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CmNVIRtiATOy RADIOLflCAL ,SIIRVR.Y
0W THE

... RUILDINC D LABORATMRY AI•rA
GENFRAL ELECTMtN COMPANY

EVA,."ALE, OHIn

I NTROflUCr TI.N

In 1Q51 the let Engine Department of the Cenera1 Electric Coop.(y ME)

for.e-d the Aircraft .. clnar Propulsion (ANP) Project, a joint venture eontraeg

between the U. S. Air rorce, the Atomic rnergy Coemisaion (Ae9), &Wd I7•. t(

develop a nuclear powered aircraft, The developiental oparatlons were 4ndczed

in Wuildings ,-West and, 1 at Air Porce Plant No. 36, located at the eaneral

elect tic Plant it Evandale., Ohio. The ANP pro.ject was terminated ta i9J;.

however, radinactive matertls use cnatinued under other 0KC prima reontrae•t mad

llceased arrangemenrt. until M•73. At that time initial decontamination was

performed under direction of the Air Vorce; final dhontfttoR

r•sponsilbtl1ties were assumed' later by GW's Advaneed Energy Program's D"*Vtmunt,

In 1984, decontamination of Building C-West 'as completed and, following a

verification survey by Oak Ridge Associated OIhversities (!WAU), that facility

- was released from licensint rest rict ions. Durina 1985, ORAU conduer•d

neasurebents and s.rnpling of excavated drains and piping. throughout RuildLng D.

Decontamination of the Building 1) laboratory area continue4 through 1996. A

report describing the decontamInation procedures and survey results was submitted

by 1 in. November 198fIS. In April 1987, at the request of Region TIT of the

",Ltclear Regjlstory Commission (NRC),-. the Radiological Site Assessment Prog-flam of

MlTAU conduct.ed a contirmatory radiological survey of the Building .D 1isboratory

area. The purpose of this survey was to evaluate the radiological status of the

hLzilding, relative tn the N'RC guidelines for unrestrIcted use. Preltim•]ry

measuremenrs identified significant residLal contamination exceeding the releage

guidelines. As. a result of these findings, General Electric retained Nuclear

•upp,.-rt Servtces. Inc. (.SS), to perform further remedial action, and in Iuly

17-7 an addendum report, documenting the results of the post remedial action

monitoring, was submitted to the NR(1.1 ORAU resurveyed the building during
ht.'.• !94!7.

1*



qtrv IRSCRIPTION

T~he GCner.41 rjeetrtj. Plant t* located adj4vent th 11ttorit&te 75 ý.n Cirg4aj. 1

W a iu, a~nrrth znf rntn~LRnti, Ohio Mg1 i~r.,4 I and 2). AMr rare Plant qo, m~

is 1rw'iirlqtt In th# Oxtr~uw V41thO, _part tnn of the CE plant att~a, Ruiifnzg 0to .s 4

tingle~ strrv, %teel frame And hrtck titrurcturi', approx~imately 21? by 117 u

wiha ~iart Ial hwaeaent an4er. the LAt~ratnrr Arpa and a sagl Oveov~d stbry area

covering tthc .'tio~lar rxpori~ntai Area (14F-) 4 Tlits Vttjildln, was thew out*,

ý,eratfsunal c-enter f').r the ANP program~ and iricl-idod offic~e, engfn~ertng, shop,

A nd 1 4eqjIiborqto~rv (ftcIttiefi Enriched -iranitmwi su the major futl

m.aterial prncevsed, althouixh other %io'irca afd sptcl~al tnclear matortal-4 v~r#

handled in %pAll q~satit~e. Tr% onrlrittnn to 'r¶# fuei 1ierialo, operfttoWs lit

noldtrmg !) involvp'(t a~amjlo% c-n, at-lnt;w a 'nriretyv --f fission~ afd 4etivotouu

* Th-e radlaacttve tmatertals use -Area coveri. 4pproimserely IMf a bry 70 ,and

i~qrude*-i jaho3ratorv spcpae (11f) mi . 6n ), divided into tix blocks of alternate

st~rilo ;trv double rows of Inhoratoripi; or rmyma. a high hay area, and suipport

fAC11litieS (Figure 3). Ther@ is a Pn zav~i-e, lncated aboive the me~tern partio#

nt the 1ýibnratnrv Ar-usA, which contained off ices, change roo'mnR, and other wujrport

fa~iltiý;(Figttre 4'). The NEA contained ai .'oiplete 2ud- floor, comprised of

oftfh~e%, si.utte storitge utjimi, and heavily qhielded work rooms, A 11aste Starage

Pad an-' sheet nie .tal buildt-ng ste locate~d Incilde the fervceld area, north of the

:M~A. . Tiior Roilleilng f) areas in which radioac:ivo materials were processed or

ln'red Iichded Foel El1ement Prodiicrinn 0.6), '4etal~lturgcal Pow.der L~ab (L5), Varts

Le L 1 L4), Fual Flntrit Ievelopnent, and PrncePaitng (1.3), ~4et-allogra-by an4

'ýIeAsu1ampnt La.bF L !Atochemtcaeil and tDran~in -%nalyvsia (LI). RadtoaCti'e

'ra-ei~i Lal- MRI), -a r Crircical rpertments (N'TA -602i 605, 607, i515), and

Srnrate fw~t9r;, qt..r -- ,jads, vaulLs., and basenenr).

F~rciri-s z~nntrol ulýPre cuntro 1 exhou-st ventt'l~tion ys v9teeim.ý; rtd

po en, ti.,i ! 1v cro'itarinated d~ra~rns have been remo~ved. nther contamiaated surfacei

ver~ eth~r ~vsf 1V~ rel.ioVed 4)r It"Lend, -iing a t)in f miethods.



