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in;ý nitial •investigationý inbO•ia`,, Vendor •,reporte skin. d~s6ý.of. 8,100:..r t o ,'are ý -o f ,o u r F- el~t n g ,,.a n ,,d s n T e ch nic i an s ., E ve• n `. ' j th e ;, . ,
);futur6e"!41•iAs additional-;.inform6ýion' is "ý'obtaihe,: it' will be. forwrare,•-!"

pLaP' er .. r.. and , ' companyji,. (Vendor), 4,,;¾ ,> . id. in

the , quarter. 
t',

tkr ~Ti~'t, .. th iS4 being: su..nttedasper nour. Februarye,'16,1 1982 ..,

lassigned.a.v,,theraindivid/letter, and' 10CRa.*0.4O5 It ý;- aeriod,,may fherefore,aiman' iniialinvestigatis o 
UOito-a Vextrireporte& skin dose: repotf,1s <'Y.'i4."'have'- "tno •ates ioif ou at ingg atdat res Cve:,tfinlg . badges. -wre tkrug•h .t ,.

of .- •+..+P•. •,.fim)., +,,.nv loe.•;+.•n +•<.i +anual `.,ýb.bservaitons .++ of Z,o .d-, 1•-

invstiation to date has, bee "extenive•:,>i;wl berae ongoing,,uron: .:-, ,

futterns- MJ additional noations ibtaitd,' itwwill b foroewardedj process(

theesr~l,,t ijC'co N4 
"''' "4 're

u"4 4', 
4'ýii veitei, 

6r n

Landte'-'Jor. ads" or•feifkinperfoedosbý'thes, ne hdivfau.n',' +.hthei"' indivr idual's •f-ba ese,,

rbp ,tor t(Vonhand a the bdsteofsrthee.r.
,'i srogeof.,aiong is Aro • • fg sn otoaf r

tig;turhat , respetv flz badges oure dos ntae minred.
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4'quarer 1981' film'bedges of subject individual were alt in plastic'..,-,:.'

i;{:.bagsi. A-recent surve of plastic bags from the melting and casting area +.. :. :+,

!"::!.,indicates one if-several problem with the -"solution" . ,::.• Figure. 1 shows a"..'+:?,, ,+

-+ :,histogram of levels a, onaitinnagroup-:of bigs after two weeks .. .. +!•+f+y ,+:::+ . C vi
o se To*.,get a handle , ttude.'

six unused film ba re placed in ,.used plastic bags for, one week.

.he bags wre selected fro~n the distribution" shown in Figure 1I• . Reports

:.. Qn...these. filmsi -indicate that. the, bags.' themselves will -,cause .'readings

S&.4''-;,, ,. ranging from, "inimal'-. to, 480 mR•4. (beta-gamma) in a one week period.

.With .lting:.. and .'Casting': operations ,:'at present,- direct' lifting, of

, ,.:ontaminated- graphite_, crucibles - cannot,' -.-be,', avoided.. ". Therefore, .:.',:

•'.\t ; .,,contamzinatin- of protect-ve plastic',ý bags "cannot be avoided without' .. '"

~~ ~>cperational changes.,-_,, 
ii

- The n problem these plastic bags pose'is that of the position,....
. of 'film badges when Felting and Casting Technicians are being exposed.,

., As' stated :in +Itemr 9. of- our-Septerber 1974 License" Renewal,,.. under

S; ; 'Cas trtions: >~o. cýýoalizeid -radiation levels- approximating,' K1"!R~¶

(principalay, occu- 4within`7the` area, in- such" lctions as

r inside the, furnaces, in+ide-vented"enclosures, or.'-adjacent. to castings or- .

