - 71
Roll j Times f or calculations t yr) 1.000E*00 1 000E*00 -- T( 2s

lines f or calculatirns tyr) . 3 000E+00 3 000E+00 | Tt 3)-koli j
Roll . Times f or calculations lyr) i 1 000E+01 1 000f.*01 i 71 6)
hell | Times f or c airulat ions tyr) }<000E*01 1 000E*01 ! T( 5)

Times f or ca ttulat ions lyr) 1.000E*02 1 000F+02 ?( 6)P011
R0li ;i T ime s :or calculations lyri J 000E*02 3 000F*02 11 7)
Roll i Time s f or calc ulations tyr) 1 000F*03 1 00DE+03 - T L 81

'Roll Time s f or calculat ions lyr) not used 3 000E+03
f'T49)R0l! ; Times for ca lc ulat ions tyr) ; not used 1 000E*04

i > T(101
Initial pr incipal radlonuc itde (pClig) Ra+226 i 1 000E*00 0 000E*00 1lt012 ' init ial principal radlonucitde tpC1/g) Th 232 ! l 000E*00 0 000E*00 |

~ . $lt 4),

PC12 ! Sli g)
'

RO12 Init ial pr inc ipal r adlonutilde ipCLigi U-214 1 000E*00 0 000E*00 ; Sat 9)
R01'2 Init la t princ ipal radionuclide (pCtla), U-2n 1 000E*00 0 000F*D0 - |51(101
R012 init tal prine tpal radionuclide (pct /g) U- 218 1 000E*00 0 000E*00 Sit 14)

} Wit 4)R012 concer t rat ion in groundwate r (pCLlL): Ra-226 not use d 0 000E+00 . e

R0ll Concentration in groundwater epCilL); Th-2 32 - not used 0 000E*00 J l Wil N1
P012 fontent ration in groundwat er (pC1/L) 13-234 not used 0 000E*00 | |Wl( 9)
R012 ( ance nt r a t ion in groundwater (pCill) U-2n not used 0 00DE*00 i , Willo)
R042 Concentiation in groundwater tpC1/L)- U-236 not vaed 0.00DE*00J - p Willi),

ICOVER0kol) Cove r dept h im) j 1.220E+00 0.000E*D0 -

l DENSCVRul) Denalty of cove r mate rial a g /ce"31 1 500F*00 1.500F*00

@
R o i .) Cove r depth e ron Lon rate tm/yt) U 000E*00 1 000F-0) f VCV,

F013 benstry of contastnated tone talca**3) 1 I 500E*00 1,500E*00 - i DFHSC2 )E01) Contemlnated zone e rosion rate (mlyr) 1 000E 0) 1.000E 0) VCZ
R013 Contaikanated sone total posesity j fi 000E 01 4 00M -01 j TPCI )
1t013 Contaminated none ettective povostty ' FPCI '

{2000E-01 |2000E01|Contaminatedtone hydraulle conductivity (m/yr) l 000E*01 1.000E*01 4 HCCZ )E013
Roll , Cont aminated tone b parame te r

'

S 300E m0 8 3.300E*00 t - i kc2 )
R01) j Hue'it. tty in air ig/m"3) !not used 6.000E+00 | - ! HUMID j

R013 ' Evapot ranspiration toe t t te lent 9 9696-01 5 000E-01 : EVAPTR
R013 | Prec ipit ation (mlyr ) B 000E 01 1000F*00| PRECIP
Rot * ! Irrigation (m/ys) 2 0002 01 2 000F-01 - Rt.

R0!J Ir rigat ion mode IDITCH: ove rhe ad ove rhe ad [ , RL'FIFF0 000E*00 2 000E 01 i f, 901) Runoff coe f f iciente c

i R01) Wate r shed area tot neetby st ream or pond ( m"2 ) j 1 000F*06 1 000F*06 i . WAR E.A
i

ROI) Auutary f or wate risati computat ions i 1 000E-03 1 000E-03 ; - 1 El's

Lenstry of saturated zone Iglee**3 1 500E*00 ! ! 500F+00 | - ! DENSAQiW ! * j

| Saturated none total poroatry I 4 000E-01 4 000E 01 l ! TPS2RO L4
Saturated none ef f ec tive poros try a 2.000f-01 2 000F Cl |

- - EFh2R016
R014 ! Ser utated tone hydraulic conduct iv tr y telyr) . 1 000E*02 # 1 000R+02 l HCE2
R044 i 5aturated tone hydraulic gredient 4 2.000F-02 I 2 000E-02 Hwr
R014 Saturated aone b parameter $ 300E*00 | 5 300F+00 , 852!,

Water table drop rate talyr) i 0 000E*00 1 1.000E 0) I i WIR014 '

- !

;

@

. e er -- y- - + - - , * . + .. .-i-. e -. p. Me.a, es n_e.' s _ , _ y -wgw,.m. -.-e.--i.m-i _,,. y es y sw- -v-?-
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ram. Version 5 D4 04/04/94 10 22 Page e
'4 Residual Dadloactivity Prog'ULL CELL OfrTHSummary KM Cl>Sil- MCFIll P F ile . F*tCRF68 DAT

Site 5 pee ttic Parame te r Summary (continued)
0 use r Deed by kESRAD Fa t sme t e r

' - Menu Pa r ame te t input Default (If dif tesent f rom use r input ) Name

DWilMTR014 bell pump intake depth to below water table) 1.000 b ol 1 000E*01 e

P014 Model. MondLapersion (Nf4 or Mess Salence IMB) MB ND - MODFL
Sole Individual's use et groundwater (m**)/yr) 2.500t*02 2 $00f*02 - W

R0l$ Number of unasturated sone attata 1 1 -- N3

R015 Unsat tone 4, t hic knesa (m) 2 000D 01 4.000f*00 -- H(1) <

' kol) Unset s one ! soil density (sfcm**J) 1 500F+00 1 500f+00 DFNSLf2 ( 1) ~ i

i 2.000E Oi 4 000F.01 TPU2(1)k0l% Unsat. sone 4, tot al poros try
R0l% Unsat sone 1, effective poroa tt y }$000F02 2 0007 04 FPU2(t)
R0li 17nsat zone 1 soll-spee lt t< 6 patamete r i 5 .300F*00 $ 300f*00 --- BUZ(1)
R015 Unnat. sone 1. hydtavllc conductivity (m/yt t ! J 150E 0) 1.000D 01 - HCU2(!)

|
R0l6 Dist ribut ion coe f f icient s f or Ra 226
R0l6 Contaminated none tem")ls) !7.000E+0i 7.000t+01 -- DCNUCC( 4)
Ros6 Unasturated sono 1 tre**ils) | 7 000E+0i 7 000t*01 - DCNUCU( 4,1) ,

R0l6 hat urated tone fem **)fg) i 7 000D 01 7 000f+0t --- DONUC5( 4) i

RGl6 5elubtitty constant j 0 000E*00 t u 000E*00 not used SOLutKt 4)
^ |R0l6 Leach rate (lyt} U 000f*00 ? O UODE*00 9 979E-06 ALF.Acil( 4)

l

i i

Rul6 Dist s ibut tosi c oe f ( tc tent s tot T& 212 ! |
'

R0l6 Cont entnated gone tcse*J/g) , 6 000F*06 }6000F+04 - DCHUCCt 8) !

kGl6 Unnat urated sone I (cs**)/g) , 6 0002'04 1 6 000f*04 DCNUCUt 8,1) J
DCNUCS( B)

'

1 6 000b 04
|6000E*04

8016 Sat oisted tone (tm**3/2) .--

C 000b OO O 000b OO 1 16 7b D5 ALRACH( 8)R0l6 Leach rate (lyr)
R016 Solubtitty constant j 0 000E*00 0 000E*00 not used SOLUH ( 8)

k016 Distributton coefftctents tot D-114 i ! 4

8016 Cont as.inate d zone (coa" Alg) J S.000b ut t 5 000F*01 { DCNUCCt 9)
kul6 Unsatut ated tone 1 Ice **34gl i 5 000601 I $ C00t*01 { a bCNUCU( 9,1)

000CE*00|f0000F*00}
-- DCNUC1( 9)0000f*00|,5 0006 01$ 000D 01R0l6 Satusated tone ( c m* e '1/ g )

1.194R 0$ ALEACH( 9)kol6 ! Leat h r ate (!yt )
0 000Fe00 not u se d FiOLUBit ( 9)It 316 j bolubtitty constant

r ii
R0l6 i Liet t tbut ion toe f f ie lent s for U.23% ' ! I

k0l6 i (.ont ea Lna t e d sone tcs")lgt
~

$ 000f*01 i $ 000f*06 - I DCNtKCt 10) I
8kul6 1 Dnsa t u r a t e d sone } um**)fg) $ 000F+01 ' S 000E*01 j DCNUCU(10.1)

DCNUC5(10)R316 $at ur ated anne tem **)/s, 5 000b 01 j 9 000E*01 | -

I
.,

|ALEACH(lU)
Rul6 i Le ech rate (lyt) 0 000f*00 1 0 000b OO I 396R-05 I

SOLUEKt10) |kOJ6 Solubil Lty con 6 tant 0 000f*D0 | 0 000t*00 not used
. :.

D316 blot t ibut ion coe f f ic ient s for U 2)e
bf NUCC(ii)p rJ i 6 Cont e31nated som u m* * )/4) 4 0006 04 s 5 000F*01 i

*, 000Fa01 5 000F*QI | DCNUCU(ll,1)1Rei6 Unnat ur ated . I ten **Jeg) <

kDl6 : Sarutated b icm**)/g) S 000Fe01 5.000h 01 , -- |bCNUC5(ll)
*

I

kfM 6 f t e ac h rate (,,r) . 0 000F*D0 O 000F+00 i 1.1960 0$ ; ALEACH(11) |
F

'

i not used 6 EOLUEFlli)R0ib Solub t i t t y const ant 0 000F400 0 000F*00

Area tdual padioac t ivit y Peorran, Verstoo $ 04 04/04/94 10 Zi Page 9
Summaty M CU513 D.MCRFt l IULL CFIL DEFTil File $11CRFat DAT

I
$ tte -5 pee lf te P ar ame te r Summar y t r ont inued )

O i Use r Used by RE5kAD | Pa r ame te t |

Me nu | Parameter
, Input _._._ _.i_ befault i (!f dif f e rent 't rom use t input) | Name

- . _ _-4 ,.. p. .. ~ _ . _ .__._ _ m_ . . _ ,......_.i....
,

R016 t.latttbution coetticients for daughter Ac-227 ; | | tI

F016 ! Cont aminated none i 2 000bO) 2 000F+01 < | DCNtiCCI !)(tm**3/a sce**)g),
ig; 2 000F 01 1000bO! DcNucV( 1,1)R016 Unnaturated rene r

R616 Satursted none tcs" Jig) 2 000F*01 d 000E*e1 -. DCNUC5( 4)
Rulo Lenh rate ( f yr) 0 000t*00 0.UUOF*00 3 476E-0$ All Arltt 1)3

R0l6 So lub(18 ty const ant 0 000F GO O 000D 00 { not u se d 501.UF F ( 1)

R0l6 Dis t r ibut ion coc t f lc lent s f or daughte r Pa.2)! | 1 s

9016 Cent aelnar ed sur.e ten **11g) ' $ 000f401 ! 5 000E*01 ! DCNUCct 2)
kO66 Uneat ur ated s one ! u m* * )lg t 5 009b01 | $ 000F*01 1 DONUCUt 2.1),

4016 haturated none tem **)/s) $.000r*01 | ) 000F*01 -- DCNUCSt 2)
9016 Leach rate (tyr) + 0 000D00 t 0 000f*00 I 396E<05 ALEACHI 21
kolb ! bolubilit y const ant I O 000D 00 |0000F*00 not used LOLUBEt 21

,

R916 ) DLat ribut ion roc t( Lc lents foi daughter Pb 210 ' '

FOL6 ~ Contaminated rone ten **)/gl 1 000F*02 1 000F*C2 1 - DCN!)CCt ))'

RG ) t, Uo64t ut ated tone 1 I c e" 3 t g ) 1.000fect ! DCNUCU( ),1)
[l000Ee07t 000F*02 1 000602 - --- DCNUC5( 3)1986 Sat ur ate d gone t r e')t g )

h016 leech rate (fyt! ' O 000h 00 0 000K+00 f 6 990R On ALEACHt )) |
Ol6 Solubility constant 0 000f*CU ; D 000P.*GO j not used j SOLUBK( }) I

i i

jAbih blat:1but ton coe t t h ichts tot daughter ka 226 i i
|DCNUCC( $)R0l6 Contaminated tone I rm' 3 !41 ' 7 000F*0) 7 000E*01 j

R016 Unsaturated zone & t r e:" * S > re ) 7 000F*03 'T 00014 01 ! bCNUCUf $ 1)
;

I

;
-- ! DCNi)CSC $1 18016 Est u t at e d zone ( m**)/s: 7 000F*0. 7 000F*01

Rul6 Leat h f ate flyr) G ODOF+00 0 000F 00 9 9792 06 Alf ACil( S):

h016 Solubility constant 0 000ff*00 - 0 000F*00 not used 1 SOLUBLd $1

Roi6 f' Dist e lbut ion coe t t icient s f or daught e r Th-H8R046 ,

tcm**3/ 6 000f*04 i 6 00DF*04 ( DCNUCC( 6) tContseinated rene
! { c e* * )9, p) ) 6 000F*04 6 000F*04 DCHUCD( 6.8)Role Unsat arated mone

R0l6 Sat ur at e d n one (cm**J/g) 6 000F*04 6 000E*04 --- DCNUC5{ 6) I

Le ac h rate flyr) 0 000E+DO O 000F*00 1 16TE.On ALFACHI 6) I

RG16|Rol6 F.olubility constant 0 000E.00 0 000 feud nut ned 50LUBEt 6) {

lt016 i Dist ribut ton t oe f f leient s f or dau6 te r Th-210h
R046 f Conta*Last e d son * (ce"3 f g) 6 000E*04 6 000F*04 { DCNUCC t 7) -

R0l6 Unsaturated zone 1 (ce" )/g) 6 000h 04 6 000D 04 ' DCNUC0( LI) I

A016 Esturated zone (tm**JIs) 6 000E*D4 6 0006 04 - DCNUCat 7); ,
kol6 Leach rate flyt ) 0 000F*00 1 0 000E*00 1 16?f 09 ALEACH( })
1016 j Solubility cotist ant i 0 000 BOO I O 000E*C0 not u se d SOLUttt 1) ;

' !R0!? Inhalation rate tm**)/yt) ti 400tr *0.3 p 4D06 D3 INilALR
8037 Ma6m loading f or inhelat ion i p,l n* * 3 ) | 2.000f-04 2 0002-04 MLINil

,

R017 Dilution lentth f or airt orne dust, tr.hslat ion (mi t J UDubOO 3 000 BOO LM
'
i

R317 Exposure duration
| 4 000E 01

J D00E*01 3.000F*01 ED
R017 $h te ld Lug t ac tor , inhalat ton 4 000f 01 $HF) j
kol? f htelding f anor , estetnal samma i 2 000F 01 < 7 ODDE-04 | SilFl I

R017 Fraction of time a pent indoors S 000E-01 ! $ 000E.OI i FIND l

RDiF Fraetton of t ime spe nt out doora (on atte ) 7 400E41 . 2 '.r00E U n f , FOTD
|Rolf , $hape tec tor , ente rnal gnena 1 000t*00 1 1 000F*0t, i i F51
i

i
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' 1 Residual Radioac t ivity Prograa, Version 5 04 04/04/94 10 22 Pese 10
Eveima ry . KM Cusit-FNCRFBI rULL CfLL Df PTil File : KMCRF41 DAT

*1te $pecific Parameter Summary ( c or,t tnwe d )
0 . i ' Use t j 4 Used by RESRAD Pa r ame te r
Menu ! Parameter ! Input - Default |iltdLiteient trom user Lnaut) Name

s - 4 .-. . - . - . - - . . . - - . - a. . - . - +
kolf fractions of annular areas within ALEA.

,

Rol7 Oute r annular rad tua (m) Vtila) not use d 1 000t*00 - FRACA( 1) '*

R0lF Outer annviar radius (m) * V(!Ola) not used 1 000E+00 - - FRACA( 2)
kol? Uuter annular radlus Im) * V(20fa) ' not used 1 000f*00 , - FRACAt 3)
R017 Outer annular radius (m) * VIS0in) | not used 1.000E+00 - FRACA{ 4)

.V1200ln) not use s 1.000E*00
+ FRACAt 5) .|9047 Dater annular rad Lua (m) Vtt00le) not use d 1.000f*00*

R0l? Outer annular raJius (m) '
Flt.ACA t 6)*

Pol? Outer annular radlua (m) * Vi$00las not use d 1 000E*00 - FRALA( 7)
Rolf , Outer annular radius (m) Vt1000/g) not use d 1 000R+00 FRACAt 8)*

R017 i Outer annular radius (m) * V(5000/n) not used 1 000F+00 FRACAt 9)
P0l? Outer annular radius (m) * V(1 E*04/4) not use d 1.000E*00 FRACA ( 10 )
9017 Oute r . annular radius (m) Vt! f*0$1n) not used 0.000f*00 - FRACA(ll)a

R017 Outer annular radtua (m) * V!I.F*06/n) not use d 0 000E*00 - FKACAtl2)

R018 Fruits, vegetables and grain consumption (kglyr) 1.600Fe02 1.600E*02 . . - blFT(1)
Rota Leaf y vegetable consumption ikglyr) 1.400F+01 1.400E*01 - DIET (2)
konB Milk consumption (Llyr) 9.200F*01 9 200t+01 .- LitT(3)
R0!It Meat and poultry conausprion ikglyr) 6 30C +01 6.300E*01 -

,
DIFT(4) ,

11018 Fish consumption (balyr) 5 400F+00 5 400R*00 - DIETt5)
R018 | Other scatood consumption taglyr) 9 000E 01 i 9 000f-01 - DIFTt6)
R068 Soll inge stion rate igl, r) i 3 6%0f*01 3 6501901 -- SOILv
RJ18 DrinkLng water intake (Llyr) ' S 100t*02 $ 100E*02 - 'DW1
k0llt !Contam1pattontractionofdtinkLogwater 1.000t*00 1 000f*00 - FDW
R019 font aminat ton t rac t ton of household wate r 1 000E+00 1 000E*00 - FHitW
POIN ' Contaminat ion t r ac t ion of livestock wate r i 1 000E+00 1.000E+00 3 FLWRG18 I Contamination traetton of artigation water t 1.000E+00 1 000E+00 -

|FIRWR019 Contamination tractton of equatit food { 5 000E 01 5 000E-01 ~-

.! FPLAltT
FR9

R 0 llt Cont aminat ion t ract ion of plant rood 1l 1-1 0 $00E+00
k0 lli Contaminat ton t ract ton of meat, -1 |-) 0.125f*00 ! FMEAT -

R018 Contas'inatto, fraction of allt -1 -1 0 125E*00 FMILR ,

R019 L t ve n t oc k fodder tetake f or meat (kg/ day) ! 6 800R*01 6 800f*01 - LFll
R019 , L ive st oc k fodder intake for milk tag / day) S $00E*01 5 500E*01 - | LFl6,
0019 ' live s t oc k wa r e f Antake for seat (Ltday) > S.000E+01 S.000F*01 - ! LVI)
Rul9 Livestock water int 4me for stik (Llaay) . I 600E+02 1 600F+02 - LW167

k319 Live s t oc k soll intake (talday1 1 5.000f-01 $ C00E-01
POIS M6 loadtng for foltar deposition ( k le" 3 ) ! i 000E-04 1.000E-04 -

| LSI
[ MLFD8019 Depth of sett againg layer (mt | 1 500E 01 1 1 $00E-01 . DM,

Rol9 bepth of roota (m) > 9 000E-01 I 9.000E-01 . DRODT
kol9 Drinking wate r f ract ion (com g round water l1 000F*00!i.000F400{ - - ' FGWDW
kOt9 nousehold wat e r t ract ion f rom ground wate s i 1 000E+00 i 1.000E+00 t ! FGWHH
R019 Livenence wareI trectson troe ground water 1 000F+00 ! l 000E+00 - ! FCWLW
RDl9 IrrivatLon traction from ground water 1 000Fe00 ~ l 000F*00 + FCWIR .

r14 C-12 c onr.e nt r at ion in wate r ig/cm**)) nm used 2 00GF-05 ~[ ! CIM8
r14 C 12 concent rat ton in cont aminated soll (g/ g) not use d r ') 000! 02 ' - 01/r2
04 Fraction et ve ge t a t i on c a r bon trom mott not use d 2 UG0f-02 - C50ll
La Frastton at vegetatson iarbon trom atr not une d 9 F00E-04 e FAIR
FI4 C 14 evation laye r t hickne e4 in soll (m) not used J 000E-01 ! ! DMC'

r14 ( 64 evaston (Lux rate true soll t il dec ) i not used | 7 000E-071
-

i FVS'8
cle C-12 evasion flum rate t rom soil (1/ sec ) no t u se d i 1 000E-10 ' - ! REYSN

ikestdual Radiomettvity Proyram, Ve r s i on S 04 04/04/94 10 22 Pare 11
fumm4ry S.M Cl5H- s'McPF51 FtJt.L CELL DFDTil File KMCRF81.DAT

0
- Alte-Specit te Parameter Summary icont inuedi

f User j | Used by REskAD Pa r ame te r I
I**e nu Pa r ame t e r ? Input , De f ault ! (It ditterent f rom use r input ) Name,

, . _ . ._u.,_. 4_._-- r_-,

(14 Fraction of grato in beet cattle feed I not use d ' 8 000E-0] I
-__ ._ -

. . .' AVFC4
fl4 Feaction of grain in milk *ow teed not use d J 000E-01 I - AVFCS,

RG/1 Thicanc as of bulldtr g f oundat ion ts) 1.500E 01 1 5006-01 FLOOR<

R311 Bolt density of l>u lld i ng foundation (gice**)) ! 2 400t*00 2 400E*0^ -- DENSFL |
Roll total pothalty of t he cover material i 4 000E 01 4. 000F ' . i TPcV l
RC26 Tot al poroa tt y of t he bu tidimg f oundat ion 1.000E 01 1 00".-01 ! - TPFL
PWI Vn tuar t ric wate r conte nt of t he cove r mate t tal 5 000E-02 5 'sOf-02 | 1 Pil20CV
PWI volume t ric wate r cont ent of t he f oundet ton ).C00E 01 , 000E 02

|PH20FL,

1r ci l D L f t us ton t oe t t tc tent for redon gas (alsect- ,

RGa Ln cover manertal v 1 000F 06 : 2 000f-06 , - blFCV
i R0/1 in f ounaat ton mate r t sl 2 000f.08 I 3 000f.01 - -- . DIFFL

P rh . in cont aminate o acne notL 2 000E-06 2 000E 06
| DIFCZ
I5

,

l N. &ad.>n ve r t 1s a t dimena ton of elatng (m) 2 000f*00 2 000R+00 6
' VIND

HMIX
DUt averare annual wind s pee d t elar e l , 2 000F+00 2 000F+00 |
PNi Average building att enc hange rate t ilht ) I 5 000E-01 5 000F.01 ; REKG
A0/. tte t y h; of the b u t i o ln.g i t oon.) (m)

2 500f+00 } 0 000F+00
2.500E+00 t - HRM

9021 Building taitertor area tartor * 0 000f*00 1 code computed ( e ine de pe nde nt ] ' F4t
fRGil sullding dept h below g round aut t ace tal O C00F+00 j 1.000E+D0 . DMFL

D;.s Imanat ing powe r ut 62D ,4 2.500F 01 { 2,$00F 01 EMAllA t l )
Wi f manet thm powe r et Rn 4 /l gas i 500E-01 ; I 5001:-01 EMANA12))

:

,

|
I
i

,

4

I

4

.

4
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) Summary of Pathway Selections

Pathway _ j User belection

) - enternal gamma
'

active
2+ inhalation (w/o redon) actLve

" '
~

.
3 <- plant ingestion active
4 . me e t ingestion active
$ + olik ingestion active
6 .+ aquatic foods active
7 drinking water active
6- soll ingestion active

*

9.. radon scrive,

-
.

ire sidual Rad Loactivit y Progree, verston 5 04 04IO4I94 10 22 Page 12
Summary KM CUSH EMGkF61 FULL CFLL DEPTli File KMCBF81 OAT

Contaminated Zone Dimens tons 'n tt ial 5o11 Concent rat ions , pCLfg
_ _ _ _ _ . _ .

A re a 2500 00 square meters Ra 226 1 000f*00
Th ic k ne s s - 3 00 metets Th-232 1 000E+00

Cove r im p s h , 4 22 me te rs U-234 L 000E*00
U 235 1 000E+00
0-238 1 000E*00

0
1otal bose TDOSE t t s , atentyr

30 miemlyrSanic P dtation Dome Limit =

Fraction of Baste Dose Listt P.cce tved at Time (t)Total Misture Sue M(t; =

t lyears). 0 000E*00 1 000E+00 3 000E+00 1 000E*01 3 000E*01 1.00CE+02 3 000E+02 1 000F+01.

TDOSE(t) 1 091E+00 1 091E*00 1 090E+00 1 087E*00 1 077E*00 t 044R*00 9.$5BE-01 7 027E 01
Mtt)- 3 637E 02 3 636E 02 ) 633E 02 3 622E 02 ) 5902-02 3 48tE-02 3.166"-02 2 342E-02

0 Maximum TDOSEtt)- 1 091E*00 miemlyt at t = 0 000E*00 years

IRealdaal Radinertivity Program, Ve rsion S 04 04/04/94 10 21 Pege 13
Luemary EM CU53 FMCAFBI F'ULL CELL DE PTH F L Le KNCRF81 DAT

l- Total bone Contributtons TDOSEti.p.t) tot individual Radionuc if des iL1 and Pathways sp)
A< orem/yr and Fraction of Total bone At t * D.000E+00 years

0 Wate r Independent Pa t hways tinhalation exclude s todon)
0 Cround Inhalation Redon Plant Me a t Hilk Soil

i Radio. - - - - - - - - - - - - - - - - - -

-

Nuclide mr e m.l y r tract areelyr fract mren/yr fract miemlyr fract. eremlyr fract mreelyr fract mreelyr tract

Re 226 3 947E.05 0 0000 0.000E*00 0 0000 t 091E+so I Dbu0 0 000E+00 0 0000 0 000E.00 0 0000 b000E.0000C00 0 000E*00 0 0000
Th 232 3 6$4F 18 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E=00 0 0000 0 000E*00 0 0000
U 2 Ja 1 25*.E-15 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E*00 0.0000
U 2 55 6 #7)E 12 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 00c0 0 000F+00 0.0000 0 000E+00 0 0000
U-236 1 )$6E-Oe 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 0D02 00 0 0000 0 00nF+00 0 0000 0 000Ea00 0 0000 0 000E400 0 0000

Totai 3 94PR 05 0 0000 0 000E*00 0 0000 1 091E*00 1 0000 0 000E.00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 |
0

Toral Dose Contribettons TDOSEtt,p t) f or Individual RadionuclLdes (L) and Pathways ep)
1 As steelyt and Fa set ton of Total Dose At t * O 000E*00 years

0 Water Dependent Pa t hways
0 Water Fish Radon Plant Me a t Milk All Pat hways*
padto. . . . _ . . - . -

Nuclide areelyr ftact aremlyr tract. aremlyr fract arem/yr fract eremlyr tract premfyr fract, oremlyr tract

Ra 126 0 000f*00 0 0000 0 000E*00 0 0000 0 000Ee00 0 0001 0 000E*00 0.0000 0 000E+00 0 0000 0 000f*00 0 0000 1 091E*00 1 0000
Tu 211 0 000E+00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 3.814E.16 0 0900U 2.)4 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E400 0 0000 0 000F*00 0 0000 1 2$$F 15 0 0000
U 23% 0.000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000f*00 0 0000 6 815E-12 0 0000
U 438 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000E+00 0 v000 0 000E*00 0 0000 t 356E-08 0 0000

;--,-=
* Total 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000f+00 0 0000 0.000E*00 0 0000 1 091E+00 1.0000

0*$am of all water indepe nde nt and dependent pathJays4

lhes& dual KadLoactivity Program, Version 5 D4 04/04/94 10 22 #a r.e 14
Summary EN CUSH-FMCRFbi FUlt CELL DE PTH File KNCRFil DAT

Total Duse Contributtons TbOSFti,p t) for indivLdual Padlonuclides (1) and Pat hways (p sa ,

AA mremlyt and Fraction of Total Dose At t * I 000E*00 years i

0 bate r Independent Pathways (Inhalation encludes redon) )
O Cround Inhalation Radon Plant Me a t M11h 5o11

'

i

paggo. _ _ _ . , ._ - _ . . ._ .~. _ ,

Nuclide areatyr f ract mramfyr tract mremlyr tract steelyr fract eremlyr tract eremlyr t r ac t trem/yr tract.

Aa-226 s 945E-0$ 0 0000 0 000F.00 0 0000 1 091E*00 1 0000 0 000R+00 0 0000 0 000E+00 0 0000 0 oc0E.00 0 0000 0 000E+0C 0 0000
1h 212 6 5586 06 0 0000 0 000E*' 0 0000 0 000E+0D 0 0000 0 00eF*00 0 0000 0 030E*00 0 0000 0 000E 00 0 0600 0 006f*00 0 0000
U 2 }4 1 #10P 14 0 0000 0 000E*0D 0 0000 a 127F 09 0 Ovoo 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000
U-2 )$ 6 99ME 12 0 0000 3 000E*00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 OD0E=00 0 0000 0 000E+00 0 0000

--
0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E*00 0.0000ti 2:lM 4 )$6F-OR 0 0000 0 000F*00 0 6000 2 216E-li

e.... - . - - .. .- - -, . . _

Total 4.602F 0$ 0 0000 0 000E 00 0 0000 1 091E+00 1 0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+vo 0 0000 0 000E*00 0.0000
0

1 Total Dose Cont r ibut tune TD00f ( t.p . t ) f or Ind tv idua l Rad tonuclide s ti) and Pathways (p)
As mreelyr and Fraction of Total Dome At t = 1 000E*00 years

0 Wate r bependent Pat hwaya
0 Water F1.a Radon Plant Heat Mt!k All Pathways *
pads , _ __ - . _ _ , ~ . . _ , _ . , . . _ _ _ _ _ . _....-._ _ _ _- . . _ . . -._ __ .

Muclide areelyr fract. stemlyr tract mremfyr fract mres/yr fract ereelyr tract mremsyr fract - steelyr fract
. ,

_- _.- - - - . , . _ _ . . . - . _ __ . . . . - . . - . . - _ . - - -._---~. |-

Ea 226 0 000f*D0 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 1 091E*00 1 0000
Th-232 0 000F+00 0 0000 0 000F+00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0.000F+00 0 0000 0 DD0F+00 0 0000 6 $$8E-04 0 0000

4 U-J aa 0 000F*00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+UO O 0000 2 12?E 09 0 0000
U-235 0 000E*00 0.0000 0.000E*03 0 0000 0 000E400 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 6 99sE 12 0.0000
U 2 38 0 000F+00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 00ct+00 0 0000 1 3562-0e 0.0000

Total 0 000E+00 0 0000 0 000F+00 0 0000 0 000f*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 1 091E400 4 0000 |
0* Sum of all water inde pe nde nt and dependent pathways .

+

4

+ .m e n ~ .c--.rv e . - - - m.,,---.-.--a --..-.---,-a---,cnn u.,e. .-.,ama .,,.,v. -- ,r a , ,w..mrm --,n., - - , , - . , ,.-.v.-w,, .,ee- m
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1
Ikesidual badioact twity Program. Ve ra ton 5 04 04/04I94 10.22 Page 15 |

Summary - KM CUSH.KMCAFS! FULL CELL bEPTH Fil): KMckF61.0AT |

Total Dose Contributions TDOSt( L,p,t) for Individual Radionuclidos (1) and Pathways (p)
- jAs orem/yr and Fract Lon of Total Dose At t * J 000t+00 yeata

0 kate r Independent Pat hways (Inhalation excludes redon)4

O Cround .Inha la t ion R e dort Plant He a t Milk Soit
hadto- -y__ ,
NuC&Lde areelyr fract. treal)2 fract ara mly r fract arcelyr tract treelyr fract aremly r tract. ares /yr fract.

Ra-226 3 94LE 05 0 0000 0 000E*00 0 0000 1.090f*00 0 9999 0 000f+00 0 0000 0 000t+00 0 0000 0.000d*00 0 0000 0 000E*00 0 0000
Th-232 3 898f-05 0.0000 0 000f*00 0 00D0 0 000E+00 0 0000 0 0004 00 0 0000 0.000f+00 0.0000 0 000E+00 0 0000 0 000E+00 0.0000
U-234 6.935E-Ji 0 0000 0 000t+00 0 0000 1.984F 08 0 0000 0 000f+00 0 0000 0 000f*00 0 0000 0 000f*00 0 0000 0.000t+00 0.0000
0-235 7,410E-12 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0.00cE*00 0 0000 0 000F*00 0 0000 0 000F+00 0 0000 0 000t+00 0.0000
U 238 ) )S6E-08 0 0000 0 000E*00 0 0000 .5 436E 14 0 0000 0 000F+00 0 0000 0 000t*00 0 0000 0 000f400 0 0u00 0 000E+00 0.0000 ;

- _ .. . .
. . |

Total 7 $41E C5 0 0001 0 000F+00 0 0000 1 090E+00 0 9999 0 C00F+00 0 0000 0 000t+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000
0

Total Dose fontributionn TDOSft1,p.t) tor lad tvidual Radionuclidea (1) and Fathways (p)
As stemlyt and Fraction of Total Dose At t * 3 000E+00 years

0 Wate r beper. dent rathwaya
o Water Fish Redon Plant He a t Milk All Pathways *

Radlo-
--eres/yr fract mies/yr tract treelyr fract pres /yr tract oreely tract. miemlyr fract stemlyr tracthuc lide

-- - - - - - - - - - - - - - ~ - - - - - - -- - - - - - - - -

ha 226 0 000f*00 0 0000 0 000F*00 0 0000 0.000E*00 C 0000 0 000E+00 0.0000 0.000E400 0 0000 0.000E+00 0.0000 1 090F+00 1. 0000 -
Th-231 0 000E+00 0 0000 0.000K+00 0 0000 0 000t+00 0 0000 0 000f*00 0.0000 0 000E+00 0 0000 0.000F+00 0.0000 ) 898E-05 0.0000

4 U-234 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0 000F600 0,0000 0 000E*00 0 0000 0 000E+00 0 0000 1.914E-08 0.0000
U 235 0 000F*00 0 0000 0.000f+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0.000E*00 0.0000 7 410E-12 0.0000
U-218 0 000f*00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0.000F+00 0 0000 0.000E+00 0.0000 -1.356f-06 0 0000

1otal 0 000E+00 0 0000 0 000t.00 0 0000 0 000F*00 0 0000 0 000R*00 0.0000 0.000F+00 0 0000 0.000f+00 0.0000 1,090t+00 1 0000
0*5am of all water independent and dependent p a t hw av s .

J Ecs tdual Radioac t ivit y Progr am. Version 5 04 04/04/94 10 22 Fage 16
Summary KH CUSB F.MrRFBI r ULL CEL L DFPTH F ile - FNCRFBI 1AT

Tot a l Dose rent r ibut tona TD05F i t .p. t ) for Individual Rad sunuc itde n (t) and Pat hways (p)
An areelyt and Fract too of Total Dave As t + 1 000F + 01 ye a r s

0 Wate r independent Pat hwave (Innalat ion esc ludes redon)
O Cruund Inhalation R4 don Plant Meat Mila Sott-

Radio. - - - ~ . - .- - - - - - ~ . -- - - -

Nuc16de miemlyt tract stem /yr fract steelyr tract premlyr fract- premlyr tsact steelyr itact. pres /yr itect

R4 226 39 FOh00$00 0 000F+00 0 0000 1 086E+00 0 9996 0 000F+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000F*00 0 0000
Th-212 1 699F D4 0 0002 0 000E800 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 0002 00 0 0000 0 000F*00 0 0000 0.000E*00 0 0000
U-234 7 695E-il 0 0C00 0 000f*00 0 0000 2 124F-01 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0 000R+00 0.0000 0 000E+00 0 0000
U 235 1 060 fell 0 0000 0 000F+00 0 0000 0 000F*00 0 0000 0.000F+00 0 0000 0 000F 00 0 0000 0 000F+00 0.0000 0 000E*00 0 0000
U4216 I )S6E OH 0 0000 0 000F+00 0 0000 2 004t 12 0 0000 0 000F*00 0 0000 0.000F+00 0 0000 0.000Ea00 0 0000 0 000E+00 0 0000

Total 2 092E-04 0.0002 0 000E*00 0.0000 1.086F+00 D 9998 0 00tE*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0.000E+00 0.0000
b

Tot a t bose cont r ibut Lont TDO5Ett.p.t) for lodtvidual Redlunucliden its and fathways (p)
As arcelyt and Fraction of Total bone At t a 1 000E+0i yeare j

0 Wate r bependent Pa t hwa ra j
0 Water Ftnh Radon Plant Meat . M ll'n All Pathways * '

Radio- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ -

Nuc lide eremlyr tract eteelyt tract areelyr fract stemfyr fract orem/yr tract miemlyr fract. miemlyr (rect

Re.226 0 000E+00 0 0000 0.000Fe00 0 0000 0 000F+00 0 0000 0 000t*00 0 0000 0.000F*00 0 0000 0 000R*00 0.0000 1 08SP+00 0 9998
Th 232 0 000F*00 0 0000 0.000t*00 0 0000 0 000F+00 0 0000 0 000E*00 0.0000 0 000F=00 0 0000 0 000F*00 0 0000 1 699F-04 0 0002
U-234 0 000Fe00 0 0000 0 000F*00 0 0000 0 000F+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0 000Fa00 0 0000 2.124E-07 0 0000
0 23% 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0.0000 1 040E-11 0 0000
U-238 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000F*00 0 0000 0 000F*00 0 0000 0 000F*00 0.0000 1 3%6F.-08 0.0000

Total 0 000F+00 0 0000 0 000E*00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000F 00 0 0000 1,0sFF+00 1 0000
0*$um of all wate r independer.t and dependent pat hway s

$

Ikeeldual Radioac tivit y Progr am. Ve rsion 5 04 04/04/94 10 . Page 17
summary KM C05ft-FMCRFBI rULL CELL DE PTH Fine FMrRF61 OAT

Total Dose fontributtons TDr$ Eft.p.t) f or Individual Redinnut tlden f i t and Pat hways (p)
As atenfyt and Fract ton of Total bone At t * ) 000E.01 yeata

0 Wstet Inde pe nde nt Pathways (Inhalat ion excludes redoni
0 Cround inhalation Radon Plant Meat Milk Soil
gadio. _ . . ,

. ..

NuclLdc aremlys fract aremlyr (tact arcatyI ftmet orcs /ye (ract mremlyt t r ac t eremlyr tract steelyt teact

ha 226 3 895E.0) 0 0000 0 000F*00 0 0000 1 Of7F+00 0,9997 0 000E*00 0 0000 0 000Ee00 0 0000 0 000F*00 0 0000 0 000F+00 0 0000
Th 212 2 M60F-04 0 00G1 0 000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000R+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000
U 234 6 896f 11 0 0000 0 000!*00 0 0000 4.9067 06 0 0000 0 000E*00 0 0000 0 DDOF'00 0 0000 0 000F+00 0 0000 0.000E+00 0 0000
U2') I 880E-11 0 0000 0 000F+bu 0 0000 0.000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0.0000 0 000E*00 0 0000J

D 214 1 356F-08 0 0000 V 000F*00 0 0000 $ 398E-il 0 0000 0 00cFe00 0 0000 0 000E*00 D 0000 0 000E+00 0 0000 0 000E*00 0 0000

1otal 1 2$9f 04 0 0001 0 000E*00 0 0000 1 077E+00 0 4997 0 000F*00 0 0000 u 000F*CU 0 CD00 0 000F*00 0 0000 0 000E+00 0 0000
0

Total Duse f ont r iaat tune Tuostt i .p.t ) for indiv1494 L kailuouc 11 des t!) and Pat hways a p i
An oreelyr and Fraet ton of Total Duse At t + J 000f*01 yease

0 Water bependent Pa t hways
0 Wat e r Fish Radon Plant Meat Milk All Pathways *

Radio- - - - - - - - - - - - - - -+,

Nuclida steelyt tract steelyr Itact orcelyr tsact prem/yr t r ac t stemlyt Isact steelys tract. arem/yt tract

km 226 0 UOOFa00 0 0004 0 000f*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F 00 0 0000 0 000F*00 0 0000 L.0777+00 0 9997
Th-2)l 0 000E*00 0 0000 0.000F+00 0 0000 0 OD0E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 2 669E-04 0 0001
U-214 0 000F*00 0 0000 0 000E*00 0 0000 0 000F+00 0.0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 1 906F 06 0.0000
U-115 0 000Fe00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 00tf*00 0 0000 0 000f+00 0 0000 0 000E+00 0 0000 2 pn0E-Il 0 0000
U-738 0 000Fe00 0 0000 0 000F*00 0 0000 0 000F.00 0 0000 0 000R*00 0 0000 .0 000E+00 0 0000 0 000E+00 0 0000 1.361F-08 0 0000

-

Tot a l 0 000E+00 0 0000 0 000E*00 0 0000 0 000f*D0 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 1 077E+00 1.0000
0* Sum of all water independent and de pendent pat hways

n--. , ~ . , , , , -- - , - - _ .,, , , ,~.,. _ . , - , -, ~.- .. -,.c_ , ,
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IRestdual Radioactivity Program. Version 5.04 04/04/94 10 22 Page is
Summary - KM CU$d-KMCbFel r'ULL CFLL DEPTH F Lle -, KMrkF61 BAT

, Tota L Dose Contr1but tons TD05E(l .p.t) for Individual Radtonuclides t L) and Pat hways (p)
;s As mremlys ane Fraction of Total bose At t * 1,000E*02 yeara

0 Wate r Independent Pathways (Inhalation escludes redon)
0 Ground Inhalation Radon Plant Ke a t Milk Eoll

RadLo. - - - - - - - - - -

Nuc lide eremlyr fract premlyr fract mramlyr fract aremlyr tract. mremlyr tract meemlyr tractJ aremlyr fract

Ra-226 3 776F 05 0 0000 0 000F*00 0 0000 1 044f+00 0 9997 0 000E+00 0 0000 0 000t+00 0 0000 0.000E+00 0 0000 0 000E+00 0.0000
Th-234 2 969f 04 0 0003 0 000E*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0.000E*00 0 0000 0 000t+00 0.0000 0 000t+00 0 0000

; U-734 / 577E-10 0 0000 0 000E+00 0 0000 2.095E 05 0 0000 0.000E+00 0 0000 0.000E*00 0 0000 0 000f*00 0.0000 0 000E*00 0 0000
U-235 1 408E-10 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0.0000 0.000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000:

U J)8 1.354E 00 0.0000 0 000f*00 0 0000 1.983E 09 0.0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0 0000 0.000E+00 0 0000 ,

|
Total 3 366E-04 0 0001 0.000E+00 0.0000 1 044F+00 0 9997 0 000Ee00 0 0000 0,000E 00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 J

O ]Tot al Dome cont e thutions TDOSE(1.p.t) ter Individual Radionucilde s (1) and Pathways (p) a

1 000E+02 years IAs areelyr and Frac t ion of Total Dome At t *
C Watet De pe nde n t Pathways J

*J Water FLhh Radon Plant Ke a t Milk . All Pathways *
Radio. - - - - - - - -- - - -- - - - - - - - |
Nuc li de aree/yr (rett mremfyt tract mree/yr fre(t steelyr fract stemlyr fract Eremlyr fract eremlyr tract , |

Ra-246 0 000E*00 0 0000 0 000F 00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0.000E*00 0 0000 -1 044t*00 0 9997
Tn-231 0 000E+00 0 0000 0 000P 00 0 0000 0.000E*00 0.0000 0.000E+00 0 0000 0.000E+00 0 0000 0.000E*00 0 0000 2 999E-04 0.0003 ' l
U-234 0 000?+00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0.000E+00 0 0000 0.000E*00 0.0000 0 000t+00 0.0000 2.095E-05 0 0000 - i
U-235 0.000fe00 0 0000 0 000E+00 0 0000 0 000f+00 0.0000 0 000E*00 0 0000 0.n00E*00 0 0000 0,000E*00 0 0000 1.404E-10 0 0000
U-735

0 000F*00 0 0000 0 000E+00 0 0000 0.000f*00 0 0000 0.000t 00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000 1.553E-08 0 0.000
Total 0 000t+00 0 0000 0 000E*00 0 0000 0 000E.00 0 0000 0 000E+00 0 0000 0 000E+00 0,0000 0.000E*00 0 0000 1 044F.*00 1-0000

O' Sum of all wate r inde pe nde n t and dependent pathways

j Ikesidaal Radioacttvity Program. Ver* ton 5 04 04/04/94 10 22 Page 19
Summerv KM CU$4-KMLRFS1 FULL rELL DEPTH F ile . KMCRFBI DAT

i

lot al base Cont ribut ions TDOSRi t,p, t ) f or Individual Radionucitdea (il and Pathways sp) f
As miemlyr and Fraction of Total Dose At t + 3.030E*02 years i

0 Wat er Independent Pat hways (Inhalation e sc luden v aden) j
0 Ground inhalation Radon Plant Ke at Milk Soll <

Radio. --- - - - - --- - - - - - - - --

Nac ilde mremlyr fract mreelyr tract stemlyr fract stem /yr (tact mremlyr fract m re mly r tract; mremlyr fract- j

Pa 126 ) 455F 05 0 0000 0 000E+00 0 0000 9 553t-01 0 9995 0 000E*00 0.0000 0 000F+00 0.0000 0 000E*00 0 0000 0.000F+00 0 0000 l

U 2a 6 612E-09 0 0000 0 000E+00 0 0000 1 828E-04 0 0002 0 000F*00 0,0000 0.000K+00 0 0000 0 000E+00 0.0000 C 000F*00 0 0000 - |'
a lh-J W J 999F-04 0 0003 0 000R*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000
'

U . .' 3 5 5 l06F 10 0 0000 0 000f+00 0 0000 0 000E*00 0.0000 0 000F+00 0 0000 0 000F*00 0 0000 0 000F+00 0 0000 0 000F*D0 0 0000
.

L 2sm 1 341E-08 0 0000 0 000E+00 0 0000 5 227E-ON O 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E+00 0.00D0 i
i

total J $14F 04 0 0003 0 000E*00 f 0000 9 555E 04 0.99Wl 0 000f*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000
0

Tot al Done Cont ribut ions TDOSE(l .p.t ) for IndivLdaal Radlonuclides tL) and Pathways (p)
An mremlyr and Frac t ion of Total bose At t = 3.000E*02 years

0 Water Dependent Pathwr,s
0 bater Fish Redon F1. 6 Me a t Milk All Pathways * |
taqlo- -- . - - - - -- - . - - . - - . --- $

tac i t or meemtvr fract mremlyt fract eteelyr tracs steelyr fract areelyr tsact. stemlyr fract pres /yr fract- |
lRa 2tb 0 000F+00 0 0000 0 000F+00 0 0000 0 000F*00 0.0000 0 000f+00 0 0000 0 000E+0D 0 0000 0 00ct+00 0 0000 9 554E-01 0 9995

Th 21; O u00F+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 2 969E-04 0 0003
U J.m 0 000F+00 0 0000 0 000E+00 0 0000 0 000f*00 0.0000 0 000F*00 0 0000 0 000F*00 0 0000 0.000E+00 0 0000 1 825f 06 0 0002
U J)5 0 000F*04 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0 000E*00 0.0000 0.000F+00 0.0000 5 106f 10 0 0000
U J3M 0 000F+00 0 0000 0 000F+00 0 0000 0 000F400 0 0000 0 000f+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 6 577E-Os 0 0000

Total 0 000f+00 0 0000 0 000f+00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000F*00 0 0000 9 55PE-01 1 0000
0*54m of all water t ode pe nde nt and de pendent pa t hwa ys

ire m Ldua l Red toac t ivity Program, Ve r s lon 5 04 04/04194 |0 24 Page 20
Summary FM CUS15-KMrRf81 r ULL CELL DEPTH File KMCRFt1 DAT j

Tot al boat Contributions TDCSEtt.p.t) for IndLvidual Radionuclides (1) and Pathways (p)
As mient yr and f rac tion of Total Lose At t * 1 000F*0) years |

0 hete r Independent Pat hways tinhalation escludes radon) 1
0 Cround Inha lat ion Radon Plant Mest Milk Soil '

i katto. . J
9.c L tse premiyr tra(t aremlyr tract eremlyr fract erenfyr fract mtemlyr tract, atemlyr tract. mremiyr (ract !

Es Jib i 534F 05 0 0000 0 000P+00 0 0000 7 005f-01 0 9969 0 000E+00 0 0000 0 000R+00 0.0000 0 000E+00 0 0000 0 000F+00 0 0000,

in is/ .- 9p%F.04 0 0004 0 00ct+00 0 0000 0 000F+00 0 0000 0 000F*00 0 0000 0 000R*00 0 0000 0 000f*00 0 0000 0 000E+00 0 0000
U. 4 n 6 blSF.0* 0 0000 0 000F*00 0 0000 1 829f-0J 0.00/6 0 000F400 0 0000 0.000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0.0000 I

U JJ4 i 74SF.09 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000
Lu i te 1 864F-05 0 0000 0 000E+00 0 0000 L.784E-06 0 0000 0 000F+00 0 0000 0.000F+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000

lut . +.43F 0; t Occi 0 GD0E+0c 0 0000 P 024E 01 0 9995 0 00nE*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000t+00 0 0000

0
ITot al base (ont ribut tons TDOSE t t p.t ) f or Individual Radionuclides (1) and Pa t hwa ys (p)

As prem/yr and in sc r ien of legal Dume At t * 1 000E+03 years
0 Water L e pe nde nt Pathways . J

4 D hater FLah Radon Plant He a t Milk All Pathwava*
'

kad19-
Muc i t ar meen/vr tract meemlyt trast mremlyr fract mreelyr tract meemlyr fract meem/yr fract mremlyr fract

aa 246 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000F*00 0 0000 0 000F+00 0 0000 7 005R-01 0 9970 j
Tb - t JJ 0 000F*00 0 0000 0 000E*00 0 0000 0 000?*00 0 0000 0 000F'00 0 0000 0 000E+0C 0 0000 0 000E*00 0 0000 2 999E.04 0 0004
U . !)4 0 000F*00 0 0000 0 003F*00 0 0000 0 wa0E+0c 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 i H19E-0) 0 0026
U-2 35 0 000E+00 0 0000 0 000F 00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 1.'/8%F-09 0 0000
U-418 0 0;10F*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000F+00 0 0000 0 000E*00 0 0000 1.798E 06 0 0000

Totet 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0.0000 0.000E*00 0 0000 0 000E+00 0 0000 7 027E-01 1 0000
0* Sum of all water Independent and dependent pathwaya

j

i

f

I
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1Realdual Radioactivtry Prograe, Version 5.04 ' 04/04/94 10 22 Pane 21
Summary - FA CUSH ENCRFbl FULL CELL DEPTH F11e ' KMCRF61 DAT

- Dose / Source Ration Summed Dve r All Pat hways
Parent and Progeny Principal Radionuclide Contributions Indicated

- GPerent Produc t - S t anc h DSR(j,t) IntemiyrittpCL/g)
(L) (J) Fraction t= 0 000t+00 1.000E*00 3.000E+00 1 000t+0! 3.000t+01 1.000E+02 3 000r+02 1.000t+03

1.091E+00 1.091E*00 1 090f*00 3,086E*00 4 077F+00 1.044E+00 9.554f 01 7 0052-01Ra-226 Ra-226 1.000t+00
0.000r+00 9 276E 15 2 697t 14 s 0s0t 14 1.824E-13 2 80er-13 2 692E 13 !.974E 13R4+224 Pb 210 1 000E+00

Re-236 IDSRij) 1 091t+00 1 09tt+00 1.090f*c0 1 086E+00 1.077t+00 1.044F+00 9 554f-01 7 0058-01
CTh 232 Th-232 1 000t+00 3 854E-18 3 8542 18 3.854E 18 3 8548-18 3 854E 18 3.854f-le 3 854E-18 3 854f 18
1h 232 ka-228 1.000E.00 0.000E*00 1.191E-06 3.182E-06 7 348f-06 1 022f 05 1.050f-05 1.050E-05 1.050E-05.

