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Inbroductica

. The methods nusd for water nonitoriyg
e m?icxpawd that tpe water S.Cui.i'tj’ would be lowr at all timoes.,
vors ueed to oobtain szensitivity ab the
of the results. It was expected
.on Por extrapolmtion o ths ?
nat no gignificant levels for hoalsih

‘Theroiore, &

Tt was Turther assuned frem th

27 gounter mevlhicrs
sxpense of agourate interpreba: ,*o
%#hat sufficizatly aceurate !
davels wou.ud e obtainsd and
haza”'d at Clianbton would orise,

zeveral Tission product
dixture in the overflow v
~of external radiastion i;o

bhat of ingsestion.

’L’he tolerance dose for an inmss

were szt up 2%t a

ime when it,

alieged hazards of inzestion of 1

'a--m -?rom she ostimated composition mwtae
f'-hqt" %he iimising hazard would be thavt
r inmersed in the water, rather than

sed body has been set at 100 mrep/

24 hours,® This refers then to the exirenely inprobable circumstance

of continuvcus imnersion of the

body in water. Altorpatively it is

supposed that the radiossusitivity of a fish, at all, stages, is sinilar
e} tha" of a human being,

take 3 liters of water ver doy.
nol considered well enouzh Imovm,

lieasurement of 43 vay doms,
7/

Por ingestion, the human wms suppossd to
The absorptlon process in a £ish was

The rate of cnergy agbsorption in tisous or wabter substancs corresponding
%o a dosage rate of 100 mrep in 24 .rzours 18 0,98 x 10~} vutt/gm, o

safficiently 2losely 10

o~

- wand

£ the water contalns an acitive

gubatance giving electrons of Jeragc energy 5 llev, the volerance

zencons ratmn is

Zuppoge the activity of the wai
averags en
copesntration will be 1.6 /u ef1it

of anercy $,3% lev with ¢
zindml.

Zxperinental Standard

1.3

L

E

)] s
s, z

vs

“ o/1iter.

o to My, which gives olectrons

gj,r '*‘ about 1.0 liev. Tis wolerance
This i3 equivelent to 3550 counis/

A "iolerance water® was prepared éxperimontally in the following manner:

1 rep (reonigen-equiva

io
(2 RK

physical) i3 the quanti ty of radiatica

Shat gives rise to an onar 51,-' angorpticn of 83 ergs/oran of tiasul.

For quonitun roadiction

h,



A uei*hed guantity of UGl wse dissoived in tmter 2zd a thin-
walled -3 -«ay charber in 2 “usteroid itube was suscnnded in
it. ‘Tho )st*vﬂd dosagn~rate g 70 mrep/hr. 'The lugteroid
rrail weighed 45,1 ng/cn ardl the charber wall 7.2 mg/on®.

It was zssuned what the nass avsorption coefficient wasg G,

Heneco the whsorption acrrceetion Tactor should be '
e

O O Ob = 1958

and the **un donage~rato ¢7 rrep/hour., Tolerance water was
made by cilution of the solutvlen.

This “tolerance wWater” was evapcrated in 5 ce, samples on Yo poreelain
dishes and used ag the standard for/43 ~countinz of other samples.
Tieea counts havs been made by 3. ., Struthérs who found 470 counts/
min/mi et 109 eometry. Under these oonditions about 0> of the cowumt
iz due to fcaticered electrors, The trus count 1s therefors

270 2 20
;25L1:.;! o/min/ml = F620 counts/min/ni.

ow

This ceemned o b3 in ;300d agroeimenb with the expected coumt. owevor,
it now geens that such an agreerent vas largely fortulious and Shat it
2o8tponed a rmore sayeful consideration of the nethod.

