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LICENSEE: United Nuclear Corporation Urces Comoany

FACILITY: Scrap Recovery Facility
Wood River Junction, Rhode Island

SUBJECT: SOIL DECOKTAMIRATION CRITERIA FOR THE OECOMMMISSIORING
OF THE URC'S FACILITY

By letter dated April 29, 19280, United Nuclear Corporztion Resources
Company (UNC) informed NRC that it had decided to terminate the scrap
recovery operations at its facility at Wood River Junction, Rhoce Islend.
From 1853 until the present time, this facility wes used to recover high-
enrich: ¢ urenium from scrap materials. A preliminary decontamination
schacule wes presented by UNC (see Appendix A)., At the present time, the
decontamination of the buildings and equipment is in process. WRC provides
“Suicdelines for Decontamination of Facilities and Equipment Prior to
R2lease for Unrestricted Use or Termination of Licenses for Byproducts,
Saurce or Socecial Nuclear Materials," (see Appendix B). In the absence of
specific criteria for contaminated land at the UNC site, KRC has established
the 7ollewing proposec target criteria fcr land cleanup at the UKL site.
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A, Conerzl Description of the UNC's Operation

The reccvery fecility handled and processed various types of high-
] 1 scrap to reclaim the uranium. The recovery process
c1uds treatment steps which served one or more of the
1lowing functions: reduction of the bulk of the scrap (by oxidation of
roon or oroznic materials); removal of fuel elerient cladding; and change
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of <ha physical or chemicsl form to increase the rate of cissolution in the
later steps. The uranium and associated materials were then dissolved in
nitric and/or hydrofluoric acid, depencing upon the type of mzterial. In
esch case, the uranium was extracted into a kerosene-tributyl phosphate
eniution and re-extracted into water. Ammonia was added to precipitate solid
s=monium diuranate (ADU). The ADU was then filtered, dried, end heated to
.onvert it to U308 which was packaged for offsite shipment,
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The facility processed five general c:tegories of scrap:

1. Urenium-Zirconium Scrap gener.ted from the fabrication of
Ui anium-zirconium alloy fuels having zirconium alloy {Zircaloy)
cladding. The scrap consisted of pieces of long, flat plates
(or coplete p]atesg containing a U-Zr alloy fuel cors. In
come cases, the uranium was contained in a ceramic r2-erial
imbedded in a zirconium ratrix. Removal of the cerem’c materiel
required dissolution in hydroflu ric gcid. Tris scrad
occasionally required a dissolut cn pretreatment with caustic
to remove the metal cladding.

2. Uranium-Aluminum Scrap similar to the U-Zr scrap. Dissolution
required a mercury-catalyzed nitric acid reaction.

3, Czrbon Scrap cenerate. from the production of fuel elsments
for hic: temperature ges cooled reactors. Ureniu= oxide
particles were imbedded in & caidon (graphite) r--=ix. The
graphite wes removed by cai-ination in oxygen. : yranium
oxide was then dissolved in nitric acid.

4. Thorium Screp consisting of uncled pellets or 128
containing uranium oxide. Dissolution weés i /nydrofluoric
acid. The thorium was not recovered but was : for burial

at an approved site.

5. Miscellaneous Scrap consisiing generally of "low-level" uranium
contaminated materials generated during fuel processing. Typical
examples were cleanup liquids, rags, paper towels, plastic gloves,
residue from cleanup of processing hoods, purification sidestreams
(contaminated organic) and insoluble uranium-tearing material
from previcus recovery attempts either by URC or elsevhere.
Pretreatment steps inciuded incircration, calcination, grinding,
oxidation-reduction. In addition, fuels from low-powsr experimznts
were occasionally r-ccessed bitchwise.

The above operetion resulted in the generation of gaseous, liquid and
cnlid wastes consisting of radiological and chemical efiluents.

B. Potmntial Pathways for Land Contzming..on of the UNC Site and the
Clarecieristics Oof the huciides Invo:ved

The routine release and accidental releases (if any) of gaseous
effluents f om past plant operatiuns resuited in the deposition of radio-
nuclides on ¢0il surfaces which accumulated &s a function of time. The
lezkage of t : onsite lagoons where 1liquid 1astes were stored has caused some
s0i1 and gvoundwater contamination. Spillage of lzgoon liquid due to high
wind has also resulted in soil contamination around the lagoon area. 1In
addition, the onsite burial of radicactive waste. may have resulted in
zdditicnal soil contamination.
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The important radionuciides involved in the soil contzmination at
the site consist of:

1. U-238, U-235 and U-234 zenerated from uranium scrzp recovery
cperations.

2. Th-232, Ra-228 and Th-228 generated from thorium scrap recovery
operations.

3. Mixture of fission jprocucts generated from processing slightly
irradiated fuel from low power experiments. The licuid wastes
containing fission products are stored in the onsite lagoens
and onsite storage tank. Many of the  ission procucts were
short-lived isotopes. Current, independent analysis by NRC
(see Appendix C) on radionuclides in the lagoons &nd storage
tank indicated the presence of Sr-80 (t1/2 = 28.6  r) and Cs-137
(t1/2 = 30.2 yr) in significant quentities that &~ important
for dose assessment. Other fission products, bec: se they are
short-1ived or in minute quantities, are not conr zred to be
significent in the contribution of indivicual do Significant
redionuclidas, such as Th-230 and Ra-225 which & :1s0 found in
t“2 lagoons, are also important for cose assessm:

The characteristics of the above-menticoned rédicnucl™ s are summarize»
in Table 1 (see page 11).