Th 212 Th 228 1 000f+00 0 000F*00 5 3682-06 3.58CE 05 1 626E-04 2 767E-04 2.884E-04 2.884E-04 2 884E-04
- Th 232 ED$R(j) 3 854E 18 6.558E-06 3.898f-05 1.699E-04 2 869E-04 2 989E 04 2.989E-04 2.989E 04
00 234 U 234 1 000E+00 1. 255E 15 1.2$5E- 15 1. 2 55E- 15 1 255f 15 1. 2 55t- 15 1. 2 5 3E- 15 1. 24 4E 15 1 2 35E 15
U 234 Th 230 1.0002 00 0 000F+00 8 838t-22 2 651E 21 8 8 37E-21 2 65|E-20 8 827f-20 2.6412-19 8.725f-19
U-234 Ra-226 1.000E400 0 000E*00 2 127t-09 8 9142 08 2.124E 07 1 9D6E 06 2.095F-05 1.828f-04 1.829E-03
U-234 Ph-210 1 000E*00 0 000E*00 6 071F 24 1 615E 22 5.670E 21 1 325F-19 3 J34f le 4 122E-l? 4 785E-16
U 214 tbsF()) 1.255E 15 2 1272 09 I 914E-08 2 124E-07 1 906E-06 J 095E 05 1.828E-04 4 829E-03

0U 235 U-235 1 000E+00 6 873E 12 6 873E-12 6 873F-12 6 872f-12 6 870E-12 6.863E 12 6 844E-12 6.778E-12 |
U-235 Pa 231 1 000f*00 0 000E+00 9 6668 14 2 900E 13 9 664t-13 2 898E-12 9.64 3E-12 2 8 79t-il 9 433E-11 I

U-235 Ac-227 1 000E+00 0 000t*00 2 8111-14 J.477f 13 2 5615 12 1 903E !! 4 . 2 4 3E- 10 4. 7 502- 10 1 68 32-09 |U-235 tbnR(j) 6 873F-12 6 998f 12 1.410f-12 1 040E-Il 2 880E-11 l 408E-10 5.lD6F 10 1 785E-09 i

- 0U-238 U-234 1.000E*00 1 156f-08 1 356F-08 1.356F-08 1 356E 06 L 356f-08 1.354t-08 1 354t-08 1.3)1E 08 '
U 233 U-234 1.000f+00 0 000t+00 3 552f-21 1 066E 20 3 551E 20 1 065f-19 3.546E 19 1 06tf-18 3 498E-18
U 238 Th-230 1 000!+00 0 000F+00 1 250f 27 1 125F-16 1 250F-25 1 125f-24 1.249f-23 1 121F 22 3 234E 21
U 238 Ra 226 1 000E*00 0.000E+00 2 2172-15 5 4'6f 14 2 004E 12 5 399t 11 1 98)t-09 5 227f-Cs 1 784E-063
U 238 Pb 210 1.000E*00 0 000E:00 0 000t+00 2 817f 24 4 070t-26 2 935f-24 2.565f-22 1 077E 20 4.523E-19
U-236 ID5Rij) ! 356E 08 ) 3562-08 1 3561-08 1 356t-08 1 361E 08 1.553E 08 6.577E-08 1.798E-06

i
B ranch Fraction is t he cumulative f actor f or t he j 'th principal t adionuclide daughte r- CVMERT(jl = BRF(l)*BF.F(2)* BRF(j) ,

The DSR includes cont ribut tans troe associated thalf-11(e a 0.5 yr) daughters. j

0
Single tarfionuclide Soit Lutdelines 6(1.t > in pCils

30 oreelyr6.s.s Rad ia t ion Dose Limit *

DMuclide
(1) to 0 000E*00 1 000E+00 3 000E+00 1.000E+01 3 000E*01 1 000f*02 3 000E*02 1 000E+03

Ra 226 2 749F+01 2.750f+01 2 753E+01 2.7618+0! 2 786F+01 2 874!*01 3 140F*06 4 282E401
Th-232 *l 092E*V5 *1 0922+05 *1 092E*05 *1 092t+05 1 046t+05 1 004t*05 1 00aF*01 l 004F405
L1- 2 34 '6 233E*U9 *6 23)f+09 1 567F*09 1 412F+08 1 $74t*07 1 4 3tE* 06 1 641E*05 1 640E*04
U-235 +1 16CE*06 *2 160E+06 *2 160F+06 *2 16CE*06 *2.460E*06 *2.160f*06 *2 460E*06 *2 160f*06
U - 218 *) 36DE*05 *3 >b0F+0i *3 360E*05 *3 s6CE*05 *3 360E+05 *3 360E*05 *3 360E*05 *3 360F*05

*At specif ic activlt y limit

1

(Residu41 Radioactivit y F;ogram, version 5 04 04/04194 10 22 FaFe 22
Summary FM CUMI-KMCPFl! FULL tfLL DEPTH File FMCRF81 DAT

Summed Dose 7 5merce Rat tes D5R(1,t) in teremlyrl/tpC1/g)
and Single Radicouclide Su1L Gaidelines G(t.t > in PCils

at tain a t ime of minimum s Lngle radionuellde soil guideltre
and at tmat = t ime of manLoue tocol done = 0 000E+0u vests

ONurilde initial tain DSR(L,tmLp) Gil.teint b5R(1 tman) 6(1,tmap)
(1) pC1/g lyestsi (pCilg)

4

(pC1/=1

Re-226 1 000R*00 0 000F400 1 091t*00 2 769E*01 1 091t*00 2.749E+01
Th 232 1.000f*00 134 8 2 01 2.989E-04 1 004f+05 3 854E 18 +1 092F+05
U4234 1 000F 00 1.000E*0) 1 R19F-03 1.640E+04 1 255E-15 *6.233f*09
U.235

1 000E*00 1.0007+03 1 785t 09 *2 160E+06 6 8 7 3F -12 * 2 160E *06
U 238 1.000E+00 1 000E*03 1 79PE-06 *) 360E*C5 1.356f-On *) 360E+05

*At specific ectivity ILatt
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c Table KMCRFS1
.

1Re sidual Radioactivity Program, Version 5 04 04fD4/94 00 $4 Pese i
Summary YM Cusit-KMCRFS1 r ULL CELL DEPTH File ,. EMCRFS1.DAT

;

l . table of Contenen
1 e._... _ - . .. .

Par t 1: Misture Suas and aingle Radioriuclide Guidelines

' Dose Conversion Factet t end 1teleted) P4:amete r Summary . 2
Site-Spec ific Pereme ter Sum *4ry 7

Cont seinsted Zone and Total 1)ose Suseary.
11Summary et Pat hway Selections . -,-- -
12

Total bose Comporwnt s5

Time = 0 000K+00 13
' Time * 1 000E*00 14

' 7 tme * J 000E*00 11
Ta sm * I 000E*01 16
Time a 3 000E*01 17
Tie * I 000E+02 18g

T Lee = 4 000E+02 19
time = 1 000E+03 . . 20;

- Do6el$ource R4 tion Summed Over All Pathways 21
Single Radionucliae Soil Culdellne s 21

;

!

'

I

1

!
i

;
4

l

i
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~ Table KMCRFS1 I
l

IResidual Radionet tvit y Program. Ve rsion % 04 04/04/94 00 54 Page !
Summary KM CllSR-KMCRF54 Fl/LL CtLL DFFTil File. FMckF$t.DAT

Table of Content a

Part 1. Misture Suns and Single Radlonuclide Guidelines

Dese Conversion Factor (and Related) Paramete r Summary 2 )
Site-5pec ific Fatasete r summa ry 7

|Sumaiary of Pathway Selettlunn 4,, 11
(.ontamin4ted Zone and Tot al hone $umm4ry 12

-ITotal Dose Components
Time - 0 000F+00 11 1

Tim a 1 000E*00 14 '

J 000E*00 l$T ime *
;

Tim e 1 0002 01 16 j
Ttw a 3 000F+01 11

- t ime 1 000f*02 le=

i Tiw e 3 000f*01 19
Time . 1 000f403 .. . . 20

Duse / Source hat tos Eumme d Ove r All Pathways 21
Single Radlenuclide Loll Goldelinee 21

e
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I'
1 Residual Radteactivity Prostas, Verston 5.04 04IO4/94 00 54 Pa ge !
Summary M CUSM-EM(kFSI FULL CFLL DtrTH .FLle: FMCRFS! DAT

Table of Contents

Part 1. Misture Sans and $1pgle R44tonueltde Guidelines
,

base Conversion Fanor tend Related) Parameter $ssen4ry 2

Sits.5pecific Parameter Summ4ry 7
,' Swamary of Pothway 6 elections . - 11

Contaminated f.oria and Total base Summary 12
; , Total Dese Components

Time = 0 000t*00 il
flee * !.000F*00 14
Time * 1 000E*00 15
Time = 1.000E*01 16

. Time * 3.000E*01 17
Time = 1.000E*02 18
Time = 3 090t*02 49
Tise * !.000E*0) .. . . . . ,. 20

Dose / Source Rettos suored Ove r All l'attw Ayh ki
Single Radionuclide 5o11 Guidelines 21s

Table KMCFRS1

l
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1Realdust Radiosettvity Program. Verston 5.04 04/04/94 00:54 Page 2

Summary KM CUSH-E.MI RFS! FUI.L CELL DEFTil File KMCRF5i DAT

bose Conversion Factor tand Related) Pa rame te r Summa ry '
. 0- Current - P a r ame ter

Me nu Ps r one t e Value Deiault Name

I
A! Ground esternal gamma, volume DCF's , (arcelyr) / ( pC1/ c e"3) . <

- A! Ac+227+D , soll density * 1 0 g/cm**3 2.760E*00 2.760E*00 DCFl( !,11

A-! As-227+D , soil sensity a ! 8 g/cm**) 1,5206 00 1,520F+00 DCFi t 1,2)

A1
A-1 Pa-238 soil density = 1.0 glem* *3 2.210E-01 2.210E-01 DCFll 2,1).
A1 P4 2)! soil density = $ .8 g/cm** 3 1.210E-01 1.2108 01 DCF1( 2,2) .),

A.1 i

A-1 Pb 210+D , soll density = 1 0 g/cm**3 4.870E-03 4.870t-03 DCFit 3,1)

A1 Pb-210+D satt density a 1 8 g/cm**3 2,310E 03 2.310E-03 DCFit 3,2)
j

A-1
' Ra 226+D , soll density = 10 g/cm**1 I 1,55CE+01 1.550E*01 DCFl{ 4,1)

'
A-1
A1 !Ra-226+D soit density = | 8 g/ce*e3 |8.$60E*00 8.560E*00 DCFit 4,2)

, jA-1
. R4-2 2 8+D , s.it i dens it y * 1 0 g/cm**3 8.180F+00 8.18DE+00 DC*lt 8.1) ;A-4 i

A-1
'

9.a - 2 2 8 +'t soll denalty = 4.6 g/ce") 4.510E+00 4.540E*00 DM ,2)
i,

A1
lA1 Th-22R+D , soll density a 1.0 g/cm**3 1.330?*01 1 330E+01 DCPit 6,l')

A1 Th 228+b , soll density = 1. 8 gica"3 7 360E+00 1.360E+00 DCFl( 6,2) 1

A! !

A-1 Th-230 soll density = 1.0 g/cm**3 | 2.110F-03 2.110E 03 DCFit 7,1)

A-1 Th-230 wot l de ns it y = 1. 8 g / cm* * 3 ; 1. 0 30E -0 3 1. 0 30E -03 DCFit 7,2)
A4 [
A-1 Th-232 soll de ns t t y = 1. 0 g / c m* * 3 1.350E.03 1,3SOE 03 DCF1( 8,l)

,

A.1 Th 232 soll Jansity a 1 8 g/cm**3 6 040E 04 6 0408-04 DCFl( s,2) ],

A-1
A1 U 234 soll densit y * 1 0 g/cm**3 ! ! 550E 03 1.580E 03 DCFl( 9,1) )
A1 U-234 soll density a ! 8 g/cm**3 | 6 970E-04 6.97.4-04 DCFit 9,2) |
A1

'

A-l U 23S+D soll density * 1.0 g/ce**3 8.940E-01 8 940E-01 t>C F l ( 10,1 )
5

A! U 2j5+D soll density 1.8 g/cm**3 4.900E 01 4 900E-01 DCFitt0,2)
A1
A-1 U-238+D soll density * 10 g/cm**3 1.270E-Gi 1 270E.01 DCFit!!,1) |

A1 U-236+D soll density * 1.8 g/ce"3 6 970E-02 6 970E-02 DCFitil.2)
,

'

A-3 Depth f act ors , ground esternal gamma, d ime nsionle s s ~ )i

1,1,1)A-3 i Ac 221+D , soll density = 1 0 g/cm**), thickness * 15 m 7.930E 01 j 7 900E 01
{FDtA-3 ! Ac-22?+D soll densit y = 1 0 g/cm**), thickness * 0 5 m 9 700E-01 i 9 700E-01 FD: 1.2.11

1 000E*00 FD( 1,3,4) |
1 000E+00 | 9 100E-01

A-) Ac-22?+D soll dena lt y = 1 0 g/ cm* * 3, t hicane ss a 10m
9 100E 01 i FD( l.1.2)

'

A.] Ac+227+D soll density * I a g/ce"3, thickness = 19 m
I1 000E+0C l 000E+00 FD1 1,2,2)A.) At 227+D . soll dens try a ! 8 g/cm**'!, thic kness * 0 $ a

A-3 Ac 227+D soll density = 1 8 g/ cm*a 3, tutekness = 10m = 1000E*00[;1.000E+00
i

'FDt 1,3,2;
IA.3 |

A-j i Pa-231 soll densit y = 1 0 g / cm** 3. t hic kne ss = 15 m 7 900E-01 r 7 90CE 01 FD( 2,1,1)
A-3 P4-231 soll density * 1 0 g / cm** 3, thte s ne ss e 0$a , 1 000E+00 |1.000E*00 FDd 2.2.1)
A3 Pa-231 soil denetty a 1 0 g/ cm** 3, t hic kne ss = i0m j l.000E+00 . 1 000E+00 FDI 2,3,1)

|9200E-01A-3 Pa-231 soil density * I 8 g/ cm* * 3.- th ic kne s s . .15 m 3 9.200E 01 FD( 2.1.2)
1.000E*00 FD( 2,2,2)

,

A3 Fe-236 soil density * 1 8 g/cm**3, thickness = 0 $ m i 1 000!+00 1,

A3 Pa 231 soll densit y = 1 8 g/cm**3, thickne ss = 10m ( l000E+00f1.000E+00
FD( 2,3,2)

A-3 1

| Residual Radioact ivit y Pror ram, Version 5.04 ' 04/0&l94 00 54 Pa ge 3

Summary KM CU5t(4MCRF51 FULL CEL.L DEPTB File : KNCRFSI DAT

Dose Converston Factor (and Related) Pa ramete r Summary (continued)
0 ; | Current i ! Pa rame t e r
Me nu j Pa rame te r | Value l Deleult Name
- , - - + - _ - _ _ - _ _ . ~ . . _ . _ e - - - -

A-) Pb-210+D soll density * L.0 g/cm**3, thickness * ,15 m j 8.800E 01 . 8 800E 01 FDt 3,1,1))i #

| 1.000E+00 - 1.000E+00 FD( 3,2,1)A3 Pb-210+D soil denstry = 1 0 g/ cm**3, thickne ss - 0 5 m
A3 i Pb-210+D . soll density * !.0 g/cm**), thickness * 1 0 m 1000E*00!l000E+00 FDt 3,3,1),

A-3 ' Pb-210+4 soll densit y * I 8 glcm** 3, t hic kne ss = .13 m } g.7n0R.01 | 9.700E-01 FD( 3.1,2)
Ph.210+D , sett density * I 9 gl-v**, t*,t m .iess * O 3 m !3 I?00f +% !A W E*00 FDq 3,2,2)A3 '

A-3 Pb-240+D sail M s.ti , a a a g/cm**), thickness * 1.0 m ! 1.000E+00 | 1 000h+bc Fbi 3.3,2)
A3 1

A3 i Ra-226*D soll density = 4 0 g /cm** 3, t hic une s s . .15 e 6 300E 01 6 300E-01 Fin 451,1)
A-3 j Ra-226+D soll density * 1 0 g /cm"3, chickness * 0 $ e 9 200E-01 9 200E-On FDt *,2.1)

A 3 i Rs 226*D , soll denalty * 1 0 g/cm**), t h ic k ne s s * 10m 1.000E+00 1.000E*00 FDt 4.3.1)
A-3 R4-226+D soll densit y * | 8 g/cm**), thickness = 15 m $ $00E-04 , 8 500E-01 FDt 4,4,2)

3

A3 Ra 226+D , soll densit y = 1 A glen **3, thickness = 0 $ m 1.000E*00 j t 000E+00 Fbt A.2.2)
A-3 I Ra-226*D , soll dens try . I 8 g/cm**3, thickness = 10m I 000E*00 i, 1 000E*00 FD( 4.1,2)
A-)
A,3 Re 278 + 0 , soll de nsity * 1.0 g/ cm* * 3, t hic kne ss . .1% a 6 800E-01 6.800E-01 FDt 5,1,1)
A+) ka 22beb soll densit y a ! O g/ce"3. thtesness = 0 $ m 9 700E-01 9 700E-01 FD( S,2.1)
A-3 j Ra 22B+b soll density * 1 0 g/ce**). thickne ss a 10m 1 000E+00 1 000E+00 FD( 1,3,4)

Ra-228+D soll de ns f ry * 1 8 g/cm**), thickne ss a 15 m 8.500E-01 8 $00E 01 FDt 3.1.2)A-3 '

! 8 g/cm**), t hic k ne s s * 0 $ m 1.000E+00 1 000E*00 FD( ),2,2)A-3 R4-226+D . soil dsnsity a,

A-3 Ra - t 2 8t + D soll de nsity * 1. 8 g / t m* *), t hic s.ne ss = 1. 0 m 1.000E*00 1 000E*UO - FD( S,3,2)
z

A-3 j
A-1 : Th-226*b soll den 4 Lt y * . O alem** 3, thic ane ss - 15 a 6.100E-01 6 100E.01 | FD( 6,1,1)
A-3 (Th-228+D, soll density = 1 0 g /cm**), t hic kne ss * 0 ') a 9 400E 01 1, FDt 6,2,1)

|9& ODE-01
:

FD( 6,3,4)1 00Cte00 1 00GE+00A-3 i Th-22s+D soit density 1 O g/cm**), thletness a 1.0 m*

' 7 500E 01 FD( 6.1.2)A3 Th-228*0 soil density * ! 8 g f ee**), thic kness e li n ; 7 500E 01

f1,000E+00j
,

FDd 6.2,2)Th-229'D soil density * l 8 g/cm**), thickness * O $ a 1 000E*00A3 ,

1 000E*00 , FDt 6,3,27A3 Th 226eD soit dens try 1 5 g/ cm * 3, thickness = 10m ! l 000E+00 ie ,

A3 ) I !

1 0 g/cm * 3, tht:kne ss * 15 m |9 300E 01 9 300E 01 Tbt 7,1,1)*A-3 i Th 230 6o11 de nsity * e ;

A-) i Th-230 soil dens try = 1 0 alce**3, thickness a 0$e ' l.000E*00 f 1 000E*00 FDt 7.2,1).
1 000E*00 L.000E*00 FDt 7,3,11A-3 Th-230 sot h density * I O g/ce"J. thickness athickness .1 0 mA.) . Th 2 30 soit density a 1 a prem**3, .li n 1.000E+00 1.000E+00 FD( 7,4,21

,

ant! 6cnsity * 1 8 g / cm** 3, t hic kne ss * O 5 a 1 000E*00 1.000F+00 FDt 7,2,2)A- 3 Th-2)0
. soll dens tr y * 1.8 g/cm**3. thickness = 10m 1.000E+00 1 000E*00 FD( 7,3,1)A-3 Th+230 ,

A-3 {

A3 Th 232 soll density * i 0 g/cm**), thickness = .1$ m 9 500E 01 9 $00E Gl 1 FDt 8,1,1)
A3 Th-232 soll density * 1 0 gles**3, thickness * 0. $ e 1 000E*00 s.000E+00 ' FDt 8,2,1)

1 0 g/cm**3, thickness a 1.0 m 1.000E 00 1.000E+00 FD( 8,3.1)A4 Th-232 soll density .
A-3 | Th-232 so11 deastry * 1 8 g/ce**), thickness * IS a 1 000E+00 1.000E*00 FDq 8,1,2)
A-3 1 Th.232 soll density a 1 8 g/cm**), thickness = 0 $ m ! 1 000E+00 1 000E*00 FD( 8,2,2)

,

Ad Th 232 - sail de nsit y * 1 3 g/ ce**), thic kne s s = 1.0 m 1.000E*00 1.000E+00 FD( 8,3,2)
'

A+3 .

soll density * 1 0 g /c m**3, t hic kness . .15 m 9.000E-01 9 000E-01 FDt 9,1,1) iA-3 U-234
A-3 ll- 2 34 soll density = 1 D g/cm**3, thickness * 0.5 m 1.000E+00 1.000E*00 FDi 9,2,1),

4-) U.234 soll dens tty * 1 0 g/cm**), thickness = 1.0 m 1 000E+00 1.000E+00 FDt 9,3,1)
A-3 U-235 soll dens try = 1.8 g/cm**3, thickne ss . .1$ m 1.000E+00 1.000E+00 FDt 9,1,2),

A3 U4234 5011 density * 1 9 g / cm** ), thic kne ss * O $ a 1.090F*SO l 1 000E+00 FD( 9.2,2)
A-1 tt - 2 34 soit densit y = 1. 5 g / ca"). thickness = 1 0 m 1 000E*00 1 1 000E*00 FD 4 9,3,2),

A3 | !

|
,

. . . - , - _ . , . , . .- - ., - . . .-- -
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Dose Conversion Factot (and Related) Parameter Summary (continued)
Curreat i Parameter0 .

Pa r ame t e r value | De f ault NaswMe ne
. . . --. _ _. _ .

A3 V 23%+D soll densit y * I 0 g/cm** 3, thic kness = 15 m 6.700t 01 8 700F-01 FD(10,1,1)
,

A3 U 215+D so t'. de nsit y * 1 0 g /cm* * 3, thickne ss * 0 5 m 1 000E*09 1.000d*00 FD(10 2,1)

'

A-3 - U 21)*D sot , dens it y * l.0 g/cm**), thickness * 10 m 1. 000E 60 4.000E*00 FD(10,3,1)
,

A -) U+2)$+b soi , dens t t y * I # g /cm* * 3, t h ic kne ss = 15 m 1 000f*00 1 000f*00 FD(30,1,2)
A') il 21)*D E01|. dens it y = 4 8 g/cmas), thtckness = 0 $ e 1 000E*00 1 000E*00 F0110,2,2)

A.) U-23)*D 6eti dens ity * 1 8 g/cm* * ), thtchness = 4 0 m 1 000E*081 1 000t+00 FD(10,3,2)
A3 . *

.15 m F.800E-01 7.800E-01 FD(ll,1,1)A-3 U 238eb soll densit y * I O g/ce* * 3. t hickne ss *
A-) U-238'D soll denalty * *l.0 g/ce**), thickness * O S a 1 000E*00 1 000t+00 FD(ll,2,1) |

,

,

A3 U 23R+D soll density * 1 O g/cm**), thickness = 1.0 m 1.000E*00 1 000f*00 FD(11,3,1) |,

A-J U 238+b soll denalty * 1 8 g/cm**), thickness = 15 m 8 800E 01 8.800E 04 FD(ll.1,2)
6-3 0-218+D sett density * ! 8 g/cm**), t hickness * 0 $ m 1 000F+00 1 000f*00 FD(ll,2.2) |

,

,

A3 U-2)S*D soll density * 1 8 g /ce* * ), thltknesa * 1.0 m 4 000f+00 1.000E*00 Fu(11,3 J) j

B1 base conversion tactora for thhalat ion, arealpC1
51 Ac 227+D 6.700E*00 6.700E*00 DCF2( f)
68 Pa 231 1.300F*00 1 3G0E+00 DCF24 2) i

400E-02 DCF2( }) |81 Pb 210eD 2 100E-02
2.900E-037 bcF2( 4) 184 Ra 226*D 7 900E-03

A-6 Ra-228+D 4 S00E-03 4.500E-03 DCF2( 5) l

Bl Th 228+b 3 600F 01 3.100E 01 DCF2( 6) I

i8-1 Th-230 3 200E OL 3.200E-01 DCF2( 7)
Bl Yh,232 1.600E*00 4 600E*00 bcF2t 8) |,
B1 ' U-234 > 1 300E-08 1.300E 01 DCF2t 9)'
8-1 U 2Jbb ! 200E-01 1.200E-04 DCF2(10)

1 200E 01 1 200E-01 DCF2(ll)'61 U 2'39*D
i i

D-1 Dase conversion factors for ingestion, nires/pCL |
Da Ac-22i+D 1 *>00E 02 1.500E-02 DCF){ 13 |

b1 4 Pa 23! 1 1001 02 1.100E-C2 DCF3( 2) i

ID1 Pb- 210 * D- 6 700F 03 6 700E 03 IK F 3 t 3)
D-1 ta-226*D 1 100E-03 1 100F 0) LL F 3( 4)n

1 200E 03 1 200E 03 DCF)t 5)
!'1$00E-04

,b-4 Ra 22B+D
1 500E 04 DCF3( 6)D*1 Th 228+D

|
D-! Th 230 ( $ 300E 04 5 300E 04 DCF3t 7)
D-i Th 232 1 2 800E-0) 2 800E 0) DCF3( 8) |
D1 0 214 i 2 600E-04 2 600E 04 DrFJt 9) I

b-I U-ilt D ! 2 500'N04 2 $00E 04 DCF)ll0) |
D-t U 2 )ll* D 2.$00F-04 2 500t 04 DCFJ(ll) |

1

1 D-14 Food t r ansf e r f ac tors - t ,

D 34 - Ac-22)*D plantisati concentrat ton rat to, dimensionlesa | 2 $00t-0) 2 $00F-01 RTF( t,1) |
2 000F-05 2 000E 04 krF( l.J)D 34 An 227+D . riee t / l tve st oc k - int she retto, (pf''kg)ltpCtld) i

i

D- 14 Ac-22?+D , mListitvestock-intaFe retto. IpCL/L)liptt/dl Z.000E-0) 2 000E O's RTF( ! 3) |
D 34 l j

0 34 PaJ231 plant isell concent rat ton r at to, dimensionle6s ' i 000F-02 1 000f 02 RTFt 2,1)
peeflitvestock intake tatto. IpCilkg),tpflidi . 5 000E DJ 5 000F+0) RTF( J,2)D-14

| Pa-2)!
4

Pa 2.11 m Lik / llve st oc.k + !ntake r ec to, (pct /LilipCL/dt |S.000E06 5 000E 06 RTF( 2,3)D - )4
D 34
D- )4 Ptu 210 * D plantisoil conc entrat ion ret to, diser,sionless 1 000E 02 1 000F 02 j RTF( ),1)

D 34 ' Ph 210*D
bee f li tves t ock ,lnt.she t at to. ( pC i t h g ) l i pT.11 d ) 8 000E-04 . 8 000F 04 i STF( ).2) .D-34

O%
Pb-210*D milk / Ilve s t o< m int ake retto. (pCL/L}|tptild) J 000E-04 3 000E 04 ' it T F t J,3) I

ram. Version 5 04 04/U4/94 00'54 PaSe $1Re sidual Itadloac t twity Prog'ULL CELL DFFTil
. File KNCRF51 DAT i
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Summary EM CU5H.kMERF51 t
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Cu r re n t ! ! Par ame te r0 ,

Me nu Paranwter . Value f befault ] Name
-- _ . _ _ - _ _ . _ . . - - . - ._m._.j~- p. _ & -.

D- 34 jRd.226*D plantisoit concent rat ton r et to, dimenatonless 4.000F-02 4 000E 0J | RTFt- . - - -
;

4,1) i

RTFt 4,2) jb 34 ka-216*D beefillvestock intake tatto, (pct /bstitpCt/d) . 1 000E 0) 1 000E-03
} RTF(14 Ra 226*D elimillve s t oc k . int a ke ratto, tpct/L)/(pctId) i 1 000E-03 t 000E 01 i 4,31 -|

0.34 *
. ! ;b .

4 000F CJ RTFt 5,1) . 1Db ! Ra 228*0 plant isoi t concent rat ion rat to. d ime ns ionle s s 4 000E 02.

D- 34 Ra-22a+D bee f li t ve r t oc k - t nt ake tatto, IpC L f kr.)l s pC ild ) 6.000E 03 1 000F 0) RTF( 5,2) i

3b-)4 ka 228+D aillkillvestock intate secto, EpC1/L)/tpC1/d) 1-000E 03 1 000E 03 R1F4 5,3)
0 34 |
D 14 Th 228+D plant / soll concent r at ion r at io , d ime ns tonle s s 1.000E-01 1 000E 03 RTFt 6,1) i

b 34 Th-JJ6*D bes tillvestock int ake ret to spC1/kgettpC1/d) 1 000E-04 1.000E 04 RTF( 6,2)
D 34 Th-228+D .. ellk/ltvestock intake retto, spCtlL)ltpct/d) } ) 000E 06 $ 000E-06 R1Ft 6.3)- 1

jD - 14
b 14 Th-210 plantino11 concent rat ion rat to, dime nsionless I I 000f 03 1 000E-03 |j RTF( 7,1)

)
D-J4 th-2)G bee flitve stoc k Lntake r a t to , (pCL/kglstpC1/d) | 1 00GF 04 1 000f 04 RTF( F,2) j

D-34 Th-230 milkiltvestock Lnt ane r at io, (pC1/L)/tpCt/d) |1000E-06j$000E06,RTF( F,5) j

D-14 l 1
'

i
D-)& T h- J '12 lent / so L L content r at ion ratto, d ime ns ionle s s ! l 000E 0) 1 000E C) RTF( 6.is'

|$000E-06
1 000E-04 1.000E 04 RTFt ti,2)D 14 ' Th 232 ent/1tvestock tm ase recto, (pCling)/ipCL/dj

> 1 5 D00E 06 RTF( 8,3)D - 14 Th-232 sill 6 /1 t ve st oc k - t u ate r et to, IpCL/L)ltpCt/d)

|'2.500F03|2.500f-03
D 14
b 14 U 214 Lant / soil concent rat ion ratio, dimens tonless RTF( 9,1)

hee t / L ive s t oc k - int ake r a t to .- s pC 1/ kg) / ( pC1/d ) ) 400E 04 3 400E 04 RTFt 9,2)
D b |, U 234

.

D - )4 U-214 . allk f liven tor.k Intake s ot to, (pCLIL)ltptild) f 6.000E 04 6 000f-04 j RTFt 9,3)
D- )4 !; .

disensionlest 2 $00E-0) 2 $00E-03 |RTF(10,1)U ')$*D plantitoll conecot rat ion ratio,b-34
'*D bee f illve stoc k < int ake ratio, t pt'llk g l i t pC t / d) 3 400f 04 3 40t>F-04 { RTFt10,2)D 34 ,i v* HD ellk / L ive st oc k - int ate rat tu, ipClit)liptL/dl 6 000E 04 6 000F-04 ; RT F i l 0. .) Ib 34

D 34 !
D 14 f Il- 2 Map plant l$ct L c oncent rat ion s et to, d tnensionless 2 500F-03 2 500F-0) RTF(ll.1) ;

D-34 j U 236*D ber flitve st oc k -intane ret to, (pCilkgiltpCLtd) !3.400E04 3 400E-04 RTF(il,2) 1

D-34 * U-2 M*D attkiltvestock intane retto, (pCL/L)/tprtrdi I 6 000E-04 6 000E 04 6 RTFill,3t
'

S f
D-$ i 6 Loacc mulation factors, f resh weer, LIkg !u

i fish , 1 500E*01 1 500E*01 ] B10 FACI 1,1)DS
} As-221*DAc 227+D crustacea and mollunks 1 OfiOE*0) 1 000E*0) a10FAC( 1,2)D-i

i !D- $ 1

Pa 231 fish 1 000E*01 i L 000E*01 ! B10FAC( 2,1)D5 i
b5 I Pa 231 crustacea and mollp hs 4 1 100E+02 1 100E*02 1 810 Fact 2,21 j

'D-S i *
i

D5 : Pb 210*D tien 3 000E*02 . 3 000E*02 5 810 Fart j,1, |

b$ i Pb-210+D crustacea and molleek. 1.000E*02 i 1 000E*02 BIOFAct 3,2) i

|Ra226*D
|D$

i t tsh 3 000E*01 l 5.000E*01 810FAC( 4.1)D-S
D.S ~ Ra-226*D crustacea and molluks | 2 $00E+02 |4.$00E*02 AICFAC( 4,2)
D$ |
D-5 F.a - 2 2 8 + D flah 1 5 0005 01 S 000E*01 810FAC( $ 1)
D-1 Ra - 2.2 8 + D crustaces and mollunks j 2 $00E*02 2 $00E+02 R10 Fact 5,2)
D-S
D-$ Th 229+D , crustacea and mollumas i 5.000E*02|$000E*02 [810 FACT 6,28

fish 1 000E*02 i 1.000E*02 , BIDFArt 6.1)
D-S . Th 248+D .
D- ) i ; i

<

1

- . , -- _ _ --- . . .- - . . - . . . - _ . - - . . - . -. --- - -- . - :
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Dose Conversion Factor (and Related) Parame ter Summary 1 continued)
O current Pa r ame t e r

Menu Parame te f Value Def ault Na me
- - - . - ~

1.000E*02 1 000E+02 810 Fact 7,1)DS Th-230- . fish -

$.000E*02 $.000E+02 SLOFAC( F.2)D5 Th 230 crustacea and molluska,

D. S
D.S Th 232 fish ! 000E*02 1 000E+02 8!0FAC( 6.1)
D-5 Th-232 crustacea and hollusks 5 000E+02- 5 000E+02 510FAC( S,2)
D-5
D-5 U 234 fish 1.000F+01 1.000E+0i STOFAC( 9,1)
DS U 234 crustaces and mollusks 6.000E*01 6.000E+01- 810FAC( 9,2)

. b-5
b-S U 23S+0 fish 1 000E*01 1 000E+01 810FAC(10,1) j.

U-235+D crustacea and molluska 6 000E+01 6,000E*01 810FAC(10,2)
b.5

,

D)
D-5 U-236*D ftsh 1.000E*01 1.000E*01 SIOFAC(ll,1)
D$ U-238+D crustacea and molluska 6 000E*01 6.000E+0! 810FAC(ll,2)

<

LResidual Radioactivity Program, Version $ 04 04/04/94 00 $4 Pete 7
Summary KM CUSK.ENCRFSI FULL CELL DE PTil F ile KMCRFS! DAT j

Site-Specific Paramete t Summary )
0 ! User Used by RESRAD Pa r ame te r '

Mena Paremeter j Input be f ault (if different from user input) Name

Roll Area of contaminated none (m**2) i 2 500E*03 1,000E404 - AREA
R0ll Thickness of contaminated zone in) 3 000E+00 2 000E*00 -- Til1CEO {

i

R01) Length parallel to aquife r flow (e) 1 000F402 1 000E+02 --- LC1PAQ ,

jR011 Sas te radiat ion dose lists terem/yr) | 3 000E*01 3 000E+0! -- BRLD
R0!! Time since placement of material tyr) 0 000E+00 0.000E*00 - TI <

l
P.011 lime s for calculations tyr) 1.000E*00 1 000E+00 --- T( 2)
Roll Times for calculations tyr) 3.000E+00 3 000E+00 - T( 3)
R011 ', Times f or calculations (yr) 1 000E+01 1 000E+01 -- 74 4)
Roll Time s tot calculations tyr) 3 000E+01 3.000E401 - 7t 51
ko!! Times f or calculations tyri 1.000E+02 1.000E+02 * Tl 6)
R011 Times for calculations tyr) 3 000E*02 3 000E*02 - 71 7)
Roll Time s f or calcular Lona tyr) ! 000E+03 1.000E+03 - Tl 8)

- used 3 000E*01 - T( 9)R0tt Times (or calculations tyr)
|notnot used 1.000E*04 - T(10) lR0li - Times tor calculations fyr)
I i

R012 initial principal radionuelide (pC1/g) Ra 226 1 000f*00 I O 000E400 - Slt Al |

R012 initial pr ins Lpal radionuclide (pCL/g) Th- 2 32 1 000E+00 ' O 000E*00 - Sl( 8) J
R012 1 Init ial principal red Lonuclide (petIg) U-234 1 000E*00 0.000!*00 . Sit 9) i

RD12 Initial principal radLonuclide (pCl/g). U 235 L 000E+00 0000E+00| - $1(10) -

0 000E*00 Sit!!)R012 Intclat principal radionutilde tpC1/g) U-738 1 000E+00 -

0 000E+00 | -- Wi( 4)R042 Concentiation in groundwater tpC1/L)- Ra 226 not used
0.000E+00 | -- Wit 8)R0ll Concent ration in groundwater fpC1/L) Th-232 not used

R012 Concentration in groundwater IpC1/L). U 234 nat use d 0 000E *00 -- Wit 9)

Rol2 | Ccncent ration in groundwater (pCi/L). U 235 not used 0.000E*00 - Wl(10) ]R012
Concentration in groundwater tpCt/L)- U-238 not used 0.000E+00 -- Wl(11)

| Cover depth (m) 3.04BE+00 0.000E*00 -- COVER 0ROI)
B013 Density of cove r material (6 ca+*3) 1 $00E+00 1.$00E*su DENSCV/
B013 Cove r depth erosion rate (m/yr) 1.000E-03 1 0001-0) -- t VCV |

% R013 Density of contaminated tone a gicm *3) i 1.$00E*00 1.500E*00 1 DENSCZa

S R0l3 Contaminated zone erosion rate talyr) i 1 000E 03 1 000E 03 | VCZi

R013 f ant aminated sone retal porostty 4 000E-01 4 000E-04 - TPC2
R013 Contas1nated none e f f ect ive poton tty 2 000E-01 2.000E 01 --- EPC2 |

kOl3 Contaminated sorte hydraulic conductivLty talyr) 1 000E+01 1 000E*01 -- HCCZ
R013 contaminated rene b parame te r $.300E*00 S.300E+00 BC2
R013 Humidity in sir talm**3) not used 8.000E+00 -- HUMID i

R013 . Evapotranspiration coefficient i 9 969E 01 I 5 000E-01 - EVAPTR
'

8000E-01l1.000E+00| - PRECIPRol) ! Precipitation (elyr) 5

R013 ) trrtsation calyr) 2 000E-01 2 000E 01 j - R1

P013 1 IrrLeation mode overhead ovethead 1 DITCH.
- KUNOFF || Runof f coef t te lent g 0 000E*00 2 000E-01R013

1 000E+56 [. --- WAREARQl) Watershed area for nearby stream or pond (m*e2) . 1 000E+061

j Accuracy for water / soil computationa | 1 000E-03 1 000E-(1 - EPSR0lJ

R014 | Denalty of saturated none Ig/cm**3) 1 500E*00 , 4 000E-011.500E+00 - DENSAQ
{ 4 000E 01 ( - TPSZE014 ; Satorated none total porosity

Sat urated none e f f ec tive porosity i 2 000E 01 f 2 000E Cl - ! EPS2R014 i
ROI4 i Saturated tone hydraulic conductivity islyr) i 000E*02 | 1 000E+02 - I HCSZ'

Ral4 | Escurated sone hydraulic gra4 Lent |2000E-02 l 2 CDOR-02 HCWT
R0in i Saturated sone b parameter i 5 300E*00 ' i 300E*00 < BSZ

g P0l4 I Ware e table drop rate (mlyr) I O 000E+00 ! l 000E-03 | VWT

w

h

$

f

|
.

*

$

1

%

4
.

a

4

1

1

- .r- -- ,.---_,e_,~ m-~~ . - - - - - _ . - , -~ ~_4 - - - . ~ . _ - _ _ _ , - -.,--,..----___m . _ - - _,- , _ _ - - -



-. m. -. . -m . .-m_ ..m m .. - .., m _ _ 4_ - - - - . . _ . . -. . . _ _ . _ . _ . . , , , . _ _ _ . _ _,

*

1 Residual Radioactivtry Program. Version 5 04 04/04/94 00 54 Paye s
Summary E.M CUSU.kMckFS! FULL CELL DEFril F ile ' KMCR FS t . DA T

Site + Spec tile Paramere r Summary (continued)
0 user lined by RESRAD Pa r ame te r

' Mariv Tarameter Input befault (If different f rom user input) Name

R014 Well pump intake depth to below water table) 1.000E+01 1.000E+01 DWISWT

R014 Model. Nondtape rsion (ND) or Male. Balance (MS) KS ND - MODEL

R0le Individual's use of stoundwater Im**)/yr) 2 500E*02 2 500E+02 UW

6015 Number of unuaturated sone attata 1 'l - NS
Ht!) .Rol$ Unsat s one 1, thicknema (m) . 2.000E*03 4 000E*00 +*

RC15 Unset rene 1. soil dens tt y (g/cm* * 3 5 1.500E*00 e 1.500E*00 buSV2(!)
R045 Unaat. sone 1, tot al porosit y 2 000E C1 !4.000E01 TPUZ(1)
R015 Uneat none 1, e f f ect ive porosity ) 000E-02 i 2.000E 01 EPUZ(1)
R015 Dnsat, sone 1, soil specific b parameter S 300E*00 5 300F+00 BU2tt)
R0l$ Unsat, sone 1, hydradic conductivity (mlyr) 3 ISOE 03 ) 000F+0! - IICl:2(1)

R016 bist ribut ton c oe f fic ient s for Ra-226
R016 Conteatnated none Icm**)/g) 7 000F+01 7.000E*01 ++- IKNUCCt 4)
R0l6 Unastutated sone 1 (en**3/g) 7 000E*01 7 000E*01 DCNUCU( 4.1)
R016 Satut ated tone ten **3/g) , 7 000E*01 7.000E*01 --- DCNUCSt 4)
R016 teach rate (/yr) 0 000F400 0 000E*00 9 919E 06 ALEACitt 4) '
kot6 Solubtitry constant 0 000EC O O 000E+00 not used SOLUSKt 4)

'
R016 Dist ribution coef ficients f or th-232
Rul6 Contaminated zone Ice **3/g) 1 6 000E*04 6.000E*04 DCNUCC( 8)

DCNUCU( 8,l) :k046 linsaturated sone 1 fem **3/g> | 6 000F*04 6 000F*04 -*

DCNUCSt 8)Rol6 Saturated none tem **3/s) 6 000E*04 6 000E*04 ---

ALE 4CH( 5)F016 Leach rate (lyr) |0.000E+00 0 000Fe00 1 16FE-06
R016 Entubtlity constant . 0 000E+00 0 000E*C0 vio t used SOll:E E ( B).

l .

Rol6 Dist ribution coe f fle tentti for U-234
k0l6 Contaminated sone ( ce" 3 / g) $ 000E*01 $.000E*01 - tH" NUCC ( 9) '
R016 Unnatorated sone 1 (re**3/g) $ 000F401 $.000E*01 +- DCNUCU( 9,1)
R016 Satut ated sone t em" J / g) S 000E*01 S.000E*01 -- DONUCS( 9)
R0l6 Le ach rate (lyt; j 0 000E+00 0 000E+00 1 396E 05 ALEACH( 9)

not used SOLUSKt 9;R91(i Solubilit y constans L 0J0E+00 0 000F*D0 ,

R0lb | Distr (buttoncoefttrlentnforUt1) {
R0l6 - Cont aminated zone (rs" 3 / 4 ) $ 000E*01 5 000E+0! | DCNUCCtt01
B016 ! Unnatutated gone 1 (cm**3rg) | 5.000E+01 $ 000E*01 - DCNUCU(10,l)

; 5 000E*01 , i 000E*01 DCNUCStt0)R0l6 i Satut ated none tcm**3/g>

'O000E*00|;OOME*00

---

ALEACHt10)1 196E 05R016 i Leach rate flyr)
0 000F*00 0.0WE*00 not used 50LL'P E ( 10)kol6 | Solubility const ant j

i

k0l6 Dist r ibut tan roe f f te tent. fot 04)#
R016 ; Contaminated sone (cm**3/4)

4
5 000E+01 .j 3 000F*04 | | DCNUCC(ll) |

; ,

5 000E*01,

R0l6 | Unasturat.ed sono i Icm**:rg) 5 000E+01 I | DCNUCU(ll,1) |

| 0 000E*00 1 5 000E401 |
-- ; DrNUCS(ll)$ 000E+01 ,R316 ' Saturated zone t cm" 3 t g)

| t 0 000E*00 | 1.396E-01 ALEACH(ll)R016 teach rate (lyr)
R016 holuts111ty consc ant j 0 000E*00 t 0.000E+00 t not used SOLUrksil)

Ake sidsel Radioa rt tvit y Prgr am. Version 3 04 04/04/96 00 $4 Pete 9 |

Summary FM CUSit-FMCRFS I rULL CELL DEPTH File. FNCRFSi DAT |

Site-Spec tfie Paramete r Summary t e ont inue d s
0 j User a r used by RESRAb i Paraina ta r

Pa t ame te r j tuput ! De f ault 4 (If dif facent free user input) | NameNe nu >
-

- . _ . _ . _ . & _ _H q____ . - - . - - , - - , - . ___

! .Rol6 f bist t ibut ton coe f f ic ient s f or daughte t Ac-227
} 2 000Fe01 | 2.000F+01 j DCNUCCi 1) I

k0l6|, Contaminated sone (ce**3/g)RDlh -

DCNurut 1,11 I

| 2 000E*01
llnhaturated zone 1 (cm**3/gl 2 000E*01 : ,

i

R0i6 i saturated sone (cm**3/gf I 2 000E+04 DCNUCSt 112.000f*01 ' ---
,

k0l6 | 1.cerh rate (lyr) i 0 000E*00 j0000E*00! 3 474E-05 i ALEArHI l}
Solubtitt y c onstant 0 000E*00 I 0 00tE*00 ' not u se d ! SOLUBut 1)R016 '

R014 Dist ribut ton coef f tr ients for daughter P4431 | |DCNUt.C(2)R086 Conteeinsted sor,e t em" 3 /g ) $ 000E*01 $.000E+0! t i
'

R016 Donaturated sone 1 (:s**3/g1 5 000F,01 4 000F*01 brNUCUt z.l>
kol6 . Satur ated sone (cm**3/3) 5 000E+01 S 000E+0! - |DCNUCSI 2)
R010 'I

Le ac h rate (fyrt j 0 000E+00 1 0 00rE*00 1 '39t.E 05 |11EACHI 2)SOLUEEt 218016 holub tlit y constant |D000E*00i0000E*00 not v ee d ;

1 } l

R0l6 ' Dir t ribur ton toe f f ic ient s tot daughte r Pb 210 I

|DCNUCC(
s

R0l6 | Conteetnated sone ( c oi" 3 / s ) | 1 000E+02 i 1.000E*02 i }}
R916 Unsaturated s one ! I;.m* Olg) | I 000E*01 | t 000Fe02 j DCNUCU( hl)

i

{0000E+00;'O000E*00
-- ) DCNUC$f 3)l 000E*0J I 000E*02RCl6 . Estutated none tcm**]/g)

t 6 99CE-06 ALEACU( 3)RDlb . te ach rate llvr)
RG16 t Solubtitty constant 0000Fe00f0000E*00

,

not u se d i 50LUBEt 3)

|Rule | Dist ribut ion coe t t ic te nt s
R016 for daugnter $4 2.'s

| '
b DCWFCCt S)

9
. 7 000E+0! 7 000F401 - |DCNurut).sj; Conteeinsted zone tim **]I

P016 Unnatureted sanc ! tem **3 ap ? 000E*01 ; 7 000E*01 j

R0l6 i Sarutated tone Irv**1/g) 7 000E*0; 7 000E*c) -
,

Dr.NUCsf $)i

k0l6 1eac h :41 e (lyt 1 0 000F+00 0 000E*00 9 979E.06 AtJArtsa si
'

R016 Solubilit y const ant , 0 000E*00 , 0 000E*00 not used ScLuert $6

R046 Distribucion roefftetetsts fut daughter th-22F l
t

I 1

|6000E*04 - |DONUCC( 6)R0l6 i Cont aminated sone (cm**Hg) , 6 000E*64
(> 000E*04 DCNUrU( 6,1)8086 ' Unsaturated sono I (ce** 3/g) 6 000E*04

|'6000E*04| 6 000E+04 -- ! DCNUC5( 6).R016 i Saturates aune tr***314)
R0t6 r Leach rate (tyt) - 0 000E+00 1 0 000F*00 1.167F-05 3 ALEACHt 6)
Ral6 ! 5eluh111t y const ant , 0 000E+00 * D 000E*00 not used 50LL'BFt 61

f

{6000E*04 f' 'k016 8 bist ribut ton coe f f te tents f or daughte r Th-230 !
i

1

Role! Contaminated tone t em" 3t g i j 6 000E*04 ; j DCNUCC( 7)
6 000E*04 6 000F*04 ; j DCNUCU( 7,1)RC16 | Unsaturated tone 1 (cm**]/g) |

0000E*00}'0000E+00'
DCNUCS( 7)e 000E+04 6 000E+04 | --

fALEACH(
kD16 Saturated none t re"3 f g2 -c

R016 I Leach rate llyr) 1 !.167F.DU 7)
not use d SOLUBF( 7)

|O00CE*00
R0l6 Solubtitty constant 0 000E*00

R0lf 4 inhalation rate (m" 3 / yt ! 8400E*03|8600E*0' - . INFlALR
R0l? [ Nata loading for inhalat ion (g/m* * 3) 2 000E-04 2 000E-04 MLIlen i

3 000E*00 } 3 000E*00 - LM JRGif I Dilution length f or altborne dant, inhalation tm)

{6000EOl
- EDR017 Esposure duration 3 000E*01 3 000E*01

SHOR017 Shielding f actor , thhalatton

|4.000E-01
, | ;

7.000F-01 4 7 000E 01 ' , $HF1/*'* R0l? Shte nding f actor , ext e rnal gamma
# B017 Fract ion of t ime apent indoors . $ 000E-01 I 5 000F-01 ; r FINb

R017 f rac t ion of time apent out door n ton atte) 4 500E 01 ! 2.$60E-01 FOTD<
,

! l 000E*00 1 000E400 i i TSIRQ17 $hape f act or , e sternal games

-- .-- _- .__ . . _ - _m . - __. - . - , ... - - . - - -_- . - -
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Frogram. Version 5 04 04IO4194 00 54 Fase 10lassidust Redt6ac'ivity $1 FULL CELL DEFTif.Summaty KM CV5H-EMCRF F ile . KMCRFSI DAT'
3

Slte Epacitle Farameset Summary teontinued)
. 0 | Use r } Used by RESRAD Fo r ame t e r

Menu Pa r ame t e Input ] beteult (if dif ferent f rom use r Lnput) Name,
- - . -.- ~ . . _ - - - . - 4. . ---- - p .

IR0l? Fract Lona of annular areas within AR&A:
Vllte) ! not used 1 000f*00 -- FRACAt 13'R017 Outer annular redtas (m) a

,-

V(10/a) i not use d 1.000F+00 FRACAt 2)
.

R017 Outer annular radtua to) a

kO!F outer annular radtus (m) e V120/n) ! not used 1 000E+00 -- FRACAt 3)
VISOle) not uned 1 000t+00 * - FRACA( 4)R017 Oute r annular radius to) .

,

Vilcola) : not used | D00E+00 FLACAt 5)R01) Outer annulas radius (m) *
R0!? Outer annular radius tai a V1200/n) I not used 1 000E*00 - FRACA( 6)

V(500ini I not u se d ] 000f*00 - FRACA( 7)R0!? Oute r annular radius tal **

Vt1000/n) not useJ 1.000E.00 FkACA( 95R0l? Outet annular radiva (m) *

Vt5000/a) i not used 1 000E*00 - FRACAt 9)R017 Outer annular radius del =

R0l? : Outer annulat radios (si e vil f*06In) not used 1 000f+00 - F RACA ( 10)

9017|I
V(1 F+05tn) not use d 0 000E+00 - FRACA(ll)R0l? Outer annular radius tal =

pute r annuler t ad tus (m) * Vl! F+06/n) not used 0 000E*00 - FRACA(12)
a

hole Fruits. vegetables and grain tenuumption (kglyr) 1 600E+02 1 600E+02 --- DitTtil
A018 Isary veget able consumption (kglyr) i 400f*01 1.400E*01 Difft2)
R0le Mila connueption (Llyr) 9.200R*01 9.200F+0) -- DitT()) ,

R318 Meat and poultry consumption (kglyr) 6 300E*01 6 100F +0! - - DIEft4). t

R0l8 Flah consumption (kglyr) 5 400R*00 5 400F*c0 LIETtS)
k014 Ot he r sestood consumption (kglyr ) 9 000E-04 9 000E 01 DIFTt6)
P.018 So!! ingestton rare Iglyr) 3 650E*01 ) 650f*01 SOIL
ROLA Drinking watet intake Illyt) 5 100E+02 5 lG0E*02 DW1
P018 Contamisation fraction of drinkins watei 1 000f*00 1 000t+00 - - FDW
R018 Canteetnation traction of household wate: 1.000E*00 1.000E*00 - FHird
R016 Cont amination t ract ion of livestoc k watet 1 000E*00 1.000E+00 -- FLW
R3|A Contamination f rac t ion of ir rigation wage s 1.000F*00 l 000t+00 - FIRW
k318 Cnntaminattor, traction of aquatic food 5 000f-01 5 000f-01 --- F*i
R019 Contaetnation f rac t ion of plant food <1 1 0 500f+00 FFLANT
R0le . Cont aminst ton t raction of meat 1 -1 l 0 125F*00 I FMEAT

jpole Conteetnation fraction of etik -1 -l
' 0 125E*00 FMILK
|i *

t
1 k019 Live s t oc k fodder t r.t a k e (or me at ikg/ day) 6 000F.01 1 i LF15

5500F+01|6300F*DL I$ 500t+0i LF16R019 Live stoc k fodder tr, tate for alth (kgrday)
3 LWJ)R019 Livestock water intake f or me st IL/ day) 5 0002601 i 5 000F4G1

Rol9 Livestock water intake for alik (L/dar) 1 600K+02 ' i 600F+02 - LW16
k0i9 Livestock sol) Intake thg/ day 1

'

5 000E-Ol 5 000F-01 LE!'

R019 Mass loading f or f oltar depo 6 Le ton (g!***1) 1 000E-04 1 000E-04 -

|MLFD1 500E-01 1 500E-01 DMR019 bepth of soil mining layer (m)
. 9 000E-On , 9 000E 01 DRor?T! R019 I bept h of rootr Is) ,

! R0l9 [ Ur ink tr.g wate r t ract ion flo% ground wate r 1.000f*00 ; I 000E*00 F0WUWi

9019 i Livestock water t rac t ion f rom ground wate t 1 000E+00 ' 1 000F.+00
, FGWHtt6 1 000f.00 lHyunehold water traction from ground waterR019 *

1 000F*00 i FGWLW
R019 litiget ton f reet ton f rom ground water 1 000E*00 . 1.000f*00 ' FGWIR

! i )

(14 ! C-12 concent rat Lon in water Ig/ce**J) not used J.000F-05 { - | Cl2WTR

014 Fraction of varetat100 carbun (tom soll , not used 2 0001-07 !
' C1202C-l2 concent rat arn In contaminated motl (g/g) not used ' 3 000E-01r!4 i

f CSOIL
(64 Frac t ion of es getat ion carbon t r um a Lt ' not used 9 800E.01 - 1 CAIR,

f:14 r.-14 evasten slum rate from soll (1/sec) i not esed [ 7 000R 07 -
|DMC1.000F-01 -f Cl4 C 14 evas Lor, lave r t httkness in soll (m) not u se d i

Cl4 C.12 even t en f lus late t rom soll f l/ 6ec) I not used - 1 000E 10 - |EV5WRFVSN

1 1 Residual padloa.tivtry Frogram. Version 5 04 04tG4/94 00 54 Faxe 11 i

Summary EM Cb5H.FMCRF$1 FULL CFLL DEPTH File FMLgF$1 DAT i

|

$1re-Spec t tie Paramete r Summary (tont inued) |

0 ' Use r {
Uned by REfRAb Fa r a me te r i

Me na Patameter ! Input be t a u lt [ (It dif ferent ~ ! Nasef r om use r knput )

j cle ! Fraction of. _ . _ ~ . _ . .
.. , _ _. ..p.__4___._r_.-.--- .- , _ . _ - , _ _ . _- . . _

, Cl4 | Fraction of grain in milk tow feed j not used 2.000E-01 - '| AVF'.4
grain in beet cattle feed { not used 8 000R-01

' AVFG5
s
'

R021 | Thickness of building f oundat ion top 1 500E 08 1 500E-01 - FLQGR
2 400E+00 , 2.600E+00 DEN $FLkGil i tulk denalty of bulloing foundatLon (g/cm**):

!' 4 000E 01^
Rbt! I Total potssity of tim c ove t materta! 1 4 000F-OL T FCV
RC:n Total potestty of the building foundetton i 1 000F 01 | 1.000f.01 . TFFL
R';41 volumetrtt wate r content of the c ove r mete rial i 5.000E-02 * Fil20CV

, )5 000E 02 |3000E02 ! PH10FL
,

40/1 ) Volume t ric wate r content of the foundatton [ 0GOE-01
k0tl D t t f ualon toe f t te tent for redon gas (mikec) l

, ;
il RC21 in c ove r mate rial I 2 000E 06 {?000F-06

-

j DIFCZ

DIFCV,

R021 in foundation materlat ! 2 000E 06 3 000E 07 DIFFL

[ 90/1 in contamLnated tone son t i 2 000E 06 2 000E 06 -

Redon ve r t ical ditension of mising lel i 2 000F+00 2 000f*00 : IfM!M1 ROJi
q k021 ; Average annual wind speed (misec) I 2 000F+00 2 000f 00 l WisuI

i

4' K02) | Average buildtnd att exchange race tithr) 5 000F-01 5 000f 01 PFXG
IR021 . Haight et the building troom) to) 2 500E*00 2.500E+00 - HRM

} kO11 i nutiding inser tor area factor > 0 000R*00 0 000t*00 , code computed ( t i me de pe nde nt ) , FAI
- k;21 } Butiding depth below ground suY taca tes j 0.000E*00 1.006f*00 | ' bMFL
! RGil I Fest4ating powe r of F U 12 2 g n

2 500F.CL
2 500f-01 EMANAf!)i

4 Roll ' Faanating puwer of kn-2/0 gas 1 500E 06 i SDOf 01 t i EKA NA t 4 )
_ e. j

- 1

i
4

' Summery of Fat hway Select ione

Fat hvey U se r Se le c t ion,
- - ~ - . ~ . -9
i . ente rnal gamma i active
7 inhalation fwlo redon); ac t ive

q
1 plant ingentton s e t t ve

i
4 he a t infearton aC t i ve '1

5 - milk ingestion active
6 - e.|ua t ts tends ,

active '

a c t ive . j
? i drinking watet j
6+ eoll ingeAtion active
9 radon scrive
w-.a

1

. . - , _ . , , . . . , . . _ ._ _ .. .
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Ikea14.at Radioactivtry Program, Ve rsion 5 04 04/04/94 00:54 Pa ge 12'

- Summary KM CUSib KMCRFS1 FVLL CFLL DEPTH File : KMCRFSt.DAT
,

Contaminated Zone Dimensions init tel GoL L Concent rations. pCilg

are a < 2$00.00 square mete rs Ra 226 1.000E*00
A Thic k ne s s : 3 00 me t e r s Th-232 1.000E*00

| / Cove r Depth: 3 05 meters 0-234 I 000E*00
r- 0 235 1 000E+00
\ U-238 1.000E+00; ' %

" 0
Total Dose TDOSE t t) . areelyr

30 mrem /yrBasic kadiation Dose Limit =

Fraction of Sante Dose Limit kecetved at T tee (tlTotal Misture num M(t) *

t ( ye a r s ) . 0 000E*00 1.000E*00 3 000E+00 1.000E*01 3.000F*01 10$0E*02 3.000f+02 1 000E+03
TDOSE(t)r 1.677E 01 1.67sE-01 1 680E-01 1.687E-01 1.707E 01 1.777E 01 2.000E-01 3 006E 01

Mit). $ $91E-03 5 594E-03 $.600E 03 $ 623E-03 5 689E-03 $ 92SE-03 6.666E-03 1.002E-02
1.000E+03 yearsCMartmua TDOSEtt): 3 006E-01 areatyr at t =

thesidual Radioart twity Pecgram. Version 5 04 04/04/94 00 $4 Pag.e 13
i Summary FH CVSH FMtkFS! rULL CELL DE PTil Fite: KMCRF51.DAT .

