
.. 
~t 

GU .... 1689 
}\.. 

(,\-269:-) ) 

LlET.U.LtJRGIC1I.L ffiOJ]~CT. 

A .. IL. Campton - Projeot D1rectr:\!" 
R .. S" Stono:. 1.i...D .. - .Associate Projeot Dil.:;\;;' .. .!. _._;.·..;n 

'II :~ iii 

CLIl-rTon LADORA'l'ORIES 

l.i.. D.. Wbi taker - Director 

~ * 'It 

llEDICAL DIVISlatl 

3 .. T. 0antr11. 1.1..1) .. - DU'ectar 

11 ".. ;JI 

HE..1~VilI .. HIYSICS ~CTI011 OF t-W:W..u. DIVISION 

U" IJ. .. PaJ."ker - Section Chief" 

* ::I< :;I 

~1 CD· t;IER EM'l'Onnn PH82E'lUIUtf! 
AT CLD~Ol: I-AilOl1\TOIUES 
H 4 ,-. 1t P¥*. c • 

. ');( 

!I.. ..;... ::?arlmr 

July 19{4 

Receiv3d Clinton: 8/J).~/ 44 
Received Ghicago: 

series Ii ISSI.lf:Jd: AU G 1.1 1944 
S e ri5te B !3a uea: 

'" rClASS~FIED Pel" Lettel" Instructions Of 
,,_ j W.t..e..fL::~~_:~_" a/j 

." .t"'''t.)~.t·; .. <" . \ . ;.' \ .; '; '~(\.1\1 c;.'":",, 
r' , • 



, 
. ~.,.~'~, ,. 

'-;~'l-.""~ t 
• tI' 'I ~{ 4 ~\It '(~ :,~, ... ". ... 

'.i:ub::_o d: Jontent;a --- -- rage Noo 

I1!.t:r06"uCi~i on :.; 
Iloosure.!n.ent ot/6 ra~r tose 3 
Experir.l.ontal Standard 3 
CCITectlGllS -;';0 the ntolO:::'3.!lC0 limter" 4: 
UeaSUZ'6!.1Cnt or ga.'TIr.lfl-ray d.ose G 
Relation. of /'::1 am actiVity 7 
IIazarii. of 1neeatioD. reJ.G."ti'V8 'bo 

e~~ernal radiation 7 
D1spos:I.tian of activit;r s:.>t.9i: release 

fran ·the ltoldup P021da 8 
r-'l"e11r, .. inary su..~estions :fo1' revised. procedures 9 
/:-3 rey dosage 10 
grumna-l"ay dosage 10 
Genernl 11 

~ \, " " ..... . " ,.\ ( \ ,,.,:\\ 
" ' I 't J ' '; . ,.,' 