C. Proposed Interim Critsria for Spil Decentarination

As shown in Table 1, the major nuclices expected in scil consist of
U-238, U-235, U-234, "n-230, Ra-2¢5, Th-232, Ra-228, Th-27Z8, Sr-90 and Cs-137.
They emit alpha, gamnia and beta raciation. Fost of the scil corntemingtion at
the UKC site is believed from the lagoon leakage. The radionuciides are
expacied to be mostly in zoluble form; however, other soil contemination may
involve insoluble radionuclides.

In establishing soil Jecontaminztion criteria, KNRC staff has applied
the following rationale and objcctives:

a. The radiation exposure to individuzls using the land must be
within cur. ant NRC aznd £PA radiation exposure guidelines including
the requirement that these exposures be as low 2s rezsonably
achievable.

b. These criteria must be consistent with criteria currently being
applied or developed for similar type situations.

Th2 staff has also taken into consideration “he natural background
concentration of redionuclides in soil (see discussicn in following sections)
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that must be distinguishable from these levels without requiring unnecessarily
large costs associated with sampling and analysis and for demonstrating a
compliance as compared to the cleanup cost. After consicering all pertinent
factcrs, the staff nis derived target criteria, as listed in Table 2, for the
irmacizte clearvs of the contaminated land, Teble 2 also lists other existing
criteria or guicance for comparison. The target criteria represent the
objectives which the land cleanup ei.orts shoulc strive to obtain and below
whisih no additiona] cleanup is necessary. Othar alternative criteria higher
then the target criterie are not acceptable without a deteéiled cost-benefit

consideration..

D. ‘latural Background Consideration

The gross-alpha, beta and uranium concentrations in barkground soil
sarples taken near and at the URC site during 1963 (preoperaticnal) are
sur~2rized in Table 3., The results provide some background characteristics
of redipactivity in soil in the area; however, more detailed information, such
2s tne beckground level on external radiation and concentrations of Th-232,
Th-223, Ra-22¢, Cs-137 and Sr-20 in background soil samples, is needed to
assipr proper values for soil decontamination censiderations at the URC site.
Such information is not available. Therefore, £ will be reguested to
provide WRC with needed information in orcer to assign proper credit from
background contribution,

Based on the available background information as sunmarized in
Teble 3, which was taken from the licensee's Environmental Report in 19741}
the average gross-alpha, beta and uranium concenirations in soil at the

-

vicinizy of the UNC area zre 4.0 pCi/g, 8.5 pCi/g and 0.09 pCi/g, respectively.

E. Compliance with the Proposed Interim Tarcet Criteria

LN

1. Exterpal Radiation

The direct redizzion dose rate can.be measured with instruments
the decontamination ¢.zration to demonstirate compliance with the
w3l radiation criteria. For surveying and recording purposes, the
rectsd area should be divided into grics about 30' X 30'. In order to
ne target criteriz, the following conditions have to be met:
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External radiation (gamma dose rate in air one meler above
ground level) not to exceed 10 ur/hr (not including back-
ground) for a diffuse source srea (a contaminated area
greater than 30' x 30') and not to exceed 20 ur/hr (not
including background) for a ciscrele area (a contaminated
area smaller than 30' x 30°.
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2. Inhalation of Rado~ and Its Daughter

To demonstrate complisnce for the inhalation of radon and its
daughters a2t a limit of 0.006 WL, which was used as target criteria in NRC's
"S+a£f Technical Position for Intrrim Lend Cleanup Criteria for Uranium Mill
Sites"?, the radon-222 flux (abov: background) at the suil-air interface
should not exceed a flux squivalernt %o that which would result from a soil
concertration of 3 pCi/g of radium-226 (excluding background). Table 4
prov.ces the potertial exposure levels from radon inside 2 structure built
on the contaminatec land.

3. Inhzlation of Particulates

The % .ividuz) dose received from inhalation of resuspendad
particulztes from scil is degenden: on the solubility of radionuciides in
saf1 and the particle sizes.? Tenies 5-7 sumtarize the cose comritment
re:J1ting from inkalation of resuscenced radionuclides Trom containated soil.
Tatlcs 5-7 are ba.cd on & unit concentration, 1 pCi/g of each recionuclide

in +7e soil. The solubility of ridionuclides is classified es Y, ¥ and D
cr-~cunds in accordance to the ICRP Task Group report or Lung Dynamics.® The
r. .spended particles are 2ssumed to have an éctivity melian aerodynamic
¢izrzter (AMAD) of 1 um. The dry dencity of soil is assumed to be 2.5 g/cm®.
The re:uspension factor is assumed to be 5 x 107% m™}, in agreement with the
eroroéch taken by EPA ir their proposed decontamination criteria for trans-
ursium nuclides in soil.*

For compliance with trhz propesad criteria for the inhalation
pati.2y, the licensee siould deteimine the sclubility classification of the
icer~ 7ied nuclides in soil. After gecontamination, representative surface
simeles shall bz collected and znalyzed to determine the averzge concen-
iuns of radionuclides in soil. Isotopic enalysis in soil will be requircd
ss the licensee can cemonsirate thet other analysis, such as direct gamma
ross-alpha, beta mezsurement czn be used to substitute for isotopic
398,  The T1icensee will be recuired to submit 2 detziled plan to describe
nd =z7onstrate now to comply with the above criteria. The adeguacy of the

7én will be reviewed by LRC.
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An exzmple shown on pzce 17 summerizes the czlculation to
demorcivate cempliance uith the innalation criteria.

4. Ingestion of Radionuclices

For the ingestion pathway, the staff conservatively zssumes that
211 the focd is grown or produced on tie contaminated lend. Table 12
summarizes the ¢ se commitment from ingjestion of beef, milk and vagetable
crops contaminated via resuspensicn or by root upteke. Figures ere bzsed on
3 unit concentration of 1 pCi/g of each radionuclide in the soil.