1

Total Deze Cont ributions TDOSEt t,p,tl for Individual Radionvetides til and Pathways (p)
As areelyr and Fraction of Total Dose At t = 0 000E+00 years

i 0 Wate r Independent Pat hways (Inhalat ton excludes radon)
O Cround Inha lat ion Radon Plant Me a t Milk Soll.

* Radio- - - - - - - --

M us' l i de prem/yr tract ores /yr tract aremlyr fract areelyr t rac t areelyr fract seen/yr fract. eren/yr fract

4 Ra 2/6 1 185E 12 0.0000 0 000E+00 0 0000 1 677E-OL i 0000 0 000E*00 0 0000 0.000E+00 0.0000 0.000E+00 0.0000 0 000E+os 0 0000 1
Th-23; O 000E*00 0 0000 0 000F*00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0.000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0.0000

, . U-234 0 000E+00 0 0000 0.000E+0C 0 0000 0.000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0.0000 0.000E*00 0.0000
U-235 1 20AE-27 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0.0000 0 00CE+00 0.0000 0 000E+00 0.0000

i U-2 38 3 836E 18 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0.000E+00 0 0000 0.000E*00 0.0000 0.000E*00 0 0000 0.000E+00 0.0000
i

Total 1 286E 12 0 0000 0.000E+00 0 0000 4. 6 7 7E-01 1 0000 0 000E+00 0 0000 0 000E+00 0.0000 0.000E+00 0.0000 0 000E.00 0.0000 I
. O
e - Total Dose Contributions TDOSE(1.p.t1 for Individual Radionuclides (1) and Pat Nways (p)

As aremlyr and Fraction of Total Done At t = 0 000E+00 yeais
0 Water Dependent Pa t hway s
0 Water Flah Dadon Plant Me a t Mllk All Pathways *

q Radio. --- - -- - - - - -- - -- ------ -

kuc lide areelyr fract seemlyr fract mremlyr fract stemlyr tract aremlyt tract. areelyr fract. areelyr fract.

De-226 0 000E+00 0 0000 0 000E+00 0 0000 0 000!+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 1 677E-01 1 0000
Th 232 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000

0 000E* 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 -

e U-234 0 000E+00 0 0000 0 000E+00 0 0000
0 000E 00 0 000000 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 1.2088 27 0 0000 lU 235 0 000E*00 0 0000 0 000E+00 0.0000

U 23M 0 000E*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 3,836E 18 0.0000
; .- - _. -- . - _
* Tot al 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 1 677E-01 1 0000
i Da$um of all water inde pe nde nt and dependent pa t hways
* 1Restdaal Radioactivity Program. Version $ 04 04/04194 00 54 Page 14

Summary KM CUSil KNChFSI rDLL CELL DEPTH File KMCRF61 DAT

, ,
Total Dose Cone r tbut tons TD05Et t.p.t } f or Individual Radionuclide s (1) and Pat hways (p)

i As eremlyr and Fraction of Total Dose At t = 1,000E+00 years
0 Water Independent Pathways (Inhalation excludes redon)
0 Ground Inhalation Radon P] nt Me a t Milk $oll

+ Radio- -- ---- - - - - - - - - - - - - - --~. - -- - - ---

Nurilde aremlyr ftact. aremlyr tract aremlyr fract areelyr fract msemlyr fratt pres /yr tract. stem /yr tract.

Ra-226 1 29EE-12 0 0000 0 000F+00 0 0000 t 6fEF-01 1 0000 0 000E+00 0.0000 0.000E+00 0.0000 0 000E*00 0 0000 0.000E+00 0 0000 )

Th-232 a 370E-12 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0.000E*00 0.0000 0 000E*00 0 0000 0.000E+00 0.0000 |

O-234 2 511E 21 0 0000 0 000F*00 0 0000 3 2735-10 0 0000 0.000E+00 0 0000 0.000E+00 0.0000 0 000E+00 0.0000 0.000E*00 0 0000 .]'

U . 215 3 610E 24 0 0000 0.000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000r+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 1

U-23" 3 654E 18 0 0000 0 000E+00 0 0000 3 410E-16 0 0000 0 000E+00 0 0000 0 000E.00 0.0000 0 000E+00 0.0000 0 000E+00 0 0000- ),

Total 5 668E 12 0 0000 0 000E+00 0 0000 1 67BE 01 1 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000
* O

Total Dose Cont s thut tons TDOSE t t.p.t) for Individual Radtonuclides (1) and Pat hways (p)
j As premlyt and Fraction of Total Dose At t = 1.000E*00 years

0 Wate r Drpendent Pathways
0 Water Fish Radon Plant Me a t Milk All Pathways +
hadio.
Nuc lide areofyr tract eremlyr fract eremlyr t r ac t eremlyr fract. stemlyr tract miemlyr tract. aremlyr tract

i
Ra-726 0 000E*00 ^ 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E 00 0.0000 1 678E-01 1 0000
Th-232 0 000F*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 4 370E-12 0 0000
U-234 0 000E*00 0 0000 0 000E400 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 OGOE*00 0 0000 3 27'5E-10 0 0000
U 235 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 OG00 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000' 3.610E-24 0 0000

* U-218 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000f+00 0.0000 0 000E+00 0 0000 3. 449E 16 0 0000

3 Total 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 OD0F*00 6 0000 0 000E+00 0 0000 1 67FE-01 1 0000
0+$us of all watet inde pe ndent an' m pe nde r.r pathways
& Residual Radioactivity Progten. Version 5 04 04/04/94 00 Sa Page 15i

|
Summary kM CU511 FMf RF31 FULL CELL DEPril File KMcRFS1 DAT

'
Tot al Dese Contribut tone TDOSEt t .p.t) for Individual Radionacitdea (il and Pathways (p) {

As e-remlyr and Fraction of Total Dose At t e J 000E*00 years,
0 Wate r independent Pathways (Inhalation excludes redon)

g 0 Cround
.

Inh ala t ion Radon Plant Me at Milk Soll
kacto. . _ - _ _ . . _ _ . . -- -- , _ . _ . _ --_ _ . _

Nuc lide premlyr fract greelyr fract mtemlyr fract mreelyr fratt areelyr tract. mreelyr tract, aren/yr tract.
.

-_ ___ _ _ . . _ . . _ _ _ - .__ _ _ _ _ . _ . _ . _ _ __

j R4 226 1.322E 12 0 0000- 0 000E+00 0 0000 1 680E-01 1 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 U000 0 000F+00 0 0000
Th 232 2 es6t-il 0 0000 0 000E+00 0.0000 0.000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0,0000 0 000E*00 0.0000

< U 234 2 122E.20 0 0000 0 000E+00 0 0000 2 911E 09 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000F+00 0.0000
.

U-135 4 54af.23 0 0000 0 000F 00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000
U-236 3 981E-18 0 0000 0 000E+00 0 0000 0 Jelf-li 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0.000E+0u 0 0000 0 000E+00 0 0000

Total 3 086E !! 0.0000 0 000E*00 0 0000 1.680E-01 1 0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0.000E*00 0 0000
1

E

)

j
:
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t
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O'
Total Dose Cont ribur tons TD05t t L,p,tl for Individual Radionuclidea (1) and Pathways (p)

As areelyr and Fraction of Total Dose At t * 3.000E+00 years
- 0- Watei De pe nde nt Pathways

0 Water Fish Radon Plant Me a t Milk All Pat hways*
Radle4 - - - - - - - -

**5 Nutltde eremlyr fract. areelyr tract mremf yr t t ac t areelyr flect stem /yr fract. mremlyr tract- mreelyr fract.

ka 226 0 D00R+00 0 0000 0 000t+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0 000t+00 0 0000 1.680f 01 1 0000
0 OuoE+00 0 0000 0 000E*00 0 Da00 2.956F-11 0 0000Th 232' O 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000

0.000E.*00 0 00000 0001 00 0 0000 0 000F+00 0 0000 0 000T+00 0 0000 2 9118 09 0 0000U 234 0 000f*00 0 0000 0 000t+00 0 0000 0 000E*00 0 0000
U-23) 0 000F+00 0.0000 0 000E*00 0 0000 0 000f+00 0 0000 0.000t+00 0 0000 0 000R+00 0 0000 0 000F*00 0 0000 1 B488 * 2 3 0. 0000 '
U 2 38 0 000E+00 0.0000 0 000E+00 0 0000 0 000E*00 0.0000 0 000E*00 0.0000 0,000E*00 0.0000 0 000E*00 0.0000 8.38SE-15 0 0000

Total 0.000R+00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000 0.000E*00 0 0000 0 000r+00 0 0000 0 000E*00 0 0000 1.680E-01 1.0000 i

0*$am of a L1 wat e r independent and dependent pa t hwa ys - |

ram, Ve ra Lon 104 04/04/94 00 54 Page 16Ikesidual Radioact ivity Prog'ULL Cti.L Df PTHDnomery EM CU18 FMCkF51 r File. KMCRFat DAT

Tot al bone Cont r ibut Lona TDOSE( L.p. t ) fo Ind tvidual Red Lonuclidea (1) and Pathways (p)
As aremlyt and Fraction of Total bone At t = 1.000E*01 years

0 Water Independent Pa t hways (Inna14 tion encluces radsn) )
0 Creund inhala t ion Radon Plant he a t Milk Soll
Redlo- - - --

Nac i tde oreelyr fract stem /yr fract mree/yr fract ste mly r fract arcelyr fract areelyr fract. aren/yr fract
ita 226 i Allf-12 0 0000 0 000E+00 0 0000 1 687E DI 1.0000 0.000E+00 0.0000 0.000E*00 0.0000 0 000E*00 0 0000 0 000t+00 0 0000 1

Th-212 1 419F 10 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000f*00 0 0000 0.000E+00 0.0000 0.000E+00 0 0000 0 000E*00 0.0000 i

U - 214 2 754F 19 0 0000 0 000E+00 0 0000 3.299E 0M 0.0000 0 000R*00 0 0000 0 000F+00 0.0000 0 000E400 0 0000 0 000E*00 0 0000 I

0 2]$ 1 $34F.22 0 0000 0 000F+00 0 0000 0.000f *00 0.0000 0.000f*00 0 Onn0 0 000K+00 0 0000 0,000E+00 0.0000 0 Ou0E*00 0 0000
U-238 4 ))SE la 0 0000 0 000E*00 0 0000 3 1121 13 0 0000 0.000f*00 0 0000 0 000E+00 0.0000 0.000E*00 0.0000 0 000E+00 0 0000 ,

total I 4)JE 10 0 0000 0 000E+00 0 0000 1.687f-01 ! 0000 0 000E*00 0 0000 0.000F+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 i

Tot al bone Cont risut tons TD0$fi t.p.t) f or Individual Radionuclides (1) and Pat hways (p)
1 000t+01 yearsAs ereelyt and Tract ion at Total bone At t =

0 Water Oependent Pathways
0 Water Fish Redon Plant Me a t Milk All Pathwaya+
Radio- - -- --- -- - - - - - -

Nuc l ide prem!yr tract eremly r tract eremlys fract aremlyr tract mremf yr fract stemly r tract mremlyr tract.

Pa 2/6 0 000Fe00 0 0000 0 000R+00 0 0000 0 000F 00 0 0000 0 000f*00 0 0000 0 000f*00 0 0000 0 000t+00 0 0000 1 657F-01 1 0000
Th 214 0 000R*00 0 0000 0 000F*00 0 9000 0 000E+00 0 0000 0 000t+00 0 0000 0 000f*00 0 0000 0.000F+00 0 0000 1 419f 10 0 0000
U-234 0 000f*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 00'JO O 000f*00 0 0000 0.000t+00 0 0000 3.299E 09 0 0000
J-4)$ 0 000t*00 0 0000 0 000f*00 0 0000 0 000E*00 0 0000 0 000Fe00 0.0C00 0 000E*00 0 0000 0 000F+00 0 0000 1 514E 22 0 0000
0 23H 0 000t*00 0 0000 0 000E*00 0 0000 0 000F400 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0.000E*00 0.0000 3.1122-1J 0.0000

Tot a l 0 000F*00 0 0000 0 000f.00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000f*00 0 0000 0 000E*00 0 0000 1.687E-04 1 0000
C**wn of all water inde pe nde n t and s'ependent pathwavs

'Re hlaual kaitoac t ivit y Progr am, Verston 5 04 04/04/94 00 54 Page 17
bummary FM CUSil FMChTSI rULL CELL DFFTil F L le EMCRFS! DAT

Total bone Lon: r lbut lona TDO$li t.p.t ) fot Indiv tdual Radionuc lide s ( L) and Pat hways (pl >

3 000E*01 yees aA4 meestyr and Fiaction et Total Dose At t = 1

0 Water Independent Pathways (Inhalation eMcludes redon)
0 Groun4 Ir.ha la t ion Radon Plant Me a t Milk Soil
Gadle- - -- - - - - - - - - - - - - - -

Mut ! Lee aremryr tract eremlyt tract tremf yr fract atemlyr fract stem /yr (ract areatyr fract. eramfyr fasct.

an.2/6 1 699f.12 0 0000 0 000f*D0 0 0000 1 701F-01 1 0000 0 000R*00 0 0000 0 000F400 0 0000 0 000t+00 0 0000 0.000E*00 0 0000
i n - 2 )/ 2 Mile-IS 0 0000 0 000F400 0 0000 0 000E*00 0 0000 0 000E*00 0,0000 0.000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000
U-JJa 1 006F In 0 0000 0.000F+00 0 0000 3 021F 07 0 0000 0 000E+00 0 0000 0 00GE+00 0 0000 0 000f*00 0 0000 0 000f*00 0.0000
U-2JS 1 }}&K-11 0 0000 D 000t+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000F*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000
U2W $ $50E 1M 0 0000 0 000E*00 0 0000 8 556E 12 0 0000 0 000f+00 0.0000 0 000f*00 0 0000 0.000t.00 0.0000 0 000E*00 0 0000

Total 2 P4FE-10 0 0000 0 000Fe00 0 0000 1 701E 01 1 0000 0 000Een0 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000
0

Total bose Cone t tbut ions TDOSF( L . p , t ) f or Individue & Radionuc1Ldea (!) and Pathway 6 (p)
As eremlyr and Fraction of Total Done At t . 3 000E * 01 ye a r n

0 Wate r bependent Pa t hways
0 Water fish Radon Plant Heat Milk All Pathways +

ag g e, ,_ - . - - - . -. , _ _ _ _ . . _ _ _ ___
.

fract. mremlyr fract stem /yt tract
-

fNot tlSe tremtvr tract stemiyt tract niemfyr fract stem /yr tract. aremfyr

ka 246 0 000F*00 0 OD00 0 000F*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 0000 00 0 0000 1 707F-01 1.0000
Th J ni 0 0007*00 0 0000 0 000F+0D D 0000 0 000E+00 0 0000 0 0007+00 0 0000 0 000F+00 0 0000 0 000R*00 0 0000 2 631E 10 0 0000
11 2 K 0 00CF=00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 3 OJ1E-07 0 0000
V 15 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000r+00 0 0000 0 000f+00 0 0000 1 336f-21 0 0000
D / Ja b 000F+00 0 0000 0 000F+00 0 0000 0 000f*00 0 0000 0 00DF+00 0 0000 0 000E*D0 0 0000 0 000f*00 0 0000 8 $56F-12 0 U000

l ui s i 0 000F+0D 0 0006 0 OLDE+0V 0 0000 0 000F*00 0 0000 0 000F*D0 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 1 707E-01 1 0000
(*5us et all watet inde pe nce ni and ocpendent pa t hwa y a |

:he t Ldue n Padloat t tvlt * Pto.***. V. *Lon $ 04 04/04 v4 00 SA Page 19
humm.sv ka r.UMt F3cRTS) FULL rTLL DFPTil File LMrRFSI DAT

Tot a l Dome Cont r ibur tons TDOSE t L.p.t ) f or individual Radlonuc lides i L1 and Pathway 6 (p)
As oreelyr and Fraction of Total Dose At t a 1 000E*02 yearn

0 Water Inde pe nde nt Pat hways (Inhalation e scludes redon)
0 Ground Inhalation Radon Plant Me a t Mllk Soll
Radio- .

INuclide eres!yr tract aremlyr fract, mremlyt t r ac t. areelyr fract. mreelyt tract utem/yr Oract eremlyr tract.

R4-216 3 253f 12 0 0000 0 000f*00 0.0000 1 777E-04 1 0000 0 000f*00 0.0000 0 000F+00 0.0000 0 0000+00 0 0000 0 000E+00 0.0000
Th-232 $ 15%E !D 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000f+00 0 0000 0 00DF*00 0 0000 0 000F*00 0.0000
0 134 6 52FE 17 0 0000 0 00bF+00 0 0000 3 567E-06 0 0000 0.000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000
U-2)) 2 133F 20 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000F+00 0.0000
U . 2 3n i 314E-17 0 0000 0 000F+D0 0 0000

3 376f-10 0 000-.- 0 0 000E*00 0 0000 0 000E*00 0 0000 9 000E+00 0.0000 0.000E+00 0 0000. . . - _ _ . ._ - .

Total 5 188E 10 0 0000 0 000E*00 0 0000 1 777E 01 1 0000 0 000E 00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000

t

M

f

- ,-we 1-,---- n n:: -- a,_ c



[.u . ~ .
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Tot al bose 0.ont r ibut icos TDOSE t t , p , t) for Individual Radionuclides (1) and Pat hways -(p) ,

As tremlyr and Fraction of Tote L Dose At t + 1 000E*02 years
0 Water De pendent Pat hwa ys
O Water Fish - 9 Radon Plant Me a t MLLk- All Pathways **

Radio- - - - -

Nuclide are n/ y r fratt_ etchlyr fract. eremlyr fract prem/yr fract- stem /yr fract. mren/yr .fract. area /yr fract,

i R4 226 0 000E+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 1.777E-01 1.0000
* Th-232 0.000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0.000E*00 0.0000 0.000E+00 0 0000 5.15$E-10 0.0000

U-234 0 000E400 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000F*00 0 0000 0 000F*00 0 0000 0 000E+00 0 0000 3 56TE 06 0.0000
0-2)$ 0 000E*00 0 0000 0 000Fe00 0 0000 0 000E*00 0 0000 0 000E+0f 0.0000 0 000E+00 0.0000 0 000E*00 0 0000 2 133E-20 0 0000
U 2 39 0.000E*00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000F+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 3 3F6E 10 0 0000

*.-

Total 0 000E*00 0 0000 0 000F*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000t+00 0 0000 0 000E+00 0 0000 -! 777E-01 1-0000*

0*$us of all water independent and dependent pathways;-
j. .lResidual Radioactivity Program, Versinn 5 04 04/04194 00 SA Page 19

Summary KM CUSH-KMCRFS1 FULL CELL DEPTH Ttle KMCRF51 DAT

Total bote Cont ributions TDOSEt t p,t) for Indtvidual Radlonuclides (1) and Pat hways 4p)
3.000E*02 yearsAs arenIyr and Fraction of Total Dese At t +

0 Wate r Independent Pat hways (Inhalation excludes radon) '

0 Cround Inhalation Radon Plant Meat MLik Eoit
Radio- - -- - - - - - - - - - - ~- - - - - - - --

Naclidd tremlyr f r ac t ettelyr fract premlyr fract prem/yr fract stem /yr (tect tremfyr (ract premlyr fract.

ka-226 2 G822-11 0.0000 0 000E+00 0 0000 1 999E-01 0.9998 0.000E+00 0 0000 0.000E+00 0.0000 0 000E*00 0.00D0 0 000E+00 0 0000
Th-232 2 540E.09 D 0000 0 000f+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0.0000 0 000E+00 0 0000 0 000E*00 0.0000 ,

0 734 3.98&E 15 0.0000 0 00bE*00 0 0000 3 826E-05 0.0002 0 000E*00 0.0000 0 000E+00 0 0000 0.00cP+00 0 0000 0 000E400 0.0000.
U-235 1 469F-18 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0,000E*00 0 0000
U-738 1 $$1E-16 0 0000 0 000f*D0 0 0000 1 09'E 08 0.0000 0 000E+00 0 0000 0 DD0E+00 0 0000 0 000E400 0 0000 0 000T+00 0.0000

To t.a l / $61E[09 0 0000 0000EEb000000 2.000E O! l 0000 0 000E*00 0 00D0 0.000E+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000I
0

Total Doea contributtons TDosett p,t) for Individ2a1 Radtonueltdes (1) and Pathwaya (p)
As mreelyr and Fraction of Total Dose At t * 3 000E*02 years

0 Wate r De pendent Pathways
0 Wate r fish hadon Plant Me a t Milk All Pathwaya*
Regio - _ _ - . _ , . . ,

aremlys fract aremlyr fract mremlyr fiat t mreelyt tract steelyr fract-
___ - - - - . - - - . - - . . - - - _ _ - . - _ - _ . _.--

Muc lide mremlyr tract arcelyr fract
~ b5I6 0 05 bb 0 500b 0 000E*00 h 00b0 h 00hbOb b bbh0 0000boObO[0 [C00kb0bb000 b 000F*00 b bObb l 999E 010.9996

T h- 212 0 000E+DO O 0000 0 000E*03 0.0000 0 000E*00 0.0000 0 000E+00 0 0000 0.900E+00 0 0000 0 0007+00 0 0000.2 S40E-09 0 0000
U-214 0 000F+00 0.0000 0 000E*00 0 0000 0.000E+00 0 0000 0 00cp+00 0 0000 0 000F+00 0 0000 0 000E*D0 0 0000 3 826E 05 0 0002

' U-235 0 000E*00 0 000C 0 000E+00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0 000f*00 0 0100 0 000E+03 0 0000 1.169F-18 0 0000
U 2)# 0 000E+00 0 0000 0 00DE*C0 0.0000 0 000E+00 0 0000 0 900E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 1.094E 06 0 0000 >

Total 0 000f+00 0 0000 0 000f+GO O 0000 0 000F+00 0.0000 0.000E+00 0 0000 0.000E*00 0 0000 0 000E*DD D 0000 2.00ct 06 1.0000
0*5vm ut all water inde pe nde nt and dependent pa t hwa- (

ike s idua l Rad Loac t iv it y Program. Version 5 04 04/04/94 00 54 Page 20
Summary kM CUSH KMCFFS1 IULL CELL 0FFTH Ille . FMCRFS1 DAT

Tot al Dose Cont r ibut ions TDOGE t i.p or) f or Individual kadionuclines (1) and Pathways tp> 'i
~

. As msem(yr and Frac t ion of Tot al Done At t + 1 000E+03 years '

8 0 Wate r It dependent Pathways t Lnnalation excludes r adon)
' O Ground Inhalatnon Radon Plant Me a t Milk 1011

kadio. --- - -
,

Nacitde mremfyr tract areatyr tract miem/yr tract oreelyr tract mremfy: fract . premlyr tsatt aremlyr fract *

R - [ h 8 0 Oh[0 0 dbOb00 b Dbi0 b59950109I?4 000d+000'.0000 0000E*00bl000 0 00bE*00 b OO O000FY0000000 I

Th 237 6.760E-07 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 C ODDF+00 0 0000 0 000E*00 0 0000
13 234 3 608E-11 0 0000 0.000F+00 0 0000 7,F29E 04 0.0026 0.000E+0C 0.0000 0.000E+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000
U-235 4.76)E 14 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000?+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000
U-236 8 850E-13 0 0000 0 000E+00 0 0000 7. 6 )aE -01 0 0000 0 000E+00 0 0000 0 000f+00 0 D000 0 000E*00 0 0000 0 000E+00 0 0000

,

.

'Tutal 6 998E-07 0 0000 0 000E+00 0 0000 3 006E-01 4 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000
O

Tvra l buse coat s thut tons T)oSE(1.p.t > for Indtvidual Radionuclides (t) and Pat hways tp1
As areatyr and Fraction of Total Dose At t = 1 060E*0J year a

() Wate r bependent Pathways 4

0 Water Fish kadon Plant %c at Milk All Pathways *
Radio. - --- -- - --

,
Nuclide eremlyr tract pres /yr tract stem /yr fract prem/yr fract aremlyr fract arealvr fract. premlyt tract .

1

r Ra 226 0 000F+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0.0000 0 000F+00 0.0000 0 000E+00 0 0000 2 999F-01 0 9974 |
$ Th-214 0 000F*00 0 0000 0 000F+00 0 0000 0.000F*00 0.0000 0 000E+00 0 0000 0 000E+00 D 0000 0 000E*D0 0 0000 6 760A-07 0 0000
i U-234 0 000E+00 0 0000 0 000E*0G 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 7.87dE-04 0 0026 3
'' U 23$ 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0030 0 000F*00 0.0000 0 000R+00 0 OraDO O CDCE*00 0 0000 4 7a$F.14 0 0000 i
a U-2 IN D 000E*00 0 0000 0 000F*00 0 0000 0 000f 00 0 0000 0 000F+00 0 0000 0 000E*Q0 0 0000 0 000E+00 0 0000 7 b38E-0? 0 0000 - t

"
Total 0 000F*00 0 0000 0 000E*00 0 0000 0 000F*00 0 0000 0 000E+00 0 0000 0 000E+00 0 cub 0 0 000f*CD 0 0000 ) 006E-01 1 0000

0* Sum of all waret i nde pe nde tst and de pe nde nt pat hwavS

+

e

4

-

-

4 t

|

P

.

-

i
1

.
-

4

+ . . - w-w w .m-w.. .~.,...m- ....-.--.-.-..---.....-e . , , .-r.- m-,- , , - - - - , , - - - - - - - . - - - . , - . , . -.-- .- -- .- . -



-.- - ~ . _ . , - - - - - - - . - - - - . - - - - - -- ..--- - - - - - -.~n~ ~...--a -.~ ~ ~~ - . - . . . . . n -

i

t henidual Radioact iv try trearam, version 5 04 04/04/94 00.54 Page 21
Summary EM CUSH-FMCRFS1 FULL CELL DEPTil File: EMCRFSt. BAT

Dose l5ou r ce Rat tos Summed Ove r All Pat hways
Po te nt and Progeny Principal kadionuclide Contributions indicated

DParent Product Branch LSR(j t) (stem /yrl/(pC1/g)
(1) tj) Fraction t- 0 000E*00 1.000E*00 3.000E*00 .000E*01 3 000E 01 1 000E+02 3 000E+02 l.CCGE+03

Ra-226 Ra-226 1 000E+00 1 677E 1.680E 01 1.687E 01 1.707E-01 1.777E 01 1.999E-01 2 999E 01k 0 000E On 1 678E 01Ra 226 PD-210 1.000E+00 00 4.365E-29 1 3t?E-28 4 485E 28 l 462E-27 8 119E-27 3.060E 25 8 514E-20
Ra 226 IDSRij) 1 677E-01 1.67BE-04 1 680E-01 1 6877-01 1.70FE-01 1 777E 01 1.999E 01 2.999E-01

OTh-232 Th-232 1 000E+00 5 938E-39 6.098E-19 6 430E 39 7.741E-39 1 315E-3B 8 414E-3A 1 689E-35 1.936F 21
Th-232 Ra.228 1.000E*00 0 000E*00 1 406E-14 3.837E-44 9 522E-14 L 6262-13 J 4 34E-13 2 667E,12 3 60rg-09

i Th 232 Th-228 1 000E*00 0 000F400 4.356E 12 2 952E-Il 1.41BF 10 2 829E-10 5.152E-10 2-537E 09 8 724F 07
'

Th-232 IDSR(j) 5 938E 39 4.370E 12 2 956E 11 1.419E 10 2.831E-10 5.155E-10 2 540f 04 6.7(.0E-07
0U-234 U-234 1 000E400 9 017E 33 9 2i?E 33 9.629E-33 1.122E 32 1.738E-32 8.035E.32 6 3 ROE-30 2.846t-23,

U-234 Th-210 1 000E*00 0.000E+00 8.423F-44 2 652E-40 1 048E-39 5.!D6E-39 9 295E-38 3.565F )) 2 808E-27
U-234 Ra-226 1 000E+00 0 000E*00 3.273E 10 2 951E-09 3.299E 08 3 028E 07 3.567E-06 3.826E-05 7 829E-06
U 234 Pb-210 1.000E*00 0 000E+00 2.860E-38 7.896E 37 3.14BE 35 1 062E-33 9.)63E-32 4 686E-29 2.064E-22
U 2 34 IDSRtj) 9 Ol7E 33 3 273E 10 2.951E-09 3 299E-08 3 021E 07 3 567E-06 3 826E-05 ?.829E 04

00 235 U-235 1 000F+00 1 208E-27 8 232E-27 3 283E 27 1 47?E-27 2 209E-27 9 038E-27 5 061E-25 6 649f 19
U-235 Pa-231 1 000E*00 0 000F*00 2 '77E ia 7.329E 24 2.68ME 23 1.059E-22 9.174E 22 4.21)E 20 1 970E 153

U 235 Ae-227 1 000E*00 0 000F *c0 1 2 31E 24 1 115E 23 1.265E 22 1.228E-21 2.04tE 20 1 127E-18 * 568E 14-

U 2)$ IDSR(j) 1 208E 27 3.610E-24 1.848E-23 1.534E-72 1.134E-21 2.133E-20 1.169E-18 4.765E 14
DU 238 U 738 1 000E*00 3 836E 18 3 884E 18 3 9stE-18 4 339E-18 5.550E 18 1 314E 17 1. 560E 16 8. 498R- 13
U 238 U-234 1 000F+00 0 000F*00 2 608E-38 8 1737 38 3.l?SF-37 1 4 75E 36 2.2 74E-35 5 417E-33 8 06]E-26

' D 236 Th 230 1 000E+00 0 000E*00 0 000E*00 1 401E 45 1 541F 44 2.172E-41 1 315F-41 1 513E-38 '3 971E 30
U-238 Ra-226 1=000E+00 0 000E*00 3 410E 16 U 381E 15 3. ll2E 13 8. 556F-12 3.376E 10 1.094E-08 7 638E-07
U-238 Ph-210 1 000E*00 0 000E*00 0 000E*00 L 375E 42 2 259E 40 2 352E-38 7 427E-36 1.225F-32 I 951E-25
U-238 EDSR(j) 3 836E 18 3 449E 16 8 385E 15 3. ll2E 13 8 556E-12 3.376E-101094E-Go 7.63aE 07

e s enc h F r ac t ion is t he c umu lat ive f actor for the j'th principal radionwsilde daughter. CVH8RF(j) ERF(1}*8RF(2)* SRF(J)i

The DSR includea cont r Lbut ions f rom assoc Lated (half 11te s 0 5 yr) d aught e r a

i
'

0
Single Radlonnelide Soil Coideline s C(1,r ) in pCllg

30 stemlyrBasic Radiation Dose Limit =i

CNuc li de
(t) t- 0 000F*00 1 000E*00 3 000E*00 1 000F*01 3 000E*01 1 000E*02 3 D00E*02 1 000E+03

Re-226 1 789F*01 1 768E*02 1.786E+02 1.778E*02 1.75EE*02 1 68HE*02 1.501F*02 1 006t+0J
1h-232 *l.092E+0s *1 09/f+05 *l D92E+05 *1 092E+05 *1 0927 05 *1 092E*05 *1 09/E*05 *l 092E+05d

) U-234 86.233E+J9 '6 273E+09 a6.233E+09 9 096F*08 9 931F+07 8.4tlF+06 7 842E+05 3 832E+04
U.235 *2 160F+06 *2 to0E*06 *2 160E*06 *2 160F*06 *2 160E+06 *2 160E+06 *2 160E+06 *2 160E*06'

! U 238 *3 360d*05 *3 360E*05 *J 360E*05 *3 360E*05 *) 360E+05 *3 360E*05 *1.360E 05 *1 360E*05

*At specific activity llett

thesiduel Radioac t iv tr y Prop as. Version 5 04 04/04/94 00 54 Page 22'

Summary FM CU5R-FMCRFal FULL CFLL DEPTH F ile kMCR FS1 DAT

Summed bosel$ource Rat tos DSRf t.t ) in teremlyr)/ t pC L/g)
and Single Redlonuc h tde Soil Cu tde lines Gt i,t ) in pct /g

at tein = s ime of minimum single t ad Lonuclide soil guideline
j 4nd at t. eau a time of movinum total done * 4 000F+03 years
"

0Nuclide Init ia l totn DERq1,teln) C4L.tmin) DSRt!.tmani Cti.Leam).

II) pCllg (years) (pcilg) (PC11st
I Ra-216 1 000E*00 1 000E*03 2 999E 01 1 000E*02 2.999F 01 1 000F+02
| Th-232 1 000E*00 1 000F,0) 6.760E 07 *1 092E*0) 6 760E 0 7 * 1 092E+05

U 234 1 000E+00 1 000E*03 7 829E-04 3 812F404 7 829E-04 3 832E*04
3

- tb235 1 000E+00 . 1 000E*0) 4 765E-14 +2 160F+06 4 765F 14 *2 160F*06
3 U 238 L 000t*00 1 000f*03 7 6 38E-07 * 3. 360E*05 7 63sE 07 +3 360E+05
4 *At 6pec if ic act ivit y limit

4

-

I
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1Ro sid a1 Radioactivity Program. Version 5 04 C3f25I94 10 $2 Pa ge J
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Summary KM CUSH SENS IA, Tit-232 Ok1G RESRAD EXT DOSE VS COVEB , 0 01 M
File EMC5Hlh DAT'
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Table of Contents

Part 1; Minture Sums and Single Radioriuclide Guidelines
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Summary et Fathway Selections . . . 7
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Time = 0 000E*00 9
Time = 1 000E+00 10
1ime e 3 000E+00 11
TLee = 1 000E*01 12

- Time * 3 000E*01 13
4 Time a 1.000E+02 le t

3 000E+02 l$. T ime =
I Time = 1 000E *03 . . .- L6
? Dose / Source Ratios Summe d over ALL Pa hways 17
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1Res16ual Radioactivity Prograo, Ve r s ic n 5 04 03/25/94 10 $2 Page~ l
:<Summa r y EM CUSH ERN5 1A, TH 232 OklG RESkAD EIT DOSE VS COVfE, 0 01 M

F ile KMCSill A DAT
~

Table of Contents-

Part 1: Mist ute Sums and Str.gle Radionuc1&de Guidelines |
|

1

base Conve rsion Factor (and kelated) Pseemeter Suaimary 2
bite-$pecific Parameter Summary 4 )
Lusmary of Pathway $ elections . 7 j
Cantaminated Zone end Total Dose Summary. 8
Total Dose Componenr a

Time = 0 000Ee00 9
11sc * 1 000E*00 10
11mc * 3 000E*00 11
Time = 1 00GF+0! 12
Time * 3 000E+01 IJ

T law * ) G00F*0J 14

'

Time * 1 000f +02 l)
f

Time = 1 000t+0) . . . . . 16
Dose / Source Rat tos Sumnea Over All Pathways 17
hingle Radiotw itae Soit Guidelines 17
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1 Residual F.adioactivity Program. Version 5 04 04/2$194 10 42 Page 1

Sumetry 7 DI CUSM $ENA AA TM-23J ORIC PIERAD EKT DCf.f V5 COVER, 0 01 M*

F Lle KMC$NIA .11AT

Tahle et Contente
Port I Misture Suas and Single kadion.c11de Guidellnes

Doon Conversion f actor tand Related) Paremstet Sammary 2
Site-Specit te Parame ter Summary 4

7Summtry of Pathway T. elections . . . .

8Contaminated Zone and Tots 1 Dose Summary
Total Dose Components

Tisa * O 000f*00 9
Tise = 1 000E*00 10

j Time = 3 000t+00 !!

Time a ! 000E*01 12
)! Time . 3.000f*01 13

time * 4 000F*02 14
Tlaw e 3 000t+C2 15
Time - 1 000t*0) . . . . 16

Dose /Svursg Rat tua Summed Ove r All Pat hways 17

51nale Radionuclide Soil Gulde nines 17
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thealdsel Radleettivtty Progree, Version $ 04 03/21/94 40.52 Page 2
Summaf y FM CUKH FFM5 1A. TW 232 OklC RESRAD IIT DOSE VS COVER, 0,01 M

,

File ' . FMCSH)A. BAT-

Dose Conversten Feetor tend 841stedi Pa ramete r Summary
O. | Cuttent Pa r ame t e r

He n*
, Pa r ame t e r ; Vs L ue De f ault Name >

A1 Cround est e tha t gemas, v olume bCF's, t atemlyr ) f t pCilem**)) -. !
A.) ko.228eD , sof t densit y a 1.D g/cm**) | 8 180i 00 6.160F+00 DCFl( l,1)
A41 ks.22#*D soll densit y * I B g/cm**J | 4.$10E*00 4 510E*D0 bCFl( 1,2)
A.1 ;

A-l Th 2{5+D , soll density a ! O g/cm**) j i 110F+01 1;)10f*01 bCrit 2.t)
A1 Th 226s0 soll density a 1.M g/c=**) i 7 360E+00 f.360F*00 DC Fl t 2.2)
A! |

Ai! Th-232 soit densit y = 1 0 git e**) I 1.)$0F-01 8 350f 0) DCFl( ),l)
Al th-232 soll density * 1.8 Sitr**) - 6.040F-04 6.040E 04 DCFl( ),2 6,

i
he .1 bepth factors, ground eatefhal 34Dma. dlmenelonless

I 806F Cl 6 800F OL FDt 1,1,1)A-J Re.2JH+D aell denet t y * 1 0 g /cm** 3, thick ne ss a 15 m
|69 700E-OL 9.100F 01 FDt 1 J,1)A3 $s 22N+D , soll density a j p gien**), thic k ne ss * 0. 5 m

A3 Re.228+D soll densit y * 1 0 g/ce**), thickness = 10 e ( l 000R+00 1.000E*00 Fb f 1,3,1)

1 6 3 es**). t h ic k ne ss * 15 m | 8 500E 01 8 $00E 01 FDt 4,1,21A-1 Re.228+D so11 density * f
AJ Re-228eb soll density * j 8 g/cm**), thic kness a G$e j ! 000F+00 1.000F*00 FDt 1,2,J),

A. 3 pa.229*D , soil density = 1 S gIce**). t hicane ss = 1.0 e i 1.000F 00 4 000E*00 FDI 1,1, 2 )
A-3 - I a

A ') Th-2/9.D noti density * 1.0 g/ce**1, thickne ss * 15 e i 6 100F-01 6.100E-On FDt 2,1,1)
A3 Th+228+D . 4011 density a 1.0 alen**), thickness = 0 $ e 1 9 400F-01 9 400E-01 Tbt 2,2,1)
A3 Th- 228 +D . soil dens ity * i 0 gice**), thic kness = 10m 1.000t*00 1.000E*00 FD( 2,J,1)
A-3 Th-2/9+D . soll denalt y * I 6 g/co**3 t hickne ss * IS e 7 500E-01 7.$00E-06 FDt 2,1.2)
A~1 Th.22R+D sot t density * 4 8 g/cm**), t hickneae * 0. 5 m 1 000E*00 1 000?+00 FDd 2,2,2)
& 't Th-228+D . soll dens it y * L 4 g/cm**), t h14 k ne es a !Oe ! 000ke00 1.000F+00 FDI 2, .4. 2 )

f9$00E01 |9500F01 FDt 1,1,1)
A3
A3 - Th 212 not t denalty = 1 0 a lem* * 3, thic kne ss = 15 e i

A-3 I Th-j]t sott denstey = 1 0 g/cm**J. t h ic k ne * 6 *0$e - ! 000E+00 1.000F+00 FDt 3,2,ip
1.0 g / t e** 3, thic k ness a 10e

.| 1 000E+no
' 1 000E*00 FDt 3,3,1)A-3 Th 23t soll denalt y *

3 cm**3, thichness * .1% a | 000E*00 L 000E*00 FDt 3,1,2)A3 , Th-232 soll densit y * 18 1A . :6

i Th-J)2 mall density a 1.8 grcm**J. thlckness * 0 5 e j i C00H*00 1 000Re00 FD( ),1,2)

4l { Th-3'l2 soli densit y = 1 8 g / co* * 3. t ht ek ness * 1 0 m - 1 000f=00 1 0005+00 Fbt 3,3,2)

61 | Du ke c onve r o ton t ec t or a for Inhalation, st emI pC L
|'4 $40f 03 DrFt( 1)kt .l Re.228+D 6 $00F -0 ) *B1 ~ Th 226+D 3 100E 0! J 100F-01 DC F2 t 1)

9-1 Th 21J l 600Ee00 1 600E*00 i btF2t ))
01 Dose converetou fattota ton ingestLon, ste mi pC 1
Dl R 4 12 0 * D I 400F-01 . I 200F 01 ; DCF)t la
D1 T h 219 + D 7 500f Us i 1 500f - (m DCF1( 2)
D1 Th<232 2 800f-0) ,i 2 400E-03 DCF)( )J'

|
D- 34 Fao4 t r ona ter t ec tors 4

4 000R.02 | 4 000F-01 HTF1 1.1)
,

D .14 km 22p+D plant /soll concenttetLon fatto, d ime 641onle ss 1

D-34 Re.228+D bee t / live ntoc k -int ake tatto, (pCL/kn>JtpCl/d) | 1 OGOE-03 | 1.000E 03 Pitt 1,21 -
D>34 8a tJe*D mLitillve ntoc k. Lntake ret to. IpC6/L3/fptild; | t 000F-0) { l_000E 03 kTFi 4,3)
b-34 -

I

Th 22B+D , leat /soll con *a nt iat ion tat to, d ime n6 t oble s s 1 000R-03 I 000F Os - RIFT 2.1)D 34 :
;

Th-128'D ce t t i tve st uc h + tot ake tatto, tvC1/kgiltpft/4) 000f-04 g 1.000F-04 |RTFt2,2)D - 14 ' ' i

U- 14 !Th*228.D eitk/ltvestork-intake tatto, (pC1/L:!tpCLfd) 5 000E-D6 i $ 000E 06 ' RTFt 2,3) ;
D.)4 '

1RenEdual Radioactivity Program, Version 5 06 01/25194 10 $2 Page 3 i

Summary EM CUSH $FN$ IA. TH 132 GRIC Rf$P AD FRT D05F VS COVER . 0 01 M 1
File FMC$111A DAT '

bose Lonve es ton f ac t or tend 8tlated) Pa r ame t e r Summar y i cont inue di
O Current Pa r ame t e ti

Me na ][ . - - ~ ~ -. .

Pe t e se t e i
. - _ . --- ~.a --.- . y -4--,..

Value . De t e e l t Name |
. -

D 34 j Th-214 lant / soll concent rat ion t es to. d i me ns ion le s s !( 000F-0) + 1 b00E 03 i RTFt J 1)
|l 00CR.04 1 1.000E-04 |PTF1 3,2)b 14 | Th-J32 ee t / L ivent oc k - int ake ratto, a pC ila g ) t i pC lld)

{ 5 000E 06b-J4 . Th 232 milkiltvest et h Lotate totLo. (pC1/L1/iptLtd) 5 000E 06 ; RFFt 3.3)
|Btoaccumulationfectora, j .ID5 i f resh wates. Ling i

D.) Ra 228eD flah 5 000Fe01 5 000E*01 J 81CFACt 1.1) )
D$ ! ka 42R*D crustates and mottuaks 2 30VF+04 2.500E+02 r 410 FACI 1,2) 1

b5 ! I

D -i | Th 278+b tish ! l 000 fed 2 1 600t*GJ j 810FAC( 2.1)
D-5 Th-248eD crustaces and molluska j ) 000E*02 3 000P+02 i 810 FACT 2,2)

,

D.i i

bi Th.2JJ tish i UGOF*01 1 000fe0J 4 A10FAtt J,11
p.5 T h - 112 crustaces and walluaws 5 000E+02 3-000E+0i 8!OFACt 3,2{t

1

1

1

1

l

i

|

1

!

.l
|

I

,
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. - . -- - _ - _ . . . -
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1 Residual Radiosetivity Pretrae, Version 5 04 01/25/94 10.52 Page 4
,

summary - EM CUSil $EN5 1A, TH-232 OR1C RESRAD EXT DOSE VS COVit. 0 01 M I

File FM3HlA DAY I

l
$1t e .5pe c if ic Parame te r Summary

, O
|

IJae r 1 6 tised by REsRAD Ptrameter
input } Default | (!! different from user input) Name

.

Me nu Parametet
--e

R0ll Atta of contaalnated zone to**2) 1.000E+04 I UO0t+04 AREA
R011 Thickne ss of contaminate d gone to) 1 600E*00 2 OrJE*00 - THICR0

. .

Roll L.e ngth parallel to aqu tf er flow (at j not used & C00E*02 -- LC2PAQ
Roll Basic t adiation dose limit (ereelyr) - 3.000E*01 3 000E+01 SRLD
C011 Time since placement of material lyr) 0 000F*00 0 000E+00 T1
Roll Times for calcalations tyr) 1 000f*00 8 000F*00 - T( ")
Roll Times for calculatsons'tyr) 3.000E*00 3 000R*00 - T( 1)
R0!! Times f or calculat Lona tyr) 1.000E+0! 1.000E+01 - T( 4)
Roll flees f or cateulations f yr) 3.000fa01 3.000E*01 - T( $)
Roll Times f or calculat ions tyr) 1.00CI+02 4 000E*02 - T( 6)
R0lt Times f or ca ttulat ione lys ) ' 3 e oE*02 3 000E*02 - Tl 1)v
R011 Times f or calculat tena (ys) t 000E+03 -1 000E*03 - T( 8)
k0ll T ime s f ut calculations irr) not use d 3 000E*03 f --- T( 9)
k0ll Time s f or estculations tyr) ! not used 1 000E*04 T(10)

R012 Initial prtnetpal radionacllde socilgt. P4 126 i 1 000t+03 0 000E*00 - $1( 1p
R012 inttial principal radionu llde (pCisgl. Th 228 1 000E*03 0 000Fe00 Sit 2)
R012 Inittas princLpal tedionuclide ( pC li p . Th 232 !l 000E*03 0 000E*c0 Sit 3)
R012 Concentration in groundwater (pCitL). Ra-228 i root used 0 000E+00 Wit la
R012 Concentiation in groundwater (pC1/L)- Th 228 a not used 0 000E*00 Wit 2)
R012 Concent ration in troundwate r (pC1/Lt Th-232 |not used 0 000E+00 Wtt 3)

kol) Covar t depth fa) l 1 000E-02 0 000E*00 - COVtito
I i 500F*00 1 500E+00 DENSCVR013 Denalty of cover mate rial (gice**3)

RQl) Cove r dept h e rosion Yace Im.yr) O 000R*00 1 000E 03 - - VCV'

P013 Density of cont eelt.ar ed none (gicm**3) 1 500F+00 1 500E*00 DFN3C2
RG13 Contaminated sonr erosion rate talyr) t 0 000E+00 1 000E-03 ! VC2
ROI) Contaminated gone total poroatty | 4.000E-OL 4 000F.-01 | TPCZ
R013 Cant a=1nated none e f fect ive porosit y i 2 00Jf-01 2 000E-01 : E PC2
8013 Contaminated none bydeaul k conduct ivity (mlyr) j 1 000E*01 1 000E*01 1 - IKCZ

'

sc2RDA) Cont aminated sone b pa rne te r
| 5.300t*00 ' $ 300lt*00!9000E+DO- 'f lUMIDkO13 HumidlLy in air (gle**3) , not used I

Rol3 Evap transpiretton coetticient { S 000E 01 | $ 000F 01 f EVAPTR
Roll Pre cipit ation telyr)

| 0 000E*00 ! l 000E*00 i
PitECIP1 000f-04

4 ' 2 000E 01 RtR013 Isrigarlon (nlyt|
- ove rhe ad ove r he ad .

RUNOFF
R313 l' Irrigation omde IDITCH
R01) i Runof f coe f fic ient 2 000E Cl i 4 000E-CI 4 -

RUI) / Watershed area f or ne a r by atteam et pond im**2] not used j 1 000F*D6 ' WAREA
Ril3 t Acc uracy f or wate r / sot t costputat iona 1 000E 03 1 000E 03 [ EPS

i satur at e d sono ( g /cm* * 3 > not used 1 500F+00 t
DENSAQR014 | bensit y etkd14 Saturated tone t ot al poro61t v not ued 4 000F-01 TP5Z

IR014 . %ar uv ated tone et t ee t tve puroe tt y not used ; 2 000F-01 EPSC
kol6 | Saturated zone hydraulic conductivity telytt i not used [ 4.000E*0J fHCSZ
ROL4 i Saturated none hydraulte gradient j not use d ! 2 000E 02 -

|HCVTR014 I naturated sont b parameter not used i $ 300t*00 852,

Rul4 Water table drop rate tolyri , not used I 1 000E-0) - VVT
#014 Wo u pump intate de p th (a tie low wa t e r table) i rior used ! l 000t*01 -

|MODEL
DVIserr

kO14 Xomel Mondisperston IDJ pr Mass-Balar,ce (M8) I not us e d ND j

RG14 Ind tvidual's use of groundwat e r (m**3tyr) not used 2 $00E*C2 - UW

! Residual Radloac t ivity Program, Vetalon S 04 03/21/94 10 $2 Page 5
hmmary Dr C0111 SFNs I A , TH-2)l Ok!G RR$ RAD EXT D05F VS COVER, 0 01 M
F L le F.MGlfl A DAT

$ tte a spec if ic Paramete r Su==ary (continued)
0 ! toer i Used try REskAD | Pa r ame te r
Menu j

, . _ y . . _ . _._ _o. . . _ . _ _ _ , - ..m_ _

Pa rame t e r input De f ault | til different from user Lnput) | N4ee
.q___

R0li | Number of unsaturated none strara + not used 1 i I NS
Rosi j Unaat zone 1, rhtckness t s:1 not used 4 4 000E*00 I . tit i

R015 i Unnat t one 1, soll denstry ig/cm**)) ! not used 1 500F400 ' - I DFNSU2(!)
4 000E-01 } TPUZ(1)R01% t>ns s t . au 1, total porosity ' not used i t2 000E 01 hPU2(1)R015 Unsat sanc I, ettective perontry not u se d j
S 300E*00 [ - ! BUZ41)

,

Poli Unwet sane i soll-speelf ic b paraw te n i not ued e
R0!$ Unsat z one 1 hydr ev1Lc conduct L4 v W not ned i | QO0f*01 llCUZ (1)

RG16 t Cont aminat e d none (ce" 3/gl 6 000f*04 7 000F*01 <j CR0l6 Distributtor coe f f l: Lent s f or Ra RA
i

1DCNucr( 1)i
IR016 ' Unnat urated zone 1 (cm**3fg' 6 000E*D4 I 2 000E*01 j DCNUCUf 4.1) ?