,tcharge'stck7'..,. This situation-has always been'known to th6.enployees and.,'"
I our He•alth- Physics.: Departnt0 ,,Unfortunately,.' the" l s posture

,-• mrkig on' the' above stated iten. and respective, position of his.,
film badge,.- was, not* correlated + when,:the •use, of bags began0 ' :Prior. to":v,

informing thl:e subject,: individual'of.o his§" potential:."overexposure, the

w.riters. wanted:-toobserv- his . rk. habits without..bias o. -It was noted,.,,': L7
that whenever the subject individual;' (or: other technicians) worked. on o

of the, above, items ,,.they' were, .bending --over-them.: Furthermore, ,,the '

~ ~. .-*plastic bags 'pinned at' the top-and to: their, srtpokts caused the film.*7'

~;~~h; .badgeto. fall four to'isix 'inr~hes, awa~yJ frqn" the,, trunk,. of. the' body. ,and

, closer. to he.radiating source 0 <x•Pastt practice '+ of, clipping. the" badge '.to :.':

th.ie. poet id not cause• smuchlarge distance discrepancy,, with ,respectto' 2i f*;E,7/
-" .. the dosimneter and, the individual (s) s••The accuracy problem this situation

•'y5,-• has ;caused. 2can •, be inferred +, fra• Fig 2 o •.;+,"..The ,, graphite crucibles-

.- ,,]dested'. the significant, source'ofposulisure :in,,thet Mlting, and
t area-,,, ahis ,quan urai ecay. products,:'.

.+phscal y. separatingin". teItand, eing'left,' in ,thed crucible "after.'

_:,+,':;the'mil i-•etal., sp&ured fethe bott 'When Melting.' and' Casting,:,,
+..+ •• • ia •, •, or. . * . .,he;• ru ibe•, .. ,.; i eo'jvacutmmng , ', pre coating ',interior ,;' . . . .,,;:,

surfaces '-.."loading a netal.charge foi alloying) they are' bending over' and"'

reaching"intols eather crucibleo..,It ,s ,clear.that badge?,. distance,
~ rrrs~<- ,' `dose* n'easurenents0 '; ?,.st *

-,i :ipo~rtantly,"'.it can +be.seen7-i : Figure-,. 2 that 'only': a small" -fractic n of

,;'.'.the+ skin 'is.being.irradiated :+to. the mnaxinum,: as' 'indicated byý,a dosiheter..,.:..

We" estihte . that oeý,-seventh-- (1/7) 1 of the :'subject individual' s skin is ,

n~xiuiuexposure.

,. .. . . 1he. above stated,.situation of film tbadge positioning has caused,

'•U +.L L+ been, a .LO..lrge 2UL cte 'J.-increase-' in. vendor .,"reported'.

doses to'• lting4and CastingTechniciansi,ý.The problem was. cqqrpounded by

k:"

V "-' '• '~~ 4+ +u * 4•. , j >, -.

++ +++"::'+ ii ++J•+"+."""'+i't i'" '++i++ ?:;'+ '"+•++•+'• . .. ..,,.. .. .. U+ . <,,.*• " + ,:•+•-,*+ + ,• - . ,. . " ' 44i.0+.
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~> ps. eotinj!-prb~ediares' 'of,-the: Vendrý can -be, seen inAppendixI
tht: acta, orts1•so6i'- dosiTetry ,..were . i r ived on -.an' untixmely . basis-!

Suightrat. s. .for, an'exposure per od"oul be called n: to Health :
b .cuzulative quarterlyi totals. vuld rnot be."-,., Not: expecting .to have. any.:.,:

Mt and Casting' Technicians i'exceed' a.qurterly, skin dose: limit,, based,';.I:

•i past"> experienc '-, cumulative ý-ý -totals.,,. were not -done" -during the.'. last..!,

q~ua.LJrte f 1981.'A ?-

The previous',discussion has been focused" on events leading to ., the ii

subject individual-, receiving' a reported,8, 100.,mRnfE4 skin ..dose Rfor the

last quarter;,•of"1981.•'I¶,The•raining .981dy",of.. i vt,,reprtwill

:.;suRary ,of , our , experints/evaluation: of.filmbadge .responset..o'. mixe

beta/lw - energy ý'ganmma, and x-ray i' fields,;'appropriate .I modification of
:re po rted d o e ,' 

". . .. .p•""'•"

doses. '•'a s mary..of -discussions" with "the subject individual., .:,
."acand €orfetivea'tions to date and planned'for the future.

andn 1,,:18

Afer w eid. th' oI 'epr f'auary 18,198
shwing.' a p6tintial, overexposure',', efforts were undertaken to. verify.the

dosinetry.',,", Dr.- George Chabot Awas .hired .'at that" time as/a
consultant-, to, I ;Discussions'.. with Dr.`'- Chabot led us to,', setting ,up a:,,

crucible horiz`ontally. in a fume:,hood, and measuring. .a. beta dose. rate (at :.,>