For compliance with the proposed céiteria for the incestion
pathwey, representative soil samples shall be collected end enalyzed 2s
described in Section 3.

111. Summary

For the decommissioning of the UNC site, the staff has set terget
critzria for <oil for lznd cleanup of the UNC site. The criterie for soil
ieccneringtion as summarized in Tab'z 2 require UNC to rerove scil in the

¢-+2d area such that the external rediation (whole-body) cose shzll not
exceed 10 .«r/hr above background; inhalation of radicnuclides in air
particulates dose not exceed 1 mrad/yr above background (Tung or bone dose);
inhzlzsion of radon and daughters dose not exceed 0.005 ML (working level)
brorichi dose above back:iround; ind food ingestion dose not exc.ed 3 mrad/yr
(bone “ose) above background. These criteria are consistent withk those
currently being applied or developed for similar type situations.

The licensee shall be required to submit a detailed decommissioning
plan covering the land decontamination action to demonstrate compliance
with tne proposed iarget criteria. Upon completion of decontaminztion, the
Ticensee shall provide the Commission with a close-out survey report to
show that the decontaminated arsa meets the target criteria. Prior to
decer~issioning the site, a verificetion survey will be conducted by RC to
veri¥y the findings and to assure that the affected land is cleaned up to
accen+zble levels prior to the release of the site for unrestricted use,
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Table 2

ORAFT

Proposed Criteria for Soil Decontamination at the UNC Site

Exposure
Pathwey

External Radiation
(whole body)

Inheleation of Particulates

(1ung, bone)

Inhzlztion of Radon
Daughters
(bronchi)

Fooc Ingestion

Target
Criteria

10 yr/hr
(35umrem/yr)(°)

1 mrad/yr
(10 mrem/yr)(f)

0.006 WL (d)
(750 mrem/yr)

3 mrad/yr (f)

Other Existing
Criteria or Guidance

20 yr/hr indoor(®).£pa

interim cleanup standard for
Inactive Uranium Processing
Site; 500 mrem/yr-10 CFR 20;
170 mrem/yr-FRC Guidance;

400- 200 mrem/yr-Surgeon
Genereal's Guidance; 25 mrem/yr-
40 CFR 190.

1500 mrem/yr-10 CFR 20
25 mrem/yr-40 CFR 190

1 mrad/yr-EPA Transuranic
Guidance(c¢

0.033 WL-10 CFR 20

0.01-0.05 WL-Surgeon General's
Guidance; 0.005-0,02 WL-EP?
Floride Phosphate Ggidance e)
0.02-DOE Criterial®

3000 mrem/yr-10 CFR 20

(bene) (30 mrem/yr) 25 mren/yr-40 CFR 190
3 mrad/yr-SPA Transuranic
Guidancelc

(a) This value does not include background, the 35 mrem/yr includes shielding

factor of 0.5 for general population and resicence time 80%.

(b) 40 CFR Part 192 - Federal Register, April 22, 1980

(¢) Proposed criteria

(¢) Besed on projected working leval inside structure of 0.006 WL

(e) Proposed criteria

(f) Based on quality factor of 10



Table 3
Operatior~1 Backqround Alpha, Beta and Uranium Concentrations in Soil (1963)
Direction From
Location Process Facility Alpha Concentration Beta Concentration Uranium Concentration'
(pCi/q) - (eCi/g) Gz
Charlestown 3.3+ 0.3 7.8 + 0.6 0.10
Tuckertown 2.0+ 0.3 6.6 + 0.6 0.1
West Kingston 2.1 + 0.4 4.5 + 0.5 0.03
Drake : 4.3 + 0.5 4.6 + 0.5 0.32
Woodville 1.1 + 0.4 4.6 + 0.5 0.04
Carolina 4.6 + 0.5 $2.3 + 8.9 0.08
Alton 6.4 + 0.5 9.7 + 0.7 0.07
gradford 5.1 + 0.5 11.0 + 0.7 0.15
Plant Site £ S 3.8 + 0.5 16.5 + 0.9 0.04
Plant Site #2 SH 3.2 + 0.4 7.3+ 0.6 0.07
Plant Site #3 W 2.8 + 0.4 7.5 + 0.6 0.03
Plant Site #4 Nt 4.0 + 0.5 9.6 + 0.7 0.06
Plant Site #5 N 3.4 + 0.5 1.2 + 0.6 0.04
Plant Site #6 NNE 5.5+ 0.6 8.2 + 0.6 Q.06
Plant Site #7 NE 3.7 + 0.5 5.8 + 0.6 0.09
Plant Site #8 ENE 5.5 ¢+ 0.6 8.0 + 0.6 0.13

YUranium concentration includes U-238 and U-234

.
-
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Table 4
(2)

Potential Exposures from Pacon Inside Structures on Contzninated Land

So0il Conc, Rn-222 Flux Horkjng Levels (ML’ Dose )
pCi/g <“tpa  pli/m-sec Range'\®/ Average(b) rem/year( .
1.9 0.33-1.0 0.0002-0.00° 0.J02 0.2%
3.0 1.0-3.0 0.0007-0.024 0.006 0.75
5.0 1.7-5.0 0.0024-0.04 0.012 1.25
180 3.3-10 0.0048-0.08 0.020 2.5

Pz oncentrations Inside Structures
The reden-222 concentrations inside structures from diffusior ¢f redon foor
urzeriying soil mey be estimated by the following calculation:
C = 4AB
Va
wrere:
¢ = radon-222 concentration (pCi/m®)
. = radon-222 flux (pCi/mi-sec)
t = area over which flux enters structure (m?)
E = flux reduction facter in entering structure
v = volume of structure (m?)
= effective removal rete of radon-222 from the structure
(¢) Calculations based on B = 0.1 - 0.5, ) = 1-2 hrd, A/V = 0.41, &ng
1 pCi/) Rn-222 = .005 ML.
(5) Average value based on midpoint of the range of input parameters.
(¢) Celculeted on the basis of 25 WLM/year per Vi (continucus exposure)
and 2 cdose conversion factor of 5 rem per working level month.