' 'Bul6 Saturated zone tem **3/g> r 6 000E*04 i 000E*01 DCNUC$t 1),

Rul6 Leach rate ttyt) 0.000Fe00 < 0 000Fe00 l 8 9 WF 11 | A1.EAClit 4)
R016 i 591ub ti t t y c onst eor 0 030E*00 I 0 000E*00 no t ue d i SOLUEN( 1)

I
P016 - DLatribution coefftetrats tot Th-425 ;

.i DCNUCC( 2)R0l6 Lenteelnated g one fee **).y) 6 000f*04 > 6 000F'04 -

Rel6 i Saturated none f e**3/g; 6 000E*L4 . 6 000E*Qee
f DCNUCU( 2,1)ROL6 i Uns<t ut ated tone 1 (cm**lig) 6 000E*04

6 000F+04 | DCNUC3( 2)
0 000E-f H BME li 1 ALEACH( 21
0.000E*UO|'

R0l6 teeth rate (fyrs 0 000E*00
| 501.UBE t 2)PO M Salah tt hy constant 0 000E*00 not u ne n

' '
RO M bist ribut ton coe f f Lc ten 6s for Th-232 { |

rantasitnattad t ae t r e.* * 3 / g ) 6 000F'04 l 6 OC0F*04 [ ' DrNUCC t 3)RG M
R016 I Unsaturate d zone (re**3tg) 6 000F*04 6 000E+04 . DrNUCUt 3,1)* I

- DCNUC51 ))kOM i Securated sone tee **3/a) 6 000F*04 6 000E*04 ,
8 eH9E.li i ALEAflit 3)R016 ' !.cach rate (fyr) 0 000E*00 i' 0 000E+00 j

Lotubility constant 0 000E*00 O 000E*00 < not use d SOLU 6Kt 3)R016 i

R0l? Inhalatton tate is**)!yr) not used it 400F*0L '
i.\

f' '
I NHAl R

j 2.000E-04 M11418A017 Mass looding for inhalation Ig/m *)) , not use da*

1917 Dilution lerigth tos a irborne dust , tnhalation tef not used i 3 000E*00 J
- FD

LA
R017 taposure duration 3 000F+01 j ) 000E*01
Rut? Shtelding f actor . inhalatton mot used : 4 000f-01 | $HFJ
R0l? Shield Lng t ac tor, esternal gamma + b.00nt*00 7 000E 01 - $11F1

Rol? Fraction of Elme opent indoore 1 5 000E-01 5 000F-01 -- FIND
Rot? Fraction of t ime spent outdoors (on site) | O 000E+00 2 S00E 01 < FOTJ
Rul? Shape f actor, enternal gamma 1 000 BOO 1 000E*00 I - FS1

- - - - . . .-._ ,. - . . . . _ , _ _. .- . .- - - ~ - .,
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- Ika sidual Ratioact ivit y Program. Version 5 04 03/25194 10 52 Fage 5 ,

Summary KM CilSil EENL l A, TH-232 ORIG kliLAD EIT is0SE VS COVER, 0 01 M
i,Fila EMCSulA DAT

Site. Spec if ic Paras.eter Suwar y (cont inued)
0 Use r Used t,y RESRAD Pa r ame te r '

Menu Pa rame te r input De f ault (It different f rom use r input) Name

R017 Fractioc.s of annulat areas within AREA:
-k017 Outer annular radius in) = Vt!/n) not use d 1 000E*00 -- FRACA( !) 'Rol7 Outer annular radtus (a) = Vt10!n) not used 1.000L+00 - FRACA( 2)

R017 Outer annular radius (m) * V(20/n) not use d 1 000D AQ --- FRACA( 3)
Vt50le) not uAed 1 000E600 t FRACA( enR017 Outer annular radina (m) =.

'R0l? Ouset eru.al a t radius (m) i/(100 / n) not used
1 00CE+00 |

- FRACA( 5)1 000D 00e

R0l? Oute r annular radius (m) = Vt200/n1 not uses FRACAt 6)
Vt500/n) not use d 1 000E+00 -- FRACA( 7)R017 Outer annular ra6Lus (m) *

RO17 Out e t annular radius (m/ a VriOO0fn) not use d 1 000E+00 -- FkACA ( 8)
1

i
R017 Outer annular redlus (m) vtS000/n) not use d 1.0002.*00 --- FkACA( 9)=

4' ,

A017 Duter annular radius (m) * /tt E+04/n) not used 1 000F+00 - TkACA410)
9047 Outer annular radius (m) <* Vil E*0514) not use d 0.000D 00 -- FRACA(ll)'r '
R0!? Outer annular radius to) V(1.E+06/n) not used 0 C00E*00 - FRACA(12) '*

#

kDI8 Fruits, vegetables and' grain consumption (salyr) not used i 600E*0' - DIET (1)
R018 Lea f y vegetable consumption (eglyr) not use d 1 400E+01 - Difft2)
R018 Milk consumption (6/ys) not use d 9 200E*01 - DIET (3)

f R0ld Meat and poultry consumption (kglyr) not used 6 '500E+01 - DI F.T ( 4 )
I' 01 N Fish consumption (kglyr) not used 5 400D00 - DIET (5)

,

R018 OtN r scatood consumpt ion (kglyr) not used 9 000E 01 DIET 16) t
j Pole So1L inge st ion rate (g/=r) not used 3 65CE*01 | Soll

R018 Detaklag water intake (llyr) not used 5 100E*02
1 000F*00 ;|

-- DW1
R018 Contamination fiac t iew of d rinking wate r , not use d TDW
R0 lit Contamination fracr*an of household water ! not used 1 000D 00 ' --- FifffW
#018 Contamination frac ton of Livestock water i not used . 1 000E*00 - FLW
R012 Contaminarton fraction of irrigetton water i not used 1 000E+00 FIkW
R018 Contantr.ation f rac t ion of aquat ic f ood not used 5 000E 01 FR9,

9018 Contaetnation fractLon of plant food not used -l FPLANT',
ROI6 Contamination f rac e ton of seat not used -l j - FMEAT
k0le Contastnation tractton of milh not used ,-1 j -- FMILE

i

9019 Llee s t oc k fodder intate f or meat (kg/ day) not used | 6 800E*01 LFIS, , ,
Rcit | Livestock f orlde r intste for silk teg/ day) i .et used j % $00E+01 LF16;

R&'^ Livestock wate r int ake f or me a t (L/ day)
! not |'5000E*01

-- LWISL use d 6

not used 1 600DN I LV!6MUl9 Livestock wate r int ake tot ellh ILtdav)
R019 Livestock soil intake Ikg/ day) # not used ~ 5 000F.04 - | LSI
R019 Mass Leading for foliar deposition (g/m ' 3) ' not use d 1 000E-04 - ; MLTD
ROL9 Dept h of soil atzing leve r (m) not use d 1 500E-01 j te
kOl9 Dept h of t oots imp not used 9 000F-01 i DOOOT,

, R019 Drir.h tng wate r f raction t ron ground water not use d 1 1 000E+00 FCVDW
s R019 ilousetmLd water f rac t ion f r om ground wate r not used ' ; 090F*00 . FrW!illf

kOt9 Lives;ock wate r f t set ton f rom ground wate r not use:1 1 1 003F+0C f FCWLW
jR913 |!<rigationtractiontrumgroundwatet FGW1P1 i 000F+00 inot used

s Cl4 | C- 1. concent rat ion in water (gicm* 9 not use d 2 000E-05 C t NTR
'

Cl4 j C-12 concentration in contaminated sail Iglg| not used 3 000F 02 i i Cl2CZ
Cl4 , f raction et vegetation carbon tt om sail not u se d 2 000E-02 j

- = CAIR
. ' C501L

(14 i t r action of veget ation cart >on f rom air not use d 9 800E 01 .
jC1k | C-16 vvas ton laye r thickness in soil in) not u se d 3 000E.01 | DMC,

Ikealdual Radioactivity Program Version $ 04 03/25194 10-52 Page 7

. EVSNC 14 eventon flux rate from soll (lisec) not use d 7 000E-07Cl4
|

Summary FM Ctr%H FENS lA, Tild32 ORIG RESRAD EFT DOSE VS (OVER. 0 01 M
k.'File KMCSill A BAT

} .51t e -Spec if ic Par ame te r Summa y (continuedi )
0 1;se r i Used hv RESRAD : Pa rame te r

f Pa r ame t e r j input De t ault I (If different from user Lnpur) f NameMenu
'

not used 1 000E.40 I | kFv5!8Cl4 I r 12 evaston ( Aus Yate f rom soll (1/sec)
C14 I Fraction of grain in beef cattle feed |not'

use d 8 00tb01 ' - I AVFC4
C14 Fraction of grain in ollk cow feed not used 2.030E.01 j AVFG5

|2400E+00f'
-

'- 1,500F 01 TLOCR
*

, Thtenness of building f oundst lan (m) not usedRC21:

R0li i f unk density et building foandation (gice**)) j
|4000E-01 '

DENSFL-not ured
P021 ' Total poromtty of the cover saterial not used TPCV
it021 Total porosity of the t>ulldir.g toandation not used 1.000E.01 | TPFL,

k0li Volumet ric wate r content of t he cove r material not use d i 5 000F.02 l'H2Orv I

hiiOFL ||J000E0/rut Wolumetric water conten* ol' the foundetton not used r
,

R021 Dit f usion coe f ficient ;ot sadon gas (stsec)- ! i
! i DIFCVRG21 in covet material not used

2 000E.06 |
1 ,

ikC21 5 in f ounder ton mate rial not t.se d j 3 000F-07 1 DIFFL
4 F021 in contaminated tone soil ! not use d 2 000E-06 : DIFCZ;

R021 Redon vertical dimension of mixing Im) not used 2 000E*00 - f IN11
,

i

1 RC2t Ave r age annua h wind speed tolsec) not used ! 2 000D00 J WINb
} R021 Avetage build tr.g str e xc harige r ate ll/Ar) not used

(1.500E+00
,

'5 000E-Oi ! REXW
! kGil tie ty,ht of t he tru t id ing troos) tm) not ut.c d IlkM

}R021 totiding interior area factor not used 0 000F+09 FAI
]

! A02) Bulloing dept h be lev grouns w rtace sm) not u se d 1 00CDC0 ' tNFL,

R321 f aehat ing powe s et Ra-222 gaa - not oed 2 500F 01 ! - I EMANAtti,

1 kO21 Es.anat ing powe r of Rn 220 gas not used i 1 500F-Cl ' EMANA(2)
p ._._ _ .-- .. __. _

. -
1

Summary of Pathway Le lec t Lons

Pathway
, Uae r Se lec t ion

, -..o-- - _ _ - . . . ~ - ...-j-._m-. - _ . - j

- e n te rna l gammainhalat ion (wlo radon > j j1 activej. ;r -
f 3 - plant ingestion

'

suppre s sed
|

;

s upp re s se d
suppressed' 4 -- meat inge st ion

5- milk ingestion f suppressed
6 - aquatic foods s uppre sse d,

7 -- drinking water auppressed;
6- soil ingestion g supp re s se d
9- tsdon - supp re sse d

r

i

_ _ . _ . - _ -_ _ _ _- - _ - - ._ _
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- ikesidual Radioactivity Prograe, Version 5 04 03/2$/94 10:$2 . Page 8
$4mmary KM CUSH $?N$ 14, TH.232 OR1G RFSRAD EXT DOSE V5 COVER, 0 01 M
File EMC5HIA DAT

l

Contaminated Zone Dimensions Init ial Soll Coacentt ations pC11g

A re a . 10000.00 square mete rs Ra.228 1.000E*03
. Thic ' ne aa - 5 00 me t e r s Th-226 1 000E*03u

) Cove r be pt h . 0 01 me te r s Th 232 1.000E+03

0
Total bose TD05E f t), mremlyt

Basit Radiation Dome Limit 30 aremlyr=

. Total Minture $um Mit) Fraction et BasLc Dose Limit Received at Time tti=

t ryears) 0 0005 50 i L0bF 00 300bb+b0 1 000 bO [ [ 00bh*01 1000Ed2 3 000E*02 1 000E+03
TDOSEtti. I OlBE*04 1.018F+04 1 018E*04 1 016E*04 1,018E+ 1 018E+04 1.018E*04 1.018E*04

3.3932.04Mit) 3 393E+02 3.39]E+02 3 391E+02 3 393E+02 02 3.393E+02 3.391E+02 a 393E+02
OMeelmum TDQ5Etti: 1 018E*04 areatyr at t = 72 20 s 0 07 years
0

Total bose Cont ribut ions TDOSE(1,p.t } for individual Radionuelldes (11 and Pathways tpl,

. At niemlyr and Traction 6f Total Dose At t * 72 20 yeata
0 Wate r Independent Pat hways tinhalation escludes redon)

.

O Ground Inh 41acton kadon Flar.t Meat Milk 5011
Radio- -

Nue11de areelyr fract. steely fract mremlyt tract areelyr tract, mren/yr fract stemlyr fract. aremlyr fract.

'Ra*22N 2 249f*00 0 0002 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0-0000 0 000E+00 0.0000
'|Th-228 2 774E-08 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0.000E+00 0 0000 0,000E*00 0.0000 0.000E+00 0 0000 0 000E+00 0.0000

Th-232 1 018E+06 0.9998 0.000E*00 0.0000 0 000E+00 0 0006 0 000E*00 0 0000 0 000E+00 0.0000 0 000E*00 0.0000 0 on0E+00 0 0000 ;

Total 1 018E+04 1.0000 0 000E+00 0 0000 0 000E*00 0.0000 0.000E+00 0 00w. 0.000E+00 0 0000 0 000E*00 0.S000 0 000E*00 0.0000 j
lTotal Dose Cont ributions TDOSEli p.t) f or Individual Radionnelides 1) and Pathways (p) i

As nremlyr and Fraction of Total bone At t * 72.20 years J0 Water Dependent Pathways )
a

0 Wate Fish Redon Plant Me a t Milk All Pathways * 1
Radto-

-~---n"fract areelyr tract mreelyr fract niemlyr fract trem/yr tract. areelyr tract treelyr fractNuclide miemlyt
- - - - - - ~ ~ - - - |~ - -- - - - - - -

Re-229 0.000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 2 259E+00 0 0002
Th-228 0 000E+00 0 0000 0 000Fe00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 0006,00 0 0000 0.000E+00 0 0000 2.774E-08 0 0000 4

Th 232 0.000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 0002400 0 0000 0.000E+00 0 0000 0 000E*00 0.0000 1.019E+04 0 9998 f
Tot a l 0 000E*00 0 0000 0 000E+00 0 0000 0.00GE*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E+00 0.0000 1.01RE*04 1.0000 i

0* Sum of all water independent and dependent pat hways j1Re aldual Radioact ivit y Program. Version 5 04 03/25/96 10 52 Pa ge 9
Summary FM CUSH SENS 1A. TR 232 ORIC RESP AD EXT DOSE V5 COVER. 0 01 M
File KHC5HiA DAT

Total Dose Cont r ibut tons TDosE(1.p.t) for Individual Radionuclides til and Pathways (p)
,

As mremiyr and Fraction of Total bone At t = 0 000F 00 years j0 Water Independent Pathways (Inhalation Oncludes radon)
O Cround Inhalation kadon Plant Ke a t Milk Soll I

hadLo- ~ ~ - - - - - - - - - - - - . - - - - - - - - - - -- ~ ~ ~ - - - - ~ ~ . - . - - - - - - - -

Nuc11de mres/ yr (cact erem/yr tract eienlyr tract, mremlyr tract. ereelyr tract steelyr tract ores /yr tract.

Ra-22R 3 815F+03 0.3748 0 000E+00 0 0000 0 000E+00 0 0000 0 000F'00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000'
'

Th- 22 8 6.363E*C3 0 6251 0.000E+00 0 0000 0 000E+00 0 0000 0 000E+00 t 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000
Th 232 4 698E-01 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*C0 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0.0000
10tal .l 016E*04 1 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 }

Total Dose Cont:1 buttons TDOSF(l.p.t) for individual Radionuclidea (1) and Pathways (p) ]As evenlyr and Fraction of Total Dose At t a 0 000F*00 years
O Wate r Deper. dent Pathways

.

j
! O Water Fish Radon Plat.t heat Milk All Pathways *
| Raato. - _ _ . _ _ . . _ - .__ . _ _ ~ _ _ .. -

! Nur11de artetyr tract, atemlyr tract steelyr tract mremlyr tract- mreelyr tsact steelyr fract, tres/yr tract

Ra 228 0 000E+00 0 0000 0 000!*00 0 0000 0 000F+00 0 0000 0 000E400 0 0000 C OC0F+00 0 0000 0 000E*00 0 0000 3 815E+03 0.3748
Th 228 0 000E+00 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0.000E*00 0.0000 0 000E+00 0 0000 6 363E+03 0 6251
Th-232 0 000E+00 0 0000 0 000F+00 0 0000 0 000f*00 0 0000 0 000!400 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 4 698E-01 0 0000

< Total 0.000E*00 0 0000 0 000E+00 0 0000 0 006E*00 0.0000 0 000E*00 0 0000 0 000h*00 0.0000 0 000E+00 0 0000 1 018E+04 l.0000
s C+5um of all water independent and dependent pat hways

: t Re s t aua l Rad ioac t iv ity Piogram. Verston 5 04 03/ti/94 10.$1 Page 10
i Summary EM CUSH $FMS 1A. TH-232 CRIO RFSRAD EIT IC5E VS COVER. 0 01 M'

File FMC5HIA DAT

Total bose Coper t.but tans TDOSEt i,p, t ) for individual Radionuclides (1) and Pathways Ep)
As meealyr and Frac t ion of Tot al Dose At t = 1 000E+00 years

0 . kate Inde pe nde ht Pat hways (Inhalation et luden redon
O Cround Inhalation Redon Plant Me a t Milk Soll
Raato, ~<- - - - - . - - -

Nuclid* mreelyr tract areelyr fract eremiyr- tract mrem /yr tract steelyr tract eremlyr tsact steelyr fract
, - - . . . . . - , . . . . . . . . n..~.- , ,- - . _,, - _ _ . . . .-.-

_ 0 000E+00 0.0000
.-

Ra 228 5 198E*03 0 $107 0 000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 0006 00 0 0000 0 000E+00 0 0000
Th 228 4 a24E*0) 0 4351 b 000T+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000- 0 000F*00 0 0000 0 000F+00 0.0000 0,000E+00 0.0000
75-232 5 515E+02 0 0542 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E+00 0.0000
10tal 1 018E+0a 1.0000 0 000E+00 0 OV00 0 0)CE*00 0.0000 0.000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000

0
total bose Cont ributions TDOSE11,p.t) ter Individual Radlonuclides (1) and Pathways (p)

As premlyt and Fisc tion of Total Dose At t = 1,000E+00 years
0 Wate r Dependent Pathways

. .

O Water Fish Radon Plant Me a t Milk All Pathways-*,

Radle- =

| Muc lide premlyr fract mreelyr tract areelyr fract.; mremlyr tract arcelyr tract mremlyr tract- mrea/yr ftact,

R.a > 2 2 8 0 000E+00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 $ 19BE*0) 0 5107
1h-228 0 000E*b0 0 0000 0 000E+00 0 0000 0 000E*00 0.0000 0.000E+00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 4 429E+03 0 4651.

Th 232 0 000E+00 0.0000 0 000E+00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 $ $15E+02 0.0542

Total 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000!+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 1 Olst+04 1.0000
C* Sum of all water independent and dependent pa t hways

#g/ "' )i

,

L

1

1

-n<-aw--m.. -,. .._a -,,,_..,____n --,.w.. . , , . . , , _n ,.-,n_,- ,, ,-y-, , . , , , 7-e- - ,. .. e. v . 4
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1kesidual Rad toactivit y Program. Veraton 5 04 03/25194 10 52 Page il
|Sunnary . EM CUSN $ ENS la. TH-232 Okt0 RESRAD EXT Dost v5 COVER. 0 01 M
i

File i IMOSHAA DAT

Total Dose Cont ribur tons TDO6E(1.p,t) f or indtvleual Radionnelides it) and Pat hwaya (p)
As aremlyr and Freet ton of Tot al Dose At t = 3 000E*00 yesis

0- Water Independent Pathways (Innatation escludes redon)
C Cround Inhalation Radon Plant Keat Mllk Soil i

4 .Badio- '

puc ilde areelyr fract aremlyr tract ereelyr tract. aremlyr tract tremlyt tract eremlyr tract premlyr itset-

Ra-229 6 OM7E*03 0.5979 0 000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0.0000 0.00FE*00 0.0000 0.000E+00 0.0000
Th 228 2 146E*03 0.2106 0 000E*00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0.000E*00 0 0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-232

1 947E*03 0 .19t2 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E400 0.0000 0.000E+00 0.0000 0.000E*00 0 0000.m

Total 1 019t+04 1 0000 0 000E+00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0 000E+00 0.0000 0.000E*00 0 0000 0 000E+00 0.0000
0

Total Dese Cont ribut ions TDOSE s t.p t) for Indtv% dual Radionucitdes (1) and Pathways sp)
As breelyr and Frartton of Total Dose At t = 3 000E+00 years

0 Water Dependent Pa t hways
0 Water Fish Radon Plant He a t Milk All Pathways *
Aadio. - - - - ~ ~ ~

aremlyr fract
- - - - --- --

'
'

Nur. lide areelyr tract. ares /yr tract atemlyr fract aremlyr fract. aremlyr. tract . stemlyr tract.

Ra 228 0 000E+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 C 0000 6.087E+03 0.5979
Th 22R 0 000E*00 0.0000 0 000E+00 0 0000 0 000r+00 0.0000 0 000E+00 0 0000 0 000E*00 0,0000 0 000E*00 0.0000 2,146E+03 0.2108
Th 232 0 000E*00 0 0000 0 00cE+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 14947E+03 0.1912
Total 0 000E*00 E O 000E*00 0 0000 0 000E+00 0 6 000E*00 UIO00E*00 0 000E+00 0.0000 1 018E*04 1.0000

0*5um of all wate r independent and dependent pathways

Ikesidual Radioactivit y Program, Version 5 04 03/25/94 to 52 Page 12
Summary EM CUSH SENS 1A. TH-2 32 DR16 Rt1 RAD EXT DOSE V5 COVEk, 0 0 4 M
File KMCSHIA.DAT ,

i

Total Dose Contributions TbOSE(i.p.r) f or Individual Radionuclides (1) and Pathways (p)
As steelyr and Fraction of Total Dose At t a 1 000E*01 years

0 Wate r independent Pathways (Inhalat ton exc lude s radon) 1

0 Cround Inhalation kedon Plant Me a t Milk Soil 1

Radto. -- - - - - - - - - - - - - - - ~ l

Nac lide areelyr tract tremlyr faaet atemlyr tract stemlyr tract aren/yr tract mremlyr tract. . areelyr tract
'

Pa 228 3 751E*03 0 3685 0 000E*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0.000E*00 0 0000 0 000F+00 0 0000
Th-228 1 694E+02 0.0167 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000F*00 0 0000
Th-232 6.258E*03 0 6148 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 ,0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 |

- . _. . . .
_ . . . - - - .. |

Total 1 Olpt+04 1 0000 0 000E 00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0-0000 0.000E+00 0 0000 ~ i

0
Tot al Dose Cont ribut tons TDOSEt L p.t ) ist Individual Radionucitde s (1) and Pathways (p)

'
;

As aremlyr and Frattion of Total Dose At t * l.000E+0L yeats
O Water De pe nde nt Pa r hways
0 Water Fish Redon Plant Meat Milk All Pathwayan
Radio- - - - - - - --- - - - - - - -

kuclide tremlyr tract areelyr tract aremlyr tract areelyr tract mramlyr tract areelyr tract eremlyr tract.

Re 223 0 000E*00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 3 751E+03 0.3665
Tn J28 0 000F+00 0 0000 0 000?+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 C 000E*00 0 0000 0 000E+00 0 0000 i 699E+02 0 0167
Th-232 0 000E*00 0 0000 0 000E*00 0 0000 0 000F-00 0 0000 0.000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 6.258t+03 0 6166
Total 0 000E+00 0.0000 0.000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.00ct+00 0.0000 0 000E+00 0 0000 1 01sE+04 1.0000 (0* Sum of aL1 water independent and dependent pa t hways

j

1Re a ldua l Radioac t ivit y Progree Version 5 04 03/25/94 10 52 Page 13
Summary FM CUSH SENS 1A. Tit 232 Oh!G RESRAD EXT DO5E VS COVER. 0.01 M
File FMC5H1A DAT

Tot al Done Cont elbut tons TDOSE t t , p,t ) for Individual Radionuclides ( L) and Pathways ip)
As area /yr +d Frac t ion of Tot al Dose At t = 3.000K+01 yearn

C. Wate r Inde pendent Pathways (Inhalation raclude s radun)
0 Ground Inhalation Radon Planc Me a t Milk 5o11
Radte- - - - - - --- -- - .- - - - - -

Nuc lide aremlyr tract pres!yt tract. aremlyt tract premlyr tract tremfyr tract premfyr fract. aremlyr fract.

Ra-228 3 607E*02 0 0354 0 000E*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000t+00 0 0000 0 000E+00 0 0000
Th-228 1 211E Oi 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000
Tn-23J 9 61BE*03 0 9646 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000
local 1 0.8E+04 1.0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000

0
Tot al Dose Cont ributions TDOKEll .p.t l f or Individual Radlonuc tice s til and Pat hways tp)

As preelyt and Fraction of Total Dose At t * J 000F+01 years
0 Wate r Depenoent Pa t hways
0 bater Fish Radon Plant Me a t Milk All Pathways *
eadio- - - - --

Nuclide aren/yr tract. miestyr tract tremlyr (rect steelyr tract arcelyr tract premlyr tract aren/yr fract

ha 229 0 000F+DO O 0000 0 000! 00 .0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 3 607t+02 0 03S4
T h - 7.'8 0 bDOE+00 0 0000 0 0001400 0 0000 0.000E+00 0 0000 0 000R*00 0 0000 0 000F+00 0 0000 0 000f*00 0 0000 1 211E 01 0 0000
Th 232 0 000E*00 0 0000 D 000E*00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 9 Bl8F+03 0 9666

0 000E+00 0 00C b 00 0 0000 0 000R*00 0 000E+00 0 0000 000bb*000 1 DiFE+04 .1.0000
U* Sum et all wate r inde pe nde n t and dependent pat hwa ys |
Ikesidual Radioactivity Frogram, Version 5 04 03/25/94 10.52 Page 14
Summary EM CUSH KENS 1A. TM-232 GRIC DE5 RAD EyT DOSE V5 COVER. 0 Os M
File KMC5HIA BAT

Tot al bose Cont ributions TDOSE( L.p.t) tot indLvidual Radionucildea 41) and Pathway. 4 p) ]As steelyt er 4 Fraction of Total Dose At t + 1 000F+02 years ~

O Wate r Independent Pathways (Inhalat Lon excludes radon)
. Mllh 60110 6tound In).41s t ion Radon Plant Me a t

.

Radio- - - - . -- -

Nue1Loe mremlyr fract niemiyr tract. aremlyr fract. areelyr- - - - -- - - - ~ - - -
. - - - - -

fract treelyr tract erem/yr ( tact . areelyr
- - . _ _ . . - . _ _ _ -_ .- . . , - . ,, .. .- . .. _. _ _, ~ . _ _- .

, fract. )
. - . ~ .

Ra-228 7 926E-02 0 0000 0 000E+00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000
Th 228 1.171E.12 0.0000 0.000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0.000E+00 0 0000. 0 000E+00 0 0000
Th-232 1.018F*04 I 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000E*00 0.0000 j

,

Tot al 1 018E+^4 1 0000 0 000E+00 0 0000 0 DOOE*00 0 0000 0.000E+00 0.0000 0.000E+00 0.0000 0 000E*00 0 0000 0 000E+00 0.0000

I
,

v me.. - , - - - - , -m o



n - -a- s - . - s -- . ~~ . . - ~ - - - .-

0
Total Dose Contr tbutions TDC5E ti,p,t) for Individual Radionucitdes (1) and Pathways (p)

As aremlyr and Fraction Of Total bone At t= 1.000t+02 years
6 Water Dependent Pa t irwa ys
0 Water Fish Radon Plant Me at Milk All Pathways *
kadte- -- - - --

Nucitde aremlyr fract, oreelyr .- _ .
. -_

areelyr tract- aremlyr fract. aremlyr tract. aremlyr fract
_ _ - . -

oreelyr fractfract,
,

1

Ra-228 0.000E+00 0 0000 0.000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000E*00 0 0000 7.926E-02 0.0000 .1
'T h- 228 0.000E+00 0 0000 0.000E*00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000 0.000E*00 0 0000 0 000E+00 0 0000 1.171E-12 0.0000

Th+232 0 000E*00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 0.000E+90 0.0000 0 000E+00 0 0000 1.018E+04 1 0000
1

.

Tot al 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0.0000 .0 00ut+00 0.0000 1 018E*04 1 0000
0*5um of all water independent and depe9 dent pathways

1Realdual Radioactivity Program. Veraton 5 04 03!25/94 10 $2 Page 15
Summary KM CU5H SENS lA, TH4232 GR10 RESRAD EXT DOSE V5 COVER. 0 01 M
File FMCSN1A DAT

Total bose Contributions TDOSE(1.p.t) for Indtvidual kadionuclides (1) and Pat hways (p)
As aremlyr end Fraction of Total Done At t - 3.000E*02 years

0 Water Inde pe nde nt Pat hways (Inhalat ion exc ludes r edon)
O Cround Inhalation Radon Plant ne a t Milk Soit
Radio-

. tract, steelyr tract. aremlyr faaet eremlyr fract, oremlyr tract aremlyr tract, ores /yr - -.-- - - - - -

Nutilde areelyr tract.

Ra 228 2.797E-12 0 0000 0.000E+00 0.0000 0.000E+00 0 0000 0 000E*00 0.0000 0.00ut+00 0 0000 0 000E+00 0 0000 C 000E*00 0.0000
Th 228 0 000E+00 0.0000 0 000E*00 0.0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0.000E+00 0.0000 0.090E*00 0.0000
Th 232 1.0186+04 1 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+0C 0 0000 0.0092+00 0.C000 0.000E*00 0.0000 0.000E+00 0.0000

Total 1 Ol8F+04 1 0000 0 000E+00 0 0000 0 00Cf+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0.000E*00 0 0000
0

Total bose Cont ributions TDOSE(1.p.t) for tud tvidual Radlonuclides (1) and Pathways (p)
An ereelyr and Fraction of Total Dose At t * 3,000E+02 years

0 Water be pendent Pathways
0 Water Fish Radon - Plant heat Milk All 'athways* ,

Radio-
N4clide areelyr fract. st e n t.y r fract- stemlyr tract. nreelyr tract. ereelyr tract, miemlyr tract aremlyr fract-

Ra 228 0 000E*00 0.0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 2 797E-12 0 0000
Th 226 0 000E400 0 0000 0.000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000
Th 237 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0.000E*D0 0 0000 1.018E+04 1 0000

Total 0.000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 0.000E*00 0 0000 8.018E+04 1 0000
D*5um of all water independent and dependent pa t hway s

Ikealdaal Radioactivity Program, Ve rs ton 5 04 03/2i/94 10 52 PaAe 16
Summerv FM CUSH E!NS 1A, TM-232 ORIO kESRAD EXT DOSE VS COVER, 0 01 M
File EMC5HIA DAT

Total bone Contr tbar tons TDest.(1.p.t) for Individual Radionuchtdes (1) and Pathways (p)
As steelyr and Frection of Total Dose At t = 1 000E+03 years

0 Water inde pe ndent Pa t hwa yn (Inhalat ion excludes red an)
0 Oround inhalation Radon ilant Meat Milk Soll
Raito- - -- - - - -- - - - - - --- - - -

kuclide eremlyr tract areelyr tract. steelyr tract ereelyr tract eremlyr fract mremlyr tract areelyr tract '

Ra 228 0 000E+00 0.0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0.000E+00 0 0000 0.000E+00 0 0000
Th- 2 2 8 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 0.000E+00 0 0000'
T h- 2 32 1 Ol8t+04 1.0000 0 000E+00 0.0000 0 000E+00 0 0000 0.000E*00 0.0000 0 000E+00 0.0000 0 000E+00 0 0000 0.000E*00 0 0000,

Total 1 018E*04 1 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0 00CE*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000
0

Tot al Dose cont ribut tons TDOSEt t.p.t } tor Individual Radionucildes (1) and Pathways (p)
As aremlyr and Fract ion of Tot al Dose At t * I 000E+03 years

0 Wate r Dependent Pathways
0 Wa t e r Fish Radon- Plant Meat Milk All Pathways *
kadio ~~ - -- -- . - -- - -- -- - ------ - -~

Fur 11de areelyr fract. mremlyr tract areelyr tract stemlyr fract ares /yr tract aremlyr tract miemlyr tract

Ra-228 0 000E+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000EA00 0 0000 0000E+b000000-
Th-228 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000
Th 232 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 1 OlbE+04 1 0000

*

Total 0 000E+00 0 0000 0 000E+00 0 0000 0 000F+00 0.0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 1 016E+04 1.0000
0*1ue of alt varer inde pe nde nt and depende nt pathways [

{
,

,

I

~

. - - - _ . - _ , - . _ _ , _ ._.



. . _ .m~ mm .-m.- _ . _ . . _ . - _ _ _ _ - - . ~ . . _ . . . _ - . - . _ - _ _ . _ _ - - - _ _ . _- . . . _ .. _.

thesidual kadioactivtr y Program, Ve rs Lon 5 04 ' 03I25/94 10 52 Pese 17
Summary KM CUSH EENS 1A, TM 232 ORIC REERAD EKT DOSI VS COVER. 0,01 M
7 tle FMC$NIA DAT

Dossisoorts Ration 54mmed Ovet All Pathways
Parent and Progeny Prioripat Radionuclide Contributtona Indicated

OParent Product tranch D5t(),5) (eres/yr)ffpCt/g)
(1) tj) Fraction ta 0 000f *00 1.000E*00 3.000t+00 1.000t*01 3 000E+0! 1.000E*02 3 000f +02 1.000t*03

Ea 228 Ra-228 1.000t+00 3 815t+00 3 383E*00 2.659t+0G 1.145E+00 6.0322-01 2.266E-05 7.996E 16 0 000f*00
Re 228 Tb-226 1.000F*00 0 000E+00 1 816t+00 3 427t+00 2 606t+00 2 5751 01 5.6601 05 3.997E-15 0 000t*00
E4+226 10SRt]) 3.815t*00 5.19et+00 6 Ostt+00 3.75Lf 400 3~607E 01 7. 9262-05 2 79 FE-15 0 000r+00

Oth-226 Th-228 1 000t*00 6 363t*C0 4.429f*00 2 146t+00 1.699E 01 1.211t-04 1.171E-15 0.000E+00 0 000E*00
OTh 232 Th 232 1.000F*00 4 699E*04 4.698E-04 4 69Bt-04 6.698t-04 4 698E-04 4.698E 04 4.69Bf 04 4 698t-04
Th 232 Ra 228 3 000E*00 0 000t*00 4.326t*01 L.156t+00 2 67DE*00 ).712t+00 3 815t+00 3.815F+00 3.845E+00*

Th 2'32 Th 228 4 D00E*00 0,000E+00 1 184E-01 7,899E 01 3.588F*00 6.106t*00 6 36)f*00 6.363t+00 6 363E+00
Th 232 IDSRtj) 4.6982 04 5 515E 01 1 947E*00 6 256t*00 9 818E*00 1 018E*01 1. 018t * 01 1 018t*01

St ench T ract ion is the cumulet tee factor for the l'th principal radionuclide daughter: CUMERF(J) * BRFtt)*BRFt2)* 8PF(j)
T he DSR includes cont ribut Lor.s f rom associated (half lif e s 0.5 yr) daughters.

51ngle AsdionucLide Soil Guidelines Ctt,t) in pClfg
tasic kadiation Done Limit a '30 steelyr

CNuc!!de
(il te G 000E*00 1 000E*00 3 000F*00 1.000E+0i 3 000E*04 1 000t+02 3 000t*02 L 000t+03

R4 228 7 86)t*QQ 5 17tt+00 4 9297+00 7 998t+00 8.317E*01 3 785E+05 *2.72tE*14 *2.72tE*14
Tb-228 4 714F*00 6 7F3E+00 1.198t *0 L 4.766t*02 2.477t+05 66 1928*l4 '8 192E*le *8 192t+14
Th-232 6 365t*04 5 440E*01 1 541E*01 4 794F+00 3 056t+00 2 947E+C3 2 947E*00 2 947E*00

*At specit Lc activtry limit
0

Summed Done/ Source Rat ics DSR(i t) in (aremlyt)l(pCLig)
and Single kadlonuclide Soit Guldelines Cit,t) in pCilg

at teln a t Lee of minimum single radionucilde soll ulde1 Lne j
ar.d at s ma m * L L ee of manLeum total done a 72201 0 7 years <

ONuc lide initial totn bSR t i, t e ln) G(t.teln) DSR(i.tment C(i.tmax) f
(t) pCitg (years) (pC1/g) (pC1./ g ) ;

'Ra 224 1 000E+03 3 164 2 0 001 6 090f*00 4 926F+0D 2 249F-03 1. 3 34 t *04
Th-228 1.000f403 0 000E+00 6 363t+00 4 114t.00 2 776t-il 1 On2E+12 |
Th- 132 1 000E*03 169 5 2 02 1.OleE 0L 2 947E+00 1 018E*01 2 94eE*00

i

:

|
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.
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Table KMCSH2A

ikesidual Radioactivity Program. Versic,n 5.04 03f2$/94 11 29 Fage 1 ,
Susmary KM CUSH SFNS .2A, TH.232 CHEN RE5kAD EXT DOSE VS COVER, 0 01 M
File KMC5H2A.DAT *

' Table of Contents
, _ _ . _

' Part 1: Mixture Suns and Single Radtonucitde Cutdelines

Dose conve rsion Factor (and Related) Parameter Summary 2
Site 5pecific Parameter Summary &

Summary of Pethway Selections . , 7
* Contaminated Zone and Total Dose Summary 8 ;

Total Dose Component s -

Time * O 000E+00 9
T Lee * 1.000f +00 10
T Lue = 3 000E+00 11
Time * 4 000f+03 12
Time * 3 000K+0! il
Time = 1 000f*02 44
Time = 3 000F+C2 15
Time * L 000E*0) . . 16

boar ' Source Ratlos Samaed Ove t All Pathways 17
St.ngle Radionu lide Soll Cuida tinea 17
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Table KMCSH2A

IResidual Radioactivity Program, Verston $ 04 03/25/94 11.29 Page i
Sumeary KM C1JSH SENS 2A, TH-232 CHEN RESRAD EXT LOSE VS COVER, 0 01 M
File FMCSH2A DAT

Taule of Contents

Part I- Mixture Suas and Sintle Radionuclide Cutdelinen

Done Conversion Factor (and Related) Parameter Summary 2

Sit.e 5pecific Parameter Summary 4
T5.amary of Pathway Selections . .

8Contaminated Zone and Total Dead Summary
Total Dose Component s

Time = 0.000E+00 9
Tlee * 1 000E+00 10

3 000E+00 11f ine -

Time = 1.000E+0! 12
Time e 3 000f+01 13
Time * 1.000E+02 in

Time = 3 000E*02 15
1 000E*03 ,. - . - - 16Time =

bohe / Source Rat ion Summed Ove r All Pathways 17
Single Radlon L tde Soll Guidelines 17

,

1

1
1
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Ikasiduel Radioact tvit y Program. Version 5.04 03125/94 !);29 Page 1

Samosty . EM CUSN SENS 2A, TH.232 CREW RE5KAD EXT DOSE VS COVER. 0 01 M
j File KMCSR2A LAT

Table of Content s

O
Part 1: Misture Suas and Single kadlonucitde Guidelines

i

bose Converston Factor (end keleted) Parameter Summary 2
Ette-specific Parameter Sue =ory 4

,
:

Summary of Pathway Selections . ., . 7

Contsetnated tone and Total Dose Summary 9 9

*
Total bose Component s

-

t

Tina + 0.000E+00 9
Time * 1.000E+00 10
Time a 3 000E*00 la
T ime a 1.000f*01 12
Time a 3.000E*01 13
Time * 1 000t*02 14
Tiem * 3 000E*02 15
Time = 1.000E*0) . .. . . 16 i

bone /5outte katios Summed Ove r All Pathways 17
Single Radionuclide Soil Guidelines 17

r
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Table KMCSH2A

@

i

l

|
.

i

1

i

|

1

|
!

O



. ~ . . . .----~~~~-vn-n.---. - ~ . . ~ . ~ . ~ . . ~ . - - _ . - ----- - . ~ . _ . - - , - - ~ . - . . . . -

|

.1kealdaal ladioactivity Frogram. Version 5 04 03/25/94 11 29 Fage 2
Evemary KM CU511 5th5 2A, TH-232 CHEN RE5kAD EIT DO5E VS COVER, 0 01 M

r
f ile RMC5H2A.DAT

|. Dose Conve rsion Fac tor tand Itelated; Foramete r Summarp
O I C2rrent Fa r ame te r,

^ Man * Fa r see t e r
, _ . _ _ . . - . . - _ . _ - . _ | Valae De t ault Name

.

A-1 Ground esternal gamma, volume DCF's, t eremlyt ) / t pC1/ ce** 3 )
|8.180E.00 8 180E*00 DrFIt 1.1)AI ka-228 +D , soil de ns it y * 1 0 g/cm**3 ,

A1 Ra-229+b , soll density * 1 8 g/cm**) ; 4.510E+00 4.510E*00 DCFit 1,2)
A1 t

A-! Th-228+D soll density * i u g/cm**3 j 1 330E+0! l 13CF*01 DCFit 2.1)
+ 7,%0E+00 DCFit 2.2)
| 7 %0E*00

A-1 Th-228+D soll densit y = 1. 8 g/ ce* *)
A3 ~

1 O tice**) ' l.350E 03 1.350E-03 bCFit 3,1)A-1 Th-232 . sot t dens try * ty

A-1 Th'232 soll density * l 8 g/ce**3 j6040E04 6 040E 04 DCFl( 3,2)
j1

A3 Depth f actors, ground enternet gamma, dime ns ton ne s s :
A-3 Ra-228+D , soil density * l 0 g /cm* * 3, thic kne ss = 15 si 6 800E-01 6.800E-01 TDI 1.1.1)

'|9.700E-01
9,700E-01 FD( 1,2,4)A-3 Ba-228+D , soll density . 1 0 g/cm**), thickness e 0.5 m

1.000E+00 1 000E+00 FD( 1,3,1)A-3
Ra 228+D , soit density * 1 0 g/cm**),1.8 g/ ce* * 3. thic kne ss

4.0 mthickness *
A3 Ra-2 2 8+D , soil dens tr,y * 15 m |8500E-01 8.500E-01 FD1 1,1,2)
A-j Ra 228+D , soit density * 1 % g/cm**), thickness = 0- 5 m , ! 000E+00 1.000F+00 FD( 1.2.2),

A-3 Ra-22B+0 soil density e 1 8 g /cm* * 3. t hickne ss = 1.0 m 1.000E*00 1 000E+00 FDI 1,3,2)
A-3
A-3 Th 228+D soll density * 1 0 g/cm**). thickness = 15 m 6.100E-01 6 100E-01 FD( 2,3,1)
A-3 Th-228+D soil density * 1 0 g/ce**3, t hickness a D5e 9.400E-01 9.400E-01 FD( 2.2.))
A3 Th-228+D . soil density = 1.0 g/cm**), thickness = 10m 1 000E+00 1 000E+00 FD( 2.3.1)
A3 Th 228+D , soil density = 1 8 g/ce**). thickness = 15 m F $00E-01 7.500E-01 FDs 2.1,2)*

A3 Th 229+D soil dens try * l 8 g/cm**), thickness = 0 5 m 1 000E+00 1.000E*00 FDt 2.2,2)
A-3 Th-226*D soll density * 1.8 g/cm**), thic kness a 1.0 m f' l 000E+00 4 000E*00 FD( 2.3,2)
A-)
A-) T h- 2 3 2 sot! density * i 0 g/ce**3, thickness * 35 m | 9 500E 01 9.500E-01 Fbt 3,1,1)

l 000E.00 1.000E*00 FD( 3.2,1)A.3 Th-232 ao11 denalty = 1 0 gic=**3, thickness = 0.5 m
} I 000F+00 1 000F+00 FDt 3 ).1)A3 i Th-2 32 noti density = 1 0 g/cm**3, thick.ncss = 1 0 m ;

: A-3 J Th 232 mot! aensity = 1. 8 g/ ce* * 3, t hickne ss = 15 m i 1 000E*00 1.000E+00 FD( 3,1.2)

f A3 Th 232 soil denstty = 1 8 g/ce**). thickness a 05m
|1000E*00

1 00AE*00 1 000E+00 FDt 3,2.2)
1.000E+00 ' FDt 3.3.21A3 |Th-232 soll denalty = 1 8 g/ce**). thickness * 10 mq ,

6-1 Dose conver s ton f actor s f or inhalation. eren/pCL.
B1 Ra 228eD {4 500E-03 4 500E-03 DC F2 ( 1)
81 Th-228+D [ 3.100E-01 3,100E-Ol DCF2e 2)
81 Th-232 j 1 600E*00 1 600E*00 DCF2( 3),

D1 Dose conversion factors for ingestion, miemipCt.
,

. D-1 Ra-228+D 1 200E 03 I 200E-03 i brF3i 1)
j D-1 , Th-228+D 7 500E 04 i 7 500E 04 DCF31 2)
; D! Th 232 2800E-03|2 HUGE-03 DCF 3 ( 3)

I

|Foodtransfer
D-34 factors i '

Re 228eD pisnt/ soil concentratton recto, dime ns ioni.e s s j4 000F-01 4 000F-02 RTF( 1.1)r D 34
b 34 ) R4 228+D he e f i llve st oc k -intake ratto, (pC1/kg)ltpCt/d) j i 000E 03 1 000E 03 RTFt 1.2)

,

D-34 I' Ra-228+D . milkillvestock -tntake ret to. (pct!L)/(ptt/4) 1 000E 03 1 000E-03 i RTF( 1,3)
,

D- % g i2

I 000E 03 { 1.000F 03 i RTFt 2,1)0- 34 j Th-228+D , plant / soil concentration ret to, dimensionless ;,

Th-228+D be e f li tve st oc k -int a te tetto, (pct /kgilipcild) I t 000E-04 1 000E 04
,j D 34 - Th-228eD . milk / livestock-intake ratio, I pC t / L) / ( pC L / d) i 5 000E-06 | 5 000E-M - RTF( 2.2)

D-34 j !RTFt2,3)
j D- 14

I 1 Residual Radioac t ivity Frogram, Vetston 5 04 03/25/94 11.29 Fage 3
z Summary BM CUSil SENS 2A, TM-232 CilEN RE5kAD EIT DOSE VS COVER, O fil M
j F ile KNC5HJA.DAT
' bose Conversion Factor infid Related) Farame te r Suets,ary icont inuedi
| 0

.'
Current . i Far ame te t

i Menu j Fa rame t e t Va lue | Detault t. Name
a -

_

|1.030E03|'1.000E-63
D 34 Th-232 lant / soil concent ration tat to, dimens tonless RTFt 3.1)$

t th 34 Th-232 ce f flive stock intake ret to, fpCilkg)/ Cild) ' 1.00DE-04 1 000F-04 RTF( 3,2)

4

. milklitvestock tntake t at to, (pC t /1.) / (p tid) i 5 000E-06 > 5 000E 06 RTFI 3,3'D-34 Th4232
r I.

I
'

! b-5 stoaccumulation factors, f resh water , L/ks ' f' D-S Ra 228+k . fish 5 000F+01 5 000f*01 810FAC( 1,1)
D-5 Ra 228 D crustacea and mo116sks / 500E*02 2.500E*02 810FAC( ),21

lu.5
D5 |Th-228+D fish . 1 000F+02 1 000F+02 [B10 Fact 2.1)
D5 ! Tb-228+D crustacea and mottusks ; 5 000E*02 5 000E+02 410FAC( 2.2)
D5

| Th 232D-5 tish I 000E+02 1 00GE*02 810 Fact 1.11
. b5 ! Th 232 crustacea and molluka 5 000E*02 5 000E*02 I 810 Fact ),2)'

1 -- . - -- . _ ~ .-

i

f

d
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1 Residual Radioactivity Program. Verston 5 04 03/25I94 11 29 Page 4 i
Swamary 04 CUSH $ ENS 2A, Tb 232 CilEN R(SRAD EXT DOSE VS COVER. 0 01 M
File KMCSN2A.DAT

Site-Specific Paramieter Summary
0 I User Used by RESRAD Parametet r

'

j Me nu Parameter I input ** fault (If dif ferent t rom use r input ) Name
"

_._.4 . -4 .

R0ll . Area of cont aminated zone (m**2) 1 000t+04 1 000E+04 - + AREA .

'

R011 Thickness of contaminated none (m) 5.000E+00 2 000E*00 -- TilICK0
R0lj Length paralle t to aqulter flow to) not use d 1 000E+02 - LC2FAQ {
R0ll Basic radiation dose limit terem/yr) 3 000F+0i 3 000E*01 - SPLD
9011 Time since placement of materlat tyr)

|0000E*00
0 000E*00 - T1 ;

s R0!! Times f or calculat tans t yr) 1 000E*00 1.000E+00 - Tt 2) !
R0!! Time s f or calculat tuna tyr)

| 3 000E+00
; 3 000E+00 -- T( 3)

RDil Time s f or calculations tyr) 1 000E*01 1.000E+Cl --- Ti 4)
Roll Times f or r elculat Lons t yr) ' ) 000E*01 3 000E*01 - T( 3)
Roll Times f or calculations tyr) - 1 000E*02 1 000E*02 ft 61,

e Roll Times for calculat ions t yr) |3000E+02 3 000E*02 - 71 7)s

* Roll Time s f or calculations t yr) i 1 000E*03 1.000E+03 -- Tt 8)
R0li i Times f or calculations tyr) |not used 3 000E+0) -~ T( 9)
Roll ' Times f or cair.utations tyra i not used 1.000E+04 - - T(10)

R012 { Initial principal radionuclide (pCLig). Ra4228 1.000E*C3 0 000E*00 - $14 !)
ROL2 ) Inte tal principal radionuclide (pcila) 1h 228 | 1 000Ee0) 0.000E+00 -- Slt 2)

'

R 012 ! Initial principal radionuclide (pCilg). Th 232 3 !.000E+0) 0 000E+00 -- Slt 3)
R012 | Cont ent r at ion in g roundwate r (pct /L) Ra-229 t ot used 0.000E+00 -- Wit 1)

l-
k342 Concentration in groundwater (pCitL). Th-228 not use d . 0.000E+00 -~ Wit 2)
R012 | Content ration in groundwate r IpC1/Lt. Th-232 not use d | 0.000E*00 - Wit 3)

R01) | Cover depth tal 1.000E-02 0.000E+00 - - COVERO
R013 , bensit y of cover matet tal (g/cm**3) 1 500E+00 1.$00E*00 - DENSCV
R01) Cover depth erosion rate (mlyr) ! 0 000E+004
R013 |. Density of contaminated Lone (glee **3) 4 1.500E*00 1.500F 03 --- Dell 3C2

1 000E- -- VCV
'

00
' IK41) contaminated zone eros ton rate (mlyr) 0.000E 00 1.000E-0) - - VC2

601) | Cont aminated more tot al poros tt y I 4.000E 01 4 000E-01 -+ TPC2 r

ROI) i Contaminated none ef f ec t ive porosity ' 2.000E-01 2 000E 01 - EPC2 !'R04) ! Contaminated tone hydraulic conductivity (mlyr) 1 000E*01 1 000E*01 I
R0lJ Contaminated roue b paremeter $ 300E+00 5 300E*00 i

. HCC2 6

BC2:

R013 ! Humidity in air (g/m**3) not used B 000EH10 | - HUMID
g R01) Fvapot t anspirat ton c oe f f ic ient 5 000E-01 5 000E-01 . EVAPTR

ROL) P re c ipit a t ion im/yr) - 1.000E 04 1 000E+00 g -

!' RI
PRECIP

3

ROL) Irrtgation talyr) |0000E*00*2000E.01 i
. R013 Irrigatton mooe overhead I overhead | --

' IDITCl!;
A01) Runott c ue t t ic ie nt 2 000E 01 2 000E-01 i RUNOFF

Ih01) Water she d ag es f or neat try st ream or pond tm*a2) not use d 1 000E+06 | WAkEA
R013 Accur ar.y f or wate r / soll comput at ions 1 000E-03 . I GC0E-03 EPSj

| & 500E+00 iPt; t e bens tr y of natu ated sone tyl<o**)) not used i DENSAQ ~g
R014 Saturated zone total porosity no t used 4 000E-01 i

- i EPS2
i TPS2

E014 Saturated z one effective porosity not use d 2 000E Cl
! MCS2R0ne Saturated zone hydraulic conductivity (m/yr)

R014 Saturates zone hydraulic g r ad ie nt
. not haed 1 000E+02 - +

not used ' 2 000E.OI HGWT
A014 Saturated s e b parametet not used I $ 300F+00 | SSZ
Rille Wate t t ab le s 6p rate Islyr) g not use d , 1 000E 03 1 VVI'
R014 Ime ll pump intake depth to below wate r table s , not used i 1 000E*01 !
Roln Mode l Nondispe ra ton (ND) or Mass Balance (MB) i not used 'I ND !

- DWIFVT -,

MODELi

9014 Individual's use of groundwater (m**)/yr) ! not used 2 500b O2 UW
' '

Ires tdua l Radioac t ivity Ptogram. Version 5 04 0)!J3/94 11 29 Page 5
ISummary Pt CUSH KFNS 2A, lH-4)2 CllEN PF5 RAD EXT DOSE VS COVER. 0 01 M

File IMC5 illa trA T

j
'

Site Spec L f ic Par ameter Summary ( c ont inue d }
a 0 Lser Used by RE5 tad P a r ame t e r

'roni user input) , Namer Me n. Pa r ame t e r Input betault 1 tif ditterent t
!

'

4 #015 kambe r of unsaturated rone atrata not used 1 - ! NS
' 9015 Unnat s one 1. t h 1( b ne s s tal i not used i4 000E*00 H(l)
l R015 Unnat sone 1. no1 L dens tty 4 t e m")) not used ! 1 500f*00 DENSU2(1)
'| RCi$ Unset none 1. total potosity not used ' 4 000E 01 - . TPU2(1),

#015 t'n s a t t one 1. ettective po rer, i t y not used 2 000E-01 t
uti Unase z one 1. Soil 'pecific t pa r ame t e r not u se d ' $ 300F+00 * EPU2(1) i

BU2tl) j
01) Uncat t onc 1. by( .ulic conduc t ivit y ( eily r ) not used 1 000D 01 HCUZti)

' 9016 Dist ribut ton c ue f f 1< tent s for Ra-229 i

8t 0 6 6 f ont aelnates tone l 6 000E+04 7.0006 01 bCNUCC4 1)tre**1!
fce**)$> 6 000E*04 I 7 000E+0i DCNUCUt 1.1)R0l6 Unsatusated t one I ig)

! 6 000E*04 ! 7 000F*01 . DCNUCS( IlR086 Sat weated sore sce**1/g)
RGi6 Le ac h rate (Jyr) : 0 000E+00 ! 0.000E+00 8 88J9E-ll ALEACH( 1)
RQ16 SosubitLty conatant 6 0 000E+00 3 0.000E*00 not used I LGLUbEt 1),

i i

0 46 b ta t e thut ion coe f t ke lent s tur Th-228 | j
RD16 f ont aelnate4 t or.e sce**3ru' 6 000D04 ! 6 000F+04 i - DCNUCCg 2)
7016 1%st ur ate d rane t r** * UM 6 000E*04 1 6 000F+04 j - - i DCNUCU( $,1)
Mib Lat ur st ed tone a'- *)fgl 4 000E*04 ' 6.000D04 | . ~ DCNUC5t 2)*

Rai6 Le ac h rate sly J

0.000E*00 . 0 00CD 00 | not used 50 LUI.K ( 21
0 000E*90 j e A89E-Il r ALEACH( 2)

RM ti Lo t ub t i t t y er etant 0 000E*00 1

Roi6 b l a t e t t% t ton t oe f l it te nt s for Th-s H
. 6 C00E 04 1 ~ -( DCNUCC( 3)RDit Cont eetnated rone (te**31g) 6 000b 04 f

Rul6 Unnaturated zone I tce**3/g) 6 000E+04 | 6 000E+04 ! DCNUClf$ 3,1)!