10.75 inches)'", with his, NBS traceable'extrapolation' 'cha-ter/electrorrtere'-..-
A. serles'of test",film'-adges:werethen irradiated:. singularly, at 'that':

point '(with 'and, without' backscatter) i.'- through a.- range of values e•xceeding

the highest', to ., reported; dose, to, the' subject individual.'-. A. series

,. ;.of film badges,.fro .the sane' batch were'.:similarly' irradiated ,.(through .7.,..,:.,.ý:-:i:.:

. r-/an ) with." a- depleted. uranitn.(D•) ;,.netal-tslab recently,:calibrated by.`,.'.:-;.,

., Dr '..ck'., Pruit. at N' .IS..""' Figure.,.'-,ý.3 .'"illustrates- j•..the :,resultsýý. after., our.
,. VendorN "blindly". processed- these, f 'l4s. ,The,- cruciblei,:. irradiations are-....

....... re aroprate., with <re c t. environnental .- .conditions, and,
''"n-'•aid Sta i ieonditi6ns -(23,4,5) ,. TheDU slab irradiations were done to

c -'> ,tPoitor- any',unaccounted film: 'processing: chan ".es on.,the part-of our. .Vendor.
.......fro"batch tO batch... '",,oThat", ',any c i~"gen..the .. least- squares• : Ine.of

.•,•slab . irradatons :•wud ~s., ..smla:.hnge'.,in .: the, line' .fo .:: the. .,,,•,.

'', crucible,.rait 'r,.,.T •!tersas - ' to ,>bed a ".:.beta, surface,: ,........
~~-'~~ A' ld ur5 VnoSdose perfi-ee .Veo ding.relation laseeeove our. .

hasperfo late iy,. ra ..trac.ingpaper on a Fgure 3,- .potted-....

y "'onJanuay.l;~92zJ dý a ~t a ' , f r m a ." ise -s • .o f , .s l a b .' 3 _ r ad i a t i o n s ',, p e r f o i7 e ..o n ý , J a u r , 1 4 , '. -1 9 8 2 .. . . .- . .. .. ,-

9 ,data .of -February •3 ,ab;, tation.-:, solute", relation'. line was

TOdawn' in. 1 As Can:be •seen fro!Figures',3 3` ;and '4 the WA endor,' beta "dose :'

gs,•havoverstated~ anid".-inrstated-`th ..true. surface, dose by.. about.
thesanee ,t .inthe resonswe ,bleve, our '

..... r.s .•lbations,'.provides.a quite acc'urate indication'of :beta skin

, surface-ds, nder, controlledll conditions.. ,. ,

onl, exe rents rrd:since January, involved .

lirradiation of amany.of our:.Vendors 6 film badges behind piees 'of NMI

uniform.shirts.. and ants,plastic used,,--to:,.bag".. f ilm .,'.badges.: in" the
'an s area, andg plastic and glass safety. glasses used by... "and-sCacting" 1s ue. by • t...-•

Melin 
C.,

k , ,

AV 

*"Pý2.

Mýýý ý_



ioyees • :.,reiativ percent, cnange 1iv.n:reportea.l beta' ooses-ot to e .

%ma ~and~ atnte.i~'bdge - is ~9 taliiated in ' AppendiX', JII ' 2 hee

adiaton rdone. on .the 'DTJ slab with.7 ' /cm Zof tissue: eqivalent,-;,;
an'1 iijtion' chanter, and*

,rcible •,through:,, a, uniform :,shirt ,and o pants o.•:Tnese ; results -are. also .•

lated inppendi.•I I.'• and~' no .doUbt' are nore'. representatie' of actual;

di tLe•TneDU *,slab appears to have a ...harder!.'be, soet .u..,,,

NZ ..At thisi pi61 ihta'brieff discourse regaii ethL subject,-individual's, 'l *

dorZ reported~gnr ( tnroe~s~i re~~h~oremtra
cessed :.,bere at,.. -tris',istri'tly• puwrified idepleted. uranium',: devoid of •