Table 5

Dose Conmitments Resulting from Inhalation of Resus, .nded
Radionuclides from Contaminated Soil. Figures Based on a Unit
Concentration of 1 pCi/g of Each Nuclide in the Soi)
(Clearance kate Class Y, Particle Size (AMAD) = 1 unm)

Racdionuclide Dose (millirem per vear)

U-238 2.8E-1* 2.6E-3
L-235 3.1E-1 2.8E-3
U-234 3.8E-1 2.9E-3
Th=232 3.8E-1 5.8E-1
Th-230 3. 2E-1 €.1E-1
Th-228 9.6E-1 £.5E-2
R2-228 8.1E-1 5.9£-2
Ra-226 7.3E-1 2.5E-2
Sp-81 4,0E-3 3.7E-3
Cs-137 1,5E-3 3:5E-5

]

*2.82-1=2.8x 10

iote: It is assumec that the first centimeter of surface soil is subject
to resuspension.

-~

Example: U-238 (Y compound)

1 pCi (so0il conc) x 19'6 yCi x 2.5 g (soil density x 1 cm (surface so0il) x 104
pCi cm

x5 x 1072 1/m (resuspension factor) x 7300 m3/yr (breathing rate)

x 80% (percent of occupancy) x 380 x 103 mrem/uCi = 0.28 nrem/yr
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Table 6

Doze Commitmznts Resulting from Inhalation of Resuspended
Radionuclides from Contaminated Soil. Figures Based on a Unit
Concentratic® of 1 pCi/g of Each Nuclide in the Soil
(Clearance Fate Class W, Particle Size (AMAD) = 1 um)

U-238
U-235
U-234

Dose (millirem per vear)
ige Lung Sone
2.9E-2 6.7€-3
3.1E-2 7.0E-3
3,3E-2 7.3E-3
2.8E-2 1.8E-0
3.2E-2 1.6E-0
1.4E-] 4.0E-]
1.5E-2 8.1E-2
3.6E-2 1.BE-2
&.9E-4 4,7E~-3
1.6E-4 3.6E-5
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Table 7

Dose Commitments Resulting from Inhalation of Resuspended
Redionuclides from Contaminated Soil., Figures Based on a Unit
Concentration of 1 pCi/g of Each Muclide in the Soil
(Clearance Rate Clase D, Particle Size (AMAD) = 1 m)

Dose (millirem per vear)
redicnuclide Lung tong
U-238 5.1E-4 2.68-2
U-23 5.1E-4 2.6E-2
U-234 5,1E-4 2.8E-2
Th-232 (a) (2)
Th=-230 (2) (2)
Th-228 (a) (2)
R2-228 4.45-6 1.56-1
Ra-226 1.38-3 3,781
5r-30 2.9E-6 . B.BE-3
Cs-137 8.1E-6 3.5E-5
(a) ICRP-3D classifizs thorium compounds 2s Y and ¢, type.s
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Table 8

Dose Conversion Factors > from Inhalation of
Radionuclides (Clearance Rate Class Y, Particle
Size AMAD = 1 um)

Redicnuclides Dose Conversion Factors (Rem/uCi-Inhaled)
Lung Tone
U-238 380 3.6
U-235 420 3.8
U-234 450 3.9
Th-232 517 g30
Th-230 440 830
Th-228 1310 89
Re-2Z8 1100 81
R&-276 1000 33.9
Sr-80 55 5.1
Cs«137 2.0 0.048

ion factors are derived based on the ICRP Task Group Lung
computer code “DACRIN" developed by Battelle Pacific Northwest
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Table 8

-

Dose Conversion Factors from Inhzlation of
Redionuclides (Clearance Rate W, Particle Size AMAD = 1 yum)

Radionuclides ‘ Dose Conversion Factors (Rem/uCi Inhzled)
U-238 40 8.2

U-235 42 9.6

U-234 45 10

Th-232 38 2,500

Th-230 L4 2,200

Th-228 161 £50

Ra-228 20 110

Ra-2z6 49.6 26.8

Sr-20 0.58 6.4

Cs~137 0.22 ~ 0.04%
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Table 10

Dose Conversion Factors from Inhalation of Radionuclides
(Clearance Rate D, Particle Size AMAD = 1 um)

Radionuclides Dose Conversion Factors (Rem/uCi Inhaled)
Lung Bone
U-238 0.7 35
U-235 0.7 36
U-234 0.7 ot
Th-232 (a) (a)
Th-230 (a) (a)
Th-228 (a) (a)
Re-228 0.006 210
Ra-226 1.7 510
Sr-90 0.004 12

Cs-137 0.011 0.049

6

(&) ICRP=3D classifies thorium compounds as Y and W type.
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Example 1
|
I
|

The following is an example for the demonstration of compliance of the
inhalation criteria. Assume that after decontamination of soil, the average
concentrations of radionuclides in soil (after subtracticn from background)
and their solubility classification are as follows:

Table 11
N Concentration (oCi/a)
Radionuclide P Compound b Corzcong Y _sompeund
U-238 0.5 0.5 0.5
U-235 .- --- .-
U-234 0.5 0.5 0.5
Th-232 - 0.5 0.5
Th-220 - 0.5 0.5
Th-228 - 9.5 0.5
Ra-228 - 0.5 W
Ra-226 e 0.5 bia
Sr-80 2.0 - _ AN
Cs-137 2.0 .- ime-

Then using values from Tebles 5-7, ti2 lung dose would L.:

(rren/yr

U-238 0.5(0.02051) 4+ 3.5:0.029) + ©.5(0.2¢) = 0.1¢
U-224 0.5(0.00051) + 0.5{0.033) + {.5(0.38) = 0.21
Th-232 - 0.5(0.028) + 0.5(0.38) = 0.20
Th-230 --- 0.5(0.032) 0.5(0.32) = 0.18
Th-228 . 0.5(0.140) 0.5(0.96) = 0.55
Ra-228 - C.S(0.0]Sg - = 0.01
RL-226 - 0.5(0.C36 - -

Sr-20 2.0(0.0000029) - - =

Cs-137 2.0(0.0000081) - - =

Total ...ss mrem/vr
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Jable 11 cont'd. ﬁ]“g.ﬁiﬂ

The bene dote woulc be:

(mrer/yr)
U-238 0.5(0.026) + 0.5(0.0067) + 0.5(C.0026) = 0.02
U-234 0.5(0.028) + 0.5(0.0073) + 0.5(C.0028) = 0.02
Th-232 --=  + 0.5(1.8) + £.5(C.68) = 1.3
Th-230 con + 0.5(1.6) + 0.5(C.61) = 1.1
Th-228 —— + 0.5(0.240) # 0.3(C.065) = -
Ra-228 - +  5(0.081) --- = 0.04
Ra-226 - + 0.5(0.018) .o = 0.01
Sr-30 2.0(0.0088) .- -ew = 0.02
Cs-137 2.0(0.000035) --- - * -

Tote’ 2.50 mrem/yr
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Teule 12

Dose Commitment Resulting from Ingestion (Vegetation, fzef, Hilk) of
Radionuclide from Contaminated Soil. Figures Based on a Unit Concen-
tration of 1 pCi/g of Each luclide in the Soil (the First 15 cn of Soil)

Redionuclides Bone Dosel2)
{mrem/yr)

u-238 1.0
U-235 1.8
U-234 .2
Th-232 2.1
Th=220 2.0
Th-228 0.4
Rz~22% 4.5
Ra-226 g.¢
Sr=. ) 8.8
s-137 0.23

(a) The following sections provide detailed ingestion dose calcuiaticns.
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Dose Calculations for Ingestion Pathway

Ingestion dose from vegetable intake -

Root uptake
x 1078 .Ci/g (conc. in 22i1) x C¢ (see Table 13) x 1.94 x 10%/yr. (veg.

—

x dose conversion factor (rem/uCi; see Teble 14) x 1 x 103 millirem/rem

50 yr. dose commitment (millirem).

Resuspension

1 x 1078 uCi/g x 2.50 x 10 g of soi1/m2 x 5 x 107 %] (resuspension
factor) x 10'2 m/sec (deposition factor) x 3.15 x 107 sec/yr x ;%%}é&%%sy—

(Table 15) x dose conversion factor (rem/pCi) x 1 x 103 (millirem/rem)

4

= dose

Ingestion dose from meat intake -

Root ugtake

1 x 10°6 uCi/g x Cf (pasture grass; Teble 13) x 1 x lodg/day (grass eaten)
% ¢/kg (F¢3 Table 16) x 94kg/year (meat intzke) x ¢CF (rem/yCi) x 1 x 103

(millirem/rem) = dose

Resyspension

1 x% 10'6 wCi/g x 2.50 X 1049 of soi1/m2 x5 x 10'9r'] (resuspension
7 v - 4
factor) x 10'2m/sec (deposition factor) x 3.15 x 10" sec/yr x 3%%7%5%%3§

x dCF (rem/uCi) x 103 (millirem/rem) = dose

- 20 - EE%%FQET‘

intake)
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Ingestion dose from milk intake -

Root uptake ‘

1 x 10'6 uCi/g x Cf (Table 13) x 1.0 x 104g/day (grass intake) x d/1
(Flus Table 16) x 0.31 1/d of milk x 365 ¢/yr x dCF (rem/uCi; Table 14)

y 103 (milliren/rem) = dose

Fesuspension

1 x 1076 uCi/g x 2.50 x 1049 of soﬂ/m2 x5 x 10" (resuspension

fzctor) x 10‘2m/sec (deposition factor) x 3.15 x 107sec/yr X :%%}ég%ﬁsy

x ¢oF (rem/uCi) x 103 (millirem/rem) = dose
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Table 13

The plant/soil bioaccumulation factors (Bj,1)?

or concentration factor (Cf) soil to plant

iR

Concentration factor (C¢) Concgntration factor (Cf)a

Redionuclide Pasture grass (Bj,q) Edible Produce (B.iv2
$r-80 1.2 L7880
Cs-137 1.5E-1 g,.3t-3
Re- 226 9.7£-2 3.1€-4°

-228 9.7€-2 3.1E-4°
Th-228 2.7E-3 3.5E-4

-230 2.7E-3 - 3.5E-4

-232 2.7E-3 3.5E-4
U-234 8.5E-3 2.9E-4

-235 8.5E-3 2.9t-4

-238 8.5E-3 _ 2.%E-4

€2¢f, - AIRDOS-EPA - EPA 52L/1-79-009.7

Tables 9 and 10.
“2ef. - Cg are taken from NRC Regulatory Guice 1.1098

& o 1 : :
Tne staff used NCRP-45 ¢ for some of the basis for the selection
plant-soil transfer parameters.