RC16 Saturat e d zone le*** Jig) . 6 00DE*04 6 000E+04 i --

|DCNUC&(3)
IRol6 Leach rate flyr) | C 000E*00 O 000F*00 ' 8 Be9E-Il ALEACH( 3)
f0000E*00 f ISOLUBEt3)Ro lti Solut t i tt y conh t ant 0 000D00 not used
i

' t

9017 Inhalation rate (=**)/yr) not used 6 400t+03 j INilALR'

2 IP ') 17 -Mans loading tot trtha lat ion ( g f si+* 3 ) .'not used *

I ).000E 04000F*00|
- - MLINil

| R017 D L lut ion length for airberne dust, inhalatton to)i not used
Rolf Peposure datation 1 000E.01 3 000E*06 -

{ LM
t ED

I

|'not
R317 , Shie lding tactor, inhalation use d 4 00CE-01 .- , $HT3

7,000E-01| | 51tF15017 Sn te ld ing f ac tor , eitte rnal gamma 1.000E+00'.. R017 F r ac t i on o* t ime spent indoors j S.000E-01 S.000E-01 i FINDR017 ! Fraction et time spe nt outdocrs ton atte) ; D 000E+00 ' 2.500E 01
-- 50!LD used -t FOTD

'

ROL7 | Shape factor, esternal gamma !-! 000F400 1 000E+00 Ne ga t ive shows FS1

f

.

'

i

l

l
i
i
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1Realdual Rad!oactivity Program, Version S 04 03/2SI94 !! 29 Fa ge 6
Summary D8 C17511 SFN5 2A, Til+232 CllEN RE$ RAD EXT DO5F VS COVER, 0 01 M
FLle KMC5tilA .DAT

Site-Specif ic Paramete r Summary (cont inued)
0 ' User 8

1 Used by RESRAD Parsheter
,

Me nu Fa r ame te r Input ! Def ault | (If dit ferent ttom user input) plane |

R047 Fractions of annular areas within AREA-
R011 Outer annular radius tal * Villn) not used 1 000F+00 FRACAt 1)
R017 Outer annular radius tan e V{l0/a) not used 1,000E+00 . TRACAt 2) -
R087 Outer annaler radtua to) * Vt20/n) not used 6.000E*00 - FkaCAt 3) ,

Vt50/n) not used 1 000f*00 FRACA( 4)
'

R017 Outer annular radius (m) e

R017 Outer annular radius (m) * Vt100/n) not usea 1 000E+00 - FRACAt $)
R0l? Outet annular radius (m) it200ln) i not used 1 000E+00 FRACAt 6)=

R017 Outer annular radius to) ViiO0ln) - not used 1 000 D00 FRACA( 7)*

Rol? Outer annular radius (m) * Vt1000ln) not used 1,000E*00 . FRACA( 8)
used | 1.000F*00 TkACA( 9)R017 ! Oute r annular radius (m) * VtS000ln)

f'notRol? Outer annular radius (m) Vil F+04/n) not used j t 000E*00 - - - FRACAt10)=

R037 Outer annular vedLua (m) * Vil F*0$los not use d e 0 000F*00 FRACA t l l)
R0l? Outer annular radius (m) Vil E*0tI*) not use d 0,000E+00 - FRACA t 12 )=

R018 Fru tta, vegetable s and gra tn consumption (kglyr) not used 1.600E+02 - DIET (1)
RO Ut Leaty vegetable consumption s kgly r) not used 1 400E*01 DIEft2) .
Ral8 Milk consumption (Llyr) not used 9 200F+01 ~ DIFT(3)
8018 Me a t and peiltry consumption ikglyr) not use d 6 300R*01 - DIETt4)
R018 Fish consuaf t ton (kglyr) not use d 5.400E+00 DIET ($)
801F Other seaf ood consumpt ion (kglyr) not used 9 000E-01 - DIET 16) ,

Rul8 Soll ingestion rate (glyr) not use d 3 650E+0) SCIL
[Vi$ Drtaktng water intake (Llyr) not use d S.100E*02 - DW1

R0Le|Conteen ' ion trattton of d r ink irl water not used 1 000E+00 FDW
I

,

P016 g Contaminat ion f rac t ion of liouseno d water not used 1 000E*00 4 FilllW
R018 fraction of ILvestock water I not u se d 1 000E*00 - FLW |

Role ' Conteniention|Contaminationfractionof irrigation wateri not used 1 000E*CJ FIRW I

R0le | Contamination } not
k0ld tractter. of a uatic tood use d S.000E Di FR9

Cont amination f ract ion of p ant food not used 1 - FFLANT
R0le | Contamination f rac tion of meet i not use d -1 FM*.AT
9018 i Contamination traction of etik I not used 41 IMILK 3

! 3

R019 Live s t oc k todde r int ake tot mest (kg/ day) i not used 6 800E*01 . J LFIS
PU19 , Livestock toddes intake for eilk Ibg/ day) { not used I $ $O0E*01 ! LFI6
P049 i Livestock water intake f or meat (Ltdav) not use d I 5 000E*Gl > LWIS
R019 : Livestock water intake for mLik (Ltday) . not use d |) 600E*02 (LWI6R019 { Livestoca soll intase (kg/ day) ! not use d ! ) 000E-01 LS1
R019 ' Masa loading tor toltar deposition ig!s**3) not used t 1 000E 04 ' MLFD

~ ~ {
i

R019 [ Depth of soll mixing laye r Im) not used i i 500F-01 DM -I

bepth of roots imJ not used 1R019 i
R019 Drinking wate r f rac t ion f rom ground wate r I not used ' 9 000E-01

1 - DROOT
'

1 00CD 00 FCW9W
$0t9 llousehold wate r f rac t ion f rom ground wate r not used ! l 000D00 FCWMil
R019 Livesto-k wate r f raction f rom ground unter not used ! i FCWLW

1.000E+0C|
,

9019 i Irrigation (taction trem ground water not used ' 1 000E*00 a FGWIR
'

l'(14 i C 12 conces.t rat ton in wate r (gfem**3) . not used C INIR|2000F-0$,Cl4 ' t'-12 concent rat ion in contaminated soll (g/g) 1 not used 3 00CE-02 C1202
Cl4 Fraction of vege tar lon c arbon t ros soil i not used 2 000F 0Z !'

I CS0ll I
Cl4 Fr ac t ion of ve getation ca r bon f rom air not used i 9 800F 01 |CAIR I

( 14 { C-14 evasion laye r t hickness Ln soil tal , not u se d 1 000E-01 i | DMC
Cl4 - C-!4 evasion flus rate from soll tilsec) I not u se d 7 000E-07 i t EV5N

1Re s idua l Rad ioac t iv t r y Frogram. Verston 5 04 03/25194 11 29 Pa ge 7
Summary FM CUSH SFMS 2A, Tit-232 CllEN FESRAD EXT DOSE V5 COVER. 0 01 M
File FW$ illa DAT

Site 5 pee lf tc Farame te r Summary (continuedt |'C Use t j Used by RE 5kAD Parameter 1

%c au ! Fa t ase te r Input * Detault i f!f difterent t rom use r input) Name,

Ci4 C-12 evaston flua rate trum soil 41/sec) not used i 1 COGE 10 REVSN
Cl4 Fraction et grain La beef c at t le feed i not used { 8 00cF-01 i - AVFG4

; Fraction of grain in mLik cow fied j not used } 2 000E 01 l AVFC$Cl4

R021 Thtckness of butiding f ounder ton (m) not use d I 1 $00E-01 - | FLOOR
PO21 Sulk denalty of butiding f oundation (gicm**3) not used I 2.400E+00 j DENSFL
kO21 Total poroa tty of t he cove r mate r tal not u se d {4000E-01 - t TPCVi

kC21 I Total porosity of the building foundation not used 1.000E-01 1 TFFL
ROZ1 Volume t ric wate r content of t he c ove r ma te ; 1a l - not used t

S000E-0/|
' Pfl20CV

IkC21 Volume t ric wate t c ont e nt of t he f oundat ion {J000E02 '
Pil20FL.a se d

fnotkO21 DLituaton coctf(clent for radon gas ( pl ae c ) -
+ use d ! 2.000E-06 | 't DIFCVE02) in cover mater te!

|notnot u se d I 3 000E-07 1 DIFFLE021 in foundation material
! DIFCZkC21 in cont aminated zone soll i not used 2 000F-06 |

- [ llMIXRS21 j Radon ve rtical dimenaton of mLuing (m) } not use d 2 000E400 p
RC28 Ave rage annual wind speed (m/sec) j not used 2 000E+00 - j WI Nis;

;

R021 ' Ave r age building a tt enchange r ate tilhr) ! not u se d $ 000E 01 l, i REXC
R021 lle i gh t of the building trooer (m) { not u se d !2.503F-00 l llP3l

k021 Bullding intes tor atea f acu ' not u se d . 0 000E+00 . FAI
B021 BulldLng depth below ground suitace (m) used l 000E*00 i DMFL
R021 } Esanating powe r of An-2'2 gas hnot { 2.500E-01 -

i EMANAt2)
not use d . ' EMANAtl)

kD21 Emanat ing powe r of Rn-2 'O gas not used 1 500E-01 ,
_ _ _ . .

Summary of Fachway selections

Pathway
. - . - - _ . _ _ - . - . - . ...- ,7 . Use r Se le c t ion _. _ _ _

! + esternal games ! a c t ive
2 inhalation twlo redoa)! sup pre s ne d
3- plant ingestLon supp re sse d
4 - meat ingestion t suppre s se d
$- milk ingestion

'

s uppre sse d
; 6 - aquatLe foods supp re s sed

1- dr tok ing wate r supp re s se d
B -- soil ingestion supp re s se d
9 -- todon suppressed

i

! . I

|1

i

|

- _ . . - -. - - - - . - - - -- - . . - -. ---. - . - -- . - . . .
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AksaLdaal Radioactivity Program, Verston 5 04 03/25/94 11:29 Page 8
Summary EM CUSN SENS 2A. TH 232 CHEN RESRAD EXT D05E VS COVER. 0 01 M
f ile KMCSH2A. BAT

Contaminated 2one Dimensions initiat soil Concentrattons, pC1/g

A re a : 10000 00 square meters Ra-228 1 000E*03
Thic k ne s s 5 00 me t e rs Th 228 1.000E*03

Cover Depth: 0 04 meters. Th 232 1 000E+03
0 j

Total Dose TDOSEtt), areelyr
30 trestyrBaste Radiation Dose Limit a

Total Mtuture Sun M(t) * Frartion of Basic Dose LLatt Received at Time (t)

", e t rearal . 0 000E+00 1.000E+00 3.000E*00 1 000E401 3.000E*01 1 000E*02 3.000E+02 1.000Ee03 j
TDOS E t t ) - 3 352P*03 3,352E*03 3 352E*Q) 3.352E*03. 3 352E+0) 3.352E+03 3 352E*03 3.352E+03 ,

Mit): 1.!!7t+02 1 1171+02 1.lL7E+02 1 187E 02 1 !!?E+02 1 117E+02 1.lt?E+02 1.117E*02 <

9 275 2 0 009 years 1OMaximum TDOSE t t i: 3.352E*03 msemlyt at t =
0 1

Total Done Contributtons TDO6E*t,p.t) f or Individual Radlonuclides (1) and Pathways (p) I
9 275 ye a r s |As aren/yr and Fraction of Total Dose At t *

0 Wate r Independent Pat hways (Inhalat Lon excludes redon) |

0 Cround Inhalation Radon Plant Ke a t Milk soit i

IRadio- - - - - - - - - - -

Nuclide aremlyr fract. neemlyt tract eremlyr tract eremlyr tract. aremlyr fract. Dremlyr tract, eremly r fract.

Ra-228 1 337E*03 0.3987 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000
Th.228 7 471E+0! 0 0Z23 0 000E+00 0.0000- 0.000E+00 0 0000 0 000R+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0 000E+00 0.0000
Th-232 1 961E+03 0 5790 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 .

|.- + -.

Total 3. 352E *03 1 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 1

'

0
Total Dose Contribut tons TDOSEli.p.t) for Individual Radionuclides tL) and Pathways (p)

9 272 yearsAs ares /yr and Fraction of Total Dose At t *
0 Water be pendent Pa t hwa ys
0 Water fish Redon Plant Me a t Milk All Pathways * i
kadio- -- - i

Nuc 1 t de areatyr tract mreelyr tract mienlyr tract stem /yr tract mreelyr tract oreelyr tract area /yr fract
'

Ra-228 0 000F+00 0 0000 0 0008 00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000 1.337E*03 0 3987
Th*228 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 7. 4 71E +01 0.022 3
Th.232 0 000E*00 0 0000 0 000E*00 0 00uo 0 000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 1.941E+03 0 5790

Total 0.000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0.0000 0 000!+00 0 0000 0 000E+00 0 0000 3.352E+03 1 0000
0* Sum of all water inde pe nde nt and dependent pa t hways

1Res tdual Radioactivity Progr am. Version 5 04 01/25/94 16.29 Page 9
Summary YM CUSH SENS 2A. TH-232 CHEN RESP,AD EXT uOSE VS COVER. 0 01 M
Fi le KMCS112A DAT

Total bone Cont r ibut ion TbD5F t t. p . t ) tor Individual Radtonacitdca ti) and Pat hways (p)
O 000E*00 yearsAa eremlyr and Traction of Total Dohe At t *

u Wares Independent Pat hways tinhalat ion exclude s ladon) <

0 Ground inhalacton Radon Plant Heat Mil's Soil I
Radle- --

Nuc l tee mremlyr fract. steelyr tract mremly tract eremlyr tract oremlyr tract aren!yr tract. mreelyr fract. 1
1

Ra 128 1 201E+03 0 3581 0 000F+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 <

" Th-228 2.152E*01 0 6448 0 000F+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0.0000 0 000E+00 0.0000 1

Th 23J 5 948E-02 0.0000 0.000E*00 0 0000 0 090E*03 0 0000 0.000E+00 0.0000 0 000E*00 0.0000 0 000E+00- 0 0000 0.000E+00 0 0000 i= + . . - + - - . - - , ,- - + . - . , + , - - - - - -

Tot a l 3 352E+03 1 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000
0

Total Cose Cont ribut tor.a TDOSEl t.p.t) f or Ind tvidual Radionecitdes ti) and Pathways (p)
As eremlyr and Fraction of Total bo+e At t + 0 000E*00 years

0 Water Dependent Pathways
0 Water Fish Radon Plant Mcat Milk All Pathways *
Radto. - - - - - - - - - - - - - - - - - ~ - - - - - - - , - - - - ------ -- -

Nucllde oreelyt tract osemlyr fract arealyr ttatt steelyr ttact stemlyr fract niemlyr tract steelyr fract.

Ra 229 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000F*00 0 0000 0.000F+00 0 0000 0 000E*00 0 0000 1 201E+03 0 3581
Th-228 0 000E+00 0 0003 0 000F+00 0 0000 0.000f+00 0 0000 0.000E+00 0 0000 0 00CE+00 0 0000 0.000E+00 0 0000 2.152E*03 0.6418
Th 232 0 000E*00 0.0000 0 000E+00 0 0000 0 000E*C0 0 0000 0 000F+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 $ 948E.02 0.0000

Total 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 000v 3 352E+03 1.0000
0* Sum of all water independent and dependent pathways

IRestdual RadLoactivity Program. Ve rsion 5 04 0J/25/96 &l.29 Page 10
Summary EN CUSH SENS 2A, TH-232 CHEN RESRAD EXT DOSE VS COVER. 0 01 M

1

File EMCSH2A.DAT 4

1

Total Dase Contributtons TDOSEti,p.t) tot Individ.al Radlonucit~es (t) and Pat hways (p)
'

As steelyr and Traction of Total Dose At t + 1.000E*00 years
0 Wate r Independent Pathways tinhalet Lon exc ludes redon/
0 Cround Inheiation Redon Flant Heat Pilk Soil
Radio- -- - - - -. - - - -- - - - - - -- -

Nuclide mies/yr tract- stemlyr tract oremfyr t rac t - sren/yr fract miemly: tract areelyr tract erem/yr fract.

Ra 228 .1 67PE+03 0 5007 0 000t+00 0 0000 0 000E400 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 <

'1h-228 1 49#E+03 0 4468 0.000E*00 0 0000 0 00cE+D0 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000
Th 232 1 762E*02 0 0526 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000E+00 0.0000 I

Total ) JSZE+0) 1 0000 0 QO0E*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 j
0

Total Dose Cont ributions TDOSEI1.p.t) f or Indiv Ldual Rad tonacitden (1) arid Pat hways (p)
As areelyt and Fract Lon of Total Dose At t = 1.000E+DO years |

0 Water Dependent Pa t hwa ys 1

0 Water Fish Radon Plant Me at Milk All Pathways *
* kadio- ---- - --- - - - - - - -- - - - - - -

Nuclide eres/yr fract areatyr tract steelyr tract aremlyr ttatt mreelyr tract ereelyr tract. aremlyr .fract. i

. _ . . ~ -.- ~_ -- - - . . ~ - . _ _ . . , . .. .. -. - . , . - . - . 1

Ra.228 0 000E400 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 t 67er+03 0.5007
I'- Th-228 0~000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000F+00 0 0000 1.a98F+03 0 4468

Th 232 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*G0 0 0000 1.762E+02 0.0526 )
Tot a l 0 000E+00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000EIDO O 0000 0 000E*00 0 0000 3.352E+03 1 0000

0* Sum of all wate r inde pendent and dependent pathways

. .

wt -

y y - g,-r, ., _. gw -- m - - g-
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1 Residual Radtoact tvity Program. Version $ 04 03/25!94 !! Page 11
EM CUSH SENS 2A, TM 232 CHEN RESLAD EXT DOSE VS COVER.'29Summary O C1 M

file EMCSH2A.DAT

Total Dose Cont tibut t >ns TDOSE s t.p.t) for Individual Esdtonuclides (1) and Pathways (p)
As aremlyr and Fraction of total booe At t = 3.000E*00 years

0 Water independent Pathwiwe t inhalation escludes radon)
0 Oround Inhalation Radon rtant Me a t Milk Soll'_ _ _ ~ . . _ - . . _ _ . _ _ _ ,

Redgo. -_miemlyr fract. aremlyr fract- stemlyr tract eremiyr tract. steelyr fract areelyr fract. areelyr tract
- . _ . . ~ - . - . . . _ . . . - ~ . . .

Nuc lide

Ra+228 1.996E*03 0.595) 0 000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0.0000 0.000E+00 0.0000
Th-229 7.j56E+02 0.216) 0 000E+00 0.0000 0.000E+00 0 0000 0 000E*00 0.0000 0 000E400 0.0000 0 000E+00 0.0000 0 000E+00 0 0000
Th 232 6 J10E 02 0.1982 0 000E*00 0.0000 0 000E+q0 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0.000E*00 0.0000

Total 3 352E+03 1 0000 0.000E+00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000
0

.

Tots! Duse Cont ribut tons TDOSE t t,p t) f or Indiv Ldual Radionuclides ( t) and Pathways (p)
As areelyr and Fraction of Total Dose At t * 3.000E+00 years

0 Wate r Dependent Pa t hwa ys
0 Water Fish Radon Plant Kea t Milk All Pathways *

paggo. ... ...s
.

.. . _ . . _ , _ - . _ -
-

Nuc lide aree/yr t r ac t oreelyr tract aremfyr fract. areelyr fract. stemlyr fract. nreelyr tract. aremlyr tract.

Ra-228 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000R+00 0.0000 0 000F+00 0.0000 8 996t+03 0.5953
Th-228 0 000E*00 0.0000 0 000E+00 0.#000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0.000E*00 0.0000 1.256E+02 0 2165
Th 232 0 000E*00 0.0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 6.310E+0J 0.1882

Total 0.000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 3.332E*03 1.0000
0* Sum of all water independent and dependent pat hways

Ikesidual Radioactivity Program. Version $ 04 03/25/94 11:29 Page 12
Summary FM CUSH SENS 24. TH.232 CHE4 kESkAD ERT bOSE VS COVER. 0 01 M
File FMCSH2A DAT

Total Dose Cont s test Lons TDOSEti,p,t ) for Individual Padtonacitdes til and Pathways (p)
As mreelyr and Frac tion of Total Dose At t * 1 000E*01 years

0 Wate r Independent Pathways (Inhalation eacludes radon)
O Cround Inhalation Radon Plant Heat Milk Soil

Radio- --- --- - - - - - _

Nuc i t ae areelyr tract erem/yr fract areelyr tract aremlyr fract eremlyr tract miemlyr tract arcelyr tract-

Pa 22M 1.241F*03 0 3703 0 000E+00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.n000
Th- 226 5 744E+0! 0 0474 0 000E+0C 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000 0,000E+00 0.0000
Trr212 2 0$3E +03 0 6125 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E 00 0 0000 0 000E*00 0 0000

Total J.352E*03 1 0000 0,000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000
0

Total Dome Cont ribut Lons TDOSE t L,p.t ) for Individual Radionuclidea it) and Pat hways (p)
As ereelyr and trac t ion of Tot al Dose At t = 1 000E*01 years

0 Wa te r' De pe nde nt Pat hways
.

All Pathways *O Water Fish Redon Plant He a t Milk
Radio- -- --- - -- - - - - - - - - - - - - -

Nuc lide aren/yr tract erem!yr tract aremlyr tract mrem f y r fract eremlyr tract mreelyr fract ore ely t tract

Ra-229 0 000E+0c 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E400 0 0000 0 000E+00 0 0000 4 24 4E*03 0 3703
Th 128 0 000E+00 0 0000 0 000E+00 0 0000 0 00CE+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 5 74aE*04 0.0171

j - Th-232 0 000E+00 0 0000 0 00CE+00 0 0000 0 000E+0C D 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 .2 G$3E+03 0 612$

Total 0 000E*00 0.0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 3.352E+03 1.0000
0' Sum of all wate: Lndependent and de pe nde nt pat hways

1Re sidual kadioactivity Program. Version 6 04 03/25194 11 29 Page 11
Summary KM rURN SEN5 2A, TH.232 CHEN RESkAD EXT DOSE VS COVER. 0 01 M
F11e KMC5H2A DAT

Tot al bose Cont r ibut Lons TDO5E t i p t) tot Ind iv Ldual Radionuc lide s (1) and Pathways (p)
As nremlyr and Fraction of Total Dose At t a 3.000E+0i years

0 Wate r Independent Pat hways (Inhalation esclude s redwa)
0 Grouad inhalation Rasan P lant Heat Milk Soil

2 Radto. . . . _ _ - _ _ _ . - _ . _ _ _ _ . _ - . - . _ _ - - _ _ - - . .

Nac11de aren/yr tract oresiyr tiact ereotyr tract ares /yr tract stemlyr fract eremlyr tract aremlyr f rac t

Ra-229 1 196E+02 0 0357 0 000E*00 0 0000 0 000E*00 0.0000 L 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000
Th-226 4 095E 02 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000r+00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000
Th-232 3 233E+03 0 9643 0 000E+00 0 0000 0 000E+00 0 0000 0 300E+00 0 0000 0 C00E400 0.0000 0 000E*00 0.0000 0.000E*00 0 0000

Tot a l 3 352F+0) 1.0000 0.000F+00 0 000E+00 Ot0E*00 0 0000 0 000E+00 [000E*000.0000 0 000E+00 b N
0

Total Done Cont r ibut ions TDOSE l l . p . L ) t or Individual kad Lor.uclides (1) and Pathways tpl
An atemlyr and F rac tion of Tot al Dose At t * 3 000E*01 years

O Wate r Dependerat Pathways'

0 Water Fish Radon Plant Mear Milk All Pathways *
Rasto
Nuc ilde areelyr tract- arem!yr fract sten!yr tract aremlyr tract steelyr fract mremlyr tract, areatyr . tract

Ra-226 0 000E 00 0 0000 0 000P+00 0 0003 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 t 196E+02 0 0357
Th-229 0 000E+00 0 0000 0.000E*00 0 0000 0 000Fe00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 4 09)f-02 0 0000
Th 232 0 000E*00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0 000E+00 0 0000 0 00cE*00 0 0000. 0.000E400 0 0000 3 233E*03 0 9643

Total 0 000!+00 0 0000 0 000E+00 0 0000 0 000F+0C 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 3 352E+03 1 0000
0+5um et att water inde pe nde nt and dependent pa t hwa y s

1 Residual Radioactivity Program, Verston $ De 01/25/94 11.29 Page 14
Summary EM CL'5H SENS 2A, TH-2 32 CHEN RESRAD EXT DCSE VS COVER. 0 01 M

.

F ile KMC5H2A.DAT '

Total hose Cont s tbutions TDOSE ti,p,t) f or Individual Rad Lonuclidea (1) and Pathways (pl
As areelyt and Frac t ion at Total Dose At t = I 000E+02 yeara

0 Water independent Pathways (Inhalation exclude s radon)
0 Ground Inha la t ion Radon Plant Me a t Milk Soll
Radto. -.- _--

N clide treelyr tract aremlyr freer area /yr tract area /yr fract aremlyr fract mremfyr fract mate /yr fract,,

ka 228 2 6275-02 0 0000 0.000E+00 0.0000 0 000E*00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000
Th-228 3 959E-13 0 0000 0 000E+00 0 0000 0 000!+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000
Th 2)2 3 352E*03 1 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0.0000 0.000E*00 0.0000

4 _ _ -- - . - -- _

(# Total 1.3S2E+03 1 0000 0 000E400 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000<

. - - - , , . - -- --
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0
| Total Dose Contribut tons TDOSEt t.p t) for Individual Radlonuclides til and Pathways (p)

As mreatyr and Fiac e ton of Total Dose At t * 1.000E+02 years
0 Wate r bependent Pathways
0 Water Flah Redon Flant Me w NLlk All Pathways *
Radio- -~ ~- ---- - -- - - - - -

Wuclide steelyr fract. stemlyr fract. aren/yr tract . miem/yr fract. areelyr fract oreelyr fract, ereelyr fract-

Ita-2 2 8 0 000E*00 0 0000 0 000E*00 0 0000 0.000E*00 0.0000 0 000E*00 0 0000 0,000E+00 0 0000 0 000F*00 0.0000 2.627E 02 0 0000 ,
Th-228 0 000E*00 0.0000 0.000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0.000E+00 0 0000 3.959E-13 0 0000

i Th-232 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 3.352E*03 1 0000 i

total 0 000r+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 00 0 0 000E+00 0 0000 0 000E*00 0.0000 3 352E*01 10000
1 0* Sum of all water tr. dependent and dependent pathways

IResidual Radioactivtry Program. Verston 5 04 03/25/94 11 29 Page 15
S umma r y EM CU5ll SENS ZA, Til-232 CHEN RtSRAD EXT DOSE VS CDVER. 0 01 M
File KMC$ll2A DAT

Total Dose Contributtons TDOSEti.p.t) f or Individual kadlonuclides (t) and Pathways tp)
As aremlyr and Fraction of Total Dose At t* 3 000E*02 years

0 Water Independent Pat hways Inhalat ion excludes redon)
0 Oround Inha la t ion Radon Plant Heat Nilk $ott
3a4to. . _. _ _ . . . . . ~ . - -

Nuclide aremlyr fract aremlyr fract aremfyr fract. area /yr fract mremlyr fract miemlyr fract. areelyr fract.

' Ra-228 9 26PE-13 0.0000 0.000E*00 0 0000 0 000E*00 0.0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000
"

Th-228 0 000R*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000
Th 212 3 352E *03 1 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000 0 000E+00 0 0000 0.000E+00 0 00D0

Total 3 352E*0~} ! 0000 0 0002+00 0 0000 0 000E+00 0 0000 0 000E*00 0.0000 0 000K+00 0.0000 0.000E+00 0.0000 0.000E+00 0 0000
0

Total tione Cont ributiona TD05t t i.p.t) f or Individual Radionuclides (1) and Pat hways (p)
i As areelyr and Fraction of Total base At t a 3 000E*02 years

0 Wate r twpendent Pathways
0 Wate r Fish Radon Plant Meat Hilk All Pathwaye*

,

Radte- -

Nualide areelyr fract arcelyr fract atemlyr freet nicelyr fract steelyr fract steelyr fract. areelyr tract

3 Re.2/M 0 000l!+00 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000K+00 0.0000. 0 000F+00 0 0000 9 268F-13 0 0000
Th-228 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000
Th 232 0 000E+00 0 0000 0 000R*00 0 0000 0 00cE*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 3. 3 52 E *03 1 0000

Total 0 000E*00 0 0000 0 000E*00 0 0090 0 000E+0c 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 3 JS2E*03 1 0000 '

085am of ELL water inde pe nde nt and :tependent pathways.

! Residual Radioact ivit y Prog ram. Ve rs ton 5 04 03/25/94 11 29 Page 16 i
Summary TM CUSH SENS 2A. T11 232 CHEN RESPAD EXT Dost vs COVER. 0 01 M ;

Flic FMCSH2A DAT

Total Dose Cont r ibut ions T%ht t i,p.t ) tor Individual kadionacindes ti) and Pathways (p)
As orpelyr and Fral: tion et Total Dw.e At t = 1 000E +0) years ]

0 Wate r Independe nt Pathways tinhalation euluden redon)
0 Ground InhalatLon Radon Plant Meat Milk Soth
gento. _ - - . . - _ . .._ . _ . . . _ . , _ - ._ , _ _ - _ - _ . . . . )

, Oc lide steelyr fract ' stem /yr tract aremiyr fract. areelyt fract aremlyr fract aremlyr fract steelyt fract
j _ - . _ _ . . - . . .

. ;

ka-229 0 000E.00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 00cE*00 0 0000 0 000R+00 0 0000 0 000E*00 0 0000 f

'Th - HP O 000R+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 00CF+00 0 WC0 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000
'

d th-WJ1 3 3)lE+03 1 0000 0 000F*00 0 0000 0 000E+00 0 0000 0 00GF+00 0 0000 0 DDOE+00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000

Total ) 352P+03 1 0000E+0Gh0000 h000E*000000G G 0 000K+00 0 0 000E+00 0 0000 0 00GT+00 0 0000 '

;

. 0
Tota l Dose f ont r ibut tons TDOSE q 1.p.t ) ter Individual Radionut ildes (1) and Pathways apa*

' As unemlyr and Traction of 1ctal bote At t = 1 000E*03 years
! O Wate r Dependent Pathways

0 Water Fish Redon Plant Meat MLlk All Pathwaya*
Rad 19- - - - --- -- - - - - - - - - - - - * - - - - - - - --- - - - - - - - - i'
N.a lide pres /yr fiact. stettyr f ru t . s '.e n l y t --

. -- .- - - - - . ~ , .

fract stemlyr fraet aren/yr fract steelyr fract eres/yr tract <

.. .-

94 22k 0 000F+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000R+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 ,'

Th 228 0 000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000f+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000
Th- 2 32, 0 000E*00 0 0000 . _ - an . . . . . - - - . - - . - . .- ~=

0 000F+00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000K+00 0.0000 0 000E+00 0 0000 3 352t+03 1 000Js

* ~. .
.,,.m

total 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 3. 352 E + 0 3 1.6000,

0%m of all wate r independent and dependent pathways
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, IResidual Radioac t ivity Proarse. Version 4 04 03/25194 !!:29 Pa ge 17
l Summary EM CUSN SfMS 24, Tu 232 CllEN RE5KAD EXT BOLE VS COVFR, 0 01 M
i F11e LMC5H2A DAT

i Dosef$ource Rattop Summed Dver All Pat hways
t' Parent and Progeny Principal kad tonuclide Cont ribut tone Indicated
4 OPatent Product Srsnch DSR(J.t) t e re mly r ) / (pC il g)

(t) (j) Freetion := 0.000E+00 1.000E*00 3 000f*00 1 000E*01 '.000E*01 1.000E*02 3 000f+02 1.000E*013

1 I Re.22M Ra 228 4 000t+00 1. 20 tt+00 1 065t+00 8. 368f-01 3 604f-04 3 2478 02 7.132f-06 2. 516E-16 0.000t+00
d ka 224 'Th 228 l 000E*00 0 000t+00 6 139E 01 1.159f*00 8

20!E400 1 6 78E*00 1 996E*00 1.818E 0 4 4 706F-02 1. 914E 04 6 752f 16 0 000t+00
'

94 228 ID$Rtj) 244t+00 4.196E-04 2 627E-03 9.26st 16 0 000f*00j .
OTh-228 Th-228 1.000E+00 2 IS2E*001494E+00 7.246E-015 744E 02 4 095t 05 3 9596-16 0 000E+00 0 000!+00'
CTh 232 Th-232 1 000f+00 $ 948f-05 3.94BE-0$ 5.94sE-05 $ 948E 0) $ 94er 0) 5 9481 0S 5 948E-05 3 944E-05
Th-232 R4 228 1.000t+03 0 000t+00 1 3615-01 3 618f-01 8.402E 01 1.1688+00 1.20!f*00 1 201E+00 1.201E+00
Th-2)2 Th 228 1 000E*00 0 000F+00 4 00$E-02 2 671E OI 1 213F+00 2 06SE*00 2 152f*00 2.152E+00 2.1$2E+00
Th.232 EDSR()) %.968F.03 1 762f-01 6 310f-01 2.053t+00 3 233t+00 3 Ji2t*00 3 312E+00 3 3)2E*00

l trench Fraction is the cumulative f actor f or the j'th prLncipst radtonucitde daughter: C UMA RF( )) * SRF(!)*8RF(2)* BRFtj)
i The D5R include s cont ributions from associated thalt !tte s 0 5 yi) daughters

O

Single Radionuc11de Sc11 Cuidelines C(1,t) in pC L/g
Sasic todistion Done Limit * 30 oreelyr

DNuclide
(1) ta 0 000E+00 1 000R+00 3 000E+00 1 000E*01 3 000E*01 1 000E+02 3 000E*02 1 000!+03

s _ _ . . . . - - ~ . - _ . . . - - -- - . - _ . ._ , ,

i Ra-228 2 499E+01 1 787E+01 1 $03t+0i 2 416E+0L 2 509t+02 1.142t+06 *2 72iE+14 *2.72!E+14
Th 228 1.394E*01 2 003E*01 4 134E+0i 5.221F+02 7 327E+03 48.192E*l4 *s.192E+14 +4 192t+14

)' Th 232 *l 092E+05 1 701E*02 4 754E+0i I &64E+0! 9 200E+00 8.949E*00 8 949E*00 8 949F+00

1 *A( specific activity llelt
0

Summed DoseISource Rat ion DSRt i.t) in toteelyr)/(pCLIg)
' and Single Radlonuc t Lde Soll Cutdelthen Ct 1,t) in pC1/g
8 at tein = t ime of minlaum single radionuclide soit guide line
'

and at s ma x = t L ee of mas taam t ot al dose * 9 275 2 0 009 years

| CNue! Lee Init ial t e t ra DSRii taln) Ci t . t e ln) DSRI1.tmas) Gil,tman1
(1) pctig (years) (pCL/g) (pCL/g).

l
P4-228 1 000f*03 3 247 2 0 003 1 996E+00 1 $01E*01 1 337F+00 2 244E401.,

; th-228 1 000E*01 0 000E+00 2 152f+00 1.394E*01 7 471E 0J 4 0162+02
! Th-232 1 00CE*03 168 4 2 02 ) 352E+00 8 949E*00 1 94tE*00 1 $66f*0L
.

W
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Susume ry FM CU$il SENS 3A, itADoli DOSR V1 r.0VER DEPTH, O M File : FMC5HJA DAT

! bose Conversion Factor (and ReLated) Parame te r Summary
4 0 current Parseeter
! Menu Pa rame t e r Value De f ault Mase

f
I ( A1 Cround enternal samma, volume DCF's, foremlyrlitpC1/ce**3)-
*

\ At Pb-210+D soit density = 1.0 g/c m* * 3 4.870F-03 4.870E-03 DCFl{ 1,1)
' A4 Pb-210*D , soil densit y = 1.8 g/cm**3 2 310E 03 2.310E-03 DCFit 1,2)

| A-1
j A1 84 226+D , sett density = 1.0 g/cm**3 1"$50E*01 1.350E*01 DCFl{ 2,1)

A-1 Re-226+D cott density * 1,8 g/cm**3 8.560E*00 8.560E*00 DCFit 2,2),

i A-1
* A1 ka-228+D soLL density a 10 g/cs") {8.180E+00 B.180E*00 DCFit 3.1)

i$ 1 Ra.228+D soll density = 1.8 g/cm**3 ( 6.510E*00 4.510E*00 DCFit 3,2)
A!; ,

A1 i Th-224+D soll dens tr y -= 1 0 g/cm**3 j l.330E*01 1. 3 30 E + 01 DC Fl( 4.1)4

; A1 I Th-228+t; , soll density * 1 8 g/ cm**) i 7.360f+00 2.360E+00 DCF11 4,2)
! A1 .

1 0 gice**3 j 2.110E 03 2.!!0E 03 bCFl( S,1)Al Th 230 soll density =
Al Th-230 soil densitF * I # alc***3 |1,030E-03 1.030F 03 DcF!t 5,2),

A1 g
A-1 Th-232 . soll densit y = 1. 0 glism"'J 1.350E 03 1.3SOF-03 DCFit 6,5)

IA-1 Th-232 soit density a ! 8 g/cm**3 6.040E-04 6.040E-04 DCFit 6.J),

t

A3 ! Dept h tac tors, ground external gamma, dime nsionle s s . >

1 0 gica"), thickness * .15 m {8,800E-01 8.800E-01 FDt 1,1,1)A3 i Pb-230*D soll density =

43 Pb-210+D soll density a 1. 0 g /cm** 3, t hickne ss = 0. 5 m 1.000E*00 1.000E+00 FDt 1,2,1)
A3 Pb 210+D soil density = 1 0 g/ cs**3, t hickne ss = 1 0m 1,000E*00 t,000F+00 Fut 1.3.4), ,

- A3 Pb 210+D soll denstry = 1 8 g/cm**3, thickness = 15 m 9.700E-01 9.700E-01 FD( 1,1,2),

A-3 Pb-210+D sett density = 1 8 g /cm* * 3, t hic knes s = 0. 5 m 1 000E*00 1.000E*00 FD( 1,2,2p,

A-3 Ph-210*D , soll density = 1 8 gire**), thic kness a 10m 1,000E400 1.000E+00 FDt 1.J,2)
A3
AJ Ra 226*D , soil densit y * 1,0 g/ cm* * 3, thic kne ss = 15 a 6.300E-01 6.300E-01 FD( 2,3,1)
A3 Ra 226*D soit density = 1. 0 g / c a"), thickness = 0 $ e 9.200E-01 9.200E-01 FD( 2,2,1),

i A3 Ra-226+D , soit density a 1.0 g/cm**), thickness = 1.0 m 1.000E+00 1.000E+00 Pbt 2,3 1)
1 A-3 Ra-226*D soll density = 1.8 gIts**), thickness = l$ = |8500EOL 8 500E 01 FD( 2,1.2)

A3 ha 226+D nott density * 1 8 g/cm** 3. thickness = 0 5 m 1 000E+00 1,000F+00 FD4 2,2,2)

A3 | Pe-226+D so1L density = 1.8 g/ce**3, thickness = 10 m { 1.000E+00 1.000E+00 FD( 2,3,2)
A-3 .

6,800E-01 { Fbt 3.1.1)
>

}'6800E-01
A3 Ra 228eD ., soti density = 1 0 g/cm**3, thickness * 15 m

9 700E-01 9.700E 01 | FDL 3.2.1)Re-228+D soll density = L.0 g/ce**), thickness = 0 $ aA-3 ,
'

AJ { k.a 22 A +D , soll de ns it y = 1.0 g/cm**J, t hickness a 10m 1.000E+00 1.000E*00 FDt 3,3,1)
A-3 t Rs 22R+D soll de nsit y = 1. 8 g/cm* * 3, thic kne ss = 65 m 6 500E-01 8 500E-01 FDt J,l.2),

i A-3 ( Pa 226+0 soil density = 1.8 g/cm**), thickness * O 5 m } 1 000E*00 1 000F+00 FD( 3.2,1)
' A-3 } Re 228+D salt densit y * 1.8 g/cm**), Lbtr kness . 1.0 m 1 000E*00 1.000E+00 FD( 3,3,2)

A-3
A-3 Th 22M+D soll density = 10 g/cm**3, thickness = .1$ m ,00E-01 6 100E-01 FD( 4.1.1)

!' 69 400E 01 9 400E-01 FDt 4,2,1)j A3 Th-228+D soil density * 1. 0 g/cm** 3, thloness = 0 $ a
i A.) Th-228+D soil density = 1 0 g/cm** 3, t hickness = 1 0m !4 000E+00 1.000E+00. FD( 4.3.11

1.000E+00|FDt
A-3 Th.228+D soil density * 1 8 g/cm**), thickness e 15 m 1 7 $00E-01 7.$0CE-01 4.1.2)
A-3 Th.22B+D soll density = 1 8 g / cm* * 3, t hic k ne ss = 0 $ e 1 000E+00 FD( 4.2.2),

j A-3 Th-228+D soll denalty = 1 8 g J cm** 3, t hic kne ss = 10m i 1.000E+00 1.000E*00 FD( 4,3.2)
)

; A-1 - *

4 '
'

1Restdaal Radioactivity Progras, verston 5 04 03/28/94 63-21 Page 3

| /*'*% Summary Dt CU5H SENS 3A, RADON DCSE VS COVER DEPTH, OM File. F.MC5H3A DAT
1-
, Dose Converston Factor f and Related) Perseieter Summary (continued) )
j 0 | [ Current ! | Pa r ame t e r :

Menu t Parameter i Value ! De f ault | Nsw '
,

| A.) ' th 230. . _ . -
_ . . . . ,- - , . _ . + . _ -----p--.- - - . _j

soit denstry = 1.0 g/cm**). t h ic k ne s s = 15 m ' 9 300F 01 ! 9 300E 01 - FD( 5.1.11
A-J 1h-230 soll density = 1 0 g/cm**J, thicuness * 0.5 mi ! 1 000E*00 i 1 000E*00 : FDt 5.J.11,,

10m
! 1 000F+00 |t000E*00[FD(

A-) | Th-230 soit denstry * I O g/cm**). t hle m ne s s FD( $_),lla

( A3 . th 230 soit density * I 8 g/cm**), th trkne ss = 1) e 1 000E*00 t t 000E400 t 5.1. 2 )-
AJ Th-230 soll density = 1 8 g/cm**). thickne ss = 0 $ e 1 000E+00 1 000E+00 FDt 5.2.2)-

,

A-3 , Th 230 soit density = | te g / sm**3. thic kne ss = 10m 1.000E+00 1 1.000E+00 FDt 5,3,21
A3 j 8

A-3 Th-232 soll density = 1 0 g/cm**), thickness = 15 m 9.$00E-01 9.500E-01 Fbt 6,1,1),

A-3 i Th 232 soll dens try = 1 0 g/cm**). thickness * O 5 m 1.000E*00 1.000E*00 FD( 6,2.1)
'A3 | 1h-232 soll density = 1 0 g /cm**), t hic kne s s * 1 0 m 1.000E+00 1 000E*00 FDt 6,3,1)
'A-3 i Th-232 soil density = 1. 8 g/ cm* * 3, t hic kne ss a 15 m 1.000E*00 1.000E+00 FD( 6.t.2)
"

f A-3 jTh-232 set t density = 1.8 g/cm**3, thttkness = 0 5 m 1 000E+00 1 000E+00 FDt 6,2,2),

' A-3 j Th 232 soll density = 1.8 g/cm**3, thickness = 1.0 m 1.000E+00 1.00CE+00 FDt 6,3.2)j

5-1 ' Dose conve rsion f actot s f or inhalation, ores /pC L !

B-1 Pb 210+p 2 100E-02 2.100E 02 ! DCF2( It' I *

S1 ! Ra 226+p i 7 900E-03 7.900E-03 DC F2 t J)

'.
8-1 i Ra 228+D 4.500E-03 - 4.500E-Dj DCF2( 31 |

8-1 | Th-22H+D | 3.100E-01 3.100E-Oi DCF2( 4) !

86 I Th-2 30 { 3 200E-01 L 200E-01 DCF2t 5) Ig

a+1. |Th-232 ' 1 600E+00 1.600E+00 D(F2( 6) '

! Dose converston factors fu ingestico, mres/pC1-D,i
D ~1 : Ph-210+D i 6.700E 03 6.700E-03 j DCF3t 1)
b1 3 1+ 2264D j l.100E-03 1 100E-03 ' DrF3( 2)
D6 Es 278+D 1 200E-03 1.200t-03 | DC F 3 t 3)

i D-1 i Th-21H4D 7 500E-04 j 7 500E-04 | DCF3( 4)i
- Di Th 230 : 5 300E 04 ; 5 300E-04 , tK F 3 t 6)DrF34 5)
] D-1 Th-232 ! 2 80CE 03 ( 2.800E-03 ),

i i
D.34 j Food transfer factors [ t

D 34 - Pb-JiO+D plantisoll concentration ratio, d ime ns tenle s s ' 1 000E-02 ! 1.000E-02 RTF( I,1)
n-34 Pb-210+D beet / livestock-Lntake ratio, (pCllkg)/(pCild) 5 000E-04 I 8 000E-04 RTF( !.2)
D 34 Pb-210+D milk /livestoc k intate tat to, (pCilt.1/ i pC 11 d ) 3.000E 04 } 3.000E 04 RTF( 1.3)
D.34
D-34 Ra.226+D plant /soll concent ration rat to, dimensionless 4 000E+02 ! 4 000E-02 kTF4 2,1) *

D-34 ! ka 226+D bee t / live stoc k Lnt ake ratio, (pC L / k g) / (pC1/ d l 4.000E-03 ! 1.000F-03 P.TF( 2.2)*
t

D.34 Ra 226+D , allktltvestock-intake ratto. (pC1/L)/(pC11d) 1.000F-03 | 1 000E-03 RTFL 2.3)
D-34 i

s D-34 Ra-228+D , plantisoll concentration rat io, d ime ns tonle ss ! 4 000E-02 4 000E+02 i RTF( J,11
D-34 Ra-228+D beet /livestoca intake tatto, (pC t / k g k l t pC 1/ d) {l 000E-03 1 000E-03 | RTFt 3,3)

RTFt 3,2)
D-34 Ra-228+D , mila/ livestock-int ake tat to . (pC L/L)/(pCild) j t.000E 03 1,000E-03
0-34
D- 34 Th-228+D . plant /soll concentration ret to, disenstonless 1 000E-03 1 000E 03 RTF( 4,1)

d D 34 Th-22B+D beef / livestock-intake rat to. (pC 1/ k g t f (pC L / d l
[5000E-06j5000E-06

1 000E-04 1 000E-C4 RTF( 4,2),

i '. D 34 , b. 225sD attk/ livestock-intake ratto, (pC1/L)/tpCL/d) RTF( 4,3)i
|b-34 |

-1000E-03|1000E-03iRTFt5,1)
,

}Th-2101 D 34 Th-230 plant /soll toncentratton ratio, d ime ns t onle ss 1
- bee f /livestoc k intake tatto. I pC 1/ kg) / t pC t i d ) 1 000F 04i D 34 1 000E-04 RTF( 5.2)

; $ 000E-06 ,, RTFtD 34 i T h- 2 '10 . milkflivestock intate ratio. Ipci/L)/qpClld) r 5 000F-06
i T

'
5.J)}

D-34 k
x

.

,

.-,v.n ,~n - - . , - - - _ . . - - - - - _ ~ - . _ - - - - - - - - - - - . - . . ~ - - ------- - -
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IRealdaal Radioac tiv try Program. Version 5 04 03/2BI94 13.21 Page 4 - i
Summary KM Cl!SG KENS 3A. RADON DOSE VS COVtR DEPTil. OM File: EMC$ll)A . DAT

Dose Conversion Factor (and Related) Paramete r Summary (continwd) j
0 | j Current Pa r ame te r i

..

-

Menu | Pa r ame t e s Value Default haar '

D-34 Th 232 plantlaoll concentrat ion rit to, dimena tonless 1.000E-03 1 0002-0) RTF( 6,1),

D-14 Th-232 bee f /llvestoc k-int ake rat to, (pCllkg)/(DCild) 4 000E-04 1 000E 04 RTF( fe ,2 ).

l- - D-)4 Th 2)2 m11killvestock + 1nt ake rat to, (pct /L)liptt/d) 5.000E-06 5 0001 06 RTFt 6,3),

D.5
Bioaccumulation f actors, f resh water, L/kgt i'

D$ Pb-210+D , itsh 3.000t+02 3.000t+02 310FAC( 1,1)
D-)' Pb-210*D , c rustacea and mollusks

i D-S
, 1.000F+0J 1.000E+02 B10FAC{ ! 2)

( Lah
'I

D-5
Ra 226+D . crustacea and mollusks ! 2.500E+02 2.$00E*02 810FAC( 2,3) |

l 5.000E+01 $.000E*01 810FAC( 2.1)
D$ Ba-226+D .
D-$ , . !

3 000E*01 810FAC( 3,1)D-S , Ra- 2 2 ' - . crustacea and mollusksftsh
|S000t*01
t

D-$ 1 Ra-228+J 2.5002 02 2.500E*02 st0FAC( 3,2)
D-5 i

,

DS ' Th 228aD . Ilsh 1.000E+02 1.000E*02 810 FACE A,1)
D-S : Th-22B+D crustacea and pollusks $.000E*02 i C00E+02 810FAC( 4,2)

.

D5 ' *

D$ Th 230 fish ! 000f+02 1.000E+02 510FAC( $,1)
0-5 Th-230 crustacea and mollusks j $ 000E*02 S.000E+02 B10FAC( 5,2) {,

DS ;

1 1.000f*02 ; 5.000E+02DS 1 Th-232 (Lah !.000E+02 810 Fact 6,1),

|$000E+02 s 810FAC( 6,2) |D5 | Th-232 crustacea and mollusks
I

1kastdaal Radioactivity Program, Verston 5 04 03/28194 13 24 Page 5 2' Summary KM CUS11 SEN5 3A. RADON DOSE VS COVER DEPTit, OM File KMCall)A.DAT
+

1 Site Specitic Paraew ter Summary
1 O { l User i 1 Used by RESRAD Pa r ame t e r !

Menu ; Pt, r ase t e r I Input De f ault [ (If different f rom use t input) Name*
,

.---y_.- -.-- -._ m 9 -

R0lj | Area of contaminated tone (m**2) ' 1 000E+04 L 000F+04 | -- ARIA a

9011 . Thickness of contaminated zone (m) |5.000R+00 2000t+00| -- LCIPAQ
- TitICK0

R0l! 1 Length parallel to aquiter flow qml j not u sed 1 000t*02

0000E+00|0000E+00|
+ BRLDRoll ! Basle radiation dose Lielt (mreelyr) 3 000E+01 3.000E*01,

' T1Poll Time since placement of matertal (yr)
1.000E+00 1.000F*00 i T( 2)Roll Times for calculations tyr) | 3 000E*00 j 3 000E+00 | T( 3)| Roll T Lues for calculat ions tyr) i

k0ll Times (or calcular lor,a (yr) t 1 000E+01 } ! 000E+01 i + T( 4)
RGli . Times f or calculations t f t) 3 000f*01 3.000E*01 t T( 5)

j 9011 | Times f or calculations tyrt ; I000E+02!1C00E*02 , Tt 6)

1 000E*03 , 3 000E*02 |
- 7t 7) iRoll i Timc a f or calculat ions t yr) j 3 000F+02

Roll ' Times f or calculat ions tyr) 1 00Gi+03 ' - T( 8) -

3

R0!! | Times f or calculations (yr) not used i 3 000f+03 - 74 91
Roll j Time s f or c alculat ions tyr) not used 1 000E+04 T(101

R012 | Intt lal princ ipal radionuc lide ( pt.1/ g ) ka 226 j !.000E+0) 0 000E+00 ~ j 51( 2),
PD12 Init ial principal radlonuclide tpCt/g). Ra 228 , 1 000t+03 0 000E*00 -- Sit 3), i
R0ld i InitLal principal radLonucitde (pC1/g): Th 228 ' 1 00H +03 r 0 000F+00 - Slt 4)4

RO12|Initialprincipalradionuclide tpct/s). Th-230 f1000E011 0 000E*00 Sit Si
R012 i Initial principal radionuclide (pCilg) Th-232 1 000f403 4 0 000E+00 - Slt 61
P.O l J - Concent r ation in groundwate r (pC1/L) Ra-226 | not used I O 000E+00 Wit 2)#

R012 C.oncentration in groundwater (pct /L); Ra-228 not use d ' O 000E*00 - Wit 3)*

Roll Concent ration in groundwater Epcill). Th-228 not used 0 000E*00 -- Wl( 4)
RG12 Conce nt rat ton in groundwater (pCi/L) Th 230 not used 0.000E+00 -~ Wit 5)
R012 foneentration in groundwater (pC1/L) Th-232 not used 0,000E+00 -~ Wit 6),

ROI) | Cove r depth tm) 1 000E 02 U 000E+00 COVERO'

3 R013 Denalty of cover mate r ial (g/cm**3) i 1.500t+00 1.500E+00 DENSCV
9013 i Cover depth eroston rate (mlyr) 0 000f*00 1 000F 03 4 Vrv

,

; I $00F+00 1.500t+00 DENSC2 ekO!3 i Density of contaminated none (g/cm**))
1 1.000t 03 -- VCZ tj RO1) ! Contaminated tone erosion rate (m!yr)
[ 0 000E+004 000E 01 i 4 000E-01 TPC2Rul) Contaminated tone total porosLty

I' Contamtnated none effectLve porosity 2 000E-01 i 2.000E-01 , EPCI
a ,

k0!j

|HCC2
R01) contaminated tone hydraulic conduct ivit y talyr) , 1 000f*01 h 1.000E*01 - 6

BCZ901.1 | Cont aminated zone b parame te r j 5-300f*00 ; 8 000E*00 - 1 itLHID
$ 300f*00

Humidtry in air (g/m**3) not use d
.

R043 i ,

R0l) j Evapot rannpirat ton coc t f ic ient ( 5 000F-01 ! $ 0002-01 4 - j EVAPTR
A013 t Precipitation (alyr) t 1 000E-0) l 1 000E+00 | PRECIP:

Rol] Irrigation (elyr) ' O 000E*D0 , 2 000E-01 1 RI
RCl3 Irrigation mode i ove r he a d overhead j IDITCH'

E01) Runoit c oe t t ic ie nt 2 000F-01 i 2 000E-01 i RUNOFF
9013 Watershed a rea f or ne arby st rees or pond im**2) not u se d 1 000E*06 - t WAREAj
R013 j Accuracy fot watertsoll computations i 1 000E-03 1 000E-03 ~ FPS . !

1500E+00f DEN 5AQRDie Density of saturated zone (g/cm**J) ! $O0E*00
I f4000R-01 TPS2R014 Saturated sona total porosuy 4.000E-01 ;

R0la ; istur ated tone ef f ect ive pot osit y I 2 000f-01 2.000E-01 1 - FPS 2 *

j R014 i Saturated tone hydt aulic -duc t t r l t y (alyte 1 000E+C2 1 000E+02 ? - 11C52 1

Rol4 ' SaturateJ sone hydraullc gradient ) 2 000F-02 2.000E 02 j ~ HGW !