, 

~~~~~'; £7 ,,'jA'I'~·~ll., :,:o~ ITOHII!G .PROCE;D"Qll.,ES 
.elf 1~~12.~'}~)J:~13IVl'OIlr..e.~ 

Introduction 
..... fO': • ...-_-.:aII> 

. The methods ~.1:::lOO. for \'latcr nO!l:i. taring ;:tara set up 8:'0 a t1m$ when it; 
"-'las anticipated thut tbe wat,0zo 3.cth'1ty- wo-..tld be low at all t:Lz!l.OS,,; 
Theroi'oI'e, a:L1 counter f!lethoc,s '.:0:::'0 u.sed. to obtain aens1tiv1ty at the 
c3xpense of aC!Jurati(7 int;el:'r-rt::tR:~io.., 01"' the results. It was expec'\jed 
that surtici-s:ntly accurate '.il.::.'orr'l2.thm tor enrapola::'ion to the ';! I 

'levels would oe obtamell i.l1l(~ ",Lat no 8:!.@l:U'icant levels for hoaltfi 
hazard at Clinton would Hl"'1~~; . 

\ 

It was cturthc:r assw:led f~"'cm thl3 alleged hazards of iIll;est1on of the 
several fisei.on products, a:ld :?1"om 'jha estimated composition of the 
mi .... cture in th:3 Cfilcr1'lcm water i,hat '/:;11e lim1ting hazal.'>(iwould be '(;l:J.a~ 

'of extorl'..al radiation to a. bod~r ifil..nOl'sed· in the viator t rather tha.1): 
,·that of 1!li:3esi;ion .. 

~('he toleranoe d.ose :tor un imr.le:i."sod body has been set at 100 In.'t'cp/ 
24 hours,,"" This rofers tJJ.en to the extreI.l&ly ilJ.probable ou'cumstanee 
of cont:lnuous innersion of tiho body :L."l vlIlter.. Altormt1vely it is 
supposed tihat the tadiosens;lti":!ity; 01: a fiatt,. at aD. staGes, is sj .. Dl1ar 
'too that of a huraan beiils... Fe:" 'i.Dg0st1on, 'the human 'l:ms supposed to 
take::; liters of. water par do.if (, 1~e absorption process in a tis!! was 
not, consid0red 1.'J'ell enough known .. 

g,ea.!qr..ement_.2.~ l"ay :tOf!!o 

'Ene :rate of enet'C,V o.bsorpti(ln J.ll tielsuf) or \\l8.ter substance correspondi~ 
t.o a dosage i:'s.te of 100 trrep &34 hO'l.lX'13 is 0098 x lO-ll V18.tt/Blll~ or 
su.1':ficj.en'cly (llosaly lO-·LI .. v,'attlf!'.fJo Ii' tl1Ei vlater contains an active 
.substance givine electrons of c.verage anergy E !!ov) 1~he tolerance 
r;o.noont.re.ticm is 

1,,:0 , I --,- ~;c lit 1, / - er. 

Supposat.l1El q,c.-tiVity of th>3 ~;iiD.t3r is cluo to l:Iit2' v/h:tch etvaa ()lectrons 
01' enerGY :;; .. 3,'?, L:lev wi tb. average en3rgy E ab out 1 .. 0 tlev., 'ilie tolorance 
concentration tJill be l.,o/"'.,cili.ter,j 'r.a1s is squ.ivalent to 35~0 counts! 
'··'.:;n/·~·j , :,;.;..... l~L..L 0) 

:i:i::tj:lOrimentaJ. Standard 
".~~ 

j,- \'t"lcranctiJ ",,'ater" !llaS 'p.:."epal.'E'id ;,:xpcr:1..t:lont.al1Y in tho fol.lowinG i:lannor: 

~"",_"_.,,,_.~."_" ___ 7· __ ·_""_ .. • __ .... __ ._~_ • ____ ............ . 

::= ]. l.'O}? (rCC1l1.i\3on ... eq::J.lvo.1.cn"li ptySioml) j.3 the quantj,ty of :'.:'adiat5.c::J. 
'::;hnt gi::c,c l'i,;50 to Ull o.-:,w!'[W abso:I'I;rtioIl of 83 cr(J,s/{7D..1'l ()f t,ii.'!su,;'). 
FOl' (~U1l.nt~l.'il rud:i.n tiOll 1 rep ::;: 1 "~' 0 



J' 

,A 'i:lc1;j1ed (j.:.~3..n'Gi·~~r at TJ:;E::at-; ,.Hssoirod in ~7!lter <:i:c.d a ·i;.hin
l!lalloo/] ·::'ay :~h.!lj,J)eZ' .ill '1 ::.u3tOI'oid tubo was G'J.spended ill 
.' t :1'''''0 "\·/)'·"' ........ ,.,d -10~{1'r> -a~'n "'!P'~ "0 """ep/h... "'"~'" 'u<T~eroiA .1..... ...\"..i.... ''; .:lv:" ~ .... (... -U;~"L l. ..... " ~f._U t \ .:, • .J., ~ b .:;.~"".J.. 1iOJ~ ... ... .. _ 

i'rali ''JeiG:lef.l ,k6,.1 DrYC'f:l';::, );lfii 'bhe ohatibor rIal1 1 0 3 ;:tr./cr:f 0 

l·t was e.s:mned!~ha·1; the nasa sosorption coefficient ','las Go 
Hence the [,~Jsorption cG.'rectio:1 :'?actor Should be 

" 0 O~t:tr-")0 ~ 0 vvv 1 ~8 
\." .... ;)\..1' -

W1d the t .. "ue (loGaGe ... rate 97 r:.:rep/hour. Tolerance ~ateZ' 'JJ8S 

.Liade by dHat10n of the soltT~:l.on~ 

T.:~,is Htoler:::mec ~at~r"was evnpc,rated in 5 cc .. sa.r.xples on to porcelain 
ii.shes and used [lsi:.he s·ca.ndard for. /S -oo~ting of' other samples,. . 
'j, ... .Q.esa counts tlove been made by Go .J 6 Struthers wl10 found t;,70 counts/ 
r:ti.n/nl at 1.0;j c;eoo.etry ~ Under those {lond! tiona about !~-a;; of the count 
1.:::: due to S'Catt;crecl electror.sorhe 'i:.rue count is there1'ore 

:;;'70 ~ 10 
1 '<: o/n11l/ol. ~ 3G20 oounts/nin/r:l1. 

0 .... 