of appropriate
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Table 14

Ingestion Dose Conversic Factors (renr/uCi)a

Radionuclide Bone
Sr-80 [ % -
Cs-137 6.82E-2
Ra-226 22
-22¢8 11
Th-228 33
-232 ]
-25
U-234 ‘
-235
-238 3
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Teble 15. Radionuclide intake rates (B”Eiég;fm )c
Above Surface

Radionuclide food Milk Beef

Sr-90 1.20 0.295 0.04

Cs-137 1.20 2.08 0.26

Ra-226 1.20 2.37 2.6
-228 1.20 2.37 2.46

Th-228 1.18 a0~ 0.01
-230 1.20 0.001 0.014

232 1.20 0.002 0.03
U-234 1.20 0.08 0.023
-235 1.20 0.08 0.023
-238 1.20 0.08 0.023

Cpef. — ORNL-2892, Table 2-8. \1°
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Table 16

: o a
Estimates of trensfer coefficients

for milk and meat

Radionuclide MiTk (Fy) Meat (Fg)
(day/liter) dav/ka
Sr-50 8.0E-3 6.0E-4
Cs-137 1.2E-2 4.0E-3
Ra-226 5.09E-4 5.1E-4
Ra-228 5.9E-4 5.1c-4
Th-228 5.0t-6 2.0E-4
Th-230 5.0E-6 2.0E-4
Th-232 5.0E~6 2.0E-4
U-234 5.0E-4 3.4E-4
U-235 5.0E-4 3.4E-4
U-238 5.02-¢ 2.88-4
2 1
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Decontemination-Decommissioning Plan for

UNC's Scrap Recovery Fecility and Site
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Rivisicn ot Uniied Nucioar Corporation Om Nartaganse't Traul Telephtione 4™ 3547701
AUNC RESDURCES Company viood River Junciion, Rhoze lsiang 0285+

April 29, 1880

U. S. Nuclear Regulatory Commission

Mr. W. T. Crow, Section Leader

Uranium Fuel Fabrication Section

Fuel Processing and Fabrication Branch
ivision of Fuel Cycle and Materizl Safet

Washington, DC 20555

Dear Mr. Crow:

UNC Rescurces has decided to terminate recovery of
nighly enriched uranium. Present plenning calls for
reprocessing of ;he small guantity of scrap on hand
by about Jul} 1, 1980, ‘o’lcw~c “y a8 ceoncentrated
program of site decontaminaticn.

Total SKM inventory, with the exception of process
lagoon residues, should be below five nilocra:s bv
early fall, 1%80. Lagoon processi

are scheduled for completion by Apr

Under these circumstances, it is our understending

that license renewal and revision for the upgrade rule

are not reguired. Accordingly, we are formalizing

édecont hi.aticn-decc::*ss*ﬂﬂ‘"c plans for discussion

with you. 1In addition, we have been in contact witt

other former licenseholders with C’Ck“"iSSiCﬂéd facilities
in an effort to develop an effective and coherent progrim.
Overall decommissioning plenning, including nuclear safetiy
anéd health physics aspects, is presently the responsibility
of Mr. Robert Gregy; security aspects are under Richard
Gigliotti. Either of these gentlemen or I will be happy
to meet with you and your staff at your ezrly convenience,
to discuss NRC reguirements and UNC planning.

Very truly yours,

INC RECOVERY SYSTEMS
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DECONTAMINATION PROGRAM

A.

."

IN GENERAL, ALL ECUIPMENT IN THE PROCESS AREA IS
EXPECTED TO EE DISMANTLED, PACKAGED, AND SEIPPED
T0 A LICENSED SITE FOR BURIAL., SOME ITE!'S MAY EE
TRANSFERRED TO OTHER LICENRSEES, OR DECONTAMINATED

AND RELEARSED TO UNRESTRICTED USE.

(ENT IN IKTERMEDIATE AREAS WILL EE CLEANED AND

INTERIOR SURFACES IN CONTAMINATION CONTROL AREAS WILL
BE MAPPED, CLEANED, AND SURVEYED. PAINTED SURFACES
WILL HAVE TEE PAIRT REMOVED, OR WILL ::E SAMPLED AND
ANALYZED FOR CONTAMINATION.

ICHLY CONTAMINATED ARERS MAY BE PHYSICALLY REMOVED
rJ\D SHIPPED T0 BURIAL, IN LITU OF DECONTAMINATION.

OUTSIDE ARERS WILL BE SURVEYED AND CLEANED ..3

NECESSARY., SPECIFIC AREAS MAY REQUIRE REMO Al

(E.G. PLANT SEPTIC SYSTEM; FORTIONS OF THE SLANT

ROOF, ETC.) AND SHIPMINT TO BURIAL.

.\

2 COVMPREZENSIVE SURVEY WILL BE MEDE, TQ VERIFY TBAT

CONTAMIRATICON MEETS THEE FOLLOWING LI I'Z‘S:_' - -
AVERAGE (1M? M2AX) 5,000 épm «/100 cm?
MAHINUN 15,000 épm /100 cm2
REMOVAELE 1,000 épm &/700 ex?

- it d —

A COPY OF TEE SURVEY REPORT WILL EE SENT TO THE RRC



URC RECCVERY SYSTEMS
DECOMMISSIONING PROGFAM

i. 82SIC SEQUENCE OF EVENTS
A. COMPLETE URANIUM RECOVERY ACTIVITY
1. APPROXIMATELY 100 XG UNC-NP MATERIZL

2. FINAL RESIDUES, CLEr"OUT MATERIAL

2. REMOVE EQUIPMENT FROM PROCESS AREA
l. SURPLUS, CONCURRENT WITH FINAL RECOVERY
2

p—
-
-...a

. ALL REMAINING EQU
.