SURVEY PROCEDURES

The conf I riantr - survey was cJndtucted August B-27, 1987, by the

Radiolngica1 Site Aasessment .rngram of OR411, In accordance with a proposed

bTVwrev plan. submitted tn the VRC for review and eonesrrence. 3 Thg objectives of

the survey wer Lo, Confirm the accurary and Adequacy of the licensee's data aad

t; provide informatLon which would enable the NRC to evaluate the fectitty's

radiological s8atus relative to guidelines fnr release from licensing

restrtietIor. This section summartzes the procedures and techniques emaployed in

this siurvey. Additional informaLtlon concerning major Inntrunentation, sampling

equipment, and analytical procedures is provided In Appendices A and B.

-'ocument .%eview

OPAU ievitiwed the November 1986 Decontamlnation ReporL and supporting

documentation for the Building D Laboratory Area, but noted that it contained

many discrepancies, when comupared to the actual radiological condition at the

facility Followirn.g further remedial action, ORAU reviewed the Addendum Report

(Ouly 1987) and d.termined that the Information was not adequate to determine the

site release status. Additional f[gures and data summaries were submitted 'y

CE, NRC concurred with ORAU's findings and requested GE to decontaminate and

resurvey to satisfy NRC guidelines.

Facility Survey

.1r4dding

The 2 m zrid paLern, establi-hed by the licensee, was used to reference

floor and 'lower wall (to 2 m high) measurements. ORAL! utilized a difterent grid

cnnrdfnate Identifiration system than was used for the-licensee's survey. Upper

walls and ceilings were not gridded; measuremenLs and samples from these surfaces

were referenced to the floor .rtd or pertinenL building features.



ita-~scans

tVSvnattc Alpha, beta-gamma, and gamma scans were perforrmed on floors and

ow*5r'walks IERff a :,,as prnportional alpha/beta floor monitor, zinc sulfide alpha

de•ter4tnrq, 4,pascuake" ( detectors, and Nal(TlI) scintillation detectors coupled to

rialer4'r-itemtaers with audiSI. Indicators. Representative areas on overhead

,%urface%, aurh asj upper wa11, ceillngs, ledges, beams, pipes, lightLng fixtures,

and mi.i ellateoug e!.xipment were also scanned. Locatione of elevated direct

raM~itlon were- "v•tW for further investigation.

'leasureaents of Surfa Contaminatinn

Based on the use histnry fnd resul.ts of previous surveys twelve rooms were

Idnt-ified as, having the highest potential. for residual surface contamtnation.

These rooms are Indicated on Fliures 3 and 4'. Figures 5 thru 16 show the

locations of floor grid blocks surve-yed. Locations of lower wall grid blocks and

sinj.1e point measurements are available but have not been included in this

report. -Dne hundred-twelve arid blocks on the floors and lower walls in these

rooms were randomly .electe-d for conLamination measurements. Measurement-s of

toaal .alpha and beta-gamma contamination levels were systematLcally performed at

the center and four points, midway between the center and block corners. Smears

far rulnovabl- alpha and beta contanitnation were performed at the location in each

grid block w'ere the highest direct reading was obtained. Total and removable

cont aminntion levels were also meas5'red at 977 locations on the upper watls,

ceillings and miscellaneous overhead objects in these twelve rooms.

fine hundred-twenry-two single point measurements for total alpha and

het.)-gamma contamination were performed on the floors and lower walls in 16 rooms

of lower potential for surface contamina2lon (Figures 3 and 4). Smears for

removabhle .alphd and beta contamination were performed at each location. Total

ind removable - CnraminaLion measnrements were also performed at 58 random

locations, on the' upper wall, and ceilings of these 16 rooms.

rxp,.Ltr.- Rate Measurements

*.ina OO"G'I-t, s -IL I -i.'ttar ahvov the ;lfoor werp *easured at s;.

), n ~l ; ! " o ut.'• : •' • ; t h • i i i : : -. N a l". l ( T ' .• - a .i a i ,- i n t . l': i t i o n dri t p r t n 'r c

•r 1,, .'r v-.,', .' ,' • ,: . r.. ,ur . z-z 1--. I zatI,. ¢- anh r.



0Paint Sampling~

-Fifty eight pain, samples w ere collected from 100 Cm2 areas on Lhe floors,

walls, and ceilings at random locat iois throughout the laboratory area

(Figures 17 and 18).

41scel laneous Sampling

Nine samples of residue were collected from floor, upper walls, and overhead

structure locations (Figure 19).

Outdoor Survey

Gridding

The outdoor area associated with Building D was not. gridded; measureawnt, and

sampling locations were referenced to building features.

Surface Scans

WJal.wover gamma surface scans were conducted at I to 2 m intervals up to a

di.•tance of 1D meters from Building D or to the boundary of the restricted area

associated with the North and East sides of Building D, using gamma scintillation

detectors (Nal) coupled to ratemeters with audible indicators. These were areas

where radioactive waste was stored, and other areas within the Building D fenced

boundary.

Exposure Rate MeasurementLs

Exposure rate measurements were made at I m above the surface at six

locations (Figure 2().

Sol! S ArP Ii ng

Six • (surc 0-11 cn) s A: .amples were cr,llected from the Uaste .•torage
, . . o i0). .C lo-s ere !Iimited d'u to ci e.vett aid

.- p,,ta ', 4rivewa-,', .,','a kwa-.-;, ind ,:r ~



Water Sampling

-Fve water samples were coileeted from the General Electric Plant. site.

Sampling locations included two storm drains, one sanitary drain and two storage

tanks (Figure 21).

Roof
4.

Beta-gamma scans were conducted on the roof of Building DI, using GH pancake

detectorR coupled to ratemeters w1Lh audlble indicators. No samples were

col 1 ected.

Background Measurements and Baseline Samples

Samples of surface soil were collected and background exposure raten were

measured at 8 offsite locations (Figure 22) in the area around the General

Electric Plant, to establish baseline radionuclide soil concentrattoos and

background exposure rates for vomparison purposes.