'l~:iS Gee.ced 'ho be j.n Good agl,"oeJ.TIen·jj i.·l1th tho exveatod count... EoorcvoZ':
it, nO:l aes!.'l.8 trlat ;,mch an nf5l:'serr.ent VlaS largel,y 1'artu.t"jOUS and that it 
postponed. a IlOl'O IJfll"et'Ul considera.tion at the oothod" 

~orrect1ons 'jO tha \'Itolcrancc:) •. ~.'3.tsr" 

1.;' Sooeit! c (;'l'~:'l.vi ty :-- ......... ~ 

The stron!~ golution used to f31VG ;:oead1ngs 1.'11 th the s'Jal.l 8hambe::r 
in :l roasormbl'3 '1;i.i:r1S had c. (:g;:ecii'i~ c:t'a'11ty or l.o'±.. 'I'ho effect iva 
radiUS :£'Z'Q!.1 n:liGh :.::lact:;'4ono Gou.J.d t)..'1tOl" the char::tber "laS 'i;herefore 
luss t.h:.l"."1 '~:lle r~ ill ,';uter and t!'le l~eaCl1ll"od dooo.{';e-rrrte 1m'Jer 0 

.lhun t.he :",ji.Ut. '.O!l ,'IllS c.ilu:t:cd 'the spoc:i1'1c ,zrav;.ty hl.H!.':\f1f) approx .. 
imatoly 1. :~;st1r.t!ltod dosnge-X'ata of tho tolcr::mcc water YTB-S 1?robably 
·~co hiGh :):1 Q factor ,-,f p,- . GO!'rcction. factor ::; £.:E. 

8~. ~:~l?Jrat~c~ 

For 8irrpHe1.ty r 'c,hc absorpU.c;r' 2.::..1 '.:;hc 1.u;:,-ts,rolt1 '.'[2111 '}8,S conslClerGtt 
onJ.y in a j):'o.:ao pa:rpcndicu,kr to the ,::.:;:is :.~i' :'he cylind.rj.c.'ll ' ~-.'.ll-;0m:,. 

'The l'lJ.nct:l..O!:.9 ,~o'lcrnin~~ nbsorrt ion in 1:3, oy11mlrical :'lal1 have 'x')en 
.~art:l.all:i ~",'e,luQted by '~., :.1, Go-v8YCU., i)ut 'there ts no avo.ilub10 
:::olut1on :~·()·!~t,his ';asa. If:;l1e :r.!:'.diution had be~m 2bsorbod ~;hrou:j1 
'1 :,::!.1'GC i~ .'LuI'; 3\W~:r;:', i 7, ',iOUlt~ l;.'J·lr~ hoer:. :,~overned lv[ o.n l'l i':J.rlction, 
tlnd the [l~bG\:rrt~!.c.n t!orrr3ct~.G":;' ~~'Jou.1d ::;0 BoO {seo {;d«·930j 0 1i~lO a-verag9 
,:;;f 2,,0 1:md :~o3a ';Ioulti bo ;:;>. !'[;mDo:1So1e V<31us. CorreotJ,t)J, factor ;;: 
-( "!~ 
J, .... ;.... :::: ') '3' 
~ .~,,:.,..;::. 

... ~~~;._"l 



-t.·o Effeilt 01' ~;\i·c.p(ll,"::~t,ion -- -~~~ 

mill G'i7SS tJ ~.11 L1ddi-r,ion tv tilE:.' UY..2 electrons of energy 2,,:.;2 l':ev" an 
equal rLV,nbOI' ,s:L3ctron£3 cf anergy 0",15 Me'l1 fron uno In the llClu1d 
tho '3:f':t:ect 01: 'tho i~rt.ter ,',auld bo 1l'!l1,:llportant& g1'rln~ onl:f 1/16 of 
th0 to·tal ener~n Uoreovtl!", 5.:1 tL,sue " the 10 me/crrf' layer at' passiVG 
nosorptj.on Hould ubsorb e, larGe f:raction of ·(j.hose rays,. In -c.he 
q:{per1.mental set-up none (!ouJ.d pepetrate the li.lS'~ero1d t.uV.e. 

t ... ;:j_. 

,lhen the aai::.~.,,"'e i'J('.tor rns ,-:::ye~~cra'i:iea "to dryneSB J the 'OX]. r:md UX2 eleotrons 
counted equally in "the absence 01' fUtrotion.. Approx:1.mate calculut10ns 
t~:com. the 'l;h1cknesF;I of the etiL:9J.c, the air absorption II and the counter 
,'JimOW' of ~~ Dg/ crt' suGG6sti;i:a.t Qbout 20% of t.1.0 UX1 particles would te 
'Jounted0 Oorraction facter T.' 1 -J .. 63 ", ._-

'! ':) 
·.:..0' .... 

The '31eotron COWlt due to 0, toleranCe water at lcr5 geo.metry becoL1es 
470 x 0 .. 72 x 0 .. 81 x 0 .. 83 c/mm/nJ. ::: 227 c/min/til. ,,-
lJ.'b.is is !;Jqw.v·alEm·~ to ~ :: 1'150 true counts/mi.n/mto 

1 fJ:' -
_"t:) , 

'1'his is npproxima:toly on.e-hal.1' 01' the theoretical "iralooo 

<j~!.:f~c'!i of: (3neri~ on tha r...eaSl.if'sments 

Ylhen a proper BaIlpla has bean oot up, it 1 s a stra1e.ht forward procedure 
to ·test ;;;iIl.V other snmple g1 v.lng dlsintegrat1ans of the aame averago 
anergy.. For o'Ghar energies the permissible oonoentration will be inv~rs(lly 
propartiona..l to E" but the acunter procedure t'1111 give onlY' values Cm"

respond111B ~o the auric conten"c.. It has been cona1ciel"'ee. standard praot1('.e 
to recheok any strong aat'lplss b;r an 1oniza"1,;.1on method.. Without such a chec1:::, 
the standaa.""d~"zat1on by lim 'NUl 3iva conservative results for all l"'etlSO!l~' 
able fiSsion pl"'oduC"~ r:liXtures" j,:"or ~ fission miXtUt"e a sample t..."1at gives 
227c/min/nl. probably gives no more than 50 mrep!day Qf' /.3 radiation ... 

/ 

f, ... ' GeoF...str1cal ;£"'actai"' " _ ... ~,,-----
Tae i;1x1s"/:;ing s~::;and~""'"d1zatioll ~!roeoo.U!'e was based C)!i 'the energy absorbed 
per ;3r(;lll! 01: tissue 1'1'011 ra6J.2.tiO!l inCident in ell directions.. In all 