Sorrections o taa "tcelerance watsr!

l %Dsci‘ic e vity

Tho gtromy solution used te 1ive  readings with Yhe suall chamber
in a reasonabla time had ¢ srecific cravity of i.%t. Tho elffectiva
radius fran waich olectrone cowld entaezr the chamber was therefors
laosg than Sune range iz viater and the ieacurad dosese-rate lower.
Jmon the ~7utron s diluted the epocific gravity beeams avprozx-
imatoly 1, Zstimmtod dosase~vatse of the tolerance water was probably
$ao hlgh by a factor of ~~ .4, CJorrection factor = 0,72

Tiltratica

I

i vhe lustoroid wall wms considerad
only in 4 y.aad paerpondic te the axis of the cylindrical . hamber,
The functlong covernins absosrrtion in a cylindrical wall hiave hHeen
sartially cvaluated by'?; R. Covayou, put there is no uveilable
solunion FTor this zasa, IT “he reodiation nad bean absorbed fnrowsh
A lerse fiun 3ueed. 1Y unuld Rave boen governed by an Ty anctvon

Por simplicity, the avsor

and the chaorption eorrectics woudd 5o 2,0 (cee CH-3830;. 'he averags

JL 2.0 rnzd 1,33 would vo o r:hdo.aole "alLa. Sorreetion factor =

o 1‘5\4 = .
~€=fv 0,31
3 el

o J?
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Effedt of hvoparascion

o)

tion to tue UWp electroms of onergy 2.32 lev. an
agqual nunber a. zetrons of anoryy 0.15 Hsv from UXl. In the ligquid
tho offect of the Latbter would be waimportent, givingz only 1/16 of
the tesal 'a%rnyu uoreov"*, i tisswe , the 10 “.(,/f'rr' layer of rvassive
cbsorption would absorbd ¢ "ar»"e fraction of these rays. In the
sxperinental set-up none could pepetrate the lusterold tubs.

IRE glves, iz ‘ﬁd

hen the aehive water was avercrated to dryness, the UX; asnd UXp electirons
coum‘,ed equa_ély in the absence of filbtration. Approxmc..te calculations
from the taicknesg of the surnle, the alr absorption, and the counter
window of 4 ng/e®™ suggest that about 205 of the Uy pert.&cies would be
zounted. Oarrection factar = 31 - 2,83

D

The slectron count due to e itolerance water at 100 geometry Leccres
470 = 0472 X 0,81 x 0,83 ¢/min/ml = 227 c/min/nl

Tpis is equivalemt to 2270 = 1750 true counts/min/mla
1.3
This is ap")roxmtoly onm-n&;‘ of the theoretical value.

%o Bffect of onerzy on tho measurements

When a proper 3ample has besn 39t up, 1t 18 a straisht forward procedurc

+0 tes? any other sample giving disintegrations of the vame averagp

onersy. ror ouher energies the pormissible concentration will be inversely
propordional to E, but the ccunter procedurc will give only wvalues caor-
Tragponding o the curie content., It has beon considered standard practice
o recheck any strong samples by an ionizaticn methed, Without such a check.
the standardization by WH will give somservative resulis for all reascnw
able fission product nixturss, For a £ission mixture a sample that gives

227 =/min/inl jrovably gives o mere them 50 mrep/day of 2 radiation.

Geonsitrical factww

Tne szisting standardization sroecdurs was pased o the enersy absorbed
por gram oY tissue from radiation ineident in all directicns, 1in all
practical ceses™. the ~radiatiam i3 ineident from a hemisphere only.
The permiss fmlo count \40!_1.1“ thea be donbled, nzmely 454 e/min/ml, Thige
13 so eloas %o the current 470 ofmin/mi uhaL no chanage i8S recomnmended
untll the ::'rhols gaupling procciurs i3 rovieed, :

The & =radiation from water giviag 3 o/min/ml undcr the present procedie
i8 ioh .
100 z BB

TE—ows owop/hr T 0.0088 x B rwop/hr

Fone might picture that em 92ar could receive radiatian toth fore
and afd. Fish eges, sbe. would recsive radiation from a full
Zohsre. '



Licasurensnt of faur@-ray Gose

The mamma rey dosage rate at ohe eonier of a sphere of astive liquid
of radius R is . s
i1 -0 77

[l

whore & = dossge=-pace at conder of an infi 1 L8 sphere un.l/b/ linear
absgorption ceefficient of ths radiation in water.