Sample Analysis and Interpretation of Results

Samples and direct measurement data were returned to Oak Ridge, Tennebsee

for analysLs and interpretation. Residue, concrete, and soil samples were

analy zed by solid state garima spectrometry., Radionuclides of primary Interest

were Co-60, Cs-137, Th-228, Th-232, and U-238: however, spectra were reviewed for

nther identi£fiable radionuclides. Smears, and the water samples were analyzed

for gross alpha and beta contamination using a low-background proportional

counter. Paint samples were analyzed for uranium and thorium by neutron

activation anal yis. Results were compared with NRC guidelines, established for

release of facilities for unrestricted use, (Appendix C).

RCSULTS

Docuoent Review

In i,,eneral, t"'.e dec-3ntaa nat ,n and Mof,1niL;.r1nu plans appea-r t.! iav been

aidequately deve'lcped .i en.tre tile .PC ruldelines were met. However, the r.,porL



submitted tn Novemher 1986 did not accurately represent ihe radiological sLatus

of the facility, as evidenced by the initial ORAU survey. The frAlowup report of

July 1Q87.briefly sunmmarized thj additional cleanup and monitoring. Data in this

report appears accurate, but in tlRAU's opinion the report is lacking in certain

details regarding measurement locations and an assessment of the site status.

Because of incomplete or inconsistent informacion it was recommended to the NRC

that tbe OUAU confirmatory survey be used Lo independently evaluate the pitev

final Status,* rather than attempt comparison of ORAU and licensee data. The NR.

Region lit concurred with this approach.

Background Levels and Baleline Concentrations

Background exposure rates and baseline radionuclide concentrations. in soil

From the vicinity of the Ceneral Electric site are presented in Table le

Exposure rates ranged from 8 to 10 lR/h, at one meter from the surface.

',rra-nIum 238 concentrations ranged from <0.4 to 2,5 pCi/g. Cobalt 60-

cuncentraMtions were less than, 0.1 pCi/g, and Cs-137 ranged front 0.2 to

1.5 pCilg. Thorlum 228 canccntratlons ranged from 0.2 to 0.4 pCi/g; T•h212

coneentrations railged from 0-3 to 1.5 pCi/g. These levels are typical of

radlonuclide concentrations, normally occuring in the environment.

Facility Survey

Surf ace Scans

Numerous snail areas of surface contamination were identified by alpha and

hieta-qA~ma 8cans. These areag were indizated to GE, and Nuclear Support Services

perforrd4 addittonal remedial actinn. Resurveys of these areas after remedtation

indicated Yhat cleantup was effective In reducing the con)taminstion Eo within

guideline levels.

Surface C.Nntanination Mteasurements

Re~tq ' if t.nt-l and reiovabhte contaoinar.!-n .- azaurements are smn-r!zed In

3 tl-d An: I. and. 1n.1 bvt-a-ana l'els Were -.eneral'y well iel:-w th-

r, ,. ,-" .-ri+-ria i•. * . .4 -.• n" tn acei. le;:; than !he >.ý.'-e ',f detecr I .r



of th* Instrucentation. The maximum alpha measurement was 410, "dpsf1-Gf00 cu

measured nn the floor in the metallurgical powder laboratory; the imaximum

beta-lanam level vas I100() dpm/lO0 cmc measured on the floor in the' Radioiwtive

Materials Laboratory. Highest grid block uverages were 110 dpm,100' cm alphov

and 1000 dpm/l0I cmui betalgssaa

The maximum removable nlpha and beta contaminatior -levels #ere
22'M) dpmialfl cmO amd 190 dpm/1flN cmi, respectivetly.

* ueRate Mi-4 -uremetBIISt

" Exposure rates measured at -,Ix locations ranged from 5 to 10 iR/h

S (Tible 4). In addition to these individual mestaurements, ganral gamma cans

indicated a stmtliuc range of exposure rates throughout the building.

S- adinimlide Coneentrations• •n Paint Samples

Results of analyses for total uranium and total thorium in paint samples9 are'-

presented in Table 5. Total uranium concentrations were less Lhan

2.2 " 0pm/10 cmi, total thorium concentrations ranged from <0.7 to 24 dp'u/1O0 cm

Micellaceeous Samples

Radionuclide concenteatiorm in nine residue samples collected from floor end

kipper wall. areAi, are presented in Table 6. Samples included dust and.rresidue.

from floors and overhead structLtres, as well as, concrete chips from floor* and

wal-fls. "Residue samples are reported in dp/100 cm2 for comparison to removable

contaminatlinv.9rIdelines while concrete samples are reported in pCi/g. *..•nilum

concent.ratlons were less than 2.2 pCi/g (concrete rubble), and ranged from less

than 64 to 140 dpm/tlM0 cd 2 (residue). Cobalt 60 cor.--ntrations were less than

fl.3 pCi'. (concrete rubble), and loss than 24 dpm.'.i'L cm2 (residue); Cs-437

concentrat ins ranged from less than 0.1 to 1-5 pCifg (concrete rubble), and less

than 12 to 417 dpm!100 cmz (residue), Thorium 2213 concentrations ranged fr-OIi

less ~than 0.1 to 0.8 pCi/g, (concrete rubble), and were less than It dpm/100 cm

(residue). Thorium 232, concentraLions were less than 0.2 to 2.4 pCi!g (concrete

rubble), inin leqq than, 74 dpm!ljf cm (residue).
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W- .lr.rf ace scans of th-•4o1140, r artas up to 10 a f(u. the b-t-tP .