practical cflaea:~ the .4 -radiation is inCident frO!.1 a hemisphere only .. 
The perrn1s!'J1hle count ,';ou16. t.hen oe doubled:, Ilatllely 454 c/r:-dn./ml" Tl~i,~ 
is so clc}oo -t.o "i'~b.c curren'l;;1.70 a/n1:l/ml 'that no cha.nge 1.s recot:u:lended 
until the nhol0 SaLlIJlinc; prccooUl"9ia l'Ov1sed .. 

Tho ;";radiati(.)n f':rora w(d:.e:r C;l'o;,d. ne B o!ra1ni'ml under th;:;: pl'ceent pi..·c~Gritl:::"0 
:~s 

100 ll: B ' 24 x 470 ;'1!'cp/hr;: g.2000~ ),l; 13 mop/br 

......---____ ~_~.~ __ v_ .... __ c ___ _ , _________________ ~ ___ ~ _____ ,_·'_C __ ,...l'" ."i/ 

;::One micht pict.ure thnt an t;::.tI' could receive radiation both fore 
w"1d. eft" F~c.sh eggs, ,;;l;C,,;'t::mlc1 ::,eQ.:}1-vo radio:l.iion :tram a full. 
1:J!lli.(JI'O <> 



Ucasw."ement of r'al:ill.1ll-l'a" r-lOSt) ____ ..- _,,~,,_'3... .1 _ _ 

Dw gar~ Trw doso.c;a r::..te o.t;;,r;c C'Jn'tex of a sphore (Ii.' aotive liquid 
of :rad.ius R 

(!. i 1 _,,~:~1 
.<II \.._ - 0" ... "'': , 

whore {J :: dosai~e-l"ui:.e at con·::.er of un ~mtin1· ... e S.i.JhOr9 rulfi".,M/::; linoar 
absorption cootf1(}ient 01' t,ho I'3d:!.ution in vnltcr. 

,~~.~.; -

/>/ :ror hard :t'adio:tlon is "' .. ; 0,C'4 Ctl .. 
1 ~ Therefore a sphere of' ro.d1u~ 17 i;f:l 

, \iiill G11T'-' hul:£.' the dosace-ro:Ge of an intinite sphere.. This Gives 13, b<]sto 
for raasouable s8E.;;>lo sizes :(.'01" ,;ar.Jr.lr'l actiVity noni toriruS" 

(1) Ll1wrse the measuring device at t.he center o;f u vessel of 18'" 
?ad1u.s.. I';. single :reso.in..::; I~nnot be in error by more .than 2o;~, 
due. to :eit""l1t,e sample size 0 method requires a 100 Gallon 
sample and is only practicable "tiT'ile:n the Ineaeurine; equipment can 
be talcen to the active tiater~ 

{2} Immerse the measurtn~ device successively at the center of t~o 
vessels 01'" l'adiusR and $ where R i.s about 3-1/2"" 

It S::: r..:1osaf,"G rote in small vessel 
L = dosage ~ate in 1&1'39 vessel 

S ::: G{ 1 ... e .... ,tWR) 

L :: G( 1 .... e'''2j-v R) 

. i!-~ ef( 1 _ 2"'-f'! R. 2J."H} _ '" ... e . 

{2S-Ll ~ GO, •. 2e"'fl..R;.. e2j4/R) 

~ ~~ 
,.~G.% Q'P# 

fJ:his extrapolation to the dosage-rate at Infin1 te ~lolULlC con be used 
~!lith ion ehur.lhor ueasuromnts or t71th counters.. Thore arc SO.r:l.e objectlo..11s -

t 1} The d:!.ffm~G.nge term (2S";L; leads to innccura:te :results unles13 S end L 
~xrEI wall .;let.erminedu A 1~ error in S or L can give 50% atter in Gc 

U3) en1£) :eor.mu.w 1s ."alid tor Ei. s1nglo active r.'Jltarial of absorption 
COO1.'1'icicnt.".-lt,:... The w'luenco of Llixed activi tiCS 10 less tl1l:lI1 
€I1t.Pootoo.., .... It CanIlot lead ,to an error of more ,thEm BoP. 

{3) ~nth ocn.l:a'i:.ers.,thare is an l:m.knOvm foetor of t1aveleng:th dependenco~! 
whioh \,;;speciallS' cam..:91icatcd by the de31'e.ciat:ton of :rodiat:lon 
v.'":!:i:.hin 'lonG:> ligp.ia.Q· Bress counters 1.'i91'O used initially" Lore !"3-

cel1t.l;f i-h has been neoossar:y- to raeort to glass oountoo.'s ,.'11 th 
r.~;:U vsl'e,l ;;'tulls.. Beth are goor ~:'I'cm the wavclc.ngt:.h enp3ndencG poin:t 
ct~ -::; ":! .. ~:r ,1 



(/;,) Tile 1':tn:i.tc 07: -::'hc r.:;GLl.S~i!l3 device j?3rturbs the above 
eq,unticr.D.S. 'fho effect J.3 31ml :Lt tho diamet.cr ot the ch:.l.ObG:.:' 
cr tube !(.; lcs3 than J}: 

(5) Sllspendr:;ld nutter in tt.o ~lCt.i va :'mtor settles out during the 
aatrplc ;:I'OCOSS G -l'hi~ ~?()ils the present ceadlnc;s und lea-ves 
tha CHIuipl"scnt, 1)adly cC:ilt.li:linatQrt., 

Nevertheless the ~T!lj'la C2.i~,~l1nG r..othod is usefUl ii'lhonevol.' it is 
i.n.conv(m:J.ont to tal.!::e ~.:J.eusu.ri~ oquipment to the na.ter supply", 

Rosults obtainod ,to date ha~lc chocked rathor \'lell ~'l1th direct 
ionization m.easureroonto :i.e tho ponds" 

The brass counters used gU79 3:350 o/nin tlhan exposed to 1 rrrr/i~:::: 
of' Ra dz>ad:1.ut1on", Go.r;7..,a~!':3.Y dosage rote is thus -

d!- - r2.,. 10...4 .... _2 . 
~~~tJ;,..--==~.... <0 :-> f!.. .~ ....b- rrrr: /b:r where. S and L are 
{2S-L} :: 3300 (26-1l.) s. 