. - "l N
S~ £or hard rad:.aticn 15~ 0,04 o . Therefore a sphere of radius 17 cn
"will give half the deosege-~rase of an infinite sphere. This gives & basis
Tor masouable gample sizes for sama activity nondtoring,

{1) Immorse the measuring devies at %he center of o 7assel of 18"
7adius. & aingle reedinz cannot be in error by more .than 205,
dwe to finite sample szizs., Ths mothod requires a 100 pallcn
sample and i8 only wracticeble wihen the measuring squipment can
pe tairen %0 the active water,

Immerse the measuring device successively at the center of two
vegsels of radius R and ZR where R is about 3-1/2"

x]
—

~ Gdosage rate In small vessel
dosage rate in lergs wvesssl

I

i
&

r
¥

11

G{ 1 = oR)
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This sxtrapolation to the dosage~vate at infinite wolunie can be used
with ion chanher reasurcnonts or with counters., There are som objecticns -

{1} The differcnge tern (2S-L) leads to inpccurate resulis unlesd S and L
are wall jeternined. A 10p error in'S o L can give 50% errcr in G-

...,,
RV]
e

The formula 18 7alid Tor a alngic active materisl of absorption
rzoei‘i‘icimg,«‘i&o The ini'luenco of mized activities 18 less than
expocted, “It cannot lead 0 an error of more than 20%.

Bh comiers,theroe iz an unknomm £ Pactor of wavel .ength dopendence,
ich i3 ‘.meeially camplicated by %ho dogradaticn of md:.at

within the l’oaid.., Braps counters wore used imitially. Lore rs-
contly it bzs been necossary to rescrd o glass counvers with
silvorsi ‘:::‘allso Both ara ncor from the wavelcngih éopoandencs

oind

J
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{4} The finite size of the moas
equations, The effset i3 &
cp tube ig less Ul EAL

uring device perturbs the above
nll if thoe diametoer of the chamber

N
ria

{(3) Suspended nmabter in tho uctive wator settles out during the
garple 2Tocess. This cooils the present readings end leaves
ths squiptant hadly ccataminated.

Ngverthelsss the gamme coiipling rmethod is wseful srheneveyr it

inconvenient o bale measuring oquipment 4o the water supply..
Resul?s obteined to date have chocked rathor well with dirset
ionizatlon measuremento in tho ponds,

The brass counters used ;2vs 3350 ¢/min when exposed to 1 sr/ir
of Ra [radiation. Camma~-ray dosage rate la thus -

~ ‘ ; «dh .
5 = 3z 207 5 8 ; where S and L are
(25-L) = 3350 (2S«L) /b
exprossed as C/min frem She small and large samples respectively

Rkelation of /2 and B/actiﬂ.

it vas originaliy hoped that she ratio of )/ to ﬁ activity would be ap-
proxinately constant. The ratio has ramped fron 0.4 %o 4.0, whica is
weli beyand the poasible errcrs of both Systens. IHenee it is necessary
oither to use a measuring schems that records the coubined 3 and )
dosage, or to observe each =sparately, The latter is the preferred
woethod dospite the additionmai cquipment requirements,

Hazard of ingestion ralative 4o external radiatiom

Tho assunpticn that the hazard from 24 hour immersion excceded the )
’ha'?arci fron ingestion of nerml quantities of tho waicr was apparcntly
wel.i-founued in the case of ¢he Clinton averflow, lievertheless tha
ingestica hazerd 1s such a : rapidly verying functicm of the conposition
of the active naterials that it will never be safe to proeeed without
analyses or sone special olermnts.

For tho purposes of this reviwr, tolerance toncontrotions of fissicn
products given in GL~697, Chep. 12 Sec. 4 and ¢ will be accepted.
Theee are Less conzervative than figures given by J. (. Hamilton by -
e factor of about 1CO0. The higher figures ave based on 2 pcrmissiblé
rediation of 100 mrep/day and an intaks of 3 liters of water; the
lover figures on 10 mrep/fday and 10 liters intake. These d"i‘fere ces
emphasize the prasont largo uncertainties in agsessing the ingestion
hazards. Only tho case of ropoatsd indtale from a contaninated water
sovxrece of maintzined concentraticn nesd be considersd. The ingesuicn
hazard resolve3 into X710 emponenis - :