.... r.stte..d ar. a lane, iutics- d .. "r.As o f " .M .".-.ttm --

~t'itt& ft-$at brg a*-rn* of rho RutIlding 0 rci~f also4 414M.9 -~.-I#*f i

--- t40 of elea-t. di* Im rAdit ton -or' the presence of cantaimRat ton&.. -

G-1'47s-xrtMr rates measured at soil samplt0g lation. rangod .6- t..o

4- -m aveg-se ewposuru, rate at I uwter Af 10 R/h.

tat~tnI~rCctuteittrationso it AoiX Samples

.>:-Aes4IQ EAa"BM47miyes -of soil samplibt collected tro* the Unste Srs.r

-are psnd- -v lrt-ýI# Table 7, Cobalt 60 and U-238 levels ween less rh Mw an

-1 MIa.. for the instrumentatlon I and 07- PC!/$ reap vah-hf

.ripm O.5 toj 4.1 -pCtg Th-2Z2R ri fed from 0.2- t 0.4 / and-

"3:2_ed :-o ...... tot.? pci/g.
.W.. ur. .. _.n-p.i .t.. -

ross- Apa Wnd beta concentr.atiofS in water samples •col tt-ted. f. -m storg.

tandkS4 storm -Senrs anld a sýanitury seiwqr, line are p~resented inTbe-.-Gross

-alp-h t3ice lCws raged From less i-h-an 4.1 to 2.0 p....i ti -.. bpt.a

.iarted f em l•ess than 0.6 to 26.7 pUI I..

CO41rARISON OP RESUVLtS WITH CUTDEtLPNES

N R--..-face contamination goidel Ies for release of facilities fo r-

"-"unrestricted "se are presented in Appendix C. The princtpal. radionuclides of

interest in BuiIdin m l are Co-6. , and C.urai;. i and -horiuw. Alpha

cnar rnation measuremCnts in the facility were compared with the guideline

levels ,or thr'rln. b'ecaus2 they are .tore restrictive than the Levels. fnr

I3



U~ratn{am. Batta-gan measuremuefts were compared with the Suidelii* f~e~or-.

w-*Lietllanwtrus bet~a-gooma, *sitters ~ep~t4to be piresent at the-~t.. The

g**ide I 10& levels selected for comparston are summar~zed below:

1,00*)dpm~'l0 em~,averaged over1 .

* -2ý 2

- .- ~ --3,000 dpm/iflOO. :, ma~ximwumtin 100 Cm

-- 5,000 4ntl0) cmzl averaged waver 1 M
2

-. . ~*15.000 dpin/)Q0 Cal, Musiiium in 100 am~

-1.,0OO 4pM11OO call, remvable .

_0ll 61ot ybin eovable alpha An bet a-gamma 3eIsea-uehsv-e 11n ~

gddn41W*nea. Mlsc kneotJs ret idues and pai nt samolet tlso itosn-iaew4 -ria m-ci~ -

t~atin .wtl he. o 4dolirw levels for surfocv, cajtav4ipp~,,

-. iptjeratq, igpidelinib livit the level at I a above-- the Gu~ae iW4

P2 .i- b ithckgr.vwnd. -or approximately 19 utlh utbal for tho! ara~E eO-se

All !*su I-tet =Mwj-rd Wjr~r well belowi that. level. with -a iti ee-b

-onlv 1&uti URN

* S~oi iJ.1 npe we Q ~.pgre# to-thp_ MkC- SuldejIM. vi 10) 0:09g of QSrbrI

benioi~ u ot he r, KRC Ii.1-tedm -f selitiffs Jo~t Tiew d.al U"ves 04t

v. All of t~w sot1 mjes I ~l~e M4Y dtittll;D

- .tivpktal ot -hav1gr'ound. zatocld l Pot'~wentratlom..and well WitbhIn thoiewgni&lit

levelsa6 -

The %~rater samples -Wer;P well wit-bin the ýMc guidelirnes fit' U~&Arrtcte4 Uge

(210 CFR 210 Apptendft R. Table It, Codua 2).

P'reViour, Rurveys of trdenwh. resulitng fron excavatlon~o irai Lstinaterd

ptping and draiwvm, art: ;-,esented in separate letter reports. 7
'Th~ese surveys

10



Lp~icated that decantamin&iatOn. Of the excavated areas had also beii effective in

sattify-tri the NRC gtvideline levels.

oln kugust 18-27, 1987, O~ak Ridge Asbociated UnlversUs1~a Oerfgud a

Lamaor og i c 41a survey of. the Laboratory Area of &4l-didng p, t -te

General Electric Company Plant in Evandale, O~hio, The sairvey nu~ .afc

ilpba, gamma *and - b;--aua scaija, measurement of direct, and rgmsdiU -

-,ent~inti~ilev*als. and the m~easurement of radlonmuclide coneeqnttsti\WM ji -isT

pa -r~~id~,and water itampl1e. The i~ig iiaeta eeI>~4

4-f-f-or~ts have.. be-ei effeiztivo in removing residual radioactive oamad -- a

tha&E the prese~ft. radfological conditions of the facilit~y safttfy -theý W~

Stild~telips;or rel.eise for unreSLriCted use.

4
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TABLE I

I1TRECT PAflIATION LEVELS AN0 RADIONU;CLIDE CONCENTRATIONS

tEASURFD AT BACKGROUND SAMPLINC.LOCAT."*QS

(ENERAL ELECTRIC COMPANY

AIRCRAFT ENGINE BUSINESS CROUP

EVANDALE. OHIO

,,,i

Gamma Exposure Rates Radlonuclide Concentraations (pCi/g)

iocat Iona I m above the surface CO-60 Ca-137 Th-228 Th-232 U -238

I'R/ h

I

4

6
1
8

9
9
8
8

10
8

9
to

<0. I
<0. I
<0.I
<0. 1
<0.1
<0. I
<0. I
<0. 1

0.5 - 0.2b
0.2 t 0.1
0.3 t 0.1
0.5 2- 0.1
0.3 1 0.1
1.0 ± d).1
0.3 - 0.1
1.5 - 0.2