expressed as C/fl'..1n t'rom .-,~hs mtaJ.l and large samples respect1velyo 

[(elation 0)/3 and ;( aot~v;1:GJ. 

It Vla8 originally-hoped that \~he rntio of r to;.:3 act1v1 ty ",ould be ap
J,'l'o:xir;ntaly eo~stant.. 'Ina ratio nas ranged from. 0 0 4 to 4 .. 0~ whic£J. i.s 
~t'ell beyond the possible Ol?rors of both Sy:stscs.. Hence it is necosoory 
either to usa tl meas1Jl"1ng schema that rscords the cmblned /3 and {[ , 
doooge. (.'J'r to observe ea.oh ssparotalyo The la.tter is the '(Jroferred 
ma'tl1od despite the additional equipment requ1rementst,'l 

lIa,zaro or inL"Sst1on rolative ·;:;0 .rAterna,l rad1ut1on 

:.mer assul;lption thut tIie hazai'u :fran. Elf:: hoUr 1Ill!il1i;1rsio:u excoededtho 1 
hazard fra:!. 1n(30Btion aT norr.r-ll Q.uantities of too water ~s apparently 
\'IOll-founded in the case of the Clinton overflow.. nevertheless tho 
iDo"estion hazard 1s !1uoh a. rapidly V8Z'yil'lG function ot' the C01ll:poSitior.l. 
c,t t}'l-s active ,mtcrialD that it \'1111 novel' bo suf'e tt~ ,iJroeeed wi.thout 
!lll.alyses for SO!.:le spaoial. ole.r.'lOnts~ 

For tho pur~-osas ot this reviCl\ll,. tolerance conc:ont:ro.tion.s Of' 1'1ss1oo 
products given In 0t-697 ~ Ohe,p .. 12 Seo .. A arid C \'TUI bel aocepted .. 
Thoso tU"oless oonaervutlv'lJ t,na.n 1"igT.;l!'ea t:P.van by JoG" IIar. ... tlton i);,r ~ 
a factor o~ about lOO~ The hiGher f1surea a~e·ba6ed.on a poroissible 
l'c.diution of ),00 r:rrep/dny anCl em intake of 3 litera of' tro.wr; tho 
lO:7or :f16Ul'sa on 10 mrep/day and 10 liters intake.. Those dltteranccs 
3mphas1zo t1ts :9roilont. la:cc;o tmcerta1nt1es' in ass&ss1nB tllO inGestion 
h .. "'.ze.rc1s" OUly tho caSEl of' repoatad intake l'ro.m a contru:linated t1atcr 
gource of f'£luGa1ne--J conaentration neod be conSidered" t;(11C 1nC;cs;'.;ion 
hs.zs.rd rosolves into 11\10 cr.m.ponents "" 

(1) 0f.foot on 'bone narrOt'1 
( 2) effGct on @It 

· ,i/ ""I> 



<~<-. 

L~ :!. t can be o.sBulT1.Cd tr.o.t thore :l iJ no ::\br.o:::'tJO.l hold up of' net1 va 
Gl:ltel'ial in the ;ut ~ ;l.."ld thut <::10 rad1G.tiC4"'l sansit1vi ty :l,s essentially 
'1:.:'e srulle ,3.J3 tha.i:. of' 'che sldn ·::u:.1. ;Jupcrfic1al tIssues, then the effect 
0:1 G,J.t ran ba 1C.ilored. The dotie rnll necessarily :19 loss than tho 
s'::.in dose i'o:r: 24 bour ir:lillcrsicn~ E:l0monta no'table procced1ne to til0 
t ),120 f.lI"€I "" 

, Tolerenco Concantrnt1on 
Eone 1~'J:.>,:r:'a.'1 Skin -.... ---- .............. 

Ea 3 0 1/i.v c/IHi€.T 
Sr 0.0'1 
Rti 36~1. 

!.~!xoo Fr 1.2 

3 .. 2/,va/llter 
1 .. 9 

ll.O 
~3 

:!l1ether the Em1t1ne; hazard 1s t t'I.a rod:\.a:t1on to bone lla.1ITOW or ,to skin 
is contl"oiled almost entirely by ~'jhs content of active atrontiur:l. If 
m.OI'S than 1% of '{;he total aet1v:J.t7l' i8 due ';;0 strontium the tolerance 
c:onoentrs'cton cannot be detcrm:!.nod without an analysis of the water. 