{1) effoct on bons marrow

(2) effect on quv



i

Y 4% can Le assumed tha i no abriormal hold up <f aztive
mavterial in the gut, and that “hc radisticn sensitivity is sssentially
the cams as that of the sikin and superficial tissues, Shen the effect
o1 b can be ignored. The vl dose will necessarily be loss than tho
akin dose for 24 bhour lmeraicn. lemonts notable proceeding to the
Lops e -~

s Tolerance Concentxation
Eone torTaw Sidn
Ed Bl M o/Liter 3.2 4 ¢f1iter
3 d 0.07 1.9
Ru 36"% 3-1..0
Mxed TP 1,2 ~3

“hether the limiding hazard 1s ths radiation to bone marrow or %o skin
is controlled almost entirely Ly the tontent of active strontiuvm, I
mors than IH of the total activity is due 4o stromtium the Solerance
concentration cannot be determizn od without an analysias of the water.

The wasyo watere from the planit have bteen diluted Ly raw river water
which has fortupately preciplitated most of the barium and strontium,
4% ths preosent time the precipitzbicu is eacouwragsd by the addition of
palofum ®albts. J4n aralysis cf the V1§ averflow water by J. G. Hamilton
and colliaborators indicates that the filtrate activity is made up of
C.275 (Ba + Sr), 58,55 Zp, €5.6% Co, 1,69% Ru and less important FP's,
A sediment in the waste has 3,75 {Ba + 3Sr) but it contributes only
2,45 to the total liguor activisty.

he tolerance concentration for ingestidm of the filtrate is 21.5/c¢/fliter.

For external radicotion it i3 8.6 ¢/litor,

he ingosticn tolerance concenirantion Lo the precipitate is 1.7.4 ofiiser,

end for the totel llguer 48 16.8 v c/liter,

AS Tar as extermnl rediation is concsrned the liquor presents a greater
hazard £rem ,,/ radiation tham Prom 3 . The tolerance concentratica f e
the Y radiaticn aicne is 2,3,~/¢/liter., Tor the combimed radiations
1% 18 1.8 #c/litor. Therefero, at % ‘grseent time, the hazard of in-
gestion 18 not the ccatrolliing i‘eatureo

Ticnogition of cobtivity afte relae.aa fron. the heldup ponmds,

There 58 no problen attached t0 the mailatenance of water activity at
ievels belaw 100 mrep/day at the pord dischargs. This corresponds to
1 %o 8.4 ¢fliter or, for a daily discharze of 600,000 zals, & daily’
‘¢ischarge of 2-1/2 t0 5 curies;_‘ On the average, no more than this can/
;v'focead throush the dan per Lﬁ'y . Sinca the average flow of the Clinch
Fiver 35 4000 ¢ fi/sec, the wvorage concentration in the river will be
3"“/0 o/14% ter.Ab ninimen rj.cn the concentration would 95 x ?C"z w c/li

g
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a Tact, Tol ativel" Little of the ace3i7ildy 3oes thicush She éam,
Tt iB ':el.‘. .movn that the active mator.als are rcadily absccbed in ths

ciay ;in the hite Cak Creek amd ip the dam. 2uring 3 wwo ionth soricd
sere alecharsaed revy

:n which approximatoly © """1eu of aewivdy material we

1!'

day, theo activity cf the oluoyry the <reck rogse to & v c,/'(;::; a7 driecd
ulay. Jor o Lapg poTriod ';L.o *-.r:lua niGat rise to 30,4 gfgm.  In the
darz iteelf vhe activity weulid probably nat exmcccd C.ivi/ ¢/, ‘_”na
cupoched hazord fron the nud activity wonld e 4-fold.

{1} Seta cnd cnoma radiaticn froa tho soures

{2) abeorution of activity bty piants and cubacguent ingodtica
of the plants by aninals or humans.

{35) Absorpticn by fish, eapscially icavengers

14" Discharge to the river by flcod.