0.3
0.2
0.2
0.2
0.3
0.3
0.4
0.3

+0.1

- 0.1
±-0.1

±-0.1

- 0.1I
- 0.1

1.2
1.1
0.7

1.5

1.2
0.9

i 0.4
t 0.4
± 0.3
± 0.2
* 0.4
±0.4
+ 0.4
t 0.4

2.5 t 1.5

<0. 7

1.5 ±1.2
1.9 0. 7

(0.9
1.4 - 1.5

a3%.-Ir to Figure 22.

bhncvrtatnties represent the 95Z confidence levels based

uncortatnLties of 6 to 10% have not been propagated into

only on counting statistics; Additional laboratory

these data.
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~j~itr ~fnI i2~ &
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'5 25 1I0 <26 - 220

c26 - 150
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- 12

<6

0

0

0
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0
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0480 <480

(4809



SIJ4.ARY *JY 5-4POIN1 SiiiFfC.F C NIMATIO*N 9EASl1RB'ENTS 0
fiVILDIPC i0

GEKRAL ELECTRIC C04PANY
EYAINOALEJ ONIO

tI'mN'~:, TOTAL CONTM 4NATIOJN

F 9 ie r d0 oIM lw lp6(tiplu/1WO cm Bete-Game (d_00/1_
Surv~o*s I 101est Grid Rangs of H19heio~ Grid t

13 lock Avo. M.easuroownts 111ocIk Avg. '4as

t4 - 7/,

Ioor~s & Lr.q' ~r

l~d 1 ~',

Cel 1I~'~

9 426 - 95 c440 <4 8(

0

SRPID 8IXEP.i

2 f~0L (W8B~qocK~ts

nge of Alphbs Renge 5a*t& p.Ong# £w'cee4ng
*omuts lpm/10 cIi (dpiw/100 cm) Criterla

*rwns 44:31 6-z 20

100 <3 <6- 9 0
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I loors 6 Lowe~r
Wal Is

Upper W*a)%
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I) 8 64 <26- 190 WI 48-rD-630 (3

43

46 - 14 0

4 57

b07/60A7

71ars & Lower

We I3 I.

tipper Wal Is

Cell inga

12 14

3

87 426 - 0

026 - 57

<480 <480 <3-7 0

0-- <480 3 C6
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Col I I Ag"
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5
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<26 -110
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a Iock Avg. ReasurmtOf'Os 1) 19L* Avg. lmeasur~ments Ciei

I.
I''

OLIP-sr 8a w~I. I%
Coil I Ing&

14 2 <26 <26

<26

4480 c480

<490

<3

'3 - 5

(6

6 - 8

,0

07

mpmw~r.ne Chftnrj. Room

r ior s & Lover
Wm It 1

upper W&IIS
cell i'nq

Mact~iln ShoD

Flwrirs & Lower
Walls~

Uppar- Walls 3
nou I I I nj 0

15 9 I00 t26 - 150

<26* - 1,90

740 <480 - 1400 (5 12

<3 - 0

46.- 10

<6 - 21

0

07 <480

16, 7

2

43 i26 - 74 <480 <480

C480

<3 (6 0

0<26

8Sfn(,-e polni n'e.suromritst oily performedi. Averages not determIned.
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0
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0

"0

a

2
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0
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-,ABLE 4

DIRtCT RADIA~TION L1PVELS 1fEASIJRED AT
LOCATONS IN BUILDING D)

CENERAL ELECTRIC C~OMPANY
FVAND!ALE, OHIO

Location Crtd Block
Gammwa txposiurR Rates @ I

above the surf ace

I MNL

T.0 4441, 6E

3%1, 4E

5

9

8I 6117A

L3 - 4

5

&

L4 - 7 & 8

10

10Ll - 7 4,4, 4-

ft~izefe- rTo Ftvre 1.



rABLE '5

RADt.LCLtOE C cNT•J•iTmN i PAINT SAMPLES
OU 10 1 NG D

GrNERAL ELECTRIC COMIPANY

EVANDALE, OHIO

RadlornuclidU Conentratf!o. T Tp./10 !.mi
U Total Th Total.

Sur f actf Grid Block

L 5-1
15-1

16-1

L6-lLt5-I

1.6-I

L.6-I

1.6-11.6-I

Ll-7

L-I
1.1-1

LI-

1.3-4

L 4-7!9

L5-3

6 0

r IIInq

Upper Wal'
:a IlIng
Upoer Wall
tQpper Wall
Upper Watt
Uppdr Wall

UVer Wall
Upper Wa Il
Lipper Wall
Upper Wall
Cel l!nq

kpper Wall
C II I mg

tpper #ali

Upper W&all
ce Ill~ng
Uoper Wall

reI ing

Upper ts all

'aI lno
cellg

,.el.lln;

,,oII Inc

:,O I I nq
L .,w q? WO I

L-wer Wv'gIII

ovaI II

,p~er Wall

,1

56

30

15

25

24

38
54

54
21

155

17
t64

69
124

16

7

26

3

4

2L

19

L

7
4

."1

26

<0.7

C0.6
01.0
c0.9
<1.9

<0.6
01.2

<0.6
CO.7

'(0.7(1,5

<0.9
<0,7

<0.6

40,8

'cO. 7€0,7

-c".6
<0.6

C0.7
(1,1

C1.6

<3.2

t1.0

(0.4

<1.1

K2,2

,2.9

C1.0

42,

c 1.3
24

6.8
C1,.

42.6

01.2

cl.3

2.0
0.8

C0.9

t 1.6

03.4

<2.4
(1.0

'Id,2

cl.;
01.3

0 .t

,f0.7



-1 2..11_
. -. ~. ... 7 -

TMLE 5 (Continued)

*W AI ONCL EI DE COCFEdTRATIONS 14~ PAINT SR4PLES
BUILDING D

O ENERAL ELECTRIC CO4PANY
EVAMDAL.E, ()RIO

Rad IonucltIdo Co.ncentratlons (dpm/100' 4m)

Locat[QrO Surface Grid Block ~ V Total lb TatalI

isLower Wall 26 <1,1 C1.7
Iss Upper Wfell1 4 (.