~~ ~ (i ~ decdy,'ý products) ~~A "~'

tion f products i':. equilibriimshos little yield of'. Ž

t6..s abo , 90 :brý,-a. weighted,.'specific activity basis .,(6) ý Further,

,t'.;j' Brer~stia ng from <i:betas i emitted by;jdecay9 p;,'products would ,, be

e•±ed toambe..inithSam energy, ran Afý•',Aont..investigation by. One .. ,-

pthwriters'performed:- over a one .year, period,;'"" indicates that' the ..'

dir 6ý,s.4GARDRAYP-,,0. film ,. badge •.ove rre sponds,,;, to.:,photons,:.in .• this., energy .

rioiýý,(7)'i',!ý,,Thisý.s; no dýoubt 'dtie tb'thid high phtoelectric cross-;section

s ilve d!idede-spite: the."use ,of, flatteningI:filters',n the badge°, An ,,.....•

Spro relabtng.',to- our;,Vend6r s-.'miýed .fieldaccuracy ' '

ot yt~ben iretlyaddressed,";ký wih epettphotons 0  cvr

may have . an~'. indication:: of their, (V,1endor) ,. performance' .in ,the

vbersi•t.,y.• '..ff! Mieii gan7 tudos (2 tInY:•i adiiong •.tothe ove![T r-r:JJdespos li:4 of'I.:2;"•ib.
so fin~jbagesto~j~is'.~& 4 'eery hotonsp,~, hee'ar scxm,' Oe6retiical

eversations witKo Vendr it',. has ',been ̀., stated that• the. ,G1DRAY badge '-

I.';35 TF/ t~ -the" i-off i

A range ,;;ri)/cn ,,) ýversus, energy6-.curve!.Windicates-, tt -1

i•r~u tred :tostopthe 'most.. energetic' betas,.from Prota6tiniin-234n, r g¢,,
"" " "ddtir ..il "darkening .. .0

0%,ý.etaJ.degraded- in ;,,energy,, may, cause ýi klan dtoilIii' akn
Li rg/dn. ;1r egion.. thatýAis not- :propoional ona. AD. to RAD:.~ :

IS4*f this ..is' & a,,•or•.Vno.,•, be"- f furthier,""':,i,

.P'.b doss oWh ,ot. iiivestiga ,this -.p o....

idri4YI-'of' o6ur,"data-., we',)fee ae prctca nidfic~i
. Vendor's eported culative -quartrly: dose to the ' subject

•vidilreý isonable'a"hnd"'. justified0 ,' One'.:" dj'tment' will -be 'an. "'. ".

ireaecreases orraii O. re '"'Jol

,reeen•ainderd" .... ' .. heyare fo...s

:.h&§9. 0Ir• gandose, .•a,: decrease by.the straight 'line function in N

'903 3.5 n

74n1..1iR24 Idjusted pho6ni dose) " " ,
)''': . "' ' ., '.." : ':-:



,-AFor the :.7;200& nREM fbetA dose- an 4 increase. of -`,'0;8% for. the,.
attenuation'of 5thettanti-contandnation',,! plastic bags And 'a decrease of w'"

:1%for- attenuatidn6of 'the 'individual ,s°'si' t odeso

for~5  te sshirt-(bakdges icmn on outside)