'Iho waste waters from the plan'i; ha.ve been diluted by raw river water 
which has for-tUllutely proc1p1ttl-(;od moat of the barium and strontium" 
A'I; the present t1.ma "the preoi;p~\ t·!l.t,lOll 13 o!1couragsd by- the add1t1oc of 
calc1um. salts. im w.al.ySis of the -:1& ov(lrflo~'f water by J" G. P.am11ton 
8:a.d oollabOl"atore indicates that the fUtira.te aotiVity is rada up of 
0 0 27;; (Be. l' Sr)!) 58 .. 55j Zl', 25 .. 6% Cb. J.4.69f~ llu and less important Fr's .. 
A E.ted:1mont in the wSS'oo has 3,,'79]; (Be. i- sr) but it contributes only 
2 .. tj{;~ to the total 11cluor act1 v1 ty " 

'Ihe tolerance conc~ntl'ation fo'!' ill8Ost16n of the filtrate is 21"oj'¥'c/litGr" 
For external. ::'adiut1on it 1s 8 "o..;W a/liter .. 

'.l.na intlest1cn toleranoo concentration '!or. tho precipitate is 1 .. 7/'V o/1i~jer, 
and tar the total liquor 13 16'Jo8rC/llwr" ' 

As :far as ext()1"I1!ll radiation. is concarned t.oo liquor Pl"saents a GreatOl.' 
hazard. i'rrom J'/ l"adiatlont.tl.an ::::'1'0.0 /3.,. The tolerance concentration f ~ 
"'ho if rad:l.o;~lon alonG is 2oS_/w C/l1tel>. ]'or the combined radiations 
it .is l"S/.#G/l1'tGl" •. Thereforo~ at too present ,time, the hazard 01' in
Gestion 1s not tha Gontroll1n8 feat.Ure .. 

f<t~;l2?.!lit!~r:. .o:f .. 3,1)ti V1Sr after ::010080 f'ro1jl the holduILpondo.!. 

~J;llcre J.s no problom attached to the l';'ltll:nteru:mce ot t'mtar activity q..t 
},'Sirel:J bcl0i.1 100 crrep/~.ay at. '1::.110 ,po;d rl1scharge" This corresponds 'to 
1. ':;'0 2.,./".Ic/Utor or, for a iJ..aily d.ischarge of 600,000 gals~ e. dai1;y-' 
r:.ir;ch.::u.-c;e 01' 2-1/2 to 5 cur1.cs,,· On t.he average, :no more tmn this cnn i 
,rrorosd t.hrow3h U10 da..111 per uOy:.. . SineD 'che avoraa;o:t'loW' of tho Clinch 
Fh"'Ol* is 4000 c ft/sec" t.he ;:;''V$rugo conc0nt.ra.tion in the river v.ill bc 
lO'~~;fN e/lite1"Q,~.L1ininum flo:lthe concentr~l"t1on \1ould b",,'5 :x .lO-~.~v c/lltGJ.:·u 



ia·· 

I11 fact, :rol9.t-iV"Ul~: U·t;t18 1)1' the :lC~i.7it,y ::';06S trLi'ough ·::;:r.o d.at10 
'It is · .. }(:~lJ_ ~:nc:'nl t;hnt the nc't.i'Ve ::i3tO::''':'.c.ls [Ire roouily abse:;c''ocd ia 1.;ht'3-
cla.y1.l1 'the : . .'hHc O:.:.t: Creok ;illd in t:lG C!c:l..ln.. DurinG '.:;.;~wo !:'::lnth 
:.11 ·,"hicI-!. 8.p}?rc~ir:Jat.oly :5 cU!"ies of' ,::u:';j:Lv:J rnt'"ltorial -!1i::!'C rl1,scha:rC(3r.1 :.;e1:' 

'/I 'tho acti'v'i'~Y 01' tho '::la:r ill tIl0 ,~~::e0k rose to ~~,{':.iC/C~:; 01' d!'iou 
(:10.." c ?or (~. 2.()!lC ,[lGrlod ';:.1:0 Y:l.lue !:1iC::.t ri se to ~)O//<; e/[;n.. I.n '1:.110 
dx.::. itself 1~hc o.cti-rity ·;:ct:.ld :probo.bl~l n·:>t ez:cccd 0,:...,,/,<1 {~/Cf.l. The 
c:::::r,;ociied ha.,?;c,rrl fr<Y..l tho f.lt.u r~ctivit:r 'jo'.l.ld b'J 4-fold .. 

(l}! ;Jota Gnd l]lI.Ji7Il radiaticil :freD. t.;1O source 

(2) Abso:r~otion of (loti vi t~t l:lant:J :,m.d clbsc::j,ucnt i!:!p3tion 
of '~he plants by an1i:j,?lli3 or hurii1n:3. 

j 3).:":JJSol~ptian by ~:-i:Jh, e3pGc1al1"v ;1C:1.VCnCGrs 

(4)' 'J:lschar~ ·to the r:'.ver 'JY float!.. 

1) and ~ E) can be con trollsQ by an1'taclta r encing of 'the areele ana. da::1. 
3) 10 F30V'Cl'ned by fish screon at t.ho (luI;'!., (tl) is !.'ut11cr '1Il unl;:nQ'.'lD. 

q,uanti -cy. 'j.ne equilibrium Ul".ount of act:Lvi t:y in the 0.8...'71 9'!J:J'te:n vlOuld be 
be'~'1S0n ].000 u.."ld 2000 cur~.$. If all '1;,' jll ac:ri:iiv1 ty \'l'::;re d1nchargai C.t ? 

o:;\oe, eithel' the Clinoh R:tvGr ':muld be naturally a.t :l'locd lO'7els 0:::' 

could be f:19.do SO by the TVA Gyste.r.l. Ai; :'000.$ eo, 000 c oft/ooc \7\>uld be 
~, . -

avaikhlo? '!hi s '.'muld (;11,e 0. ,'!oncentrat:i.on cf ab cut 10-:'/...£.<-; c/l~ t-ar" 
l.!creo-ve:t-, if nil tho uot1V1·ty acounulatctl at one place in tilG ri~r b ... 'lQ. 