Upper Wall .7 lilt(1.
It-4 Calling 13 .40,7 0,11
L1-t2/14 Calling 4 0C.7 C1.0

LZ68Coiling 33 <0.7 40.7
* L.-1 7 Celln I8 I gI0.7 CO,7

L3-1 Calling <0.6 40.9
0 L-3 Ce I I fg 10 <0.7 <1.1
602 Lower Wall 10 (0.7 ~ ,
607 Uipper Wall 3 <1.0 (,
6074 Lower Wall 4 <0.7 C.
615 Upper Wall. 1 40,4 <1.7
716 Lvwei- Wall 7 01.7 C2.8
.718 Upper Wall 5 C1.4 <2.3
NIS Upter Well 1 9 018c.7
N L Upper wall 6 <0.7 01.4
RA L Upper Wall 9 ,

QR4L Upper Wall 'Co. '09
RLLower Wall 2 < f, 1.6

RAL Lower Wall 18 * '.7 10.0
F#4L Lower Wall 15 009'.7

Om L - Upper Wall 26 '.

alRefor To Flqiur,ýs 17 *na 13,



TAB LE 6

7~1)I NLr:1 lECON~CENTRAT IONS IN HISCELL.ANEOL'S RES I PUE SAIVLES
BIJTLI)ING 0

GEJF.RAkL E.LFCTRIC COMPANY
EVANIlALE, 01110

Sampe ,Sample Locationa Radionuclide ConcentraLions (PC11g)
N . Type Co-60 CS-I 7 Th-228 Th-232 0-238

cnncrete 1. (0.2 (0.1 <0.1 (0.4 <0.3
,: acretC w/aste Storage Pad <0.2 0.3 b 0.8 ± 0.2 -1.4 ± 0.6 <0.6

3 concrete 738 <0.2 1.5 x 0.8 <0.3 <0.9 <2.2
cnac-rete L4-7/8 <0.3 <0.4 <0.3 <0.9 <1.8
concrete 1S-1 (0.t ..O.1 0.2 f 0.1 (0.2 <0.3

Radionuclide Concentrations (dpm/100 cm.) .
Co-60 Cs-! 37 Th-228 Th-232 U-238

I6 residue L4-7/8 <15 417 ± 40 (9.3 (35 ( 64
7 residue 716 <17 <22 <10 <74 <130
8 restdue 1.3-4 <24 <12 <1! <6.9 (110
9 residue LU-8 (7.3 148 t 24 (6.5, <32 140 t 110

aRfec to Figure 19.
bulIicertainties represent the 95Z confidence levels based only on counting

of 6 to IOZ. have not been propagated into these data.
Statistics; additional laboratory uncertainties

i



TABLE 7

RADIONUCLIDE CONCENT1RATIONS IN SOIL SMIPLES
COLLE.CTED FROM THE WASTE STORAGE AREA

GENERAL ELECTRIC COMPANY
EVANDALE, OHIO

Locat [,na
Gamma Exposure Rates

1 m Above the Sutrf ace
(pR/h)

r:Q 60ý
Radionuclide Concentrations (pcl/)
.Cs-1T37 Th-228 . . Th-232 . U-238

I 8

82

3 I()

<0.1 0,6 -±. lb

<0,1 4.1 t 0.2

(0.1 0.6 - 0.1

<0.1 2.5 ± .2

(0.1, 0.9 - 0.1

<0.1 0.5 t 0.1

0.3 t 0.1

0.4 t 0.1

0.2 t 0.1

0.4 t 0.1

0.3 ±0.1

0.6 ±+0.2

1.4 t 0.4

0.8 t 0.3

1.7 t 0.3

0.8 t 0.3

0.8 t 0.4

<0.7

<0. 6

<O. 6

(D. 7

<0. 5

9

5

aRefer to Fig.ure 20.
bUncertainties represent the 95% confidence levels based only on counting statistics;

addttional lal,.faLory uncertainties of 6 to 1OX have not been propagated Into these data.
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TA BLF. A

RADLONVCltDE C014rfNTRATIONS IN, WATER FROM STORAGE TANKS, SANITARY
AND STORM 8EWER SYSTEMiS
GENER~AL ELECTRIC COMPANY

IEVANLbALE, OHIO

Radionuclide Concentratt.ons (p4i/1)

Watfor Samples Location ;ross K-iph0 roas Beta

Sanitary Sewer 2.0 t 0.9 4'6.7 t 1.7

Storm Sewer 2.0. t 1.5 14.6 t 2.7

3 Storm Sewer 0.6 t 0.7 3.7 :t 1.0

4 Storage Tank (0 3 0.6 t 0.8

Storage Tank <0.3 <O.b

. Refe, to Fig ijr. .'.
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APPENDIX A.

MAJ{OR SAMPLING AND ANALYTICAL EQUIPMENT

The display or description nf a specific product is not to be construed

as zn endnrsement of that product or its manufacturer by the authors or their

employer.