IF E3S
ITENS TO ASSIST IN DECON ACTIVIT

C. SURVEY AND DECORTAMINATE
1. SIMULTANEOUSLY WITH EQUIPMENT RIMOVAL, STA

MEFPPING, SURVEYIKRG, AND

2. PRIMARY EFFORT IN THE PROCESS AREA, WITE PARALLEL
EFTrORTS IN AUXILIARY AREAS (E.G. ROODF, YARD,
WAREEOUSE, LAB, ETC.)

g ~
D. NKRC REVIEIW DEICONTAMINATION RECCRDS, FERFCRM INDE-

- - U\ 4

Y ENM TIVERTORY EBEDUCTION
- aetea - e -

BAS1S: ACCOURTABILITY BOOKS SB RO MCRE THAR
ON INVENTORY, AXND ALL PROCZSS EQUIPMER
BEEN CLEANED OUT (MATERIAL CLEANED OUT
MEASURED AND INCLUDED IR THE ACCOUNT2BI
LACOON MATERIALS WILL NOT EZ

w
-
m
0
2
)
4]

TO « 1 G U-235

BASIS: ACCOUNTABILITY BOOKS SHOW NDO MORE TH2AN
N IRVENTORY, AND ALL URANIUM RECOVERY
MENT Hax8 BEZEn CLEANED AND PACKAGED FOR
MATERIAL CLEANED QUT WILL EE MEASURSD
INCLUDED It THE ACCOUNTADILITY BO0KS),
FACILITY INSPECTED FOR SN¥ (GROSS &CC
TO BE CLEANED UP, MEASURED, AND PLACE

INVENTORY)

(&
O
A

Aa.n"\s
W IT :r

LITY BOOKS).

INCLUDED IN THE 5 KG.

1 KG
EQUIP-
DIEPCEAL
~ND

AiND

UMULATIONS

.
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Appendix B

GUIDELINES FOR DECONTAMINATION OF FACILITIIS AND EQUIPMENT
PRIOR TO RELEASE FOR UNRESTRICTED USE
DR TERMIKATION OF LICENSEZS FOR BYPRCDUCT, SOURCE,

OR SPECIAL MUCLEAR MATEZRIAL

u pmmission
Division of Fuel C
igterial Safety

weshington, D.C. 20535




ructions in this guice in con
:‘ixa;y eng radiztion expesure
cemplishing the decontamination

Juw tion with Teble 1 specify the
rate limits which sheuld be used
enc survey of surfaces or premises

ard ezuisment prior to abandonment or release for uarestricted use.
Tte lioits in Teble 1 ¢o not epply to premises, equipment, or scrap
contzining induced redicactivity for which the radiclogical considera-
ticns ;er~1n°ﬂt 40 their use mey be different. The relezse nf eueh
fazcilities or items from reculatory control will be consicdered on 2 case-
bv-czse besis,
Y. Tre licensee shzll rzke 2 reasonzble effors <¢ eliminzte resicual

" ggntamination.

)

Racioectivity on equipment or sur
pzint. plzting, or other covering

faces shzll not be covered dy
material un.ess centeminstion

1ev=1s 2c cetermined by @ survey
c1f1&d in Table 1 prior
fort must be made to

and cocumentec, zre below the
to '*1y11~ the covering. A
minimize the contamination prior

to use cf a“y covering.
The regicactivity on the interior surfaces of pipes, drain lines,
r dactwerk shz)ll be cetermined by meking measurerents 2t &1) treps,
gng other approprizte eccess points, provided thi: contazmination
22 these Tocetions is likely to0 be representative of contazminatien
cr whe interior of the pipes, drein lines, or ductwork. Surfaces
¢f prexises, equipment, or scrap which are 1ikely to be contaminated
put are ¢f such size, construction, or loczticen &5 1o nake the surface
inzccessidle for purposes of measurement shall be presumed to be
censaminzted in excess of the limits.
Uzza reguest, the Commissicn may eutherize 2 licensee to relinguish
pcssession or control of premises, eguipment, or scr2p having suriaces
centemingted with raterizls in excess of the limits specified. This.
ray include, but would nct be limited to, special circumstances such
&8s razing of builcings, traasfer of premises 10 ancther orgenization
centiruing work with recicective materisls, or conversion of facilities
tc ¢ long-terr storage or standby stetus. Suth regquests must:
¢. Provice ceteiled, specific informelion descriding the premises,
gzuipment or screap, racicactive contamingnts, and the nzture,
gxient, and cegree of resicual surface conteminztion.
b. Provide & cetailed health end szfety enalysis which reflects
that the resicual amounts of materigls on surfece areazs, together
with other cocnsicderations such 2s prospeciive wse of the premises,
ecuipment or scrap, &re unlikely to result in an unreasongdle
risk to the health and sefety of the public.

.....

-




Prior to release of premises for unrestricted use, the licensee shail
reke & comprehensive redistion survey which estédblishes that contam-
ination is within the limits specified in Teble 1.

k copy of the
survey report shall be filed with the Division of Fuel Cycle and

Meterial Safety, USNRC, Washington, D.C.