. l·t ~!ol.tld not l:TCsent a hazard in a rivor 6 feet deepo 'rha l"iak of in-I 
c;estion by t'. flsb and sutlsequent conaur:lpiiion as food ':!Quld he 1'09.1,,-· 
tut, in t.he G'IJ'ont of a catastrophe oi' th!1 :post.ulated r~ature, G6VCre 
control mc;;)uuX'(-lS '1.'Ollld not be ,Jut of q 

/\. yorm1sstble disch-n'rse of 0 curies P0J.· (~UJr Cif.: ':'Jaste :'mt;:ri' ,yt 1':l'iJPi."'oxis.:rtrJly 
.' .~----,-

';jhe lZreS311'C corrr;O:31. tiOL in Ices cOnBor;ta·~;i.ve than 'I;;"r:t gi;!e':'l by J., G'$ ___ . ..-,0;.__ / ' 
Harlllton (10tt.ar to S. T. Ca.ntl'i:" :3 20/4/~ j 'rho lattdr :llt'.::! ::.nadvartently 
:~C\SGd ()n tho tr:..inimU!::l Glinoh floW'> It. :::OtLld r:l:"obabl~7 ;::.0 ~:.";r(!OO t.ha.t ')~h9 
"'ct"",'i 1 <.T1tl·n····:-",."''''''d "", ::"'-'r''''<1 ra·"l.· lit·> C" 1'T"C'" ,j.."hc :""""·'1' ) ... ("'or1 ";-'0 ..... \. '.IIiJj;"l..- _oh.:~"" .J .LJ.\,;iLU~.. ....~ '::J~''''...\ U, .J ...... " __ .,", v.. .", ... ".H';;'~:\. .... __ !..l c· .... 

i;o:hd ,::i:; l;:;r~ ~·iatGr. ':Jerniss1.on to ?oaCG off' this urea ::13 ·.;idel:r f)"a .'C(O(~HS·
i3.:1ry, t~o'chcr \'J1 tll adoqufJ.w ~<:ltrol would be antriCi ont pro'~ctlon~ 

:~1~c ~:~x.:J..f.1t."1~: ~:.t:.l~te d :: .. ccha:r~? "':J tll(.!l~1'G]f~ SO'V'orned 1,Q.:"t~~e ~".. ;Je~ri ty :; 
.:::lncc :l',1 '31n.ooratc l'ellce [!ncl :~.·;.l.trol "y:rton o~1~~slde "i~,:(l Gite f:i~l~(' 

O:ACltC; .!.!l·C()r(J~.t. I':'- ;,;,...:i~t be :~'osS1bJ£ en ~\d.d ~';Qf.lC i:::<::ious n.·:C:J.i~ ';;.\.) the 
1';·:1tor ':~,;:) ,o,!..~~~ourQG:J d:'1n!:d.l'l,; b;r ro.~Jt;.U'cd 0..10..::::.:.18 1':;':..1d C;' . .':i..:.~J.i::!.g.~~.·3 
i';cnccn";;:::,u'i;lcu . .'u' . .Ll.J. rcquir:l '(.0 :.::13 ~:U:.:;l tll.:!.t ,1jJoutlcn rJy' l;~;c C:: .. ir:cb. ':jo:.u.a. 
Josavel 'ijhc ~·J0.t~z· p.::tlntablec 

I::£..~~.:~~~e st i D.ns :ec~ !~i [!od -.:;£E~~durc rJ. 

:::;lpro-::erl d'H~" c~::: of nquipoont !,,;J cUi:'rer\';~l~' 1;ci~1:~ Go:w1.dored ";;y ;r, ; ... ..) 

GQnor:.:iL~Jril:!'.::i:ylc3 ::iI'O ;ii:JCU2GOCI. ::.n 'i:',hi2 :;:'6Vj.Ct7,. 

, 
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,0 I·:J.y_dO~)'J,,~·J 

(a.i Ion 0hD.Clb~lrs 2.TC 'pl'oi'<YT.'[;o.i.8 to C01..:rr;;srs because ·~·ho iOi,1~a~cion 

l'unction flore clcf:cly 1'0110,':3 ·;:.he 'uiclo{;1ca1. haz.ard., ,' .. ·::"'''lj.n 1,'iindC".-J 
Lauri'030n f.Jlsc·iiro:3COpe ';o:.llc. :;0 uG.eq,uc.toa 'JindG;1 :Jt;oulc. b8 1.0 I.lGi cr;/":' 
'(;;0 corres:?ond -.-;1 tIl layer of )L .... ssive ubsorl't1cn. 'I'hQ."t'e i3 ;:0 furthor 
int~rest in 11.umti·i;ative T.iCE'"Irul'a.:lOnts on vcr;;r weak ;'J!lLlplGs~ ::111CZ'9 '~he 