A. Dir.ct RadiatLion Measurements

Eherline "RASCAL"
Purtable Ratemeter-Scaler
Model PRS-1
•(Eberline, Sante Fe, NN)

lber line PRM-6
Portabi.e Ratemeter
(Eberllne, Sante Fe, NM)

Ludlum Alpha/Be.ta Floor Monitor
1-Iodel 239-1
(Ludlum. Sweetwater, TX)

Eberline Alpha Scintillation Probe
Model AC-3-7
(Eberllne, Sante Fe, K4)

Eberline Beta-Gamma "Pancake" Probe
Model HP-260
(Eberline, SantL Fe, NM)

Victoreen Beta-Ganmna "Pancake- Probe
MQdel &89-110
(Victoreen, Inc., Cleveland, OH)

Reuter-Stokes Pressurized Ionization Chamber
odlRSS-111

(Reuter-Stokes, Cleveland, OH)

%ictoreen Na. Gamma Scintillation Probe
Model .49'-55
(Victoreen, Inc., Cleveland, O0i)

R. Lahbratory Analyses

!.Low R.wkground Alpha.i-eta Counter
MOd.' 1 L Inc., )akRidge
(7Tenne.'c, inc., Oa Ridge, TN)

A-i



(e(Llt) ietector
Hodel i-G-CC-2220SD, 23% efficiency
(Princeton Gamma-Tech, Princeton,. NJ)

Vsed in conlunction with:
tr'ad Shield, SPC-16

(Applied Physical Technology, ktlanta- GO)

High Purtry Germanium Detector
Model GKX-23195-S, 23X efficiency
(EC&C uRTEC, Oak Ridge, TN)

Used in conjunction with:
Lead Shield, G-16
(Gamma Products, Inc., Palos Hills, IL)

High Purity Germanium Coaxial Well Detector
•"Lodel Cil I IO210-PWS-S, 23% efficiency
(EG&G ORTEC, Oak Rtdqe, TN)

Mul.tichannel Analyzer
ND-66/ND-680 System
(Nuclear DaLj, Inc&, Schaunburg, IL)

MlIltichannel Analyzer
TP-5/1I PHA, PDP 11/05 Computer
(Tennecomp Systems, Inc., Oak Ridge, TN)

High Purity Germanium Detector
ludel GE43185, 30% effictency
(E(&G ORTEC, Oak r"!age, TN)

k- 2
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APPENDIX B

MFAS1JRI'1KNT ANT) ANALYTICAL P1ROCFDIRF.S

:,ai.ma Scintillation Measurement

Surface ;C-nS and measurements of gamma exposure rates were performed

1.Cinng Kherltne Model PtM-N portable ratemeters with Victoreer Model 489-55

Q:kmma, qcintillattorl probes Containing 3.2 cm x 3.8 cm NaI(TI) scintiflation

pr.bes. Count. rates were. converted to exposisre rates. (iR/h) by

,'rnss-ralibrating with a Reuiter-Stokes Model RSS-1II pressurized Ionization

•chamber at rep 'esentative onsute locatlons.

Alpha and Beta-Ganma Measurements. -

Flo•rs were scanned for elevated alpha/beta levels by passing slow-ly over

the .iirf:icre with a Luo.um t Model 239-1 Proportional Floor MoniLor with a

in0, em' gensitive area. Other surfaces were scanned using Eberline

Iodel PRS-l portable sraler!rateoeters coupled Lo alpha scintillation probes

-,r ITP-12., C, "pancake" probe-s.

1-lasur,-ment s of total ,alpha radiation levels were performed usinng

rh•,r I i ne Madel PRS-I portable scaler/ratemeters with Model AC3-7 alpha

•."[tillntlon probes. .eaqurement of dieect beta-gamma radiation levels -.ere

performed using; -Rberline Model PRS-1 portable scaler/tatemeters with

"~del H{P-26.l thin-window pancake GM probes. Count rates (cpm) wereconverted

to digintegratinn rates (dpm/l00 cm2 ) by dividing the net rate by the 4n

Meck.-ncy and correcting for the active area of the detector. The effective

Wi*.jIw area was 9 Cm2 for the alpha detectors and 15 cm4 for the C.

,!,otr-,nr.i. "'hu average barkgrnund 'rnunt rate was approximately 1-2 cpn, Fir

thu, alpha probes and p0 fpr for the N, probes.

R'.vbtnva.! r.ont am naLion Mcasuremcnlt5

. ;ma,., fotr r d ? rmova1• 'In d tiame nae,4 lev('n were n nd1fv duaL.

-uI -i,b4.' Z O.r filh.'r par,'e-r di,., s 7 MT- In, djaMeter, Lbhen placeed in indtiv~duall'!

I- I



labf-ed envel'opes with the location and other pertinent fnforaetion recorded.

The smears were counted on a low background gas proportional alpha-beta

counLer,

Water Satple Analjuis

Vater samples were rough-filtered through WhaL.,an No, 2 filter paper.

Remaining suspended aoltdo were removed by subsequent filtration_- :rugbr

a.,45 um rembrane filters. The filtrate wva acidified by addition of 1O *1 oa

concentrated nitric *cid. A known volume of each sample was evaporated to

drvness and counted for gros'" alpha and gross beta using a Teanflet Model

LB-510f low-background gas proportional counter.

Painrt Samples

PafhL samples were pulverized ustnK a mortar and pestle. NJeutron

acttvation was condvcted using a 10 mg Californium 252 source and samples

an.-]yzed on a 30% high purity Ge--¶anium Detector coupled to a Tennecomp pulse

height analyzer and a DEC PDP 11i0 5 computer,

roil Samples Analysis

.•si samples ,were miixed, and a portion placed in a 0.5 liter Marinelli

beaker. The quantity placed in each beaker was chosen to reproduce the

cal lbraLed counting geomeLry and ranged from 600 Lo 800 g of soil. Net soil

!-Teilht.s 4ere determined, and the samples counted uning intrinqic germanium. and

,e(l.) detertors coupled to a Nuclear Data Model D'D-680 pulse height analyzer

s yVtem. .ack.round and Compton stripping., •peak search, peak ldenLiflearton,

and concentration calcul-itions were performed wsing the computer capabilities

Inherent i.n the .nilyzer sytem,. Spectra were scanned for identifiable

hu,.topeaks, The folluwin. en•.•ey peaks; were used for determination of the

radlonuclides of roncern:

Th-212 - 0.911 Mi0- from Ae-22- (.etdular equilibrium assuned)

0 1.591' 'leV from TI-208 (secular -qallltbrium assured)

• - O.nT ,Iev fr,-.m Th-2'ý4 (secular eluillbrium assuced)

.- .17 3 'eV

Cs-137 - f '-(V



IeiueSample i

Residue samples were an.Iyze d by determining the ,_,"p¢eweight,

and performing gamas spectrometry by countit the samp14 --on- *gi intrinsic

germanium detector coupled to a Nuclear Data Hodel ND-'680 pUlse -beight

analyzer system.