2K42'1, Mi d',Ba BtDo6e½7`0,2 +-57 °6: -:720

Adjusted Beta Dosew = 6,538 mR . . ..

~~~~~~~~~~~..... . ............,.... .................. . .... -. .. . . .~~jl Total adjusted ~Beta-Gann Dose 7 ,2 9o.t 
e j_'~

writers feelNithis ". is7- an'kextcrely cxnsrvative adjusren
exterm y, rvai' , uadj tmnt'.- of 'the. ;-'.:. ý. ..

:- reported s ' individual 0 •;, Considerations being given t`oj .the

~rtin 
folwngkt

p-e-h~tre•. ortedlt_.ont"minatedhfi " b ge ,nvelopes-Qan ever
ree 'f iconation'on the. plasticwbagse:dr' thsrfd'Of, .

ý the;'..filmi badge:, positioning .rrord created.. iba of
-NRadjust '6u legal' yecords -s• .'

__ 'inN. 'su a• 'do pinon/o-- - 44 . .
tw. :t h :rf tprducthibetas ra&e.Th-exposr :t;perspective, ,--it 013 ,.c "

:A~'bbiologiWf6ffects 
P pz&pr fored4"-;severalg4calculations'. 

on the above"

V•,S.a~>• ~ . 3m : 4r• .E .-•-.,2 9 . V) . -.Ben . a l ,.4t..od4 .£12""' ' .,,.,

4.on.f'orQng:ergy, lcuti6as•shs.eres aso4 , i nservative,...
h.,;te•-andusted ph-Iotoni ;dose' was not, alter'oed.isfurtr becau'seof lack ..- ,

I - 1,'g(regarding'ethe'ppropriamt6 tissue4 'attntion "and, backscatter

ifactors&arv ne sta;ýurta e ;.
rs~~f "'do ',.adjuisted 'ýbyý-,.iiý'Ui-ýrto Thor

v r ueIeU t .I becfkaions (10,1 ... tdr. '. It :.

two doiari, tddebayS-product,'4 bet~a'.'pctr,,, i7e`.e7h 23'whE

:jA">'2": A9,:;agv)1ay being trable.. .. t..n i ... ... t h.e.
g~v~ .quaxon frM'&it pptng; enry2p br'~ This' results in 'a doe, range:, 4A

¶j".&'4 'H ene~-rgy.+ -'- . r

th i~er an l-e1 l m is~ h ct a~ o e i a e h r betwieen.._.:The-

eq ua., o•ns use are as -follows. :, . y , t; .....

W' 
Ds :At' dent-h (i e :to`live: tiss-u-e -'ý7 2 *'.'

? . .. . ..... :..:.,.., .,i:': > ,.:. =•',, '.,,, : :• <

(4W

Average Doseto the Iaverd°lskinlayer-

(i~. .e.. . '.w . aT nd: 150 . ./ / 2 ) ...... .. ..

D -'

P';1 '.' ,e••. 
'03 1 37 2 -

,~Tissue 186( 
,a g

'- ; D -' " .surface dos , , - . ,' . ,a

.4:: ! • :,• : .• . • : . . ... , >..4 :: ..-o• , ',. '¼ .- ',: . . .. , .".. .i :. . .. . . I •.•

S . - D 7 -dose'atdepth

&V41g& ',`dse'..t t .c.ueo 'below

4, t_, thicknegss x ý,;,,ý',ý'ý.::'ý',-

Y'q'n.H
4 4

572. 'I 57" AA'72-lti' "" . '. 4



m info•irmive -and "Am re marized,

Beta Beta-Gnxr`
Dose (nM) Dos (mn1M) •".

j, 6,76'"~ 7,17
4 L1983''

.K~4~ll9 A 4,860

.takenplace with andelting
d s uje t individual rarding

)neoft~he writeBrs- has.Peisonallyt1 2.,
habits: and zhas hdaiscuIssionj'.jý,.>r.rported., 1doses o.:: • At .that ; time':

~1vd ith~'he difernttypes'. of-,-
as~workpiace'Hisf1ast' quarterknd• ' who..bod ,doses and',.+

sil 1igi ̀ficanhce of ihse do'se "

!,thebaddge :hangs,, fito acrucible',
i'ht ha6.ded" and

su ii'Widividual

dUal)g did iot see anxious' "abxtidto&<operate, with.any future

..-any,co~{l n todsmty In

beaganina .-fields',are`,dif fictt e s ec i , v oe ver,-we have
s& fdiffkulties We have

our bet dosimetry, is., accurate,a

ei~ ~ ad w ill: b::e i~n p;lace soo ::.'

.. .. .' ' . . : . .. : " .. <

vMeltinfg.and Casting,. area. are. ,'our ,•Vendor2 for- develolDnent:.and ,*•ix.

stlts- for,. the, exposure,.ieriod,•
ailed in, to. I•4I' s, HeaLlth, Phyics ,