·;;)loct.rosco:pa i:,echn~.CJ.ue uoult 01.3 lubor"1c'tlsly 0101.'10 

(b) IL'ho • .. aWl' .shc1.u.d be sampled ,'fi 'ijhout evaForation to pJ.'mrcnt 81:1!)llasls 
of a ?a'.7 ',more:! conponont, Either u (..:hnr.1ber in!lsrS!ld in tho liquid or 
innsdiataly over a liquid lQyer af d{;lpth about 1 em should be used. The 
ri3k of' apl11inr.; ami contauination i8 lUI'@3o The cquipn'3nt SllOuld b(~ in 
3. special '!lat·3r s<:lf.lpl1ng reono 

( c) )!"or ~cnt1nuOU3 moni tarinG of overflow the n:,tcr should flew ,J..,er a 
ElhallO\'l "i;ruy ':lith tho cr,aIiIDCl' above it" ri'lC appa't'a:l~us llQS to be shielded 
from ~~n.nrna r~y3 fram the::ain body of \Ia tor" 

c":"af'.r.".a -ray dossC~. 

(a) Ion chrunbnrs ere prof8'L"ebla 'GO c01.ln";,ero by virtue of superwr '!la-v,£;

length dcpGndence o VerI '?l'ook samples cnn be tested g.uali tati ~Tely by-
r.1 COtID"(:icr f!1.!3thcd.. The sampling tochn:l.q1l9 in buckets of radii 3-1/2":: "r 
is aecept.:lolso 

(b) ,J'hcn e('~uiyr.:ent can be ·i';uh.-en 'GO tho disr,oool basin, the followinG 
:9roceduros can be used -

10 SalJplo at the I:'J.ddle or lead 1l1'O·;;.cCt6d buckets of r::ldii 3-J./2~ [',~ 
Poi ther -0.'10 chu.:nber$ or 'jjvlO counters can be u...~WlGod to ~c:':;13tcr 
3imlltnnecU!Jly or '.lli~crrotely (to suve e~lu1pncnt) on a recorded" 
.i!. conV'Drsicn cl~:..:.rt far transla'c,i:1G all cCf:lbi:l!ltio.~5 cf S Clr.d L 
C:--~"l uc ";r'itten. 

;2.. SOJ;Jple ~':i tIl a sln(~le c~1illilbcr or t;ountor in .~ :'o;":;i ':)!l suzTounded 
on nil zidDS by nt louct lOft ci' ~.Jater" 'Ii'.£: :9r:i.nci~ ';;:rouble 
.in thi:3 teclm1que 13 that Gc-c.ivl·:;y tonds to ·;!ollect in "t11e flUd 

::1-(, ~',h€ buse of ::l pon.(i. cr to i'loa.·:, in a scur.l un t1:.·3Jurf3C~ ~ 
Zl"rencouo rcs\.ut,3 can then ar13e, .i'ortwlEltel~: in til:) direction. 
oi' av~r-caution 0 

;:", l~loe.t cl c.h3l7i.bor or Cou·l·t;er c:1 'i~h<3 Gurj~ucS EL'1d .2e£:!a ')ilC··iUllf ·ti·,o 
JO::?Q[;o for full lr::I;le:r.siono '~:hj.s 113 ·(rnltmOlc in 2 :.:-ath·;;>l' :.:;::211.0;'" 
pond, ·:Thtr.rC llllJersiOll brinG3 tho DetCl" to u90int ~';)leI'e :1.'.:. .. .'0-
c.orcts::rud activit Yo B~).uipr:;Emt can be kopt free freD c'J:l:<:c.::linatlon 
b::i 'i~hia r.nt:lcd c ;:orOO'lrJ:' a s:i.nC:'.s crcnbcr TLth D r<:)tuti:J..~; ;,hLrt·tOX' 

- d h ...h. • ..-1 • / d1' i d '/? . ,-' '. ".' . . CC'.lJ. ~JCl SS.; l'O TCCO"_"U j 1'<1 .. cr,.; ')n 3....';. (/...) • .,.... (;' i :~a(L!.c.·'::'l.on J.n 
:Ttlcl1 1.1 nmnor 't;;·.Q·i: i:,ho two cOIl:"d co ::Jopm'atcl <.L'1U corr·3ct0rl fez: 
d:Lfl-:'cr'3nt .~;com~;...-y , 

~S11 
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Cen6ral 

joo An annlY3iS i:or the active wlteria13 "'.rj:ch spec1al l'ef0rcnc~c to tho 
l?ercont.a,~e ,:>1' Da, 3r and !1u 3hculd :)0 nadc at intonalD to ensure 
that ~;he h&ze....-d .:rf c~t:-l'nal rc.diatl'Jn is :lJJ. i'ac't0ho l.!on.trollin,:; 
:~6!lture .. 

.-, 
!,/ ,.:.." 

'.l"!lO :'3.0):031::'1or1 of act1 vit;! on r:-m o~c. t .:;hould 00 clwc~d. HU!!'.ID1 
and anilmJ. Clpprcuch to active arCH;] ~1hould be reatricted o 1'118 
la.'ler cate 'J? the dan chculd always b'J closed. 

: :j. rna hazaN.s of activated :?ish should ';)0 considered. 

:L /rna preoonco of Q.l~ha. ray Gnitters ,")f lonG life shoul.d t·;) choci:ed. 

:5~,!;For syntl'1ns ott.or tl1aIl that at Clill'bo:J. tine scne j,);.:'ocoduroo c.pply 
v11th Individuul l.!ona1<leratL .. n of tllo:li.spooo.l ai' ";rotor bejl~o:nd t.he 
~o1nt Gf controlD 
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