Uncertainties and .etection Limits

The uncertainties associated with the analytical date preaemted in' the

tables of this report, represent the 95% confidence levels for that data.

These uncertainties were calculated based on both the gross sample count.

levels ind the associated background count levels. When the net sample-count

was less th.,n the 95% statistical deviation of the backgrouAd -count, the

.Aamp] concentration was reported as less than the detection capability of the

measurement procedure, -Because of variations in background levels, saxple

volumes or weights, measurement efficiencies, and Compton contributions from.

other radionuclides In samples, the detection limits differ from. sample -to -

sample and instrument to instrument. Additional uncertainties of . 6 to 10%,

associated w th- sampling and laboratory procedures, have not been propagated

Into the data presented in this report.

Calibration and Quality Assurance

Laboratoty and field survey procedures are documented in the following

marnuats, dnveloped specifically for the Oak Ridge Associated Univertsities'

Radio'Qgical Site Assessment Program: "Survey'Procedures Manual," Revision 3,

May 1987, "Laboratory Procedures Manual", Revision 3, May 1987; and "Quality..-

Assurance Hanual", Revision 1, June 1987.

With the exception of the measurements conducted wiLh portable gamma

scintillation survey -eLers, instruments were calibrated with N"S-traceable

standards. The calibration procedures fnr the portable gamma instruments are

performed by comparison with an NBS calibrated pressurized ionization chamber.

I!.- 3i



quillty control procedures a~n all Instrumients Ineluded daily backg.oufiW

and check-source measurements to confirm eqt4'pnent ap. ratLoi wtthin acceptable

!ktatistical !111ictuattons. The ORAU laboratory particftet&i4:ift 'the 9PA an4

EIM~ (Ounlity Anvurance Programs.

B-4



APPENDIX C

GUIDEtLhMS FOR DECO'ANMINKTION OF. FACILIITES AND EQUIPtENT
PRIOR TO RELEASE FOR UNRESTRICTED USE

OR TEI.'MINATION OF LICENSES FOR BYPRODUCT, SOURCE
OR SPECIAL NUCLEAR MATERIAL



CUIOELINES FOR ECOlNTAMINATIQ)N OF FA~CILITIES AND Equlpm*ýT
PRIOR TO RELEA.SE FOR WJRLSTiZCTED USE

OR.TERKINATI.ON OF LICENSES FOX. WYRQDUCT, $,)URCE
OR SPECIAL NUCLEA1 MATERIAL

U.S. Nuclear Regulatory Commissiou
Division of Fuel Cycle & Material.Sarety
Washington, D.C. .20555

July 1982



The instructions in this guide, in conjunction with Table I, specify
the radionuclides and radiation exposure race limits which should be used
in decontamination and survey of surfaces or premises and equipment prior
to abandonment or release for unrestricted use. The limits in Table I do
not apply to premises, equipment, or scrap containing induced radioactivity
tor which the radiological considerations pertinent to their use may be
dirferent. The release of such facilities or items from regulatory control
is considered on case-by-case basis.

1. The licensee shall make a reasonable effort to eliminate residual
contamination.

2. RadioactIvity on equipment or surfaces shall not be covered by paint,
plating, or other covering material unless contamination levels, as
determined by a survey and documented, are below the limits specified
in Table I prior to the application of the covering. A reasonable
effort must be made to minimize the contaminacion prior to use of any
covering.

3. -1he radioactivity on the interior surfaces of pipes, drain lines, or
ductwork shall be determined by making measurements at all trapsi and
other appropriate access points, provided that contamination at these
2ocations is likely, Lo be representative of contaminac1,f On the
interior of the. pipes, drain lines, or ductwork. Surfaces or
premises, equipment, or scrap which are likely to be contaminated but
are of such size, constroc:ion, or location as to make the surface
inaccessible for purposes of measurement shall be presumed to. be
conmazinated in excess of the limits.

4. "pon request, the Co=ission- may authorize a licensee to relinquish
possession or control of premises, equipment, or scrap having surfaces
contaminated with materials in excess of the limits specified. T.his
=ay include, bur would not be limited to, special circumstances such
as rzir.rg of buildings, transfer of premises to anotheý organization
cofitinuing work with radioactive ma9terials, or. conversion of
fata-i:-Aes to a long-term storage or standby status. Such requests
must:

a. Provide detailed, specific information describing the premises,
equipment or scrap, radioactive contaminants, and the nature,
extent, and degree of residual surface contamination.

b, Provide a detalled health and safety analysis uich reflects that
the residual amounts of maerialis on surface areas, together with
other considerations such, as prospective use of the premises,
&qulpmetn or scrap, are unlikelv to result in an unreasonable
rIsk to the heal:h and safety cf the p•ulic.

r •ric- r re'',,se of premises for unrestricted use, the licer.see shall
=Uke a c,:,rehensive rad-iazic-n survey whi ch esZl-ishes :-a:

~aunza.Liuani~ ..s wSzhIi the "im"s specified in Tahle A copy of



the survey report shall be filed with the Division of Fuel Cycle and
Material Safety, VSKRC, Vashington, D.C. 20555, and also the
Administrator of the NRC Regional Office having jurisdiction. The
report should be filed at least 30 days prior to the planned date ofabandonme:it. They survey rep),-t shall:

a. Identify the premises.

b. Show that reasonable effort has been made to eliminate residual
contamination.

c. Describe the scope of the survey and general procedures followed.

d. State the findings of the survey. in units specified in the
instruction.

Following review of the report, the. IRC will consider visiting the
facilizies to confirm the survey.
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