Esturated none b patameter 1 5 300f+00 5 300E+00 , - E52
R014 ' Wate r table drop rate (mlyr) i 1 000E 03 i 1 000E 03 - VWTR014

i

i

I

,

d
4

4

s

1

b

k-
J

l
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Summary EM CUSli SENS 34, RADON DOSE VS COVEk DFPTH, OM Fils KMC5tl3A . DAT

2Stre-Spec tflc Farameter Summary (continued)
0 ' User ! Used t'y RESRAD Farameter

Menu Parameter | Input ; Default I (If ditterent from user input) Name ,a
, -m. .m .

DWisvr
1000E*01|'1000E+0!

-R014 Well pump intake depth (a below water tablel
ND ND - MODELR014 Mode l Nondispe ra ton (ND) or Mass Salance (M8)

R014 Individual'a use of groundwate r (m**3/yt) not use d g 2 500E*02 ' - UW i

i

! R015 Number of unsaturated none strata , not use d
a000E+00|
1 NS i

I R915 Unnat, s ons 1, thicknesa (a) not used Hil)'

R015 Uneat tone 1, ao11 density (gice**3) i not use d 1 500E+00 DENSUZ(1)'
,

R015 Unnat tone 1. total porosity - not uaed 4 000E-01 --. TPUZ(1)
R015 Unast none 1 effective porosity not used 2.000E.01 -. EPUZ(1)
R015 tinsat r ene 1, soil specit te b paramete r not naed 5.300E+00 -- BUZ(1)
kO15 Unsat zone 1. hydraulle conduc t ivity (mlyr) not used 1 000F*01 --- HCU2(1)

R016 bist ribution coe f ficients f or ka-226

| 7 000E*01
1 000D05 7.000E+0! - DCNUCCE 2)R016 Contaminated tone (ce**31g)

| 7 000E*01 - DCNUCU( 2,1)R0l6 Unasturated tone 1 (tm**3/g)
R0l6 Saturated sone fes**3/g) ; 7 000E*01 7 000E*01 --- DCNUCS( 2) ,

> 0.000E*00 0 000E+00 5 333E-10 ALEACHf 2)R016 Le a c h rate (lyr)
Solubility constant , 0 000D00 0 000E*00 not used SQL.UH ( 2)RC16 *

*016 Distribut ton coef f Lc tents for Ra 228 i*

R0l6 Contaatnated tone (cm**)/g) l 1 000E*05 7. 000D01 ' - DCNUCC( 3)
'

R016 Unsaturated tone 1 t em" 3 / g ) 7 000F401 7.000E+0! - DCNUCU( ).1) |
Rul6|

'

i Saturated none (re**3/g) ! 7 000E*01 7.000E+01 --- DCNUCSI 3).t

4 R0l6 i Leach rate (lyr) 1 0 000E*00 0 000E*00 5.333E 10 ALEACH! 3)
' R016 i Solubility constant |0.000D00 0 000D00 not used 50 LUBE ( 3)
. 1 .

I Dist ribut ion coe f ficients f or Th-228 !R0l6
3

R014 ' Contsetnated rooe (cm**3/4) 6 000D04 6 000F+04 - DCNUCC( 4)
R016 ilns a t u ra t e d tone I tem **J/g) 6 000E*04 ! 6.000E*04 DCNUCU( 4.1)
R0l6 Saturate d zone - t rm+ * 3 / g > | 6 000E*04 j 6 000E*04 --- DCNUCS( 4)
R036 Leach rate (lyr) j 8 889E 40 ALEACH( 4)

0 000D00 i 0 000D00 |i0.000E*00 ! 0 000E+00 not used SOLUBK( 4) >R016 Solubility c onstant ;

'
A016 , Dist ribution coe ttic tent s f or Trr230 3

i8016 I Cont aminated sone (cm**3/gl |6000E*04 6 000E+04 DCNUCC( 5)

| DCNUCU( 5.1)R016 i Unsaturated sone 1 (cm**J/g) 6 000D04 6 000E*04,
6 000F+04 6 000E*04 -- DCNUC5( 5)ikDl6 Saturated zone (cm*+3/g) 0 000D00 ; 0 000D 00 5 Mr9E<10 ALEACH( 5)

q

RQih Leach rate (lyrl
R016 Solub ti tt y c onst ant 0 000E*00 } O 000 D00 , not used 50LUtr( 5)i

]
'

R016 Dist r ibut ion coe f f ic '.ents for Th-212 ; ,

R016 Contaminated tone tra"3f g) 6 000F+04 6 000D04 DCNUCC( 6)
I [#'NUCU ( 6,1)kul6 Unsaturated n one 1 (cm**Jfg) i 6 000D04 1 6 000E+04

6.000E+04 6.000E+04 -- ; DONUCS( 61R086 baturated n one (ce** jig)

- 0 000E*00 j D.000E400 | 8 se9E-10 f ALFACitt 6)
4,,

R016 Le ac h rate (lyr)
SOLUtK( 6)R016 Solubtitty constant 0 000E+00 0 000E+00 riot used 6

,

lite m Ldua l Rad ioac t ivit y Pr oF r am . Version 5 04 03/2B/94 13 21 Page 7

Summary Dt CUSH SENS 3A. RADOM DOSE VS COVER DEPTH. 0M F ile KMCSH34 DAT
,

|
5(te Specif ic Parame ter Summary ( c on t inue d )

0 i Use r i ! Used by RESRAD i Pa r ame t e r ]4

Me rw Pa r ame t e r | Input De f ault (It dif f erent tros. uset input) | Name .

.

R016 Dist r ibut ion coe t t icients f or daughter Pb 2.0 i | |

1000D05 |' I 000D02 , DCNUCUt 1,1)
DCNUCCt 1)4 R016 Contastnated zone ( c e* * 31 f g) ) i

1. 000D 02 1.000E*02 IkGl6 Unsaturated zone .I ece**J g

1 000E+02 1000D02 j ... DCNUCSI I)kul6 Saturated z one (cm**3fg) i

0 000E+00 l 0.000E*00 1 5.333E-10 ALEACH( 1)
,

9016 Leach rate (fyr)
4

*

0000F+00{0000E+00| not uned 50LUH ( 1)R016 Solubtitty constant r

RGl? Inhalation rate le**3/yr) not osed i B . 40CE *0'J -- I N >tAL A

inhalat ton (m) f notused ( 2.00CE-04 -- MLINilB017 Mass loading for inha la t ion (g / m* * 3 )
- not used j 3 000E+00 - LMkCLP D11ution Lergth f or s trborne dust.

Rol? Esposure doration ! 3 000D01 * 3 CDGE*01 --

1 SilFJ
ED

f4 000E-01 --

l SHF1
k0lr ShLciding tactor. Inhalacion not used
R017 Shielding t actor, enternal gamma not use d 7 000E 01 I

| FINDRDI) Frattion of time spe n t todoors 5 000E 01 5 000E-01 i,
i R017 f ract ion of tLee spent outeoors (on site) ' O LJ0D00 2 500E-On , - ! FOTD

R017 Enape f actor , e nte t nal gamma 3 not used 1.000D00 i ! FSId

kGi? F r ac t ior.s of annular .e eas wit hin AkfA. ! ? I

RGl? Oute r annular radlus n, ? * Wihl not used 1 000E+00 . -- | FRACA( 1)
V(10ln) i not used 1 000D00 i i FRACA( 2)RGif Outer annular radius (m) =

!1.000E+00i - : FRACA( 3)'kC:7 Outer annular facius Int * V(20/a) not use d
RGi? Outet annular radius (m) * V150/3) not used ( ) 000D 00 - | FRACA( 4)i

Vt200let j not used 1.000E+00 '
- j FRACA( 5)Vil00/a) > not used i 3 000D00 .

FR.AC A ( 6)
6017 Outer annular radius (m) =

R0lr Guter annular radius (s) = ,

I 1 000E*;0
|FRACA( 7)80!? Outer annslat radius In) * /t500ln) - not used

FhJ.CA( 8)RL.) Outer annular radius im; /(1000!n) not used ! l 000E+GC

Vil E+04/n)
. not use d 1 000E+00 -- f FRACA( 9). R011 Oute r annular radius (m) * V(5000/n)

!|not
used 1 000E40 - FRACA(!O)f R017 Outer annular radles (m) =

RCl1 (Nter annular redlus (m) V(1 E+05/n) not used 0 000E+00 TRACA(Ill* *

Vt1 E+06/n) ! not use d 0 000D00 + - FRACA(12 )R017 Outer annular radium (m) *
r

I
4 R0ne Fru tt a , veget able s and grain consumpt ion tkglyr) not use d I 600 D62 - DIET (1)
j R0 t ti Leat y ve get able cone =mpt ion (kglyr) not u se d . 1 400E+01 -- DIET (2)

|9.200E*01{ - DIET (3)R018 Milk tonsumption (Llyt) ' not used
DIFT(4)j R0lp Meer and poult ry con +umpt Lon (kglyrj not use d s 6.300E*01 ,
01ETI4)

'

3 R0l# Fish consumption (aglyr) not use d 5 400E+00 i -
,

4 - R0i# Othe r nestood consumpt ion ikglyr) > not used 9 000E-01 i - - DIETt6)
1- R015 t. Sot! ingestior rate (glyr) }not u se d 1 650E+01 j - | SOIL
j R0i# Dr tnking wate r intake (llyr) i not used 5.100E+02 i --+ # DWI
: R018 f ont aminat ion t ract ion of drinking wate r not used 1 000D 00 1 -- ! FDW

,

j R018 : Cornamir.at ion t rac t ion of household wate r i 1 000E*00 1000D00 4 - i FullW
i k018 f ontamination f rac t iori of livestock wate r I not used 1.000E+00 3 - ' FLW
- R018 Contamination tracr$on of irrigation water |notused 1 000E+00 l I FIRW
{ R018 Contaminat ion t rac t ion ot aquatic f ood not used i 5.000E 01 |

- | FPLAMT
- FR9

R016 ; Contamination fraction of plant food i t ot use d l- 1 |
-- 1e RU15 ! Contsetnation fraction of mest not used l-1 * FMEAT

i use d 1-1 . FMILFi R016 i Contamination tractiert of atla
|not | i !

7

kOl9 | Livestock f odder intake ter mest
i

; (kg/ day) {not used 6 r)D0D01 LFI5J ,

J R019 i Live stod todde r intate f or mL1h (kg/ day) not used 5 50DE+01 -- | LF16

1 600D02 |. - - | tWI6
|. R019 I Livestock water intake f or seat (Liday) {notused - , LWIS5.000E+01
1 R019 i Livestock water intake for milk (L/ day) ; not use d

i

4 '

i

j

d

s'
.

J

<w -ww- -w w .. - , - - , . c. , , , - ,,,,,,r-- ,,, _ . . - -,.< , , - - , , - - - - - , - - - - ~ - - .
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' Summary KM CUSH SENS 3A. RADON DOSF VS COVER DEPTH. OM File : EMCSH3A.DAT
i
|- Stre-$pecirle Parameter Summary (continued)

0- 1 I Use r Used tiy REERAD Pa r ame te r4

Mene j Pa r asse t e r input Default (If different trom user input) Name
a

R019 Live stoc k acti intake (kg/ day) i not vee d 5 000E.01 - L51

|'not
used 1.000t-04 -~ MLFDj ' R019 Mass loading f or toltar depos tt ion (g /m"))

ROIS hepth of soil atztng layer (m) 1.500E 01 1.500E-04 -- DM
a
: Rolt bepth of roots (a) not use d 9 000E-01 - DROOT

) 9019 Drinking water t raction f rom ground wate r not used L 000E+00 -- FCVDW
R019 Household wate r f raction f rom ground wate r 1.000E*00 1.000E+00 - FCWilii,

d 1019 Livestock wate r t raction f rom ground wate r not used 1.000E+00 FCvt.W
* .R019 Ir rigation t raction f rom ground wate r not use d 1.000E+00 ~ FGWIR

,

A

Cl4 C-12 concentration in water (g/cm**J) not used 2 000E-05 + Cl2WTR
Cl4 C-12 concent rat ion in contaminated soll (g/g) I not used 3 000E-02 C12CZ
Cl4 Fraction of vegetation carbon from sota j rwt used 2 000E-02 -- C50!L

r not used 9 800E-01 CAIRCl4 Fraetton of vegetation carbon tros air+

Cl4 C-14 evasion layer thickness in soll (m) not use d ; 3 000F 01 --- DMC
,

g Cl4 C le evasion f lus rate from soil tilsec) | not use e 1 7.0;vt-07 EVSN
Cl4 0-12 evaston flux rate from soll (1/sec) j not used : 1.000E 10 - REV5x
CIA Fraction of gr ain in bee t cat tle feed i not used { 8 000E-01 -- AvFG4 '

. C64 | Fraction of gratn in alth cow teed i not used i 2.000E-01 - AVFG5

f'
j RC21 | Thttkness of building f oundation (m) 1.500E 01 1 1.50CE 01 -- FLOOR

R021 1 Sulk denalty of butidir.g f oundat ion (gicm**J) 2 40CE+00 2.400E*00 - DENSFL;

R021 | Total povoatty of the cover material
!' 4 000E 01

4.000F-01 - TPCV
l 000E-01 1.000E-01 --- TPFL|i021 ( Total povoalty of the building f oundation

'
4 R321 1 Volumetrte water content of the cover materia! 5 0'10E-02 5 000E-02 -- PH20Cv i

j R041 3 Volumetric water content of t he foundation 3 .300E-02 3.000E-0- PH20FL
~

k021 ; DLitusion coe f f ic ient for radon gas (mlaesi. ,,

i kO21 i in cover material j 2 000E-06 " 2.000E-06 - DIFCV
3 000E-07 3.000E 07 DIFFL'

R021 in foundation matertal

|'2000E-06
:

2.000E-06 - DIFCZR021 I in contaminated m one soil
j K021 I hadon ve rtical dimension of min f r a (W 2 000E*C0 2 000E+00 -~ HMIX

A0Ji } Average annual wind speed (m/sec) f2000E+00 2.000E+00 - | WIND
R024 | Average building air exchange rate (1/hr) } 5 000E-01 5.000E-01 --- ! REKO
R024 . Height of the building t room) (m) t 2.500E+00 2.500E+00 - HKM

R021 |Sutiding intet ter area factor 0 000E+00 0 000E+00 code computed ( t ime de pe ndent ) FA!,

l 000E*00 4 DNFLR021 Butidir.g depth below ground sut f ace (m)
!0.000E+00[2500E-01j 2.500F J4 | - j EMANAt!)R021 Emanating power of kn-222 gas

R021 Emanat ing powe r of kn-220 gas i 1 500E-01 . 1 500E-01 | +- | EMANA(2)
,

. . _ --

Akea tdual Radioac t iv it y Program, Verston 5 04 0) 28194 13 21 Pa ge 9i
- Summary FM CtElf %!NS 3A. RADf,N DOSE v5 COVER DFPTH. ON File FMCSH3A DAT

4

Smary of Pathway Se lect ions

Pathway Dae r k it c t ion
_ ,I.

! I ex.ernal gamma suppressed
| / 2 inhalationfwforedon1| suppre sse d
a g 1 -- plant inge st ion | s upp re s se d
| ( 4 - mest ingestion s upp re s se d

5 - etik ingestion suppressed
. 6- aquatic foods suppiessed
j ? drinking water supp re sse d

8- soli Logest Lon suppressed,
- 9 - tason ! active

[
_ _ _ _ .

i
Ike s tdnal Radioact ivit y Prog r am. Version 5 04 03/28/94 13 21 Pa 6e 30
.%ema r5 pt Ct:5H SENS .) A , RADON DO5F VS COVEk DEPTH, O M File - DtC$lt)A CAT

i'

{
Cont amin 4ted 2orw Diment,Lons Init ial Soit Concent rac im, pCilg

'

Area 10000 00 square metens ha-226 1 000E*0) .

Thicknese 5 00 meters Pa-228 1.000E+0) !

,

ene r Depth 0 CL merets Th.224 1 000F+03
j Th-230 1 000E40)
- Th-2 52 1 000t+03
: n

tot al Dose TDOSE t t), premlyr
5 taste RadLation Dose Limit 30 areelyr=

Fraction of Satic Dose LLalt Received at Time (t)Total Histure Sue M(t)* =

f e qvears) 0 000E+00 1.000E+00 3 000E*00 1 000E*01 1 000E+0! 1.v00E+02 3 000E*02 1 000F+03
| TbOSEtt) 5 571E*04 5 571E+04 5.571E*04 5 5 71E+04 5,571E+04 5 571E+04 5 570E+06 5. %2 F * 04 t
- M(t) 1 857E+03 1 957E+0) 1 85i!*03 1 E57E*0) 1 857E+01 1.857E+03 1 857F+0} ! 854E+0)
q 0 Maximum TD35Ett) 5 571Eqh arer '-r at t * 2 679 2 f 003 yeais
; O
j Total Dose Cont ritmtions TD0stti p.t) Eat Individual Radionuclides (1) and Fat hways tp)
; As mremtvr and Freetton of Total Dose At t * 2.679 ye ar s ;

O Watet Inde pe nde nt Fathways (Inhalat ion escludes t adon)
,

: O Ground Inhalatton Radon Plant Mear Milk Soil
a tanto- -- -- - --+ - - - -+ - -

{ Nucl%de steelyr fract premlyr tract. ere ml y r tract stemlyr tract area /yr fract. stem /yt fract eremlyr tract
__. ., . _ . . __ _ .

. ,
g . _ _ _

i Re-126 0 000E*00 0 0000 0 000E+00 0 0000 5.553E+04 0.9967 0 000E+00 0 0000 0 000E*00 C 0000 0 000E+00 0 0000 0 000E+00 0.0000
| Re-lle 0 000E+00 0 0000 0 000E*00 0 0000 6.120E+01 0 0011 0.000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000
i Th 228 0 000E+00 0 0000 0.000E+00 0 0000 4 059E+01 0 0007 0 000E+00 0 0000 'O 000E*00 0 0000 0 000E+00 0.0000 0 000E+00 D 0000 *

j Th-230 0.000E*00 0.0000 0 000E*00 0 0000 6 930E+01 0.0012 0 000E*00 0.0000 0 000F+00 0 0000 0 000E+00 0.0000 0.000E*00 0 0000
j Th 232 0 000E+00 0 0000 0 000E+00 0.0000 1 340E*01 0 0002 0 000E+00 0.0000 0.000E+00 0 0000 0.000E*00 0.00001 0 000E+00 0 0000 .

,
i Total 0 000E*00 0 0000 0 000E+00 0 0000 5 571E+04 1 0000 0 000E+00 0.0000 0.000E+00 0 0000 0 000E+00 0 0000 -0 000E*00 0 0000-

'
u .

k. Total Dose contributions TDOSE(1,p.t) f or Individual Radionuclides li) and Parnways (p) .'
2 879 years [* An aren!yr and Fraction of Total Dose At t =

! O Water Dependent Pathways
. O Water Fish kason P! ant Me a t, Milk All Pathways *
8 Radio- - ------ - - - - - - - - - - - - - - - - - --- ---

j Nocalde premlyr fract miemlyr fract steelyr fract prem/f t tract. Eir emly r frart. aremlyt tract arem!yr fract: !

$-' Ra-226 0 000E+00 0 0000 0 000E+0C 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000F.+00 0.0000 5 553E*04 0.9967
i -

''
ka 218 0 000E+00 0 0000 0.000F*00 0 0000 0 000E+00 0 0000 0 000E400 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 6 120E*01 0 0011

T' ThW 8 0.000F+00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E400 0 0000 0 000E+00 0 0000 4 059E*01 0.0007 ,

j Th 210 0 000F+00 0 0000 0 00GE*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 C.0000 6 930E+01 0.0012
, Th- 2 32 0 000t+0C 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 1.340E*01 0 0002

~
~

Total 0 000E*00 0 0000 000E+0U C 0000 0 000E+00 0 0000 D 000E+00 0.0000 0 000E+00 0 0000 0 000E*00 U 000U 5 571E+04 1 0000
0+ Sum of all wates Lndepe nde ht and depende nt pathways

}

E.
'

'i
! !

e
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1Realdaa! Radioactivity Program. Versian 5 04 03/29/94 13 21 Pese !!
Summary F.M CUEN SENa 3A. LADON DOSE VS COVER DEPTu, O M F L ie EMC5H)A DAT

Total Dome Cont ributions TbOSEli,p r) for Individual Rad Lonuclides (1) and Pathways (p)
As oreelyr and Fraction of Total Dose At t = 0 000E*00 years

0 Wate r Independent Pathways (Inhalat ion escluden radon)
0 Ground Inhalation Radon Plant Me e t Milk Soll
Radio-
huclide areelyr tract steelyr tract. mremlyr tract steelyr tract a r e e./ y r tract. sven/yr fract. stemlyr fract.

Ra 226 0 000E+00 0.0000 0 000E*00 0 0000 5.560E+04 0 9979 0 000E+00 0.0000 0 000E*00 0,0000 0'000E+00 0 0000 0.000E+00 0 0000
Re 228 0.000F*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000
Th 228 0 000E+00 0 0000 0 000E+00 0 0000 1.152E+02 0 0021 0.000E+00 0 0000 0 000F*D0 0.0000 0 000E+0D 0 0000 0 000E+00 0 0000

- Th-230 0 000E+00 0.0000 0 000E*00 0 0000 0.000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0.0000 0 000E*00 0.0000 0 000E+00 0.0000
Th-232 0 000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0.000E*00 0.0000

Total 0 000E+00 0 0000 0 000E*00 0 0000 5. 5 71 E * 04 1.0000 0 000E+00 0.0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E(00 0 0000
0

Total bone Cor,tributtons TDOSE(1,p t) tor Individual Radionuelldes (1) and Pat hways (p)
As steelyt and Fraction of Total Done At t = 0 000E+00 yeara

0 Wate r Dependent Pathways
a Water Flah Radon Plant Meat Milk All Pathways *
n.4to. _ _ .__. -__ _ _ _ _ _ . -_

Nuclide oremlyr fract. meemlyr tract pres /yr tract. seemlyr fract are n ' y e fract. tremlyr tract areely tract.

Ra 226 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0.000E*00 0.0000 0 000E+00 0 0000 5 560E+04 0.9979
Ra-228 0 000E+00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000s+00 0 0000 0.000E+00 0 0000 0.000F*00 0 0000
Th 228 0 000E+00 0 0000 0 00r-*00 0 0000 0 000E*00 0.C000 0 000E*00 0.0000 0.000E+00 0 0000 0 000E+00 0 0000 1.152E*02 0 0021
Th-230 0 000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0.000E+00 0 0000 0.000E+00 0.0000 0.000E*00 0.0000 0 000E+00 0.0000
Th 232 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0.000E+00 0.0000 0 000E+00 0 0000 0 000E*00 0.0000

Total 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000f+00 0 0000 0.000E+00 0.0000 0 000E+00 0 0000 5571E*041.0000
C* hum of all water inde pe nde nt and de;wradent pathways

1Realdual Radioactivity Program, version 5 04 03/28/94 13 21 Pope 12
Summary FM CUSM SENS 3A, RADON DOSE V5 COVER DE PTH, OM File: KMCSB1A DAT

| Total Dose ConteLbuttons TD05E(1,p.tl for Individual Radianucitdes (1) and Pae hways (p)
1 000E+00 years

| An stem!yr and Fraction of Total Dose At t =
0 Wate r Independent Pathways (Inhalac ion exclude n radon)
0 Gtouho Inhalation R. don Plant Me a t Milk Soll

Radio- .~ . ---- -- -~ - --- - - - - - . - -

NucL1da wretlyr fract steelyr tract afem/yr fract mremlyr fract. aremlyt tract atem/yr (tact mremlyr fract

Ra-226 0 000E+00 0 0000 0.000E+00 0 0000 5 55FE*04 0.99'15 0 000E*00 C 0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000
Ra-228 0 000E+00 0 0000 0 000E*00 0 0000 3 287E+01 0 0006 0 000E+00 0.0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000
Th-229 0 000E+00 0 0000 0 000E+00 0 0000 8 OIPE*01 0 0014 0 000E+00 0 0000 0 000R+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000
Th-230 0 000E+00 0.0000 0 000E400 0.0000 2 408E+01 0 0004 0 000F*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000
Th 232 0 000E*00 0 0000 0 000E+00 0 0000 2 144F+00 0 0000 0 00cE+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000

. . . _ - - - + - _

,

Total 0 000E*00 0 0D00 0.000E+00 0 0000 5 571E*04 1 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0.0000 ]
Tot al Doce Cont ributions Tbo5E(1,p c) for Individual Rad Lonuclides (1) and Pathways (p) 4

1.000E*00 years 1As areelyr and Frace ton of Total Dose At t *
0 Water Dependent Pathwaya
0 Water Fish Redon Plant Mt a t Milk All Pathwaya* r

$af[o. ._ _. _._ _ . _ . _ _ _ . __ _ , . . . . ~ . _ . . . . _ . . _. . . . . j

Waclide evem/yr fract. aremlyr tract. aren/yr tract mre ml y r frart aren/yt tract treelyt tract aremlyr tract

Ra-226 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 5.557E*04 0 9975 3

ha-226 0 000E*00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 ) 287E*01 0 0006 |
0000 0 600F.00 0.0000 8.018E*01 0 0014 )Th-228 0 000E+00 0 0000 0 000F+00 0 0000 0.000Ea00 0 0000 0 000f*00 0 00v0

0 000E+00 0.00000 000E+00 0 0 C00E+00 0 0000 2.408E+0! 0.0004 jTh 230 0 000E+00 0.0000 0.000E*00 0 0000 0.000E*00 0 0000 0 000F+00 0 0000
Th-s32 0 000E*00 0 0000 0.000E+00 0 0000 0 000F+00 0.0000 0 000E+00 0.0000 0.000E+00 0 0000 0.000E+00 0.0000 2.144E+00 0 0000

Total 0 000F+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 5.571E+04 1.0000
Cahun of all war.et inde pe nde n t and dependent pa t hways

IResidual Radioactivity Program. Version 5.04 03/28194 11 21 Page 13 '
Summary RM CUSR SENS 3A. PADON DOSE V5 COVER DE PTH. O M File KMC5H3A DAT

Tot al Dose Cont ribut ions TDOSE t t.p.t) f or Individual Radlonuclides (LJ and Pathways (p)
3 000E+00 yearsAs srem!yr and Traction of Total Done At t +

0 Wate r Independent Pathways (Inhalation excludes redon)
0 6 sound I nha la t ion Radan Plant Me a t Milk Soil
RadLo4 ----- -- - - - - - - - - - - - - - - - - - - - . --

Nuc lide aremlyr fract prem/yr fract prem/yr fract aree!yr tract aree/yr tract ares /yr fract. treelyr fract-

Ba 226 0 000E+00 0 0000 0 000E+00 0 0000 5.552E*04 0 9966 0 000E+00 0 0000 0 000E+00 0 0000 0 BODE *00 0 0000 0.000E+00 0.0000
Ra-228 0 000E*00 0 0000 0 000E*00 0 0000 6.204E+01 0 0016 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000
Th 229 0 000E+00 0 0000 0 000F*00 0 0000 3 RB5E+0s 0 0007 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000
Th-230 0 000E+00 0 0000 0 000F+00 0 0000 7 221E+01 0 0011 0 000E*00 0 0000 0 000E*00 0 0000 0 DJ0E+00 0.0000 0 000E*00 0 0000
Th 232 0 000F+00 0 0000 0 D00E*00 0 0000 1 430E401 0 000J 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000

Total 0 000f*00 0 DD00 0 000F+00 0 0000 5 511F 04 1 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 300E*00 0.0000 0 000E*00 0.0000
0

Tor a L Dome Contribut tons 1DOF,E( L.p.t) f or Individaal Radionuc lide s (1) and Pathways (p)
As mremlyr and Fraction of Total Dome At t + 3 000Ee00 years

0 Wate r bependent Pat hwa ys
0 Wat e r Floh Redon Plant Me a t Milk - All Pathways *

Radio- - - - -- -- o ~--- * - - . - - --

Nuc l ide aretlyr tract premlyr fract. stem /yr fract ereelyr fract tremlyr fract areelyr ffect prem/ yr frart
. _ - - .

ka,226 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E 00 0 0000 0 000E*00 0 0000 5 552E+04 0 9966
Ra-218 0 000E*00 0 0000 0.000E+00 0.0000 0 000F+00 0 0000 0.000E*00 0 0000 0 000F+00 0 0000 0 00CE+00 0 0000 6.20aE*01 0 0011 |
Th 228 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0.000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 3.BE5E*01 0 0007 1

Th-230 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 7.221E+0! 0.0013
1h-232 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0.0000 0 000F+00 0 0000 0.000E+00 0 000] O 000E+00 0 0000 1 410E+0L 0 000)

Total 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0 000E+00 0 0040 0 000E*00 0.0000 5 571E 04 1.0000
0* Sum of all wates inde pe ndent and de pendent pathways.

|

,

,

_______ . . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ . _ _ _ . ._. _ _ _ _ _ _ _._ _ __
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i

Akesidual Radioactivit y Program. Version $ 04 03I28194' 13:21 Page 14
,

Summary KM CdSH SENS 3A, KADON DOSE VS COVER DEPTH, O M F ile . KMOSHJA DAT . i
4 - .

9

Total Dose Cont ributions TD0tEt t.p.t) f or Individual Rad.ionucitdes (1) and Pathways (p)An atestyr and Fraction of Total Dose At t ! 000E+01 years
0 Water Independent Pathways (Ir.halation excludes radon)

'O Ground Inhalation Ladon Plant He a t Milk Soil.

) Radio +
Nuclide treelyr fract areelyt tract steelyr tract. steelyr tract. aren/yr fract- aren/yr fract. .miemlyr fract. ,

Ra 226 0 000E+00 0 0000 0 000E*00 0 0000 5 535E*04 0.9936 0 000E*00 040000 0 000E+00 0.0000 0,000E+00 0 0000 0 000E*00 0.0000 t
Ra+229 0 000E+00 0,0000 0.000F+00 0 0000 4.717E*01 0 0009 0 000E+00 0.0000 0.000E+00 0.0000 0 000E+00 0.0000 0.000E*00 0.0000 j
Th-228 0 000E*00 0 0000 0 000E+00 0.0000 3 075E*00 0 0001 0 000E+00 0.0000 0 000E*00 0.0000 0.000E+00 0 0000 0 000E+00 0.0000 -

Th-230 0 000E+00 0 0000 0 000E400 0.0000 2 403E+02 0.0043 0 000E+00 0.0000 0 000E+00 0,0000 0 000E+00 0 0000 0.000E*00 0 0000
* Th-232 0 000E*00 0 0000 0.000E*00 0 0000 6.495E*01 0 0u12 0.000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000

Tot al 0 000E+00 0 0000 0 000E+00 0 6000 5.571E*04 1 0000 0 000E+00 0.0000 0 000E*00 0.0000 0.000E*00 0.0000 0 000E*00 0.0000 3

0

Total bone rentributions TDOSE(1.p.t) for Individual Rad.ionucitdes (13 and Pathways (p) ,

As premlyr and Fraction of Total bone At t 1 000E*01 years 2
1

O Wate r bependent Pathways
{L; 0 Water Ptah Radon Plant Heat Mila All Pathways *
i

Radio-
Nuc lide area /yr fract mremlyr fract mies/yr fract sten!yr fract. mrem /yr (tact. eremlyr tract. aremlyr fract. 1

Ra 226 0 00CE*00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0.000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 5 535E*04 0.9936 i

'Ra-228 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 4 717E+01 0 0008
Th-228 0.000E'*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 3.0757300 0 0001 i

Th-230 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 2.40?f*02 0.0043 L

d Th-332 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 6 495E*01 0 0012 '

Total 0 000E+00 0 0000 0 000E+0D C 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0.000E*00 i o000 57tE+04 1.0000
0*5um of 41.1 wate r Independent and dependent pa t hways

Ires td a t Radioact ivity Program. Ve rsion 5 04 03/28/94 13.21 Page 15
Summary FM CUhH SENS 3A, RADON DOSE VS COVER DEPTif, OM File. KMCSH)A DAT

4

Tot a l bone Cont r ibut Lona TDORE f t .p, t l t ot Individual Radionuclides (1) and Pathways (p)
As areotyr and Fraction of Tutal Dose At t * 3 000E*01 years*

0 Wate r Independent Pathways tinhalat ion exc Lenes redon)
e 0 Ground Inhalation kadon

'

Plant me a t Milk Soil
Radio. - - - - - ----- - ~

Nuc lide mues/yr fract eremlyr tract. areelyr fract. mremlyr tract areelyr tract! erem/yr fract steelyr ftact,

ka 226 0 000E+00 0 0000 0 000E*00 0.0000 5 &B8E*04 0.9M50 0. 000E*0C 0.0000
0.000E+00 0-.0000

0 000F+D0 0 0000 0 000E*00 0 0000
Pa-22N O 000F+00 0 0000 0.000E*00 0 0000 & 662E*00 0 0001 0 00DF+00 0.0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000
Th 2*6 0 000F+00 0 0000 0.000E400 0 0000 2.192E 03 0 0000 0 000E+00 0.0000 U 000E400 0.0000 0 000E*00 0.0000 0.000E*00 0 0000
Th 210 0 000F*00 0 0000 0 000E*00 0 0000 7 17aE+02 0 0129 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0.0000
Th-232 0 000E+00 0 0000 0 000F+00 0 D000 1 105F+02 0 0020 0 000E+00 0.0000 0.000E+00 0.0000 0 000E+00 0.0000 0.000E*00 0 0000

1
_ ..- - _-

Total 0 000E*00 0 0000 0 000E*00 0 0000 5 571E*0a 1 0000 0 000t*00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0.0000
0

Total base Cont ribut ions TDO5E t t.p,t ) tot Indiv Ldual Radionucitoes (t) and Pathways tp)
As aremiyr and Fraction of Total Dose At t * 3 000E*01 years

0 Wate r De pendent Pa t hwa y s
0 Wat e r Fish Radon Flant Me at Milk All Pathways * I
Redto. .--- - - - - - - -- - . - - ~.- - - - - - - - - . - - - - - -- -

'

Nucitde steelyr tract miemf y r teact mucelyr truct premlyr tract mramlyr tract artmlyr tract steelyr tract-

Ra-226 0 000F+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 5 488E+04 0 9850
i Ra-24H 0 000E*00 0 0000 0 000F+00 0 0000 0.000E+00 0 0000 0 000F*00 0.0000 0 000E*00 0 0000 0.000E*00 0 0000 4.662E+00 0 0001
s Th 229 0 000E*00 0 0000 0 000F+00 0 0000 0.000E+00 0.0000 0 000E*00 0.0000 0.000E-00 0.0000 0 000E*00 0.0000 2 192t-01 0 0000

Th-2)C C 000f * La 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 OD0E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 1 iT8E+02 0 0129
i Th 232 0 000F+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0.000E+00 0.0000 0 000E*00 0 0000 1 105E*02 0 0020

Total 0 000E+00 0 0000 0 00uE400 0 0000 0 000F+00 0 0000 0 000E*C0 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 5 511E+04 1 0000
0* Sum of all watet inde pende nt and dependent pat hways

lhe sidsal Radioac t ivit y f rugram. Versten 5 04 03/28/94 13 Zi Page 16
'

Sumeaev FM CUSH SENS 3A. AADew DOSE VS COVER DEPTH. O M File KMC5H3A LAT
1

Total bose Cont r ibut tons TDO5til.p.t ) f or Individual Radionuclide n (1) and Pathways tp) |

As miemlyr and Fraction of Total Dose At t * 1.000E*04 ye a ra .- )
0 Water Inde pe nde nt Pathways (Inhalat ion exc ludes redon) I
0 Otound inha lat ton Radon Plant Me a t Milk Soll3

r Radio. .
.

Mat tice eremfvr fract miemlyr tract aremlyr fract steelyr tract atemlyr tract mreelyr tract sremfyr fract

ka-/th 0 0DDF*00 0 0000 0 000E*00 0 0000 5 32aE*04 0.*556 0 000E*00 0.0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000
Re 4tp 0 000F+03 0 0000 C 000E+00 0 0000 1 024E 03 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E.00 0 0000 0 00DE*00 0 0000g

Tn..t* 0 000F*C0 0 0000 0 006F*00 0 000G 2 119E-14 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000#

1h 230 0 000F*C0 0 0000 0 000E+00 0 0000 2 356F+03 0 0423 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000
-

1h -1 v 0 000E*00 0 0000 0 000E+00 0 0000 ' 152F+02 0 0071 0 000E*00 0 0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000
-' . .. .. -

1 st a l 0 000F+00 0 0000 0 000E*0c 0 0000 5 571E+04 1 0000 0 000F+00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000i 0
Total Dase Contributtons TDOS!(1.p.t) f or Individual Radionuclides (1) and Pathways (p)

As etemiyr and Fraction of Total Dose At t . 1.000E*02 years
0 Wate r Dependent Pathways

.

O Water Fish Radon Plant Heat Milk All Pathwayp*
Radtu. --

; Muc 1 L oc siemlyr tract mreelyt tract niemlyr tract areely tract mremfyr tract. aremlyr tract premlyr tract.
'

Ra-2i6 0 000E*00 0 0000 0 000E*00 0 0000 0 000F*00 0.0000 0 000E*00 0 0000 0 Oc0E+00 0 0000 0 000E+00 0 0000 5 324t+04 C 9556
Ra 22F 0 000f*00 0 0000 0 000F+00 0 0000 0.000E 00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 1 02&E 03 0 0000a

Th 248 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000. 0 000E*00 0.0000 0 000E400 0 0000 0.000E*00 0 0000 2 119E*14 0.0000
1 Th-2 a0 0 OG0F+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E 00 0 0000 0 000E+00 0 0000 0 J00E400 0.0000 2.356E+03 0 042)
i Th 2J2 0 000f*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 CDOE+00 0 0000 0 000E+00 0 0000 0 000E400 0 0000 1 152F+02 0-0021.

Total O CDCP*00 0 0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E.00 0 0000 0 000E+00 0 0000 S.571E*04 ,1,0000
0* Sum of all water independent and dependent pathways

|
|

.

4

i

e

t -

_ _., -- , _ , _ - , _ ,- ___ - . - . _- - , _ _ . . -_. _ ._.
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thesidual Radlomettwity Program. version 5 04 ' 03/26/94 13.21 Page 17 l
Samma r y KM CUsil 5FNS 3A. LADON DOS' VS COVER DEPTH. O M File '. KMCSR3A DAT

4

Tot al Dose Cont r ibut ions TD05f t i . p. t } for Individual Radtsnaclides (1) and Pathways (p)
'

As ares /yr and Fraction of Tocal Dose At t = 3.000E+02 years
;O Wate r independent Pathuays tinhalat ion excludes redon)

O Cround Inhalation Radon Plant Me at Milk Soil '

tadio. - - - - - - - - - - - - -
-

'

Nac i t de aten!yr tract. aren/yr tract. aremlyr fract. mreelyr (sect. aremlyr tract aremlyr fract. eres/vt - (tact. |
'Ra 226 0.000E*00 0 0000 0 000t+00 0 0000 4 582E*04 0 8765 0 000E+00 0 0000 0.000E*00 0.0000 0 000F+00 0 0000 0.000E+00 0 0000

Ra 228 0 000E+00 0.0000 0 000E+00 0.0000 3 615E 14 0.0000 0 000E*00 0 0000 0.000E+00 0.0000 0.000E+00 0.0000 0 000E*00 0.0000 i

Th-228 0 000E+00 0 0000 0 000E*00 0 0000 0 000F+00 0.0000 0.000E+00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E*00 0.0000 |
Th 230 0 000E*00 0.0000 0.000E+00 0 0000 6.766E*03 0 1215 0.000E+00 0.0000 0.000E+00 0 0000 0.00DE*00 d.0000 0 000E+00 0 0000

- . 0.0007 00 0 0000 '0 000E+00 0 0000
Th-232 0 000E*00 0 0000 0 000E+00 0 0000 1.152E*02 0 0021 0.000E*00 0 0000 0 000F*00 0.0000 5

r . 1

Total 0 000E+00 0 0000 0 000E+00 0 0000 5.570E*04 1 0000 0.000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000
'

0
Total Dose Cont f lbutions TDOSE(1.p.t) f or IndiviJual Radionuclides til and Pathways tp)

As creelyr and Fraction of Total base At t - L 000E+0; years-
0 kate r bependent Pathws,s |
0 Water Fish r ion Plant Me a t Milk All Pathways *
Radio- --- ,

Nuc it de eremlyr fract. Bren/yr tract areelyr tract eremlyr frac; aremly r fract. stemlyr fract. ares /yr. fract.
_ _ - - ,

Ra 226 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E400 0 0000 -0.000E+00 0 0000 0 000E+00 0.0000 4.882E+0a 0.8765
Ra.228 0 000E+00 0.0000 0 000E+00 0 0000 0.000E*00 0.0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 J 615t.14 0 0000 .i
Th 229 0 000E*00 0.0000 0.000E+00 0 0000 0 000E+00 0 0000 0.003E*00 0.0000 0.000E*00 0.0000 0 000E*00 0.0000 0.000E+00 0 0000 i

Th- 2 30 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 0GOE*00 0.0000 0.000E+00 0 0000 0 000E*00 0 0000 6 766E+03 0.1215
Th 2)2 0 000E*00 0 0000 0.000E400 0 0000 0 000E*00 0 0000 0 0000*00 0.0000 0.000E+00 0 0000 0.000E*00 0.0000 1 152E+02 0 0021

~ = . ,

Tot a l 0 000E+00 0 0000 0 030E+00 0 C000 0 000E+00 0.0000 0.000F+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 5 570E*04 1 0000 1

0*5um of all wate r inde pendent and dependent pathways |

|
;kesidual Radloact ivity Program. Version 5.04 03|48/94 !):21 Pare 1B i

Summa r y EM CUSH SENS 3A. KADON DOSE VS COVER DEPTM. O M File : EMCSH)A DAT

Total Dose Contribut tans TDOSE t t.p.t) for Individual Radionuclides (1) and Pathways Ip;
As % emlyr and Fraction of Total Done At t * 1.000E+03 years |

0 Wate r independent Pathways.(Inhalation excludes redon)
|

0 Otound IM,a lat ion Radon Plant Me a t Milk Soil
kedto- - - - - - - - - - - - - - - - - - - - - - - - - - -- 1
NuCL(de Eter/yr fract tres/yr fraCE. eres/yr fract. arem/yr fract. Srem/yr fract aren/ y r fragt. area /yt trace.

ka-226 0 000E+00 0 0000 0 000E*00 0.0000 3 603E*04 0 6482 0 000E+00 0.0000 0.000E400 0.0000 0.000E+00 0.0000 0 000E+00 0.0000 |
Ra 128 0 00r!+00 0 0000 0 000E+00 0 0000 0 000t+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0.0000 0.000E+00 0.0000 1
Th 228 0 000E*00 0 0000 0.000E+00 0.0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 i

Th-250 0 000E*00 0 0000 0 000E*00 0 0000 1 945E+04 0 3498 0 000E+00 0.0000 0 000E*00 0 0000 0 000F+00 0 0000 0.000E+00 0 0000
Th-232 0 000E+00 0 0000 0 000E*00 0 0000 1.152E*02 0 0021 0.000E+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 |

Total 0 000E+00 0 0000 0 000E+00 0.0000 5 562E+04 1 0000 0 Oc0E+00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000

Tota l bone Cont t Lbut ions TDO5Eli.p.t ) tot Individaal Radionuclloes {il and Pathways ap)
Aa ereely and Fractlan of Torst Loae At t = 1 000E*03 yeara |

10 kates bependent Pat hways
0 Water fLah Radon Plant Me a t . Milk All Pathways * I

kadio- -~,
.

|Muclide aremlyr tiact seemiyr tract aremlyr fract seemlyr fract aren/yr tract ores /yr tract - aremlyr fract
I

ka 226 0 000E*00 0 0000 0 000E+00 0 0000 0 000F*00 0.0000 0 000F+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 3 605E+04 0 6442
Ra 228 0 0 DOE *00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000F*00 0 0000 |

Th-228 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000
Th-210 0 000Fa00 0 0000 0 000E*00 0 0000 0 000F*00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 1 945E*04 0 3498
Th-232 0.000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 1 152E*02 0 0021'

Total 0 000E*00 0 0000 0 00DE*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0 000F+00 0 0000 5 562E+04 1.0000
0* Sum of all water independent and dependent pathways

|

1
i

.1

!

I
;

l.

s

. . - - - - - , - , . _ _ - . - - -



- . . _ - - . . - . . _ ~ . _ _ .m . . . . - - . . -. .~_ - . . . . - - _ _ . . - m. .-- > m %. .. . .~ ...-

IRealdual kadioac tivity Progr as . - Version 5 04 03/28/94 13 21 Page 19
Summary KM Cif$ll $f NS )A, RADON DOSt VS COVit DtPTH. O M f ile : OtCSil3A .DAT

Done/ Source Ratles Summed Over All Pathways
Parent and Progeny Principal Radionuclide Cont ributions Indicated

CParent- Product tranch OSRtj,t) t eremlyr) / t pC LIs)
8t) (j) Fraction to 0 000t+00 1.000E+00 3.000E+00 1 000E*01 3.000E+0! l 000E*02 3.000E+02 1 000t+03

Ra 226 Ra-226 1,000F+00 5 560t+0! 5.957E*01 5 552t*01 5 535t*01 5 484t*01 5 324t+0! 4 P82E+0! 3 605E*01
Ra-226 Pb 210 4.000t*00 0 000E+0C 0 000t*00 0 OD0F*00 0 000t+00 0 ODDF+00 0 000r+00 7 000r+00 0.000t+00
ka-226 TDORij) 5.560t +0! $ 557103 1.552f *01 5 535Fe0 4 5 48Ct+01 5 324f+01 4.982E408 3 605f*01

DRa-225 Ra-228 1 000f*00 0 000t+00 0.000E+00 0 000t+00 0 000E+00 0 000f*0^ 0 000E*00 0 000t+00 0 000t+00
Ra-228 Th 228 1 00Df+00 0 000E*00 3.287E 02 6 204E 02 4.717E 02 4 662E-03 1 024E-06 3 615E 17 0 000f*00
Re-229 IDSRtj) 0 000E*00 3.287t-02 6 2042-02 4 717E-02 4.662E 03 1.024f-04 3 615E 17 0.000E+00

Oth-228 Th-228 1.000E+00 1 !$2f-018 016102 3 885f 02 3.0758-03 2.192E-06 2.119F 47 0 000f*00 0 000E+00
0Th-230 Th 230 1.000E+00 0.000E400 0 000E*00 0 000t+00 0.000E*00 0.000E+00 0 000E+00 0.000F.*00 0.000E*00
Th 230 Ra-226 1 000E+00 0 00cE *00 2 40BE-02 7.22 4t-02 2 403t-01 7.178E-01 J .356E+00 6. 766t+00 1 945f *01
.Th-230 Pb 210 1.000E*00 0 000t+00 0 D00E*00 0 000E+00 0 000E+00 0 000E*00 0 000F+00 0 000E+00 0.000E*00
Th 230 TDSktj) 0 000E+00 2 40Rf-02 7.22tt-07 2 403E-01 7 17eE-01 2.356t+00 6.766E+00 1.945t+01

OTh 232 Th- 2 32 1 000i+00 0 000F+00 0 000E*00 0 000f*D0 0 000f*00 0.000E*00 0 000t+00 0.000t+00 0.000E+00
Th 232 Ra-228 1. 000f *00 - 0 000E*00 0 000E*00 0 000E+00 0 000E+00 0 000E+00 0 000E+00 0.000t+00 0 000E*00
Tb-232 Th-225 ' 000E*00 0 000t*00 2 144E-03 4 4 30f-02 6 495f-02 1.10$F-01 1 152f-01 1.652E-01 1 152t-01
Th-232 EDSR(j) 0 000t*C0 2 144t-03 1 4 30E-02 6 6951 02 1 10$E-01 1.1521 01 1.152t-01 1.1528-01

Aranch Fraction la t he cumulative t ector f or the j * th principal tedionuclide daughte r: CUKERF(j) BRF(l)*8RF(2)* BRFij)-*

The D5R includes contribut tona f rom associated (half 11te a v.5 f r) daaghters j
D

Single Radionuc!!de 5o11 Cuide11nes Cit,tp in pClig 'c
tesic Radiat ion Dose Limit * 30 mreelyr

ONuritde
,

j
(1) La 0.000E+00 1.000f*00 3 000t+00 1 000t*01 3 000t+01 1.000t*02 3,000t+02 1 000E*03 i

l

Ra 226 5 396F 01 5 39pf 01 5 403E-01 5.420E-01 5 467E-01 5.635k 01 6.145E-01 # 122f 01 |d

'4.192E 07
2.92BF* *2 721E*le *2 721t+14 jRa 228 *l./21t+14 9 178E*C2 4.835F+02 6 360E+02 6 415E+03

Th-226 2.604f+02 ) . 74 2E +02 7.723E*02 9.755E+03 1.369E+07 14 +8 192E+s4 *8.192E*14
Th-230 *2.01BE*10 1 246t+03 4 15SF+02 1.246t+02 4 180r+ 1 2 7 3E +01 4 434E+00 1.542E+00

2.714F.0!Th 232 *1 092f+05 f.399E*04- 2 De8E*03 4 619t*02 02 2 604E+02 2 604E+02 2 604E+02

*At specific ac t iv try limit j

1 Residua l Radiase t tvit y Program. Versian 5 04 0)'28/94 13 21 Page 20
Summary FM CUSH EENS 3A . RADON DOSE VS COVER DEPTH, O N Flie - KMCSHJA DAT ;

Summed Dose / Source' Rat ion DLRii.t l in tereelyttitprilg)
and Single Radionuclide Soit Gulaellnes Gil.t) in pCils

at tain = t ime of minimum single reitonuclide soll guideline i

and at taan * time et manimum tot al dose 2.879 2 0 603 years 1=

ONuclide intrial tain DSR(L.tmin) Cti tmin) OSR(1,tess) G(L.teax)
til pClfg (yests) tpCilg) fpC1/El -|

Ra-226 1 000E*03 0 000E*03 5 560E*01 5.396fhl 5[k5EO! 5 403EI01 I
ka-228 1 000E+0) 4 55M 2 0 005 4 65ME 02 4 506F+02 6 120F c2 4 902f*02
Th-22R 1 000t+03 0 000t+00 i 152E-04 2 604E*02 4 059E-02 7 391E*02
Tb 230 1 000E*03 1 000E+03 1 945E+01 a 542F+00 6 930E-02 4 329E*02
Th-23Z 1 Oc0E*01 168 5 2 0.2 1 152E 01 2 604E+02 1 34 2 239F+030E-02
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~ Table KMCSH5E

healdaal Radioactivity Program. verston S 04 04/11/94 18 42 Page 1

Summary FM CUSH 5E SENS, GROUNbWATER, 20 M I;NCAt, FD* VARIANT.E
Flis F.MCSil5E DAT

Table of Contents

4 ' Part 1: Misture Sumn and Single Radionuclide Guide 1Lne6

Dose Conve rsion f actor (and Ra tated) Parame te r Summary 2
$tte-5pec ific Paramete s Summary 7

Summary of Pathway Sele c e Lons . . 11
Contaminated Zone' and local Dose Summary 12
Total Dose Components

Time = 0 000E*00 IJ

Time * I ODOE+00 14
T ier a 3.000f*00 63 ',

Time * 1.000f *01 16 ;
Time = 3 000F*Di 17
Time * 1 000E*02 18
Time * 3 000F402 19
Time * ! 000E+05 . . . . .- 20

Dost/ Source Ratios Summed Over All Fathways 23
Single Rad tonec' toe Soll Guidelines 21
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Table KMCSH5E

Realdaal Radioactivity Prostem, version i 04 04/11/94 'te 42 Page 1

Summary FM CU5ll SE SENS, CROUNDWATER, 20 M UMSAT, ED=VARIA8LE
File KMCSII5E DAT

Table of Contents

Part 1 Mistute Euma and Single Radionuclide Guldelines

Dose Conversion Factor f and Related: Paramete r Sammary . 2

1 5 tte-5pecit te Parame te r Summary 7
Il1- Summ4ry of Pathway Se le c t ions . . .

12contae' nated tore' and Total Dose Summaryi

Total Dome Components<

C uo0E+00 l}'t Time a
Time = 1 000E +00 14
Time = 3 000E+00 15
Time = 1 000t+01 16

3. 000t + 01 ' 17Tise a

Tise * 1 000E*02 18 i

Tire * 3.000f+02 19
1 000E+03 . . . . . . 20Time =

tiose / Source Aat taa Summed Ove r All Pec hways 'at
$1ngle R4dionue 'ide Soil Guide!Lnes 21
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: testdeal Radioactivity Program. Version S 06 04141194 18 42 Page !
Summary - FM CUSM SE $ ENS, CROLDIDWATin, 30 M Ult 5AT, Eb=vAk1ABLE ?

. File - KMC5955 DAT

Table of Centents

tort 1, Misture Suma and Single Radienuclide Cuide11hes

Dose Conversion Factor (and Related) Farameter Summary '2
Site-specit te Parameter Summary 7

. il' Summary of Pathway 5 elect ions . . . .. ,

Contaminated tons and Total pose Suma.ary - 12
Total Dose Component s

T ime = 0 000E *00 13
Time = 1 000E*00 14
Tsse * 3 000E+0C 15 >

Time = 3 00:E*01 16
Time a 3 000E 01 17
Time * 1.000E+02 18
Time = 3 0006 02 19
Time = 1 D00R+0) .., ... . . . . 20

beseitource Ratlos Summed Over All fathways. 25
Single Radionuclide soll Guldeltswa 21
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Residual Radioac tivity Frogram. Versten 5.04 04/11/94 18 42 Fage 2

w .
Suseis t y DI CUSH SE JMS, CROU!OWATER. 20 M UNSAT, ED= VAR 1ARLE
File FJ'ICSif 5 E . DAT

i

Dose Conve rs ter Fac tor (and Related) Pa r ate at Summary

-f
- Menu ]

- . - - - - - -. - . . - - . - - -- ,-- -.y

i Current i Farametet j
Pa r ase t e r Vabe Default i Naee i

A-1 Cmnd external gamma , volume DCF 's , Imr eely r) / (pCi/ c e" 3) : '

k.-,
.

'

A-! Ac-F27+D . soil density = 1.0 g/cm**3 2 , 760E + 00 2.760E*C3 bCFlf 1,1)4

i A-4 As 227+D , soll density = 1 8 g /ce**3 1.520E*00 1.520E*00 DCFit 1.2)
A-1 .

A-1 Fa 231 sSil det.stty * l O g/cm**3 2.210E-01 2.210E-01 DCFit 2,1) ;,

A-t Fa-231 soll eensity * 1.8 g/cm**) 1 210E-Ol 3.210E-01 DCFl( 2.2) '

A1 ! |

A-1 Pb-210+b soll density = 1 0 g/cm**3 6 870E-03 4 87CE-03 DCFl( 3.1)
A1 Pb-210+D noti densit y = 1 8 g/ce") 2 310E 03 2 )l0E-03 DCFit 3,2) ;
A*!
A1 Ra 226+D soil densit y = 1.0 g /cm**) 1 550E*01 1,550E+01 DCFit.4,1)
A-1 Ba 226*D . soll dens Lty * l . 6 g/ cm"3 8.560E+00 8 560E+00 DCF14 4.2)
A1
A.) Fa 228+D soil density * i 0 g/cm**3 8 180E+00 6 190E+00 DCFit 5.11
A1 Pa 226*D soLL density a 16g/ca"J 4.510E+00 4.510E*00 DCFl( 5,2) .