•Antiacontaninatian, plastic bags pro ting the, film badges are.

> ed for &ontamination after eac~h' .shift and changed;-, if.. ,,

atypns. (onet atthe, top-and' bott&.):are now used to pin .

rL.a.d "thrugh.,IOth ... ,qryee,.s,n ~~ e4.'r4Qtrm4-rwý,b 4-ha6 'shirt: W11,

§ru•ixi 'the.'sa •.(i'•e 0 if theperson 'i&right hardide.'-pinned to-

qthe :right breast- pocket) ̀ .ý&Z,ý,fe;l this-is a,'cnservative estimat-,.

.of-tdosed to the', rskinb f thewhole body, .

M empr ,oyees, are ng ra te .cruciles thy Wi"ll do
.'SO th h newly, fabricated half-inch Lexan, covers..A(i.e. vacuuming •...

and., inferior, surface.' coating) " Figure 5*is'a• photograph of one of ' f

,,these covrs..V,,ksurse nts witih anionization. ch er shaP a .'

¾ eirdtinVf,. the.dose.t-ate .from a. crucible., on the order.of.-.98% o .i>. K :.0

, y '-.N 
• yr.

Ihi.gert~iiedvf&t 1tha,&2i~&ntly been purchae

" lbe wearing this 'outer, gea-.t and ;a }plastic' face "shield . .'

vwheievdflrking .,•ith-Tsed crurciblest;:-or1w-orkihg, in. the. interior- of Y' -,...

•the induction fune .Againmeasurentsindicatema 22% : . .

.,.reduction in .dose. rate -using, a. cricible asW a broad beam source.
. .. ......ed-sbe s 2suitsyithhoods -:and plexiglass face.s hields

have ,bedenordered- f6r.,-'wIez. 1 S0 fu e s &;•:i If.

!Melting .arid ACasting..Techniin hot fu.a e.vIthf.a

;a,~V'. '' 44 4 • Itlh..tui ;.-.c I•, S l w l -o.h sr ,••,.,£ ; .<-,,,;.'.-t.: .,.. !;. ,.,,-, .. "{,

;Senior management meetirvgs •mncluding te. VP/Technical-- Director and.

Health ýPhsicstaf f, , have been' initiated .' These .eetingsa re held

,..,anthly-"and. review .... -Phy'sics'c',-aspects ofiLlting and Casting.,

n.cintlyand review heallthPys6ics' an'dwill be reflected.,-in future . .

dos.gm g try,.refportsst-f. t'i, ,,, r
"K tJ

5  
-4 ~7

£app • an- '--'n .v.. -t•o f l.these '-.- ,.4½r. arab ig arctd•.. . ... ,. •,,:

- Sc'ihg"'.Si ",o Nl".;t cian :c .t;c. ti- '-t.o j <";' ,',7:. 44.4A

N,~

Locing-meal oves siilbe~Aced -,'ove'r`tu- bh while, _tey ar

9. ,cc•4:}:ot:6}thdsgnadf ruc t e':fhsl:{dv h s:" i ".::"

S'-sbeingmYennved from •. tho ,.t".hgnd t usting fudraces This

ý,nine eynesKgo , prior o h

.,.ha~l•,i .te'esln phse,,fr::abutahaFinal yea niw .• t sa6. • ';

subject ~ndydal ? fti6itdX,:i-ve*r'expse Fialdesign.'has be

t ppoed "d d u t, wen -bfrng thobese covrse Tare: besing, abcthe eniern. ," .; •}

ih.ý f 
.

,An'enoeduort&-ccbe;canrxt ir surf ace c&ateri
- en ds~hdt l n'~-td~cincnat iimi 'with 'open A

.;frcbes (s fthdsg nfbrcation: of this" ý,devicoe is'
.est~bthntd: Ato` bet .close".tb two,,hundxred Vthousand dollars -,,This device

dabei~nte'dsign, paefoaoit2ahlfa year, nowi.. •It is a,' -

"'diffi'cult enineeriýkng problem, but we .are ';pushing the engineering,
fiim.working on,.itfor'prnpt••-fabricaticon.,.,',.,-..

&"'...... ,4', '• , -"" "' : • " ". ..... . ., - ' .'....'. . ." "'? C .
; 

.. ' % , . ''%'• . -44,\;d-%.t< V~< ' '> ~ I 4

A(
5

.~t½ A'5~Yti~.'.fl'~C\t-t'' ~Pp -. ~4 4 ,,, 
.'



assist wit~h- ,u.riuii iinaeirig",na'anth~e. are-,wlýoccur as som s', ...
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