20555, &nd &lso the

Director of the Regional Office of the Office

of Inspection and

Enfercement, USNRC, heving jurisdiction. The report should be filed
2t least 30 deys prior to the planned cete of abarnsonment. The
_survey report shall:

2. ldentify the premises.

b. Show that reasonzble effort has been mace

t0 eliminate residual
contemination.

c. Describe the scope of the survey and generel procedures followed.
d. Stete the findings of the survey in units specified in the

instruction.

review of the repert, the NRC will consicer visiting the
s 1o cenfirm the survey.
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Appendix C
Radiological Concentrations‘in Water Samples
Collected and Analyzed by NRC in UNC's Lagoons,
Storage Tank and Monitoring Wells.
(Samples Collected in July, August 1880)
|
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|
|
|
!
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Ana Iy'.lﬁ

Gross «*
Gross g
Th-232
Th-230
Th-228
U-234
U-235
U-236
Ra-226
Sr-90
Cs-137
Ac-228
Th-208
K-40

Pb-212

Lagoon C
(1.2+40.1)E-6
(1.9+0.1)E-5
(4.141.2)E-9
(1.740.3)E-8
(1.8+0.2)E-8
(2.6+0.1)E-7
(6.640.3)E-9
(4.0+2.0)E-10
(-3+2.0)E-9
(2.2+0.2)E-6
12.640.1)E-6
(4.640.0)C-7
(9.312.0)E-8

(1.1+0.1)E-6

Lagoon D

(1.

(1

(1.
(6.
(9.
(2.
(9.
(7.
(9.
(2.
(2.
(3,
(4.
(1.
(7.

440.

.740.

1)E-6

1)E-5

* 425% systematic error due to solids.

UNITLD MUCLLAR

el Sr
Lagoon G
(3.54+0.2)E-6
(1.540.1)E-5
(4.140.2)E-7
(2.8+0.1)E-5
(1.840.2)E-7
(8.640.1)E-7
(3.2+0.1)E-8
(7.043.0)E-10
(1.0+0.4)E-9
(2.240.2)E-6
(2.010.1)E-6

(7.042.0)E-8

BNC Tank
(4.340.5)E-7
(2.140.1)E-5
(7.0+7.0)E-10
(-2 + 2)E-9
(2.6+0.2)E-8
(1.5+0.1)E-7
(6.3+0.0)E-9
(2.041.0)E-10
(1.0+3.0)E-9
(1.4+0.2)E-6
(1.510.1)E-6
(3.240.0)E-7
(7.0+2.0)E-8
(6.0+1.0)E-7

Well W-B
(3.540.1)E-7
(4.940.4)E-8
(0.0+4.0)E-1
(1.240.7)E-11
{1.240.6)E-10
(2.140.1)E-7
(7.1+0.3)E-9
(2.149.2)E-9
(1.8+0.5)E-9
(1.0+5.0)E-9

Well W-3

(3.240.1)E-7

(1.2+0.2)E-7
(0.0+2.0)E-11
(-1043.0)E-1
(2.4+0.4)E-10
(3.0+0.1)E-7
(1.240.0)E-8
(1.140.2)E-9
{(1.0+0.3)E-9
(1.045.0)E-9



Analysis

Cross =*
Gross A
Cs-137
Ac-228
Th-208
K-40
Pb-212
Po-214
Bi-214
Pa=234m

¥ - 54

T-1

(3+2)E-i0

(3+3)0-9

(-6+3)C-8

(2+1)E-7

(2.
(4.

(2.

(1

(3.

(2.

010.2)E-8
942.0)E-7

0+0.8)C-8

.240.8)E-7

0+1.0)E-8

042.0)t-8

* 125% systematic error Jue to soiids.

HNITED NUCHEAR

* .
vl » »
P

{3.
(9.

(4.

(6.

(3.

(1

W-12

510.2)E-8
0+4.0)E-7
G+3.0)€-9

0+2.0)E-8

. 140.9)E-7

0+1.0)E-8

640.6)E-6

(2.

(1

(5.

(5.

W-11

440.4)€-9

.640.1)E-7

046.0)E-9

0+2.0)E-8

Lagoon A/B

(2.6+0.2)E-7
(8.7+0.4)7-6
(1.210.0)E-6

(7.0¢3.0)E-8

(3.041.0)E-7

(2.140.7)E-8

PR-1

o —

(6+42)E-10
(-5+3)E-9

(2+3)C-8

(2.2+1.0)E-7
(2.042.0)E-8



UNITED NUCLEAR

r(?'ﬁQf
Analysis Pi-2 W-D W-87 -2 -3 76-U_
Gross «* (9.013.0)E-10  (1.240.2)E-9  (1.1#0.1)E-7  (3.7+0.4)E-9  (3.040.2)E-8  (5.8+0.6)E-9
Gross B (3.442.0)E-9  (-1+3)E-9 (2.4+40.0)E-7  (2.3+0.4)6-8  (1.110.1)E-6  (1.1#0.1)E-7
Cs-137 (1.640.8)E-8 (-946)E-9 (1.0+1.3)E-8  (1.140.B)E-8  (4.246.5)E-9
Ac-228 (2.442.0)E-8  (-2+3)E-3 (8.30+1.7)E-83  (4.40+1.4)E-8
Th-208 (4.541.6)E-8  (2.0+1.9)E-8  (4.4+1.7)E-8
K-40 (9.0+8.0)C-8 (2.441.0)E-8 (1.641.0)E-7
Ph-212 (5.0+1.0)E-8 (2.441.2)E-8 (1.4941.1)E-8  (6.141.2)E-8
Ph-214 (2.0+2.0)E-8
Bi-214 (5+1)€-8

* 425% systematic error due to solids.

,

‘ e



Analysis

Gross =*
Gross f
Cs-137
Ac-228

UNITED NUCLEAR

RErr

77-B 77-0

(1.840.2)E-8 (1.140.1)E-8
(4.2+40.2)E-7 (4.040.2)E-7
(3.8+1.3)E-8

(1.542.2)E-9

* 425% systematic error due to solids.