A-1 t

A-1 Th-228+D soll density * 1 0 g/cm**3 g 1 330F*01 1 330D 01 DCFit 6.1),

A-1 Tb 228+D , soll denalty * 1 8 gfcm**J | 7 . 'J60E +00 7.36GE*00 DCFit 6.2)
s1

#

A-1 Th -2 30 soll density * 1 0 g/cm**3 2.110E-03 2.110E-03 DCFit 7,1)
A1 Th-230 soll density a ! 8 g/cm**3 f 1030E-03 1.030E 0; DCFit 7,2)
A1 l

A-1 Th 232 soit density * 1 0 g h.m* * 3 i 1 350E-03 1 350F-03 DCFit 8.1)
AL Th-232 soll sensit y a 1 8 g/cm**3 |6040E-04 6.040E-04 DCFlt U.2)
A1
A1 fU-234 soll density = 1 0 g/cm**3 4 560E-03 1.580E-03 DCfl( 9,1)
A-1 0-234 soll density * 1 8 g/cm**3 I 6. 9 70E-06 6.970E-04 | DCFit 9,2)

!A1 ,
soll densit y * 1 0 g/cm** 3 8 940E 01 8 940E 01 | Drrig10.!)

j

A-1 | U-235+D ,

A1 | U-235+D soll density = I 5 g/cm**3 4 900E-01 4.900E 03 j DCFl(10,2)
A-l . .

r

A-1 i U 236+D soll density * 1.0 gice**3 1 270E-01 1.270E-01 . DCFltll.13 i

A1 jU-2)8+D soll density * 1 8 g/cm**3 6 970E-02 6 910R-02 j "Fitil.21 !

A-3 Depth factofs, ground external gamma, dimenstanless k [ ,
A3 Ac 227+D soil density a 1 0 g/cm**), thickness * 15 m i 7 900E 01 |9700E-01 ! FDs 1,1,1)

'7 900E 01
A-3 Ae-227+D , soll density a 1 0 g/cm**3. t hic kne ss * 0. 5 m I 9.700E-01 FDt 1,2,1)i

j ,

A3 Ac 227+D . soil densit y * 1 0 g/ca**), thickness = 10m ! l 000E+00 i 1.000E+00 i FD( ),3.1) i

*
. Ap221+D SA l density = 1.8 g/cm**3. thickness = 15 m 9.100E-01 | 9.100E.01 FDt 1,1,2)A-3 *

A1 i Ac-227+D soll densLty * 1 9 g/cm**). thickness = 0 5 m I i UDOF+00 1 000E+00 FD( ),2,1)
I' 1 000L400 FDt 1.3.2) ]

,

A3 I Ac-227+b soll densLty * 1 8 g/cm**). t hic k :ss = 10m |1000E*00A3 |
A-3 i Fa-231 soll dens it y * 1 0 alcm**3, snickness * 15 m |7900E-01 . 7.900E-01 FD( 2.1,1) ;
A-3 ' Pa 231 soit density * 1 0 g/cm**3, t hick ne ss * 0. 5 m I i ! 000E+00 FD( 2,2,1)

| 1 000E+00
A-3 ' Fa-231 soit denalty * 1 0 g / cm** 3.' t hir kness * 1 0 m

' 9 200E-01
1 000E+00 1 000E+00 FD t 2,3,4)4 A3 r

1.000F+00jFa 231 soli densit y * 1 8 g/cm**), thickness = !$ m FDI 2.1.J) I9.200E-01
A3 Fa-231

,

A-3 |Fa-234 so11 density = 1 8 g/cm*+3. t hicknehe * t0m 1 000E*00 1.000E+00 i FDt 2,3,2)soll censit y * 1 8 g / cm** 3,. t hickne ss * 0 5 m 1 000E+00
FDI 2,3,2)

A3 , t
i

Ikesidual Radioactivity Frogram, Version 5 04 04/11/94 18.42 Fage 3
Summary FM CUSit $E $ ENS , G}tOUMWATER , 20 M tJNSAT, FD*VARIALLE
F ile FMCMISE DAT

bose Conversion Factor land Related) Farame te r Summary icontinued)

i Current j Pa r ame te r, t

Menu | Pa r ame t e r | Value | betault Name
,

8.80bO[ 8800k-01 hDbb)A,j Pb 210+D soll censity a i O g/cm**3 thickness * 1 m
A3 | Pb 210*D aoll density = 1 0 g/cm**3 ti.ickne ss = 0. 5 m | 1 000E+00 } 1.000E+00 FDL J,7.11 !

A-3 3 Pb-210+D soit de ns it y = L.D g/cm**). t hickne ss * 10m i 1 000E*00 i 1.000E*00 FDt 3.3... (A-3 Fb-210+D soll dens it y * 1 6 F C***), t hic kne s s a 15 m t 9 700F-01 9 ?OCE-01 i FD( 3.1.2) -l
A-) Pb-210+b so!! density - ! 8 g!ce**). thickne ss * O 5 m J ' 000E+00 1 000E+00 ( FDi 3.2,2)

000E+00 1 000E+00 j FDL 3,J.2) fA-J Pb-210+D , soil density * 1 8 g/cm**>, thic knen - 10m , <

A3 1
+

4J Ra-226+D soit densit y * I O gice**3, thickness = 15 m ! 6 300E-On 6 300E 01 FDr 4,1,1)
A-3 Pe.226*D 6 oil denalty * 1 0 g/cm**3, thickneas = 0.5 m |9200E-01 9.200E-0! FDf 4,2,1)i
A3 ' R4-226+D soil dens it y * 1 0 g/cm**). thickness a 10m i 000F+00 , 1 000E+00 FD( 4,3.l>

j

!'Ra226+D
soll densit y * I 8 g/cm**3. thickness * 15 m FDI 4.1,J)

q 8 500E-01000E+00 ) 6 500E-01
A-3 +

,
A-)
A-) Ra 226*b . soil censity = 1 8 g/cm**), t hic kne s sRa 226+D 0$a - 1 1 000E+00 . FD( 4 , '' , 2 )

'

=

1000E+00|1 000E+00|FDt 4.3,2) ,so l densit y = 1 8 g/ cm** l, t hic kne s s * 10m ,

A-3
!'6800E01 I'A.3 Ra-219-D poll denalty - 1 0 g/cm**J. thickness * 15 m
~ 9 700F. 01 I 9.700E 01 jFD( 5,2,1)

6 000E-01 FDt 5.1.11 ,
A3 Re 228eD soll density * 1 5 g/cm**J. thicknes s * O 5 m
A-) { R4 228+D sc il density * 14 g/ce*** t h ic k ne ss = 1 D m

1.000E+00|s.000E*001
1 FDt 5,3,1)

A3 (Ra-228+D soll dens , ty = 1 . gtes**., t hickness = 1) m 8 500E-01 500E 0; FDt 5,1,2)
4 soil density = 1 8 g/ce'J. t hickness = 0 $ a I i 000E+00 1.000E+00 Fbt 5.2,2)A-3 , Ra 228+D

A-1 i ka-226*D - soit density * I B g/cm**J, thlekness * 10m ! l 000E*00 1 000E*00 FDi 5,3,2)
A-) t

'
- A-) Th-22R+D soll densit y = 1 0 g/ cm* * 3, t hLr kne ss * 15 m j6100F01 6 100E-01 Pbt 6,1,1)
4- A-3 Th-218eb soi t denalt y = 1. 0 g / ce** 3, t hic kness * C 5 m 9 0DE-01 9 4,00E-01 FDt 6,2.1)
g A-3 Th-228+D , soll density * ! O g / c m* * ~) , t hic kness * 10m 1 000E+0D 1 00DE*00

|FDt
6,3.1)

A3 Th-228*D soil density = a e g/cm**), thickness = 15 m 7 500E-01 7 500F-03 FD( 6.1.2),

4-J Th-228+b , soll density a 1 8 plcm**1 t hic kness * 0 $ m j 1 000E*00 1 000E*00 i FD( 6.2.2)
A-3 Th-228+D soil d+r, sit y * 1 4 g/c m* * J. thickness = 1 0m , 1 000f*00 . ! 000E+00 FD t 6, J ,21

I'
A-3 i !

A3 Th 230 soll density - 1 0 g/cm**), thickness * 15 m ' 9 300E-01
| 9 300E-011000E*00|FDI

'7,1,1)
soll density . 1.0 g / cm* * 3, rh tc kne ss = 1.000E*00 aA-) Th 230
soll density * I O g/cm**3, t.htcMaess . 0 $ m

FDi 7,2,1)
10m 1 000E+00 1 000E+00 FDi 7.3,1) IAJ Th-730 s

A-1 Th-230 sult density = n.8 aftm**), tbtchness * ,15 m 1 000E*00 J 000E+00 FD( 7.J 21 i
A3 Th-230 satt seas tt y = 1 8 g/cm* *3, t hickness * 0. 5 m 1.000E*00 1 000E+00 , FDt 1,2.2) r

A1 Th-230 soll density * 1.8 g/csW ), t h ic kne s s = 10m 1.000F*00 1 000E*00 ' FDt 7 J,2)<

A-1 i

l At Th-232 soll densit y = 1.0 g/c m** 3, thic kne ss * 15 m 9 500E-01 9 500E-01 FD( B,1,1)
A3 T h 6' 32 soll density = 1 0 g /c s** 3, thic kne ss * D 5 m 1 000E+00 1.000F+00 [ FD( u,2,1) 5

,

A3 Th-132 sell dens it y = 1. 0 g / cm* *J, thic kneas * 10m 1 000F+00 1 000E+00 ' FD( 8.3,1)
A-3 Th- 2 32 soll density a 1 8 gice**), t hickness * l$ a, i 1 000E+00 1 ODOE+00 - 8,1,2)

4 000E+D0 | FDI
'

A-3 Th% 31 soll de ru t t y a t 8 g/ce**), thickness * 0 $ a { l.000E*00 FDt P.2.2) 3
*

- A-3 Th 232 soll density * 1.8 gren**3, thickness * 1 0 m i 1 000E+00 1 00CE*00 i FD1 6.3.2) '
4-3 i j

'U ,2 %
soll dens ta y * I O gicm** 3, t hickne es * 15 m |9000E-01 9 000E-01.| FDt 9,1,1)234

2
'

A-3
A3 U soil density = 10 g/cm**J, thickness * 0 5 e 1 Di)0E*00 1 000t*00 FDL 9.2.11,

. A-3 | U 234 ao11 sena lty = 1 0 g#cm**), t hic kne ss * 10m 1 000E*00 1 000E+00 FDt 9.J.11 !
A-J | U214 s :11 dens it y = 1 8 g,1ce" 3, th ic kness = 15 m

,|I 000E*00 ! 1 000F+00 FD( 9,2,2)

#

1 000E+00 } 1.000E*D0 FD( 9.1,2)
A-3 U-2)4 soll density = 1 8 g/cm**3, thickness * O $ m"

A-1 | 0 234 soil density 1 8 git-m**), thickness * 1 0 o | 1 000f*00 i 1 000E+00 i FDI 9,3,2) i."
*

A-3 1 ! I l ;
a + s
J
e

d

a
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Residual kadioactivity Frogram, Ve rs ton 5 04 04/11/94 18:42 Faye 9
Susaa ry ' EM CUSH SE 1 ENS, CPOUutaWATIR, 20 ft tfNSAT ED= VARIABLE
file FNCSil5E DAT -

bone Conversten Factor tand Related) Pa r ame te Sume a r y 4 c ont inue d )

Current Fa r ame te
'Mene Fa r ame t e r value Default Name
- .

8700E01g8.700E-0] . FD410,1,1)
.

,

A3 | U 235+D soll density a 1 0 g/ce**3, thic kness * 15 m
A3 j U-235+D soll denaltf e 1 0 g/ce,** 3, thic kness e 0$m 1 00DE*00 1.000E+00 FDt!O.2,1)

1000F*00|1.000E+00 FDt10,3,1)A3 | t 235+D soll density = 1 0 g/cm**), thickness * 1 0 m :,

A3 U-235+D soil denatty * 1 8 g/cm**3, thickness * 15 m i 1 000E+00 - FDt10 1,2)1.000E+00
A3 U 23%*D soll Ge ne tty * 1 E g/cm**). thickness e 0.5 e ; I 000E*D0 ! ! 000E*00 FDt!O,2,2) 1

A.) ( U- 2 3 %+D soil density a 1 8 g/cm**), t hic kne s s = 10m I 1.000E*00 4 1.000E+00 Fbt!O.3,2) '
,

I I
'A3

A-3 |U-238+D soil density * 1 0 g/ce *3. thic kne ss * 15 o 7 800E 01 7 800E-01 I*D t i l .1,13r

A3 ( U-238+D soll density a 1 0 sfre**). thickness * O 5 e 1 000E*00 1.000E+00 FDtil.2,1)
A3 ? U 238+D soll density * I O stce"). thlehness * iOm i 000F*06 1.000E+00 FDtll,3,1)'

A-3 * tl-238+D soil de ne tt y * 1 8 g / ce* *), thickne ss = 15 m 8.500E 01 8 800E-01 FDtil.1,2),

A-3 ' U-238+D en t i density * 1 8 g!ce+*3, r hickness * 0.5 m ! 1.000E*00 1 000E*00 FDill,2,23
A3 I U-238*D soll densit y * I 8 g / ce"), thickness * 10m I 1 000E+00 1.000E+0D FDini,3,2)

j f

B-1 | Dose conversion f actors f or inhalation, esen/ pct j
6.700E+00 6.700E*00 DCFil 1)6-1 Ac 227+b

5
61 Pa 231 1.300E*00 3.300E*00 DCF2 t 2)
8-1 Fb 210+0 2 400E 02 2.100E 02 DCF21 3)
8-1 ka-226*D 7 900E-03 7.900E-03 DfF2t 41
3-1 Ra-228+D 4.500E-03 4 50CE-03 DCF2t 5)
8-1 Th-228+D 3 100E 01 { 3.100E-01 DCF2t 6)
4-1 Th-230 3.200E-01 ; 3.200E-01 DCF2t 7) |
B-1 Th-232 1 600E+00 k 600E*D0 DCF2t 8) - )
B-l U-234 1 300F Os 1.300E-01 DCF2t 9) ,

i81 U-23b D 1 200E 01 1.200E-01 DrF2t!O) ,

8+1 U-238+D 1 200E-01 1 200E-01 DCF2(11) i

D1 t Dose conversion factors for trige st ion, orealpC1 t

D-1 i Ar-227+D ! 1 500E-04
[ 4 500E-02

DCF34 1)
b1 * 1 100E-02 l 200E 02 , XF3t 21

|Pa-231 j 6.700E 03 i 6 700E-03 | prF3t 3)D-1 Pb-210+D
'

O! j ka 226*b | 1 400E-03 1 4005.-03 XP3I 4) . |
DL j De-2fA+D 1 200E 03 | 1 200E-03 DCFJt 5) j

Th-22 bad 7 50DE 04 7 500F 04 DCF3t 6)D-1
b1 I 't h 210 ! 5 300E-04 |5.300E-04 LCF3t F)
D-l Tn 232 I 2 800E-03 2 800E 03 i DCF3t 8)
D-1 U-234 2 600F-04 | 2.f>00E-04 |DCF3t 9)
D-1 U-235+b

'I2.500E04 gDCF3(10)2 *iOCE-04 | 2.500E-04
0-1 U 23e+D j 2 500E-04 , DCF3t!!)
D 34 ' Food t r enn te r factors 1

D 14 Ac-221+D plantisoll concent ration rat io, dieensionle ss 2 500E-0) t 2 500E-03 PTF( 1,1)
D-)4 Ac 227*D bee f f llve st of.k-int ake tatto, IpCLikg)/fpCLfd) 2.000E-05 ) 2 000F-05 . RTFt 1,2)
D . .M ac-22?*D . ellk f Live stock-int ake ret to, tpcr'L)/tpcitd> 2.000E C5 f.2 000E-05 i RTFt 1,3)
D-34 I I .

5 000F 03 | 5 000E-03000E-02jRTFE 2.1)D-34 Pa 231 plant (soll concent ration ratio, dimensionless i 1.000F-02 }
D-34 Pa-231 bee f i llve s t oc k - int a ke ratio, (pct /kal/tpCi/dl 1 , i RTFt 2,2)
L- )4 i Fa-231 milk /itvestock-Intate ratto, (pctILIItpC11d3 j 5000E-06j5000E06 RTFt.2.3)
D 34

Sver kN CUSH SF SENS, CRotTWWATTR, 20 M UNSAT, FDWARlulE

Due Conve r sion Fac tor tand Related) Parameter hamary (cont inuca)

Cur n ot Farameter
men. Pacaw ter Va lue | De t a alt ; hame

,
+ ___ __ . . _ ._ _ ., . %. . . - - - 4 _

D 34 Pb-21D+D plantisoil concentration ratio, d ime nalonle s s i 1 000E 02 . 1 000E-02 I' kTFt 3.1)jD 34 ! Pb 210+D bee f fltvestock intake ratto, tpC1/kglftpC1/d) ~ $ 000E-04 8 000E-04 RTF( 3,2) j,

D-34 |Fb-210*D , allk illvestock-int ake s ot to, (pCLtL)/tpCL/d) i 3 000F 04 |3000E04 RTFt 3 ))
W 34 i
D-34 ' ka-226*D . plant / sot! concent ration rat to, d1wnstonless | 4 000E C2 I 4 000E 02 RTFt 4,1)
D-34 Ra - 2 2 t.+D 1ee t / livestock intake ratio, (pf ttkg)/ t prild) j

, 1 00cF-03
1 000E-03 1 000E-03 RTF1 4,2)

D 3* 1 Ra 226+D . milk /11vestoc k tr+t ake ratio, tpci/L)/tpCffd) 1 000E 03 | RTFt 4.3),
)D-34
| i i

D 34 | ka-22H+D plant /soll concentration retto, d !wns tonle ss , 4 000E-02 r 4 000E 02 | RTF( 5,1)
D-14 kBa-228+h bee t / livestock -intake rat to, (pC1/sg)ttpcild) ; 1 000E 03 1 000E 03 i RTF1 5,2)
b-34 i Ra -2 2M+D mt th / live stoc k - int ame tatto, (pCL/L)/tpC1/d) . 1 000E-03 1 000E-03 | RTFt 5,3)
b 34 I

IT4 220*D , plant ino11 concentrat ion rat to, dienstonless 1 000E-03 L 000E-03 RTFt 6,1)
1D 34 '

D- 14 j Th-228 +D beetillve stoc k-int ake tat to, (pC1/kgilipC!ld) 1 000E 04 1 000E-04 RTF1 6 2) j
D.34 - Th 2 2B+U , mLis J 11vestoc k intake retto, (pcittaltptt/d) , 5.000E-06 5 000E 06 RTF1 6 3)

]D 14 .

D 'A4 j Th-230 plant iscil content rat Lon rat to, d iac ris t onle s s 1 000E 03 ! I DGOE-03 - kTFt 7.1)
b-34 t Th-230 , bret/livessock-intake ratto, (pC1/kgtf(pftfd)

1 DDOF-04 . 5 00DE-06RTFt 7, ' )
1 000E 04 ! RTFt 7,2)

'b 3s Th 230 . ells / live st oc k * ine ate ratto, tpC1/Llitpct/dl 5 000E 06 jd

te < n l
D-14 I Th-232 . plant / soll coruent rat ion rat io. d ime ns tenle s s 1 000E-0) $ 1 000E-03 i RTF1 B,1)

.

'D 34 ' Th 132 beet /ltvestock-thtake ratto, t pC t In g) / t pf' t / d) 1 000E-04 4 000F 04 RTFL 9,2)
D 34 i Th 232 milk / livestock intake retto, (pClIL)/tpCt/d) . 5 000E-06 5 000E-04 i RTFt 8,31
k- M i i

D 34 U 2 34 plant / soll concent ration rat to, d ime ns tonle s s j 2 $0CE-03 ! 2 500E-03 |RTFE 9,1)b 34 - U-234 t ee f / live stock-intake ratto. (pC1/kg)ftptiid) ; 3 400E-04 i 3 400E-04 . RTF( 9,2)
D-34 | U 2 34 . silkflivestock-tatake ratio, spC1/Liliptild) , 6 000F 04 ) 6 000E- 04 ; R1Ft 9,3)
b 14

,

t i 1

b .t4 j U-235+D lantisoli concentratton retto, dime na tonle ss
' 2500E03|'250GE-03{RTF(10,2)

RTFt10,1)
D 34 . D-235+D , eeftltvescuta tntake ratio, tpC1/kg}/tpCtfd) 3 400E-04 3 400!-04 ; j'b.34 U 235+D , stik/ltvesr.ock-intake tatto. IpCL/L)/gprild) 6 000E-04 i 6 000E-04 > RTFilo,3) i

f
|b>)4 ;

D 14 0-238eb plant / soll concentration ret to, dimensionless j 2 500E-03 6 2 500E 03 |RTF(ll,1) '

D- 34 U-23R*D bee t /1 tve st oc k 1.nt ake ratio. tpC11ag)ltpCL/d) ; 3.400E-04 j 3 400E-04 1 RTFill,2)
D-34 U 238eD , milk f ltve stoc k-int 4ke t as io, tpC1/LittpctId) ; 6 000E-04 1, 6 000E-04 | RTFill,31

D-5 - 8toaccumulation factors, t re sh wate r, L/kg.
- !

4500E+01|1500E+0)
;

' - |RIOFACf 1,1|b-5 j Ac-22F+D fish
D$ i Ac-227+D . crustacea and mollusks {l000E+03|1000E*03 810 Fact 1,2) j:

D5 t i

. , BIOFACI 2,1)
i

D5 | Fa-2)I , crustacea and moltuaks !! 100E+02 1 103E+02 r SLOFACL 2,2)
fish : 1 000E*01 i 1 000F*01 j

D-5 j Pa-Zjl 'b-5
C5 I Pb-210+D . fLsh 3 000!*02 , 3 000E+02 | fl0 Fact 3.1),

D5 Fb-210+D . crustaces and mollusks #'
1 000E*C2 l 1 000E+02 I E10 FACT 3,2)

D5 1 I

b5 Ra Z?6*D . fish 5 000E*01 5 000E+0i i SIGFAct 4,t)4'

b4 Ra-226+D . crustacea and mollusks 2 500E*02 2 500E+02 810FAC( 4,2)
D-5 ! '

D-5 i Ra 228+D , fish 5 000E+0! 5 000E+01 210 FACT 5,1)
{ 2.500E*02D-5 | ka 228+D trustates and mollusks > i 2.500E*02 [ $10 Fact 5,2)

, . _ _ , - _ _. . . ~ ~ - . _ _ - _ _ . . - - - . , . .. _ _



..w,..+.~._-- ...s...-..-.-- ~ . - . . _ - - - - - . . . - - ~ ~ . - - - . . - - - - - . . - - - - - ~ . . - .

I

f Residual Radteact ivity Program, version 5.0 04/11/94 18 42 Page ,6 i

Summary FM CUSN 52 SENS, CROUNWATER. 20 M uMSAT. Eb=VARIASLE
r File FMCSH58 DAT
|

1 base Conversion f ac tor (and Related) Parame te r Summa ry (cont inuedi

!-'
Menu Pa r ame te r Value Default Name

Current Pa r ame te r

D-5 Th 228+D fish ! 000f+02 1.000E*02 FIOFAC( 6.1)
? D5 Th 228+0 , crustates and mollusk.a 5.000E*C2 5 000E*02 810FACf 6,2)

{ D5
' D5 Th 230 fish 1 000t*02 1 000E+02 SIOFAC( 7,1)
'! D-5 Th 230 crustacea and molluska 5.000E*02 5 000t+01 510FAC( 7,2)

D-5
D-5 Th-232 fish 1.000F+02 1 000E*02 BIOFAC( 8,1) >

b-5 Th-232 . crustaces and molluska 5.000E+02 5 000t+02 $10 TAC ( 8.2)
f D-5
) D45 U 214 fish I 000f*01 1.000f+0! 810FAC( 9.1)

D5 U 234 , crustarea and mollusks 6 000E+0! 6,000E*01 810FAC( 9,7)
D-5

1 D5 U-2 M+D . fish 1 000E*01 1.000f*01 BIOFAC(10.17,

,
D-5 |U-235+D . seustacea and molluska 6.000E+01 6 . 0006' + 01 810FAC(10.2)

i D-5
' b-5 j U-239+D , fish |1000E*01 | 1.000E*01 BICFAC(!!.1)

D-5 # U-2364D . c rustacea and s.ollusks I 6 0002 01 1 6 000t+0! B10FAC(11.2)
) -
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Residual Radioac tivity Program. Verston 5 04 04/11/94 18 42 Page 7 1

Sunnia r y FM CUSH SE SEleS, CROUNDWATER. 20 M LINSAT. KD* VARI ABLE i

file FMCSN' E DAT

S Lte Specif Lc Peramete r Sume.ary
r+

Use r t ' Used by RESRAD Parametet |
Menu Patau t t Input 1, De f ault (If dif ferent from tsact input) Name

2000E+00|
+-, AREA8011 Area of centsetnated sone ( a.* * t ) 2 500E+03 1 000E*04

i ~- THICK 0 iRoll Thickness of contaminated sone (m) 3 000E*00
Roll Length parallel to aquif e r flow (m) 1.000E+02 lice 0E r - LCZPAQ

'

B011 3asic radiation done limit (mreelyr) 3 000E+0! 3 000E*01 - BRLD

-
R0ll Time since placement of material tyr) 0 000t+00 0 000E*00 4- TI
Roll Times f or calculat tons t yr) - 1 000E+00 1 000E*00 -- T( 2)
R0th Times f or calculations tyr; 3.000E*00 3 000E*00 -- Tt 3)
>011 Times f or calculations tyt) 1,000E*01 1.000f*01 - Tl 4)
R0lt T ime s for calculations tyr) 3 000E*01 3 UODE*01 - 71 5 t
Roll Tinca for calculations tyr) 1 000E*C2 1 000E*a2 - - Tt 6) !
R011 Times for calculations tyr) 3 000E+02 .3 00DE*02 - - Tl 7)

1 000E*03 , 3 000E+03 | - TI 9) 6

1 000E+0) TI 91 tRoll Times f or calculations f yr)
R0ll Times f or calculations fyr) not used |
PO!! TLses f or calculat ions tyri j not used j 1.000E*04 j T(10)

I 1 !

R012 Initial principal radionuclide (prilg): Ba-226
-l 1 000E*03 0 000E+00 - Sit 8)

t 000E*03 0 000E*00 --- Sit 4)
R0t2 Initial principal radionuclide tpC1/g). Ta-232

|1.000E*03 0.000E+00 -- $14 9)R012 initial ptincipal radionucLLde (pClig)* U-234 i
R012 Inittet principal re:LonucLtde (pCLfg): U 235 1 000E+03 0.000E+00 $1110) {
R012 Initial principal tadionuclide (pCilg) U-238 I 1 000E*03 0.000F+00 51111)
R012 Concentration in groundwater tpC1/L)- Ra-226 ! not used 0 000E+00 |

- - Wit 8)R012 Concent rat ion in troundwate r (pri/L)- Th-232 { not used 0 000E*00 '
Wit 41-

9012 . Concentration in grounawater (pC1/L). U- 2 34 not used 0.000E+00 - Wit 9)
R012 Concentration in groundwate r (pcitL): U-23i not used 0 000E+00 Will0)
R012 |!Concent ration in groundwater (pri/L)- U- D8 not used 0 000F+00 - . Willl)

) 050E400 0 000E*00 --- COVER 0kD13 Cove r de pt h t al
_

1 500E+00 1.500E*00 - DENSCVR013 benalty of cover material (g/cm**3)
ROI) i Cuve r depth e ros ton rate talyrj 0.000E+00 1 000F-03 VCV

i

1.000E-03|f1500E*00
1 500E*00 DENSC2P013 Dens tt y of contaminated zone Ig/cm**3) +

1 000E 03 VCZR01) Contaetnated tone e rosion r ate (styr1 ,

kO 13 - C ont an te.a t e d tone tr.r a l poros t ry 4 000E-04 t 000E-01 } TPCZ+

R0t3 Cont aminated tone e f f ec t ive porosit y 2 000E-01 2 000F-01 . EPCZ
ROL) Contaminated zone hydraulle conductivity tely:1 3.150E-0J t 1.000E*01 F } HCCZ
R0l3 Contaolaated none b p rame te r 5.300E*00 ' 5 300E+D0 i | BCZ '

| HUMID
)RDI) Humidity in air Ig/m**3) not used B 000E+00 , t

R01) Evapot ranspiret ton coe f f ic ient 0 000E*00 j > 000E-01 } TVAPTR
|R013 Ptec ipit at Lon (mlyr ) 1 000E+00 1 000E+00 PRECIP ,

R0l3 Irrigetton tm/yr) 0 000E+00 j 2 000E 01 81 [

Ral3 Irrigation mode ove r he ad | ove r he ad ID!TCH f, i

R uno f f c oc i f ic ie nt i 9.969E-01 2 000E-Ol - P.UNO F F
R013 , Watershed area for nearby stream or pond tse+21 i 6 313E*05 1 000E*06 i WAREARDl3 {
R013 I Accuracy for water / soil computarlons 1 000E-03 1.000E-0) .

!DENLAQ

! FP5

Role bensity of saturated zone (g/cm**3) 1 50CF+00 1500E*00|, +

' 4 000F-01 4.000E-01 TPSIP014 Saturated rone total porosity
RDie Saturated mone ef f e ctive porosity 2 000E-01 2.000E-01 - EPSZ
Role Saturated tone hydraulic conductivity (mlyr) 3 000E+02 1.000E+02 - HC$Z,
Role Saturated zone hydraulic gradient ; 2 000E-02 2.000E-02 HCW

i 5.300E400 5.J00Fe00 852A014 5sturated gone b patameter

Re nidual Rad toac t tvit v Program, Ve rsion 5 04 04/11/94 18 42 Page 8
Summary KM CtJ5H SE SENb. CROUNDWATER. 20 M UNSAT. FD=VAPIABLE
File FMCSH5E LAT

Site Specific Parameter Summary (cont inue d )

tMer : Used by RELIMD
3 Pa r ame te r

| Pa r ame t e r j Input De f ault ! (If dif ferent from user inputi i NameMenu
.

. . . - _. - .

Ruth i Water table drop rate talyr) . 0 000E*00 l 1 000E-03 ? i VWT
l 000E*04 j 1 000E*01 | DWIBWI

.

Rolt | We ll pump int ake depth to below wate r table)
{MBi i ND 5 -

|M0 BELJ kOl4 i Model: Nondispersion (ND) or Mass-64tance OtB )
R014 | Ind Lvioual's use of groundwate r (m** 3/yr) ! 2 590E+02 2.500E+0/ UW

|
} NS

ROIS ! Numtier of unsaturated tone Istrata ! !'"
R015 Una nt zone I, rhtekneina tal 2 000E+01 & 000F+00 Hill

1 500E*00 }g - ; der,UZtt)kOLS ( Unsat z one 1. soil denalt y (gicm** 3) 1 500.+00
Rol% i Unsat zone 1, total porosity - 2 000F-01 4 000E-01 , .: TPUZil)a

POLS j Unnat sone 1. e t tec tive porosity I 5.000T 02 i 2 000E 01 | EPUZ(1)
i ? 5 300E*00

8 i 1

-

) SUZillrene 1, soil spec ific b paramete r
R01% | Unnat | 5.300E+003 150F 03 ! l 000Ee01 HCUZ(1)R015 Unsat n one 1. nydraulic conduc t ivity Im/yr)

' 'R016 Dist ribution coe f fic ient e f or Re 226 i

R016 Contaminated zone (ce**3/g) ' 7 000E*01 7 000E+0i DONUCCf 4)
R0l6 Unsaturated none 1 tem +*3rr) 0 000E+00 7 000E*01 |DCNUCUt4,1)

i, Rulb Sat urated zone Icm**3/g) ' 000F+Di 7 003E*01 --- DCNUCSt 4), 1

- R0lb Le ac h rate flyr) 0 000E*00 0 000E+00 9 96/E-00 , ALEAcilt 4)

A016 . Solubility constant i 0 000f*00 | 0 000E*00 i nut used i SOLL'EK t 4)
IRCtb Dist ribution coe f f icient s for Th-232

i6 000E*06 i 6 000F*04 i DcNUC's B)RC16 Contaminated tone les**)/g)) 1 000E*00 ! 6 000E*04 !DrNUCU( R,1)
'

R0th Unsater ated zone I tes** Jig
RGi6 Saturated none Icm**3/g) 6 000E404 6 000F*04 --- DCNUC5( 8)
R016 ' Leach rate (tyr) 0.000E*00 0 000E*00 i 1 167E-06 ALEACH4 9)
R016 | Solubility const ant ; O000E*00j0000E*00

) f

, 50LUtti 8)not used

k0l6 i Dist riburton coef ficients f or U 234 i

{2000E+00
RD16 | Contaminated zone 5.000E+0! 5.000E*01 -- i DONUCCI 9)tcm**3,9)i

-|5.000E+01 5 000E*01 i ---
| DCNUCUt 9.1)R016 i Unnaturated none 1 ten **3tg 5 000E*01 ---

- DCNUC51 9)R016| Saturated zone tcm**3/g)
R016 i Leach rate flyr) 1 0 000E400 0 000E+00 i ! 19]E 05 j ALEACH( 9)
R0l6{ Solubtlity constant

{ C.000E*00 0000E*00| not use d SOLUE*( 93,

t on U 235 [ fR046 f Distribut ton coef fit tents j
P.016 i Contaminated zone (ce"3 f g) { 5 000E*01 5 000E*0] [ - - DCNUCCt10)

DCNUCU(10,1)R0l6 Unsaturated none 1 (cm**3/g) 5.000E+00 5.000E+01 -4

DCNUCS(10)R016 Saturated zone tcm**3tg> 5 000E*01 5 000E+0! --+

ALEACil(10)R0l6 Leach rate t /yr), 0000E+00IO000E+00 1 391E-05
R0l6 Solub(11ty constant 0 000E+00 ! 0 000E*00 not use d SOLUBE(10),

; i i

R0l6 8 Dist ribut ton coefittlents f or U 238 i e

i R016 i Contaminated zone tes**31 ) I $ 000f+01 I 5 000E*01 - | DCNUCC(11)
I Unsatur ated tone i trm**3 g) I 1 000F+01 I 5 000E+Cl - - 1 DCNUCU(ll,1)

R016|
| 0 000E*00

--
#RD16 Saturated tone t em' 3(g p 5 000E+01 5 000E+01 DCNUC5til)
IR0l6 i Le ach rate (lyr) G 000E+00 1 393E-05 ALEACH{ll)

R016 i Solubtitty constant 0 000E*00 1 0 000E+00 not used ! 50LUBF(ll)

a

~ > . - - - ~ e- ----__ __ _ . _ _ - - - _ - - . - ~ , -. . , , - - , .,.-v-r ,,~~- - . . - - . - - - , ,. ,.,e- ,
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Residual kad teset tvity Ptogram, IIe r s ion 5 04 - 04/11/94 18.42 Page 9
Summary KM CUSH $E $ ENS, CROUNDWAlEP, 20 M UNSAT, KD*% ARIA 8LE

- File K7tC5H5E DAT
I

Site-Specif ic Faramete r Summary icont inued) ;

|

User | t Ur.e4 by RESRAD Farameter*

Me nu Far ame t e r Input I befault | (If ditterert f rom use r input) Name . j
a - -_

R016 Distribution coe f ficients f or daughter Ac 227 !
_ . - - - -

kC16 Contaminated tone (en**)/g) i 2 000E+01 2.000E*01 - DCNUCCt 1) i.
R016 Unsaturated gone i tcm**3Jg) t 2 000E+01 2 000E*01 ~ DCNUCU( 1,|) |

Rol6 Saturated zone (ce")lg) | L OO0E*01 2 000E*01 --- DCNUCS( l) i

R016 Leach rate (lyr) t 0.000F+00 0 000F+00 3 454E 05 ALEACH( 1) |
R016 Solubility conatant ! 0 000E+00 0 000E+00 not used SOLUBK( 1) !

i

'Ro!6 Dist r ibut ton tc.e f f ic ie nt s f or daughte r Fa-211 j

tentaminated zone (cm**3r i 5 000E+01 1 % 000f*04 + DCNUCCt 2)R016
I' Dnsaturated gone 1 (cz**) g) ! 5 000E*01 1 5.000E+0!ROL6

F016 ' Saturated zone Ice **3/g) 4 000F+01 [ $ 000F*01
-+ DCNUCut 2.1)
--- DCNUCSt 2) !

ko!6 ! Laach rate (lyr) 0 000E+00 {0000E*00, ! 393E-05 ALEACH( 2) j

O000E*00|R016 soluhtltty constant 0 000F*00 not used SALUst t 2) j;

R0l6 triatribut ton coe f fic ients for daughte r PD 210 { ! )
{ l 000P+021 000E*02 |' 1 000E+021000F+02|- DCNUCU( 3,1) |

R0l6 Contaminated zone t ear * * 3 t g i - DCNUCCt 3) i

R016 bnsaturated none 1 (tm**3/g) 1
'I 000F*02 | 1 000f*02 | --- DCNUCS( 3)B066 Saturated none (cm**3fg)

; 0 000E*0G 0 OD0F*00 I 6 981E 06 ALEACH( 3) <R0l6 Leach rate (lyr) s

1|
R0l6 Solubility constant ( 0.000E*00 0 000E*00 ! not used i SOLUEKt 3)

! ) i

R016 Distribution toetitetents for daughter Ra 228 !

R0l6 Contaminated gone (cm**3/4) ; 7 000E+c! i 7 006F+01 i DCNUCC( 5) i

+ DCNUCU( i,1) )R0l6 Unsaturated zone 1 Irm**3/gl | 2 00M +02 7 000F401 j
--- DCNUC5( 5)

'

RU16 Satur ated tone (ce**3/g) i 1 000E+01 7 000F*01
R0l6 Leach rate (fyr) : 0 000E+00 0 000E*00 ; 9.962E-06 ALEACHf $) r

a016 Solubilit y constant j 0 000E+00 0.000E*00 , not use d 50LUtKf 5) l;

kul6 Dist ribution coe f fle tent s f or daughte r Th-228 |
I 1

4

Rh6 Contastnated gene les"3/ g) 1 6 000F+04 6 000F*06 DCNUCC( 6),

R016 Unsaturated rone i tem **3/g) | 5 000E*02 6 000E+04 ! - DCNUCUt 6.1)
R0l6 Sat urated tone ice' 3/g) 6 000E*04 6 000F+04 ' OCNUC5( 6)---

R016 j t.each rate flyr; O 000F+00 0 OGOE*00 | 1 167E 08 ALEACH( 6)
R016 g Solubility constant 0 000E*00 0000F'00|

not used SOLUExt 6) i

1t

R0l6 f DLar r ibur ton coe f fit tente ter daughte r Th-2 30
'

'fR016 j Contaminated none (to**)fal - 6 OGGE+04 6 000E*04 i DCNUCC( 7) -

R016 tinsa tureted *.one I tcs**3Ig) ! l 00CE+03 6 000E*04 | - DCNUCUt 7.8)
6 000E+04 ; --- DCNUCS( 7)9016 ~ haturated tone ice **3!gt t 6 000E*C4 i

R0l6 Leach rare styr) 0 000E+00 > 0 000E+00 1 1.167E Op .[ ALf.ACH( 7)
,

Solun tlit y c ons t ant , 0 000E+00 0 000F*00 l not use d j SOLUBK( 7)h016 '

t 1 ,

'R017 thhalation rate sm**)/yr) { twt u se d f 400E*03 ! T NilALR |
R017 i Mass loading for 1r.ha la t i on ( g /m")) e not used J 000E-04 } MLINil I

80!? ! Dilut ion length f or airborne dust , inhalation (m)! not used 3 000E*00 t LM |
ROL7 Fuposure duratten ' 3 000E*01 } 3 000E*01 > FD

Ehleiding factor, inhalattun not use d i 4 000E-01 SHF3kol7 -
7 000E-01 j SHFIR017 En te lding tat tor , caternal paauu not used j

It0 l ? Fraction of time s pe n t indoors 5 000E-01 ' 5 000E-OL ;g ; FIND+

E017 Frattion of tiec s pe r. outdoors (on 6 Lte) ) 2 500E-01 2 100E 01 4 i FOTD3

S uomee r y FM CUSit SE SENs CROUNDWATER, 20 M UN5AT, FDWARIABLE ;
I

5 tte 5pecif ic Fa ramete r Summary (continue d)
.

'

| Farameter
"

Urcr ' Vaed by Rf5kAD
Me r,u , Pa r ame t e r Input j De t ault 11f dif f erent from user input) Name

R0 l f 'f Sha pe- - - - ~ ~ - - - - - ~ - - - - - -
-n---+----o---------- -- ~ ~

if actor, external gamma not u se d i 1 000E*00 , FS1
Fiat t ions et annula r areas wit hin AREAB017 '

vi t / a ) . not used I 1 CSOF+00 | . FRACA( !)kal? I Outer annular radius Emi =
f1.00CF+00[ - FRACA4 2) i9017 Oute r annular rad to (m) VilDin) I not vaed=

1 000F400 i FRACA( 3) |Vf2Dfa) i not used aR0l? Oute r annviar radius ia) *
vtScie) not used f1.000E*00 TRACAt 4) 'kGl? Outer annular radius Imi a

i not use d i 1 000E * 0 0 j FRACA( 5)
"

9017 - Outer annular radius (m)4 = Vt100/nl
P.017 i Outer annular radius tal * FRACA( 6)vt100/n) not used 1 000F+0u, 3

4

FRACAt 71R0tf Outer annular radius tel = W 500in) not used 1 000E*00 }
- ! FRACA( 8)

,
80l7 Outer annular radius (m) = Vl1000ln) | not use d {1000E*00 i

((5000/n) ; not used t 4 000E*00 i FRACAt 91R317 Outer annular radlue (m) *
i

1 000E+DO ! -

9017 , Outer annular redlus tal = vil E*05/nl ' not used O 000E+00
' ThACA(101Vil F*04tn) i not use d 'a kO!? Outer annular radlun tal *

FRACAtlla
;

Vit E *06 t. ) . not use d b 000E*00 FRACA(12)R0li 1 Outer annular radius tm) * ,

! ! t i

R0le I Fruit s. veRetables and stain con 6umpt ion ikglyr) | 1 t00f*02 f 1.600E+02 i '

| DIET 41)' DIET (2)kCis Lealy veget able consumpt ion ikglyr) * 1 4 00E * ') & 1 400E*01:

Pola{IMilk
i DIET (3)consumptLon ILJyr) 9 200E*01 9.700F+01 '

5ADOE*00|6.)0CFa01
6 J00E+04 ! DIET (4)R0la Me a t and t oult ry c o .> umps L ikgivr1

g 5 400f*00 - | DIET (5)40lu ' Fish corasumpt ion taglyr)
Date i Ot he r se a f ood r ons un pt ion (kgiyr) 9.000E-01 : 9 000E-01 4 DIET (6)'

| 50ll90lH Soll ingestion sete tylyr) not use d i 3 650E*01 -

j DWIR0!R Drinkir.g water intake (Llyr) $ 100E*02 1 5 160E+02
FDW8015 (optamination fraction of drinking water 1 DD0E*00 ; I 000E+00 i -- ,

ROIN , Contaatnat tan t raction of household wate r 1 000E*00 1 000F'00 ' - | FilllW
itve stoc k wate r 1 000E*00 1 00%+00 | Ft.WRDi* i

Role |ContaminationtractionofContaminat ion t rac t ion of irrte.ation water t 000E*00 1 000E*00 i ) FIRW
R0l# c Contsetnation traction of aguatic toud . 5 000E 01 r 5 000E 01 - t FR9

'

k018 {Contaminationfra:tionof plant food il e-1 D.500E+00 l FPLAfrT

| FME A l'
R0l# Contaoinat ion t rac t ion el meat 1 -! O L25E*00

'

R018 Contamination traction of alLk 1 -1 0 125E*00 F) TILE>

I
- LF15R019 e Live stoc k todde r intate for mess skg/ day 1 6 800F*01
} 6 N0E+01$ 500E*01 LF162019 Livreteck t od de r intake tot slik (kgrday) ; 5 500E*01

R019 , Livestock wate r intene f or me at (Ltday) ) 5 000E*01 - 5.000E+01 ! fLW15
- |R019 l 1.1ve st oc k wa te r int ame ter milk (Ltday) | J t,00E*02 1 600E+02 j - LW16

,

R019 | Livestock soll intake (kg8 day) 5 000E-01 5 000E.01 L51 I
'

Mass leading tot tolist de posit ion r g /m**J) t ! 000E 04 ! 000E D4 | MLFDR019 i
l 500E-Cl !! $00F-01 t DM

{9000E-Di
R019 bepth of soll string la ye r ts)

9 000E Og t DROOT
|1.000E+0011000E+00| -

| FGWuit
kOl9 liepth of roots in)

FCWDWR019 tirinking wate r t raction t roe ground wate r
R019 ttousehold wate r t rac t ion t ec= ground wate r 1.000F*00 ' 1 000E+00

1 000E*00 1 000E+00 | FCVLWk019
|Livesto<kwatertractiontrosgroundwater

,

FGWIRIrrigation fraction from ground watet 1 000E*00 1 000F*00R019 4

f C-12 toncentration in wates talcm**3) i

2.000E-05|
. C12WTR !Cia not used i

014 , Fractton of vegetatton carbon tram pott not used j 2 000E-02 |
-+

|Cl2C2j C-12 concentration in contaminated soll (g/g) | not use d i 3 000E-02 iCl4
C501L 1

Cl4 j Fraction of veget ation c arbon t ros att ter used . 9 E00E-04 { < | CAIR l

Cl4 . C 14 evaston layer (bit hne s s in soll im) t not use d I 3 000E-01 . ' DMC |
4

I

.

M

.-. - - =_- x_ __-~.-.__ ____-_.-3__m. _ . < ~ . - , - - ,,__.__,..% - .w., -- .- .v-r.t- -,y e,--, - ,
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I
kesidual Radioac tivity Program. Version 5.04 04/11/94 18:42 Page 11 i

Summary EM CUSH SE $ ENS. CROUMDWATER. 20 M UNSAT. KDevARIABLF i

File FMC5H5E.DAT i

site-Specit te Paramete r summar y (cont inue d )

1 { User | | Used by RESEAD ! Pa r ame te r
Me nu | P a rame t e r ! Input | Def ault {!!!diffeent f rom u{er input t 1' Ma me
-__--4-. __ - _ p .

i not used 7.000E-07 | | EVSNCl4 | C-14 evaston flun rate f rom soil (1/sec) i

014 i C-12 evasion flun rate from soil (1/sec) }not used 1 000E-10 '
C14 | Fraction of gtain in beet cattle teed I not used 5 000E-01 *- -|AVFG4 '

REVSN <

| Fraction of grain in silk cow feed not used 2 000E-01 - AVFG5- Cl4 j

R021 Thickness of building f oundet Lon (m) 1 5001-01 1,500E-01 . . FLOOR I

RG21 Salk density et but1 ding tounderton (g/re**3) 2 400E*00 2 400E*00 -- DENSFL
8021 Total poroalty of the cover mater tal 4.000E 01 4 000E-01 - TPCV
R021 Tot al porosit y of the ballding toundation 1 000E-01 1 000F-01 TPFL
RC21 Volumet ric wate r content of tne cover material 5 000E-02 5 0006 02 PH20CV
R024 Volumet ric water rentent of the foundation 3 000E-02 3 000E 02 PH20FL |
R021 Dif f usion coe f f icient for redon gas (mtsec)-
R021 in cove r matet tal 2.000E-06 2 000E-06 DIFCV

lR021 in f oundat ion material 1 00CE 10 3 000E 07 DIFFL
R021 | In contaminated zone r oil 2 000E-06 2 000E-06 - DIFCZ
R021 J Redon vertiral dimension of elstng (m) 2 000F+00 2 000F*00 - - ItMIK
Poll | Average annual wind speed (m/sec) { 2 000F+00 2 000E+00 WIND
R02) i Avetage hellding att esthange sete (1/hri 5 000E-01 5 000E Cl - REXG

| 7 500E*00 2 500E*00 llRMR028 Hel ht of the building troomy tal
Buffding interior area f actor I O 000E*00 0.000F+00 code compute d (t ime de pe nde nt ) IFAIRD21

RG21 Building dept h below ground sur f ace tel 0 000E+00 t 1 000E*00 {DMTL |
R021 Emana r. Lng twwe r of Rn-222 gaa 2 500E-01 # 2 500F-On ! t FMANAti) |4

1 500E-01 1.500E 01 ' ! EKANAt'2)R021 Emanat ing powe r of kn 220 gan '

l

Summary of Pat hway se le c t ions

$ Pathway
.

timer Se Lect ion

1 - emee tnal gamma | suppr e s se d
2- inhaistion sw/o redon>i suppressed
9 plant ingestlun '

acttve
4 - meat inge n r. non active
5- mila ingestion i active
6- aquet ic foods ! ac t ive
1 drinking water active
M soll inge st ion suppressed
9 redon . active

Re sidua l Dadioact ivit y Program. Vetston 5 DA 04 fit /94 18 42 Page 11
Summary 6M CUf.W SE SEN5. CROUN!>=ATER. 20 M UN5Af F D= VAR [Ah LE
141e LMC5 Hit DAT

Contaminated lone DL=rnsLons initial Suit Concentrations. pC 1/ r
. . - _ _ _ . - - . ._ _ . . . - _ . _ - -

Area 2500 00 square meters Ra-226 8.000E*0s
Thissness 3 00 me t e r s Th*2]l 1 000E+e3

Cove r be r th j 05 me te rs U-234 1 000E+03
U-235 1 000E*0)

. U 238 4 000f.+03

1otal Dose TDOSEtt), eres/ yr
easic Rad Lat ion Dose L imit 30 oremlyr=

Tet si Mint ure Sun M(tl Fraction of Beate Dose Liett Rece tved at Time (t)=

c ivcarsi 0 000F*C0 4 000f+00 ) 00'J F 4 00 1 000E*01 3 000F*01 1 000F*02 3 000E*02 1 000E+03
Tbd5ftt1 2 169F+0i 2 16MF+01 ! 766F*01 2 757E*01 2 733E*01 2 649F*01 2 425E+01 2 390E*02

9tti 9 231E 01 9.227E 01 a 219E 01 9 190E-01 9.lD9E-01 8 B31E-On 5 083E 01 7 967E*00
M4mtmas fiO5fiti 1 Il6F+02 mres!yr at t = 317 6 2 0 3 years )

l

l
- 1

I

l
|

I
l

I

i

1

|I

e
,
,

1
i

r y , y .y , , - -y. .w_ ,. ..-e ,w - , , . - , . - . , _ _ - _ _ _ _ _ _ _ _ _ _ __I



Total Dose
Contributions TDC5t(L.p.t) for Individual RadionuclidesAs stem /yr and Fraction of Tot al Done At (t) and Pathways (p)111 6 yearst =

Ws;er Independent Pathways titleistion enludes redon)Groundggf[q, Inhalacton~~_.__._n, Radon P;arit ;%c11de eres/yr fract ~.n.,_-
-, . . ~ ~ , - - - - - ~ -.

-._n_--
- ~ - . . _ . . .

.-
_ }

Me a t Milk Soil lstemlyt itset. mrenlyr trac t ereatyt fratt- mrcolyr fract erem/yr fract areelyr traer

ha-226 0 000F*00 0 0000 0 000E+00 0 0000 2.406E*01 0 0772 0 Occt+00 0.0000 0 000f+00 0 0000 0,000E+00 0 0000 0 000E*00 0 0000
Th 232 0 ODCF+00 0 0000 0 000E+00 0 0000 0 00CF+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0 0000
U-2 34

0 000E*00 0 0000 0 000E+00 0 0000 $ lit 4f-0) O COCO O 000F+00*0 0000 0 000E+00 0 0000 0 000F*00 0 0000 0 000E+00 0.0000
0-235

0 000f*00 0 0000 0 000E+00 9 0000 0 00CE+00 0 000C 0 00fF+00 0 0000 0 DCOD 00 0 0000 0 000D00 0 0000 0 000D00 0 0000
U2H

O 000E+00 0 0000 0 000D00 0 0000 1 570E-06 0 0000 0 CD0E+00 0 0000 0 000D 00 0 0000 0 000E+00 0 0000 0 000D00 0 0000
,

Total

0 000F*00 0 0000 0 CDDR+00 0 0000 2 406F*Cl 0 0772 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*GO O 0000 0 000E*00 0 0000$

Tot al Lese
Contribuciana TDOSFti.p.t) f or Individual F.adionuclide s

As meetlyr AM Fraction of Totat Dose At t * (t) and fathways fp)317 6 yests

Wete De pe nde n t Pathwayn
Water

%cilde
- . _ . _ .

Fishudgo. f aiori P l a t.+ Mesterealyc tract Milksrcelyr tract eteelyt ttatt ereelyr fract steelyr tract aremlyr tract aree/yr fract

All Fathways*_ _ . _ __.
_ _ _ _

_ . _ . _ _ _ _ _ko.226 2 207F402 0 708) I
Th-2Jl 0 000E*00 0 0000

147F+0! 0 04)2 5 240E*01 0 1641 0 000E+00 0 0000 1 704E OL 0 0005 7 96)t-01 0 0026 3 l!6F+02 1 0000U /H

8 51LF. 09 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 CCCF +00 ' 0000 0 000E*00 0 0000 0 000E*D0 0 0000 0 000E+00 0 0000$ /66F-iG C 0010 4 015F-C9 0 0000 0 000F+00 0 0009 6 $NDE-12 0 0000
U-2)$

0 000f*00 0 0000 0 000F+00 0 0000 0 000F+00 0 C000 0 000!+0D 0 0000 0 000DC0 0 0000 1 067E-Il 0 0000 $ 184E-0) 0 0000
0 23R

3 6 99F 15 0 0000 2 26tf 16 0 0000 8 ;13E-16 0 0000m.,,
. .. . ,,

~ . . . . . - .. _ m . . , . . . . . .. 0 00tF+00 0 0000 2 855E-18 0 0000 0 000E &G D 0000 0 000E*00 0 0000 CTut e L

2 20 7E+02 0 7053 1 J47F+0! 0 0432 5 240E401 0 16P1 0 00CE*00 0 0000 1 704E-01 0 0001 7 963E-01 0 0026 J il6E*02 1 0000
t 334E-17 0 0000 I $10E-06 0 0000. _ . . . -.~,

.. .- . __ - - . .. . -

*be of all wat e r independera and dependent
. .. -- -- r ---.-

pathwava

besidual Radioa<tivity Pragtas. Venaton 5 04hmmary
M CU9t $E SEE . 140U h AlfR. 10 M UU.AT. KDaVARIAFLE04/11I94 16 42 Page 13F L lc FEMM E DAT

w el 1,w.e Contri%tions TDM Ett.p,tl
tor Ir.d t v idu.s l ka dionuc i lne sAv. erem'yt and Fraction of Total Dose At (11 and fortuavs ag)t = 0 00UF+00 yents

Weer Independem Pathwsys tinhalat ten en ludes radun)Cr oadp .t g a inhalatLon Ra dor. Plant%c lide .a r e r / y r tract stre!vr fract enes/tr ttact prem!vt traer mico m tract a rc eJ v r tract arcelyr t r ac t.

Me a t Miin Soil
Ra-216 h

000f*00 C 00(0 0 000f +00 0 0000 / 769Fe01 1 0003 0 000E+00 0 0000 0 000D00 0 0000 0 0008+C0 0 0000 0 000D00 0 0000
_ _ ~ _

Th-IJ/ C 000F+00 0 0000 0 Ovat*00 0 0000 0 000E*C0 0 0000 0 000D00 0 0000 0 00CE*00 0 0000 0 WD03 0 0000
. J 2hi 0 000D00 0 0000 0 000F 90 0 00i'O

O 000E*00 0 00C0 G 000E+0G 0 0000 0 000D00 0 0000 0 000E*00 0 0000 0 ODDE*00 0 0000
' U /JS

0 DOCF+00 0 00% 0 000F+00 0 0000 0 000E*00 0 0000 0 000F+0C D 0030 0 00Cf*00 0 0G00 0 000F 00 0 0000 0 00CE+00 0 0000
' 238

0 000F+00 0 0030 0 000F 00 0 0000 0 000E*00 C 000U 0 OCDE*C0 0 0000 0 000R*00 0 0000 0 CDCE +00 0 0000 0 000D 00 0 0000
D 000E*oc 0 0000

Tmal
0 000D00 0 UD00 0 000F+00 0 0000

b9Ea01 1 0000 0 bOOD 00 0 0000 0000EEbo00000 0 b00E=00 0 0000 0 000E+be 0 0000
l

{
j

lotel base c ontt t tmt t.ma TME F t i . e. t ) totIndis tGel RadionuclidesAs aremr yr and Fru t ton of Total Dose At t. = 0 000E*00 yearsfi) 4nd Pattveva ap)
j Water be pe nde nt Parhways
| 'w a t e rFa tu fthh Radai Planth li4e eteelyt tivt trem!yt ttact -

Me e t MilkI

-

All Pat hways*Dre m, yr flatt ettElyT tract mreelyf ttatt STPE/Vf tract s' t e m l y T Itatt

j

b ;4e 0 OC''F+00 0 DD00 0 LLOR+00 0 0000 J 000D 00 0 006 0 00CF+00 0 0003 0 000DUc 0 0003 0 OcbY+00 D 0000 7 769E+0i 1 0000
-

-

I Tri- t J J

GLGE+00 0 0000 0 OZ F*00 0 0000 0 00uf+uG G 000C C 000F 00 0 0000
w

LL/ U.

O LOOK+00 0 0000 0 DOCF+00 0 0000 0 00CF 00 0 0010
0 li > 0 OLUD00 0 00U0 0 00C5+00 0 0000 0 000D'00 0 0000 0 000t+00 0 00D0 0 000D 00 0 0000 0 0GLF+0s 0 0000 0 000E*00 0 CC00

!

0 00CF*00 0 0000 u 000t*00 0 0000
U / 18 0 0 (f*'O O 0000 0 000F +9,

b L300 0 000 D00 0 0000 0 000F+0S 0 0000 0 CDCD 00 0 0000 0 000E*00 0 0000 0 00CD00 0 0000
|

0 000F 00 0 0000 0 000D 00 0 0000 0 000F+GD 0 0000 0 000D00 0 0000
,- -

1-tat

D C;CCE *00 0 0000 0 000F+00 0 0300 0 000f*00 0 000G 0 000E+00 0 0000 0 60CF+00 0 0000 0 00Ff+Cu 0 0300 ' 169E*01 1 00000 000D00 0 0000
.

%e ut all watet i n de pe nde n t en.f c'e pe nde nt pattways
} Eceto +1 Bedinactivtry Ptogram. Ve t S t or. 5 04

04?11/94 la el Page 14
hen c y

FM CUMi sF V% GR T.?h A T F R /3 M UMAT. FD*VAF!A611| F i le EN.siOF DATI

{
l

Malh,e Not t i tut ion s N G Eft.p t) fot Ini tvidual ha Jivnu llde n1

AA er6s*yr and Fracties of Iw a s bm A t t = 1 COGDv ; 4It and Perbway sp!
v N e e.

In s l e ' I fide pr knt I.thwayh ( ." hha le t to
i c itt l udC h I A%D1O r cmref inhalattank44io Redon Plentbe lik meemi vt fract *testvt tsut errelyr t t ee t mies t vr flect

Me s t
Mita Soll

P. / t t.
0 000F400 0 Cor.0 o 00.';D 00 0 MO 1 76 4 01 1 0000 mrem!yr f rMt

e t e s. l y r t t a( t eerelyr fractth- 4 )J 0 OUCT ,0 0 0000 0 Geb!+00 0 0n00- 2 14

0 surf 00 0 Orr) c 00cF+00 0 0000 0 000F+09 0 0000 C GCCD00 0 0000 0 00M *00 0 0000 0 barf
0 000 00 0 0000 0 00CI+00 0 0000 0 006Ec6 0 0000 0 000D00 0 0000%. s 0 0000 0 000D 00 0 0000U 435

0 000F+00 0 0000 o ODOF+0p 0 00D0 0 00CF+00 0 0000 0 000F+0C 0 0000 0 00bi+00 0 0000
$ }99E.08 0 000,

0 000F*00 0 3000 0 000D 00 0 00iv 0 R0F+0D D 0000
l' 21N

O 000F+L 0 0000 0 Out. F*00 0 0000 4 675F.14 0 0000 0 000F+00 0 0900 0 000D00 0 0000 0 000FM e 0 0000 0 000F+00 0 00001stel

0 00;F+00 0 0000 0 LCOP+00 0 0000 2 76ttD01 1 0000 0 000F*D0 0 0000 0 OCGE+00 0 0000 0 LCDE*to 0 0000 0 00LD 00 0 0000
0 0G0D00 0 0003

0 Ca!+D0 0 0000 0 000F+03 0 0000

Tot.41 Dow C on t r l ta t tuna
TDMF i t , p t ) fot indl<1Jual had!unm 11det.

As areet yr end Fract ion s.1 Torel bose At t = 1 M.f*DC years (p)(L) and Pat tuay
Wa te t De pe nde n t Pe t 'rea n

Water .

w to.
_

Ftah Endan Piant>x 11dc arem/yr trut nicelyt (tact
_

~ _ _ -
. _

MilkMe a t
All Pat hways*m're/yr t r ac t miemlyr tint

h 226 0 00C D00 0 0000 0 000F *00 0 DNO O 000F+0D 0 6000
errelyr f aut er r ed y t tie:t a.rt e|yr f r u t,y

1h.212 0.0038t+00 0 9003 0 000f*D0 0 00D0 0 000D 00 0 0000 0 ODCFe w 0 0000 0 00CF+00 0 0000 0 tvDF+D0 0 0000 2 16MF+0a 1 0000
U-2 H

C 000F+00 0 0000 0 NOF*D0 0 0000 0 000E*00 0 C000 0 000f*00 0 000.0 000R+Ca 0 000 0 OuCE*GO O ODbc
0 DDCF+00 0 6000 0 000F 00 0 0000U.135

0 000D50 0 CD00 0 000E N 5 0 000$ 0 000F 00 0 0000t" . J 2 M

C 000E+00 0 0000 0 000F*DL 0 0000 C 000E+00 0 ONO 0 CGOE*00 0 0000 0 000D00 0 000, 0 000f 00 0 0000 D 00GD 00 0 00005 399F-Otl 0 0000-- . -

-- - C 000F*00 0 0000
O 000*+00 0 0000 0 000Fe00 0 0690 0 000E+00 0 0000 4 675!l= 0 0000

Total

0 D00E*00 0 0000 0 000D 00 0 0D00 C 00CF+0C 0 0u00 0 Ob;F400 0 000C 0 000E*00 0 0000 0 000E+00 0 0000
-- - 0 000D00 0 0000

.-

c.- -.m
.. .- - , + , . ,

. . _ _ w* he et all wate t inn pe nde m and ec pe nde tt i gathways 4 7pf+01 1 0000

_

_ _ _ _ _ _ _ . _ _ - . - - - - -- - ' - - - __ , , , _ _ _ . - - - - ~ '- _ _ _ _ , , . _ - - " " ~



_~.m..m-_.-.. , . _ . _ . - ~ . _ _ . _ _ _ . _ _ . _ _ _ _ ._ _ _ - ~ . _ ~ _ - - - _ _ _ _ - _ - _ _ _ _ _ _ - _ . _ ,

total Dose ContributLons TD05E(1,p.t} for Individual Radlonuclides (!) and Pathways (p)
As seemlyr and Fraction of Total Dose At t * 317 6 years

Wate r Independent Pathways (tahalation emelodes redon)

. - Ground Inhalation Redon Plant Meat Milk 5o11
Radia- -

4 NucLtde areelyr tract. mremlyr fract mres/ yr tract. stem /yr tract aremlyr fract. aremlyr faaet. areelyr fract,

Ra-226 0.000E+00 0.0000 0 000E+00 0 0000 2 406t+01 0 0772 0.000E+00 0 0000 0 000E*00 0.0000 0 000E+00 0.0000 0.000E+00 0 0000
Th-2 32 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0,0000 0.000E*00 0 0000 0 000E*00 0.0000
U 234 9 000E*00 0 0000 0 000E400 0 0000 5 184E 03 0 0000 0 000F+00 "D.0000 0 000E*00 0.0000 0 000E+00 0.0000 0.000E+00 0.0000
U+235 0.000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000E+00 0.0000 0 000E*00 0.0000 0 000E+00 0 0000

*
0-23d 0.000E*00 0 0000 0.000E*00 0.0000 1.5J0E-06 0.0000 0.000E+00 0.0000 0.000E+00 0 0000 0.000E+00 0.0000 0.000E+00 0.0000

-

Total 0 000E*00 0 0000 0 000E+00 0 0000 2 406t+01 0 0772 0 000E*00 0 0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000

Tot al Dese Cont ributions TDOSE t L,p.t) for Individual kadionnelldes (1) and Pathways (p)
As steelyr and Fraction of Total Dose At t = 317.6 years

Water bependent Pathways

Water Fish hadon P* ant Meat Milk All Pathways *
Radio. - . - - ~- - - - - - - - - - - --

Nuclide areelyr fract ereelyr tract. mreatyr tract. stem /yr fract. stemlyr fract premlyr fract. areelyr fract.
,

Ra-226 2 207t+02 0,7083 1 347F+0! 0 0432 $.240E+0! 0.1681 0 000E*00 0 0000 1.704F-01 0 0005 7 963E-01 0.0026 3 Il6E*02 1.0000
,

Th-232 0 000E400 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000.

U-214 8.511L-c9 0 0000 5 266E-10 0 0000 2 Ol$f-09 0 0000 0 000E+00 0 0000 6 580E-12 0.0000 3,067E-11 0,0000 $ 164E-03 0.00004

U-235 0 000E+00 0 0000 0 000E*G0 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0.0000 0 000E*00 0.0000 0 000E+00 0.0000
U 238 3 699E IS 0 0000 2.262E 16 0 0000 8 773E-16 0.0000 0 000E*00 0 0000 2.855E-IH 0 0000 1.334E 17 0 0000 4.170E-06 0.0000

Total 2 207E*02 0 7083 6 347E*01 0 0432 S.240F+0i 0 1681 0 000E*00 0.0000 1 704E 01 0 0003 7 963E 01 0 0026 3.116t+02 1.0000*

* Sum of all wate r independent and de pendent p a t hwa y s

Residual Res toact ivity Program. Version 5 04 04/11/94 18 62 Fa6e 131

Summary KM CU5H $E SENS, GROUN3 WATER, 20 M UNSAT, FD= VARIABLE
F Lle FMC5tnE DAT

Tote L Dose Cont r ibut ions TDO5E t t p.t) tar Individual Radionuclides (1) and iwt hways (p)
O 000E+00 yearsAs mremlyr and Fraction of Total base At t *

Water Inde pe nde nt Pathways (Inhalation eteludek radon)
i

Ground Inhalation Redon Plant Meet Milk Soil
e Vadto. .~_.-n- .-n. . ~ . . . - - - . . - - ~ - -_~- . --- -. n a - - -- -

; Nuclide premryr tract eremlyr tract. aremlyr fract stem /yr tract eremlyr tract. miemlyr tract areelyr tract.
i

0 000E* 2 769E*VI 1.0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000a Ra 226 0 000r+00 0 0000
0 000F 00 0 000000 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 OBOE +00 0 0000Th 232 0.000E*00 0.0000

U+234 0.000E+00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000R+00 0 00uo 0.000E+00 0 0000
U 23S 0.000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E*00 0.0000
U-238 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0.0000

4 Total 0.000E+00 0 0000 0 000E 00 0 0000 2 769E+01 1.0000 0.000EA00 0 0000 0 000E$00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000

Tot al Dose Cont r ibut ions TD05F(1,p,t ) f or Individual Rad tonuc lide s (1) and Pathways (p}
As mrem /yr and Fraction of Total Dope At t * 0.000E*00 years

i Water De pe nda nt Fathways
i

Water Fish Radon Plant Heat Milk All Pathways *
Radte -- --- - . -- - - - - - - - - - - - - - - - - . - ~ - 1

Nuclide areelyt tract aremlyr tract. areelyr f rac t mremlyr tract, mrem /yr tract. mreelys tract. mreatyr tract

Ra-216 0 000E+00 0 0000 0 000E+00 0 0000 0 000E400 0 0000 0 000E*00 0 0000 0.000F+00 0 0000 0 000E+00 0 0000 2.769E*01 1 0000*

Th-232 0 000E+00 0 0000 0 000F+00 0 0000 0 000E+co 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 ,
4

D - l )* 0 000F+00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000E*00 0 0000 I

U-235 0 000F*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000R400 0 0000 0 000E*00 0.0000 - 12

U J36 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0.000E*00 0.0000 |

Tot a l 0 000E*00 0.0000 0 000E*00 0 0000 0000E*000dOd0 0 dOCE*00 0 0000 0 dO0E+00 050000 0 000F 00 0 0000 2.769E+01 1.0000;

*$um of ell water in de pe nde nt and dependent pat hway s

Residual Radioactivity Prograe. terston 5.04 04/11/94 le 42 Page 14
Summary F.M CUSH 5E SEWS. CROUNDWATFR, 20 M UMSAt. Eb=VARLAELE
File KMCSHSE DAT

4 Tot al kose Conti thut ions TDOSE t l.p.t l for Individus1 Radlonuclides it) and Pathwavn (p)
As meemlyr and Fract Lon of Total Dose At t = 1. 00CE *00 ye a r2.

Ware + Inde pt noe nt F.thways (inhalatian e aclune n radon)

Cround Inhalat ion Radon Plant Meat M11s Soll
1 gaato. . _ . . _ _. . . , _ . . . _ _ _ . . . _ ~ - . _ - . - _

l Nuc l ide pres /yt fract trem/yr fract stem /yr tract arcelyr fract stem /yr tract eremlyr 11act prem/yr (ract.

ka 116 0 000E+00 0 0000 0 000E*00 0 0000 7.768E401 1 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 OCOF+00 0.0000 0 000E+00 0 0000
Th-212 0 000E+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000F*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000,

"- U 2 34 - 0 000E*30 0 0000 0 000E*00 0 0000 $ 399E-08 0 0000 0 000E+0D 0 0000 0.000E+00 0 0000 0 000E*00 0 u000 0 000E+00 0 0000
Il- 2 3 ) 0 000E+00 0.0000 0 000F*00 0 D000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E400 0 0000 0 000E*00 0.0000
D-238 0 000E*00 0 0000 0 000E*00 0 0000 4 675E 14 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000F+00 0.0000 0 000E*00 0 0000

Total 0 000E+00 0 0000 0 000E+00 0 0000 2.76BE401 1.0000 0 000E+00 0 0000 0.000E*00 0.0000 0 000E400 0 0000 0 000E*00 0 0000

To a t Dose Cont r ibut tons T00SE(1 p.t) for Individual RadLocuelldes (1) and Pathways tp)
As are9/yr and Fraction of Total base At t = 1.000E+00 years

Water Dependent Pathways

Water TLsh Radon Plant heat Milk All Pathways *
* Radio- . . - - - - - - - -. ---- - ---

Nuclide areelyt tract. eteelyr tract aremlyr tract uremlyr fract aremlyt tract steelyt tract. mremlyr tract,

ha-226 0 000f*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 2.76eE+01 1 0000
Th-232 0 000E+00 0.0000 0 000E*00 0 0000 0.000E+00 0 0000 0.000F400 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0.000E+00 0.0000

j' '

U- 2 34 0 000E+00 0 0000 0.000F+00 0 0000 0 000E*00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 $.399E-08 0.0000
U-23% 0 000E+00 0 0000 0 000E400 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 0 000E*00 0 0000

- U 218 0 000F+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E.00 0 0000 0 000E+00 0 0000 4 673E 14 0 0000
$

Total 0 000E*00 0.0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 2.768E*01 1.0000

* Sum of all water independent and dependent pathways,

4

'

,

,

.~._.- ,, . . . . , , _ _ __ _ . - _ _ . . . _ ~ . _ . . , . . _ _ .__.,m,.. . _ _ . . _ _ _ ..m. __-__ _ _ _ . __ . . . . .
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I
Residual Radioactivity ProReam. Version 5 04 04/11/94 18 42 Foge 15
hemary EM CU5tt $f SENS. GROUNDWATER, 20 M LDr54f, KDaVARI AELE
File . EMC1;15E.DAT |

Total Dose Cont ributions T005f fi.p.t) fot thd tvidmal Radionuc lides (il and fathways Ip) !
As mremlyr and FractLon of 1otal Dose At t = 1 000t+00 years

Water Independent Pathways (Inhalation excludes redon)

6round Inhalation Dadon Plant Heat Milk Soll~
pagto, _ . . . _

Nucilde areelyr fract areelyr tract agemlyr fract atomiyt fract mien /yv fract aremfyr (tact. steelyr tract.
._ . . _ _ - . _ s__.__ __ - . _ _

Re 226 0.000f+00 0.0000 0 000f+00 0.0000 2 2667+01 1.0000 0.000f*00 0 0000 0 009E+00 0 0000 0 000f*00 0 0000 0 000f+00 0 0000 .

Th-237 0 000f*00 0 0000 0 000P+00 0 0000 0 000E*00 0 0000 0 000T+00 0 0000 0 000K+00 0.0000 0 000F+00 0.0000 0.000E*00 0 0000
U 2J4 0 000E*00 0 0000 0 000E+00 0 0000 4 658f 07 0 0000 0 090f+00 0.00G0 0 000E+00 0 0000 0.000f+00 0 0000 0 000E*00 0.0000
U 235 0.000f*00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000 0 000f+00 0 0000 0 000E+00 0 0000 0.000f+00 0.0000 0.000f+00 0.0000
U-238 0 000E*00 0 0000 0.000t+0D 0 0000 1 37)f-12 0 0000 0 000F+00 0 00fJ 0 000E+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000

Total 0 000E+00 0 0000 0 000E+00 0 0000 2 766t*01 1 0000 0 0008+00 P0000 0 000f*00 0.0000 0 000R*00 0 0000 0 000E*00 0 0000

Total Dose Contrihttons TD05Ett,p,t) f or 1rdividual Radionocitdes (1) and Pathways (p)
As areelyr and Festtion of Tual Dose At t = 3 000E+00 years

Wate r Lependent Pathways

Wate Flah padon Plant Meat Milk All Pathways *
Radio- - - - - - - ~ - - - - - - - ~ - - - ~ - - - - - - - --.-- - -

pre tract atem!yr tract aiemlyr fract eremlyr fract.j hclide ereelyr fract mies/yr tract areelyr fract
.

. ~ . . . - - _ .-..
. . . . . . - _ . - ._ _ m/yr.._ -. . _ , . _ -

.. . . _ . _ ,

a Ra.226 0 000E*00 0 0000 0 000E*00 0 0000 0 000f+00 0.0000 0 000f*00 0 0000 0.000E*00 0 0000 0.000f+00 0 0000 2,766E+01 1 0000 >

Th 232 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 OC0E+00 0 0000 0 000T+00 0 0000 0 000E+00 0.0000
U-214 0 000F+00 0 0000 0.000E+00 0.0000 0 000E+00 0 0000 0 000f+00 0.0000 0 000E+00 0.0000 0 000F+00 0 0000 4 658E 07 0 0000
U-2)$ 0 000E*00 0.0000 0 000Fe00 0 OOPS 0 000F*00 0 0000 0.000! 00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000
U-238 0 000t+00 0 0000 0 000f*00 0 e 00 0 000E*00 0 0000 0 000F*00 0 0000 0 000E+00 0 0000 0 000f+00 0.0000 1.373E-12 0 0000s

Total 0 000F+00 0 0000 0 000f*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000f*00 0 0000 2 766E+01 1.0000

* Sum of all inste t inde pende nt and depe ndent pathways
1

Residual Radioactivity Prograe. Version $ 04 04/11/94 18 47 Page 16*

j Summary EM CU0il 5R 5FM, 0 Rot!NDWATEk, 20 M UNSAT, FD=VARIAEL.!
'

File FE 5 HSE DA*

Total Dose Cont r lteut tona TDOSE( L.p .t > tor Individual Radionue11 den (1) and Pat hways (p)
1 000F+DI yearsAs oremlyr and Frac t ion c<t Total Taose At t =

Wate r IrWependent Pat hways (Inhalat ion exc lude s r a dor. J
!

* Rae... . . . ~ . _ . _ _ _ _ . . _ _ _ . _ _ . . _ _ _ . _ _ . _ _ _ -. _ .'Otound inha la t tun Redon Plant Me a t Milk 5o11

1 Nc 11de aremlyr fract steelyt tract areelyr tract oreelyr tract miemlyr tract m r e sily r fract stemlyr tract.

0000E*000Oh00 |Ita - 2 2 6 0 000E+00 0 0000 0 000E*00 0 0000 2 h7F*01 1 0000 0 000E*00 0 0000 0 000Ee00 0 0000 0 000f+00 0 00'00 E

Th-232 0 000Fe00 0 0000 0 000F*00 0 0000 0 000F*00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0 000f*00 0 0000 0.000E*00 0 0000
U-234 0 000Fe00 0 0000 0 000F+00 0 0000 5 391E Ota 0 0000 0 000E+00 0 0000 0 000t+00 0 0000 0 000f*00 0 0000 0 000E+00 0 0000 I

'
U 235 0 000F+00 0 0000 0 000E*00 0 0000 0 000f*00 0 0000 0 000f*00 0 0000 0 D00E+00 0 0000 0 000E+00 0 D000 0,000F+00 0 0000
U-2 M 0 000F+00 0.0000 0.000E+00 0 0000 5 OM6E-11 0.0000 0 000F+00 0 0000 0 000E+00 0.0000 0.000f*00 0 0000 0 000E+00 0 0000 I

lotal 0 000E+00 0 0000 0 000f*00 0 0000 2 757E+0i l'0000 0.000E+00 0 0000 0 000F 00 0 0000 0 000f+00 0 0000 0 000f+00 0 0000 j

2

Tot al ime Contributions TDCSE(i.p.r) (or individual Radionuclide s ill and Pathways (p)
As atemlyr and Fraction of Totei Dor.e At t * 1 000E+01 years i

Water Dependent Pathways .

Water Fish Radon Plant He a t Mllk All Pathways *
Radio- ~~ -- - - -- - -- - -- - - - - -- --- --

-----aremlyr fractNuc lide eteelyr fract premlyt tract agemlyr fract etemlyr tract mreelyr fract mremlyr tract

Ra 226 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000f*00 0 0000 0 000E*00 0 0000 0 000f+0C 0 0000 2 757E*01 1 0000
f Th-232 0 000F*00 0 0000 0 000f+0D 0 0000 0 000E*00 0.0000 0.000E*00 0 0000 0 000f+00 0 0000 0 000t+00 6 0000 0 000E*00 0 0000
f U 216 0 000E*00 0 0000 0 000f*D0 0 0000 0.000E*00 0 0000 0 000E*00 0 0000 0 000t*00 0 0000 0 000E*00 0 (O O. 5 391E.06 0 0000 4U 21) 0 000f*00 0 0000 0 000f*00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0.000F*00 0 0000 0 000*+00 0 000b 0 000E+00 0 0000 i

U-236 0 000f*00 0 0000 0.000E+00 0 0000 0 000E+00 0.0000 0 000f*00 0 0000 0 000t*00 0 0000 0 000E+00 0 0000 % 086E-11 0 0000 )

Tots! 0 000F*00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000 0 000C+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0010 2 757E*01 1.0000

*5um c( all water inde pe nde nt and dependent pathways

kesidual Radtoactivlty Program. Ve t s ton 5 04 04/lll94 18 el Page 17
Summary F14 CUSH 51 SENS , 0ROUNDWATER. 20 M UN5AT. ED*VAP!AfLE
F ile AMC5H%E DAt

' ITot al Dome Lunt c Lhut ions TimF( L .p.t s f or Individual Radiarw ltde 6 (13 ar.d Pathways lpa
As nrem!yr ersd Fraction of total Doar At t = 3 000f*01 yesto

e
' Water independent Pathways (triba tation exc ludes redon1

Gr our d Inha lat ion Radon Flant Meat Mila Soil
R4dto- - ~ - - -- - -- - - - - - - - - - - -- - - -- ..- - - - - - -

Nuc lide tremlyr fract. mientyr fract mientyr (tact. miemlyr fract stemlyr fract mromfyr fract. atemlyt tract.

Ra 226 0.000f*00 0 0000 0 000E+00 0 0000 2 7))f*01 1 0000 0 000F+00 0 0000 0 000Fe00 0 0000 0 000f*00 0 0000 0 000f*00 0 0000
Th-2Ji 0 000E*00 0 0000 0 000F+00 0.0000 0 000E.00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000
U - 214 0 000E+00 0 0000 0.0009 00 0 0000 4 837f-05 0 0000 0 000F'00 0 0000 0 000F+00 0 0000 0 000F+00 0 0000 0 000t+00 0 0000
'U - 2 3 b 0 000E+00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000f*JO O 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0.0000
0-238 0 000t+00 0,0000 0.000E+00 0 0000 t 370E-09 0 0000 0 000f+00 0.0000 0 000f*00 0 0000 0.000F+00 0 0000 0 000E+00 0 0000

Total 0 000E*00 0 0000 0 000E 00 0 0000 2 73.)f*01 ~ 0 00bf*00 0 0000 0 000E+00 0 0000 0 000f*00 0 0000 0.000f+00 0 0000

i 1

- , ._ __ _ . . _ . _ _ _ _ _ _ _ _ ___ . __ _ _ . _ _ . - .
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h-
i

Total Dose Contr1 buttons TDOSE(1 p.t) for Individual Radionuchtden (i) and Pat hways (p)
As aremlyr and Traction of Total Done At t= 3 000E*01 years

{ Water Depeedent Pathways

Water F4sh Redon Plant Meat Milk All Pathways *

/ Redto. --- -

Nac i n de areelyr fract. neemlyr fract, aremlyr tract. aremlyr tract, aremlyr fract arem/yr (ract. areelyr (ract.

ka 226 0.000!+00 0.0000 0 000E*00 0 0000 0 000t+00 0.0000 0 000E+00 0 0000 0.000E+00 0 0000 0.000E*00 0 0000 2,733E+08 1.0000
Th-232 0 000E*00 0.0000 0.000E+00 0.0000 0 000E+00 0.0000 0 000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0 000E*00 0.0000

- U-234 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0.0000 4 837E 05 0 0000
) U.21% 0 000E+00 0.0000 0 000f+00 0.0000 0 000E+00 0.0000 0 000F+00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 0 000F400 0 0000
| U 23B 0 000F+00 0.0000 0 000E+00 0 0000 0.000E*00 0 0000 0.000E*00 0.0000 0 000E+00 0.0000 0 000E*c0 0.0000 1.370f-09 0 0000

-,

]
foral 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 D 000E*00 0 0000 2 733E+01 1.0000

+5um of 411 wate r independent and de pendent pathways

kesidual Restoectivity Program. Version 5.0a 04/11/94 10.42 Pa Be 18
Summary EM CUSH SE 5FNS, OkOONDWATER, 20 M UNSAT, FD+ VARIABLE

,

File FMC5 HSE DAT

Tot al l+ose Cont ribut tons fDOSEt t.p.t ) for (notvidual Radionuclides (1) and Parhways (p)
As areelyr and Fraction of Total Dose At c * !.00CE*02 years

water I nde pe nde nt Pathways t inhalation exc Ludes radon) .,
Ground Inhalat Lon Radon Plant Me a t Milk Soll I

Rad 19 . . - - . - . . . - - . - - . . , ._,~-.s_ _ . , - . - - . . - . -- - . . - - - - . - . - - . . . . -

; Nac1tde areelyr fra:t premlyt frart steelyr fract argelyr tract mremlyr tract mremlyr fract. aremlyr fract.
,

f ka 226 0 000E*00 0 0000 0 000E*00 0 6000 2 649E+0! l 0000 0 000E+00 0.0000 0 000E+00 0 0900 0 000E+00 0 0000 0 000E*00 0 0000
, Th 23/ 0 000E+00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000Fa00 0 0000 0 000E+00 0 0000 0 Oc0E*00 0 0000 0 000E*00 0 0000
1 U-236 0 000F+00 0.0000 0 000E+00 0 0000 5.316t-04 0.0000 0 000E+00 0 0000 0.000E*00 0.0000 0 000E*00 0 0000 0 000F 00 0 0000 i

a U-235 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0 000E+00 0 0000 0.000E*00 0 0000 0 000E+00 0 0000
? U 236 0 000E*00 0 0000 0 000E*00 0 0000 5 031E,08 0.0000 0. 0' 0E *00 0 0000 0 000E*00 0.0000 0 000E+00 0 0000 0 000E400 0.0000

Total 0 000E+00 0 0000 0 000f*00 0 0000 2 649E*01 1 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000

Total Dose Cont r ibut ions TbOSE t t.p.t ) toc individual Radionuclides ti) and Pathways tp)
As aremlyr an,1 Fraction et Total Dose At t = 1 000E*02 years

Wate r bependent Pathways

Water F1ph Radon Plant Heat M Llk All Fathways*
a ad b,. - ~ ~ _ . . . . _ ..__ ._ - _. . - _ . . . _ . - . . _ ~.

i NactLee aremiyr tract stemlyt tract aremlyr fract mreelyr itect. steelyr tract. steelyr tract are ely r fract.

P a -2 io 0 000F+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 2 669E+01 1.0000a

Th 2)2 0 0007+00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000
)U./J4 0 000F+00 0 0000 0 000P 00 0 0000 0 000F 00 0 0000 0 000F+00 0 0000 0 000E*00 0 0000 0 000F+00 0 0000 5 316E-04 0 0000e

0 000E* 0.000E*00 0 0000 0 000E*C0 0 0000 0 000E+00 0 00000-23% 0 000E*00 0 0000 0 000E+00 0 0000 D 000f+00 0.0000
0 0002.00 0.0000 '00 0 0000 0.000E+00 0 0000 0 000E*00 0 0000 5 031E-06 0.0000U 718 0 000F 00 0 0000 0 000F+00 0 0000 0 000E400 0 0000

Total 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 2 649E+0! 1.0000

, w *nem of all wate r independent and de pendent pa t hwa y s

ww. he s tdval ked Loar t iv Lt y Program, Verston 5 06 04/11/94 18 42 Page 19
Summarv FM CULH SF SENS CROUwt*ATER. 20 M UNSAT, FD* VARIABLE
F kle EMCSIl5L DAT

Tot al Done Cont r ibut ions TDOSRI L,p t) f or Individual Raitonucitdes t .t j and Pat hways tpl
As miestyr and Fraction of Total Dome At t + 3 000E+02 years

Water Independent Pathways (Ir halation excludes t adon)

Orvund Inhalation Radon Plant Meat MLik Soit
Pano. - -- -- - - - .-- . - - - - - - - - - - - - . - .

Nuclide mremtvr tract arcelyr fract miemlyr tract meemlyr trarr stemlyr tract eteelyr fract mremlyr fract

2 425F+ 0 9995 0 000E*00 0 0000 0 000F+0G 0 0000 0 000F+00 0 0000 0 000E+00 0 0000k4 .it L 00DF+00 0 0000 0 OccE+00 0 0000
0 000F 0100 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000TV J ai 0 000F+00 0 0000 0 000F+00 0 0000

k - 14 0 000f*00 0 0000 0 000!*00 0 0000 6 6)9E-03 0 0002 0 000E 00 0 0000 0 000F+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000
U-235 0 000F+00 0 C000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+GO O 0000 0 000F+00 0 0000 0 000E*00 0 0000
0 2 3e 0 00DF*00 0 0000 0 000F+00 0 0000 1 326E-06 0 0000 0 000R+00 0,0000 0 000E+00 0 0000 0.000E+00 0 0000 0 000E*00 0.0000

- - - +.* . - .-- e-.-

1otal 0 000E.00 0 0000 0 000E*00 0 0000 2 425E*01 1 0000 0 000E*00 0 0000 0 000E*00 0.0000 0 000E*00 0 0000 0 000E+00 0 0000
1

Total Dome Cont r ibut t ons TDn5 El i .p . t ) for Individual Radtonucitdes (t) and Pat hways (p)
As aremryr and Fraction et Total bose At t * 3 000E*02 years

Wate ' De pe nde nt . Pat hways

Water Fish Radon Plant heat Milk All Par nways*
" hadle u - - - - - - . -

j huc i tde stemlyr tract stemtyr tract eremlyr fract eremlyr (tatt . mreelyt tract. mreelyr tract. stem /yr fract

ha set 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 2.42SE*01 0.9998
in.212 0 00DE*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0.000E*00 0.0000
U 234 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 4 639E-03 0.0902
U 21) 0 000F+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000t+00 0 0000 0.000E*00 0.0000 0 000E*00 0 0000 0 000E*00 0 0000
lb / se 0 000E*00 0 0000 0 000E *00 0 0000 0 000F*00 0 0000 0 000E*00 0 0000 0.000E*00 0.0000 0 000E+00 0 0000 1.326E-06 0 0000

Total 0 000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 0 000E+00 0 0000 2 425E+01 1 0000-

*$um of a L1 wate r independent and dependent pat hway s

Restdual Radioactivity Program, Version $ 04 04/11/94 18.42 Page 20
Summary FM CD$H $E SENS CR3UNDWATfR, 20 M UNSAT, KD+ VARIABLE
File KMC5H5E DAT

5
i

%w%

.
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a

J
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-

-- ,. - ,.-m .

I
s

4 Total Dose Cor t ribur tons TDOSEt t.p.t) f or individual Radionuclides (1) and Pathways (p)-
' As areatyr and Freetion of Total Dose At t * 1.000E+03 years

Water Independent Pathways (Inhalation excluden radon)
0' Cround Inhalation Radan Plant Me at Mill. Soil
| Radio- ---

puclide areatyr fract. ares /yr fracc. areatyr fract aremfyr fract- ares!yt tract. ares /yr fract, oremlyr tract.

Ra-226 0.000E+00 0.0000 0.000E*00 0.0000 1.778E*01 0 0744 0 000Ee00 0 0000 0 000E+00 0 0000 0.000E+00 0.0000 0.000E*00 0.0000
Th-232 0 000E+00 0 0000 0.000E+00 0.0000 0.000E+00 0.0000 0 000E+00 0 0000 0 00aE+00 0 0000 0.000E+00 0 0000 0.000E+00 0.0000
U4234 0 000E+00 0 0000 0 000E*00 0 0000 4.642E-02 0 0002 0.000E+00 0 0000 0.000E+00 0 0000 0.000E+00 0 0000 0.000E+00 0.0000

: U-235 0 000E+00 0 0000 0 000E+00 0.0000 0 000E+00 0 0000 0 000E+00 0.0000 0 000E*00 0 0000 0.000E*90 0.0000 0 000E*00 0 0000
' U-238 0.000E+00 0 0000 0 000E*00 0 0000 4 529E 05 0.0000 0.000E*00 0.0000 0.000E+00 0.0000 0.000E+00 0 0000 0.000E*00 0.0000

Tots! 0 000E*00 0.0000. 0 000E*00 0 0000 1.782E*01 0.0746 0 000E*00 0 0000 0.000E+00 0 0000 0,000E*00 0.0000 0.000E+00 0 0000

|
t 2 Total Dose Contribottons TDOSE(1,p.t) for Individual Rad tonuclides (1) and Pathways (p)

As oreelyr and Tsactton of Total Dose At t * 1.000E*03 yeara

Water Dependent Pathways

Water Fish Radan Plant Me a t Milk All Pathways *
Radio-

; Nuc lide aren/yr tract evenfyr tract. mrealyr tract- mreelyr fract. mien /yr tract, aren/yr fract. ' aremlyr fract.

94 226 1 694E+02 0.7057 1.05)f*01 0.0441 3 989E*01 0 1669 0.000E+00 0 0000 1,306E-01 0.0005 6.07BE.Gi 0.0025 2 383E*02 0 9972 >

0 000E 00 0 0000 0 000E+00 0 0000 6Th 232 0 000E*00 0 0000 0,000E400 0 0000 0 000E*00 0 0000 0 DuGE+00 0 0000 0 000E+00 0.0000
U 2 34 a 464E-01 0 0020 3 023E-02 0 0001 1 146E-01 0 0005 0 000E400 0.0000 3.749E-04 0 0000 1.745E 03 0.0000 6.797t-01 0.0026
U-235 0.000E*00 0 0000 0 000E*00 0 0000 0.000E+00 0 0000 0 000E+00 0 0000 0 000E*00 0 0000 0 000E*00 0 0000 0 000E+00 0 0000' U 239 3 156E-04 0 0000 1.961E 05 0 0000 7.434E 05 0.0000 0.000E+00 0.0000 2 433E-07 0.0000 1.132E-06 0 0000 4.562E-04 0 0000

8

4

- .. . _. -. - - - - -- -

Total ! 699E*02 0 7107 1 056E*01 0 0442 4 001E*01 0 1674 0 000E+00 0 0000 1.310E-OL 0 0005 6 095E 01 0.0026 2.390E+02 1.0000

)~ +$um of all water independent and dependent pat hways

Restaual Radioactivity Program. Veraton 5 06 04/11/94 16 42 Page 21
Summary FM CULH SE SENs, GROUNDWATER, 20 M UNSAT. KD+ VARIABLE,

File ENC $lt3E DAT

Dosel5ource Rat los Summed Dve r All Pat hwaya
Parent and Progeny Principal Radionuc 1Lde Cont ribut tons Indicated

'

Pa t e nt Product Esanch DSR().t) t areel y r ; / t pC1/ g)
It) (J) Fraction t. 0 000E*00 1 000E+00 3 000E+00 L 000E+01 3.000F*01 1 000E+02 3.000E+02 1 000E+03

5 ka 226 Ra 226 1 000E=00 2 769E 02 2 76HE 02 2 766E-02 2.757E-02 2.73)E-02 2 649?-02 2 425E-02 2.367E-01
Ra-226 Pb-210 1.000E*00 0 000E+00 0 000E*00 0 000E+00 0 000E*00 0 00GF*00 0 000F*00 0 000E*00 1.621E 03,.

Ra-226 IDSR()} 2.769E-02 2 76ME.02 2 '66E-02 2.757E 02 2 73)f-02 2.649E-02 2 425E-02 2.383E 01
i

'

Th-232 Th-232 1 000E*00 0 000E+00 0 000E*00 0 000E+00 0 000E*00 0 000f+00 0 000E*00 0 000F+00 0 000E+00
# '1 h- 212 Ra-228 1 000E*00 0 000E+00 0 000F+00 0 000E+00 0 000E*00 0 000E*00 0 000E+00 0 000F*00 0 000E+00

Th 132 Th-228 1 000E+0D 0 000E+00 0 000E*00 0 000E+00 0 000F+00 0 000E*00 0 000E*00 0 000E+00 0 000E*00
Th 232 EDSR(1) 0 000E+00 0 000E*00 0 000E*00 0 000E*00 0 000F+00 0 000E*00 0 000E+00 0 000E+00

" U 234 U 234 4.000E*00 0.000E+00 0 000E*00 0 000E+0C 0.000E*00 0 000E+00 0 000F+00 0 000E*00 0 000E*00
i U-234 1h-230 1 000E+00 0 000E+00 0 000E*00 0 000E+00 0 000E*00 0 000E+00 0 000E+00 0 000E*00 0 000E*00
d 04234 ka-226 1.000E*00 0.000E*00 5.399F-il 4 658E 10 5 391E-09 4 837E-06 5 316E 07 4.639E 06 6 752E 04

0 214 Ph 210 1 000E+00 0 000E+00 0 000E*C0 0 000E+00 0.000F*00 0 000E*00 0 000E*00 0 000E*00 4.537E-06
U-234 EDSRij) 0 000E*00 $ 399E 11 a 85HE 10 5 391E-09 4 837E 06 5.316E 07 4 639E-06 6 79FE-04

a

' U-235 U 235 1 000E+00 0 000E+D0 0 000E+00 0 000E*00 0 000E+00 0.000E+00 0 000E+00 0 000E+00 0 000E*00
U 235 Pa-231 1 000E+00 0 000F+00 0 000E*00 0 000E*00 0 000E+00 0 000E+00 0 000E400 0 000E+00 0 000E*00
U-235 Ar 227 1 000E+00 0 000E*00 0 000E*00 0 000E*00 0.000E+00 0 000E+00 0 000E+00 0 000E+00 0 00CE+00
U 235 EDSR4j) 0.000E*00 0 000E+00 0 000T+0F 0 000E*00 0 000E+00 0 000E+00 0 000E+00 0 000E*00

U 238 U-2)6 6 000E*00 0 000F+00 0 000E*00 0 000E+00 0 D00E*00 0 000E+00 0 000E*00 0 000K+00 0 000E+00
U 238 U-234 1 000E+00 0 000E*00 0 000E*00 0 000E+00 0 000E*00 0.000F400 0 000E*00 0 000E+00 0 000E+00
U 235 Th-230 1 000E*00 0 000E*00 0 000E+00 0 000E*00 0 000E*00 0.000E*00 0.000E+00 0 000E+00 0 000E+00

' U 238 ka 226 i 000E+00 0 000E*00 4 675E 17 1.37)E 15 5 0A6E 14 1.370E 12 3 031E-Il 1 326E-09 4.533E 07
U 238 Pb-210 1 000E+00 0 000E+00 0.000E*00 0.000E*00 0 000E+00 0.000E+00 0 000E+00 0 000E+00 2.697E-09
U~239 IDhRt)) 0 UU0E+00 4 675E-17 1 373E-15 5 086E 14 1 370E-12 5 031E-il 1 326E-09 4.562E-07

6 tanc h Fiac t ton is the cumular tve f actor f or the j'th principal radionuclide da4ghter CLHERTtJ) = PRF(Al*BRFt2)* kRFtj)
The DSR lnc ludes cont ributions f rom assoc iate d (half life s D 5 yr) daughters,

i
S ing le Radlonuc lide 5o11 Culdeline s Ct t.t ) in pct /g4

30 mremlyr
J,

basic Radiat Lon Dose Liott *

Mucilde
["

_- . . _ _ - _ , . . . . - _ - _ . _ . ... - . - . - _ . . i
tb) t- 0 000E+00 1 OGOE*00 3 000h*00 1 000F*01 3 000E=01 1.000E+02 3 000**02 1 000R+03

* Ra-2tb 1 Da)F+03 1 084E*03 1 OH5F+03 i GHMFe03 1 09sE*03 1.132E+03 1 237F+ 1 259E*02
*1 09?F 03in-112 *1 002E*05 *i 092E+05 1.092E 05 *1-092E*05 *1 092E.D5 *1 092E*05 05 *1 092E+05

U-234 '6 233F+09 *6 233E+09 '6 233E+09 5 564E*09 6 202E*0s 5 64)f*07 6 467E406 4 413E+04 r
'U 21) *2 160E+06 *2 160F+06 *2 160E*06 *2 160F*06 *2 160F*06 *l 160E*06 *2 16cE+06 *2 160F+06

U+238 *3 360E*05 *) 36CE+05 +3 360E=05 *3 360E*05 *3 360E*05 *3.360E+05 *3 360E+05 *3 360E*05
. . . . .

*At specific act ivity 3 tmit

ResLdsel Radioactivity Program. Vetaton 5 04 04111/94 18 42 Page 22
Summary KM CU511 SE SENS, CkOUNDWATEk, 20 M ifMEAT, FD* VARIABLE .i
F ile FMC5W)E DAT

'

,

' Summed Dose / Sour ce Rat ion t,R f i.t ) in teremf yr)/ tpC LIg)
and $ Lngle Radionuc lide Lok! Culdelines Ot t,t) in pCL/g

'

at tm Ln * t ime of minimum ningle rad tenuclide soll guide Line
and at t aan -* t ime of mantmon total dose * 317 6 1 0 3 years

Nuc!!de Initial Emin DSRtt.tmint Oti.tmin) DSRt1. team) Cit.tmax)
11p pClfg qyears) (pct /g) (pct /g> t

ha 226 1 000E+0) 317 6 03 3.ll6E-01 9 627t+01 3 !!6E-01 9 627E*04
Th 232 1.000E*03 1.000E*03 0.000E*00 *1 092F+05 0 000E*00 *1 092E*05
U 234 1 0:0E+03 I 000E*03 6 797E-04 4 413F+0* 5.184E 06 5 787E*064
U-235 1 D00E*03 1.000E+03 0 000E*00 *2.160E+06 0 000E.00 *2.160E+06
d-238 1.000E+03 1 000E+03 4 562E-07 *).360E+05 1 570E-29 '3 360F+054

3

4 .
* *At specif ic activity limit
e

,

i

k'

y er , v-w, x, w - w,-~ em,-mm,..v-,,-e.---.., .w-----..m .e-n= , , , . - - . - . . . - - - , , - - , - . - - - . - - - ~ ~ . . - . . . , . - , . ~ - _ , - -
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Residual Radioactivity Program, Version 5.04 04/11/94 19:35 Page 19
Detailed: KM CUSH SE SENS, GROUNDWATER, 20 M UNSAT, KD= VARIABLE
File KMCSH5E.DAT

Transport Time. Parameters for Unsaturated Zone Stratum No. 1

Stratum thickness [h(1)]: 20.000000 m
Bulk soit material density [rhob(1)]: 1.500000 g/cm**3

Ef fective porosity (peuz(l)]: 0.050000
Hydraulic conductivity [Khuz(l)]: 0.003150 m/yr

Total porosity [ptuz(1)]: 0.200000
Soil specific b parameter (buz(1)]: 5.300000 j

Saturation ratio [sruz(l)]: 1.000000 j

Radio- Distribution Retardation Transport ;
nuclide Coefficient Factor Time

(1) Kduz(1,1), cm**3/g Rduz(1,1) Dtuz(1,1), yr

2.0000E+01 1.5100E+02 4.7937E+04

O
Ac-227
Pa-231 5.0000E+0! 3.7600E+02 1.1937E+05 ,

''' Pb-210 1.0000E+02 7,5100E+02 2.3841E+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 1.1908E+06
Th-230 1.0000E+03 7.5010E+03 2.3813E+06 '

'Th-232 1.0000E+00 8,5000E+00 2.6984E+03
U-234 2.0000E+00 1.6000E+01 5.0794E+03
U-235 5.0000E+00 3.8500E+01 1.2222E+04
U-238 1.0000E+01 7.6000E+01 2.4127E+04-

1

l

I

()

-

,., , - .. ,
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e APPENDIX C
1+v

KEY PERSONNEL
CUSIIING SITE DECOSINIISSIONING PROJECT

Roy R. Smitti
Vice President, Environmental Operations, Technology & Engineering Division. (Also President,

Cimarron Corporation) Responsible for all site activities and selection of personnel for all safety and

environment related positions.

Jeffrey J.1.ux

Project Manager, Environmental Operations, Technology & Engineering Division- Responsible for

overall project direction.

Jeffrey G. Ostmeyer

Site Coordinator, Environmental Operations, Technology & Engineering Division- Responsible for

daily operations.

~

Terence M. Moore
Manager Ilealth Physics and Safety and Radiation Safety Officer. (Also, Manager llealth Physiu and
Safety and RSO, Cimarron Facility)- Responsible for the conduct of the health physics and industrial

safety program to include directing health physics technicians, conducting specified radiation safety
surveillance and training and advising on radiation protection matters.

Edwin T. Still
Vice President, Kerr-McGee Corporation and Director, Environment and llealth Management Division.

(Also, Vice President, Cimarron Corporation)- Responsible for developing and implementing corporate

policies and programs to protect 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.

O
-. -
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|
'

p ROY R. SMITII
J ,

I

Education 11. S, Mining Engineering, Michigan Technological University

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

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

1957-1968 Responsible for planning and operations engineering of large

surface mining operation. !

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

mine.

1974-1978 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

,

a
_
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(3 JEFFREY J. LUX
%.)

Education 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

Experience 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

O for cleanup operations at two orphan sites,

l

l

1

!

|

!

|

I

O
_ . . __ _
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l

A JEFFREY G. OSTMEYER j
U i

1

)

Education Ph.D.,1987, Wood Chemistry, Auburn University |

|

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 State 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 ref' ery sitem

containing both radioactive and hydrocarbon wastes.

b
V

. . _ . - .. .. . _ _ . _ . . . . _ . . -_. . . _ _
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TERENCE M. MOORE

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

National Registry of Radiation Protection Technologists (NRRPT) 1988.

American Board of Ilealth Physics, Part I Certification

Experience 1980 - 1991 Wolf Creek Generating Station,1135 Mwe pressurized water

nuclear reactor. llealth Physics Technician, Foreman, and Radiological

Engineer; responsible for various aspects of the llealth Physics Program for

a large nuclear power station.

1991 - 1993 EG&G Re ky Flats, Department of Energy Weapons
Production Plant. 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

Os and Cushing Site

Supervises llealth 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 Uranium plants at Cimarron.

.

&

6
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l

JOHN C. STAUfERg

Education Ph.D.,1970, University of Utah, Metallurgy (Chemical / Extractive)

1

- M.S.,1967, Michigan Technological University, Metallurgical Engineering 1,

1

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

Experience 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

compliance, and developing engineering and management solutions.
'

Typical examples are:
I

1970-1974 Research Scientist, Conoco. Develop and prove processing ;

procedures for Conoco Minerals Division (Uranium Copper, Precious |

Metals) and Consolidation Coal (Coal Cleaning) operations. ;

i
1

1974-1978 Research Group Leader. UOP Inc., Direct fundamental

research into new mineral processing systems and precious metal recovery

from catalysts.

1978-1981 Sr. Project Meta'lurgist, Kerr-McGee Technology Division-
Direct long range and applied process chemistry systems recovery |
(uranium, titanium) and mitigation or prevention of environmental impacts. i

!

|
1981-1984 Sr. Environmental Scientist. Direct regulatory and engineering |
oversight for facility permitting activities concerning EPA-RCRA 'I

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 i
licensing activities and EPA air, water, and solid waste programs.

k

Cushing Decommissioning Plan Appendix C C. 7

Append C. doc |
.i



. ._

O EDWIN T. STILL
t

Education DVM,1959, University of Georgia

MS,1964, University of Rochester

Attendee of and instructor for numerous courses concerning biological

effects of ionizing radiation, risk assessment, pathways, health physics,
radiation taction, instrumentation, surveys, monitoring and all facets

related to radiation protection and safety.

Experience More than 25 years in ionizing radiation field with activities ranging from
bench research to field activities to program management to administration.

Typical examples:
e

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 ionizing 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, evaluated and initiated comprehensive

research programs on radiation health effects, mechanisms of radiation |

injury and therapeutic measures for treating radiation injury utilizing as j
sources of radiation a nuclear reactor, multi-kilocurie Cobalt-60 array, j
variable energy electron accelerator and super voltage x-ray machines; )
participateJ in planning for and execution of decontamination of Atoll in
mid-Pacific formerly used for nuclear weapons testing, Department of

Defense
l

'|

1979-1982 directed program to retrieve and reconstruct personnel and

dosimetry data, to include external and internal dose, for specific groups |

involved in nuclear weapons testing and ascertain any relationships between j
health status and radiatroii d[Forure from the tests, Department of Defense

i
1982-Present responsible for developiag and implementing programs for I

protecting the health and safety of employees and the environment to
include activities involving source, special nuclear and 11(c)1 and 11(e)(2)

by-product materials.

i
. - . . .
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Emergency Contacts
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>

' EMERGENCY CONTACTS

.

- GOVERNMENT- FEDERAL.

Mr. David Fauver
i
'

Office of Nuclear Materials Safety & Safeguards

U. S. Nuclear Regulatory Commission

Washington, D. C. 20555 (301) 504-2554

Mr. Bob Evans
U. S. Nuclear Regulatory Commission- Region IV

611 Ryan Plaza, Suite 100

Arlington, TX 76011 (S17) 860-8198

GOVERNM ENT. STATE

Mr. Scott Thompson

Oklahoma Department of Environmental Quality

Solid Waste Management

1000 N.E.10th Street

Oklahoma City, OK 73152 (405) 271-7168

Mr. Gene Smith

Oklahoma Department of Environmental Quality

Consumer Protection

1000 N.E.10th Street
Oklahoma City, OK 73152 (405) 271-5221

KERR-McGEE PERSONNEL. i

!

|
ISmith, Roy,

Vice President, Home:(405) 348-0926

Environmental Operations Bus: (405) 270-2534

Still, Ed

Vice President,

Enviromnental Services & Home:(405) 348-8469

Ilealth Management Bus: (405) 270-2934

Stauter, John

Vice President ilome:(405) 341-9374

.-. . - . . . - . . . - . - . . . _ . _ - .- . . . . . .
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| Environmental Services Bus: (405) 270-2623

Lux, Jeff

Project Manager llome:(405) 354- 8105

Environmental Operations Bus: (405) 270-2694

Ostmeyer, Jeff

Site Coordinator Home:(405) 348-7446
Environmental Operations Bus: (918) 225-7753

Terence Moore

Staff Ilealth Physicist Home:(405) 258 0312

Cimarron Corporation Bus: (918) 225-7753

KERR-McGEE EMERGENCY RESPONSE PERSONNEL.

Barry Brandt Home:(405) 340-5882

Communications Bus: (405) 270-2434

Gary Ilopkins Home:(405) 722-4006

! Bus: (405) 270--2811Na,

John F. Reichenberger ilome:(405) 720-8609

Law Bus: (405) 270-2875

Steven D. Emerson llome:(405) 3414X)04

Safety Bus: (405) 270-3740

Julius llilburn llome:(405) 755-5768
11uman Resources Bus: (405) 270-2754 |

John Gibbs, M.D. Ilome:(405) 348-5879

Medical Services Bus: (405) 270-5879

(D
\j
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