{1) and (£) can be controilsd by auitavle fencing of the creek and 4mi,

{3) 15 governed by {ish csorcen at tho daw, {(4) ig rather 2n unimoirmn

quantisty. 7The equilibriun emount of activity in the dan syaten would be
e 7

betwesn 1020 and 2000 ewrisd. If all .13 zctivity were dischargsd ot
ronied, eithiey the Clineh River wouwld ve « qtu:u_.lj at rlocd leovels or
could be iade 30 by the IVA systen. 4Ah Teast 20,000 c ff/ gaec would be
availzblo. This would give n coneeniraticn c¢f abcm: 10"“/‘» ¢/1liter,
licreover, if ail tho activiiy accumulated at cne place in the river bad
1% wonld not rresent a hazard in a river 6 feet deep. Tha risk of in-;
'-es*ion by ¢ Tieh and subgeguent consunphion as food weould hHe real,”
Tut, im the event of a catastrophe oi the postulated nature, severe

- Y

control meacurss would not bo out of iLing,

A permiseidle diseharme of Z curies ver day of waste weuer OF gQpproxizaeely

<he pressnt copositilon 1o lees consBorvasive vhan that givey by J. O
1¢ lattor wes :?.nadvcr“s:n*ly’

ilamilton {lettor to 3. T, Cantril 8/20,44) T ‘ tont
zased on the mipimwn Slineh flow, I4 would probably be that the
actuali L;mtln; hazurd is gama radiaticn rres the ’“.‘.'6.01{ oT f_’:cm TR0 SAm

3 v
23 nelesS-

sond oo 1ov sater. 2emigsion to feuce off this arsa o8 widely o3

sary, tozother withh adequate pavrol would be sulfid ont proiuaction.
The maxinun waste discharss s thevefore sovorned Lavgsely by

zinee wa cloborate fence and oairol systen ousslds e piant
exeity lntorect. ;5 sdoht e tossible to add sone fisxiocus aoonn

vyvator 4o "'\L::coura.g.-a Arinxing by nastured anasals cnd owrimaing,
cconcenumanicn “ruuld requdra wo e ouei thiab dilutlon by the Cilinen would
leave the water palatatle.

Frelininary suspestions fo roviged ciccadures.

lsproved daeicm oFf couipmoat 13 cwrerntly beiwz congidered by . i, all,
Geperad vrinciples only a2 {iscussed fn thil revidy.

;.n



N

B}
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fa} Ton caanpsrs zre proforcbis to counners because whwo lonizaticn
fapction ere c¢losely foligd whe viclojjlcal hazard. 4 thin windew
Laurivsen electrodcepe would s agequcto. Jindow ghould be 10 ng/em
%0 corregoend with layer of nassive sbsorpticn. Thare i3 no furtiher
intereat in quantitative meesurencnts on very wealr sarplss, vwhere She
alactroscops technique would be labaricudly slow,

{h} ‘o ater showid be sampled without evaroration to prevent eiphasis
of 1 Low 2noyry conponent. Dither a chamber immer=zsd in tho liquid or
imnediately over a liquid layer of depth about 1 ¢m should be used., The
riak of 3pilling and contanination is large. The equipriert shouid be in
a4 gpecial watsr sanpling rcor.

(c) For ccontinuous monitoring of overilow tha witer should flcw cver a
ghallow %ray writh tho chamber above it. The apparatus hag to be shiesided
Prom carma reys from the main body of watoer,

Garma ray d0s3ife

{a) IZon chambers are proferabla ©to couniers by virtue of superisar wave-
iength depoendence, Very wotk samples cap be testad qualitatively by

4 cowmter mothed., The sampiiiyy tochnique in buckets of radii 3-i/2"x 7@
i3

{b) Jhen equipnent can be taksn to the dispesal vasin, the following
srocadurcs can be used -
1. Serplc at the niddls of lead proisected buckeis of radii 3-1/2%cepa ™,
ther two chambers or wo counters can be arronsed to register
simnltarecusly or alternately {60 save eguipment} on a recordad.
Ao gonvorsicn choart for stranglating all casbinatic.s of S and L
ean be writiten.

=
E]

%, Swmle vith a 3ingle chamber or countor ‘n o q resion suzTounded
on il =zides by at leaad 18" ¢i uvater. The srincipal crouble
ia this teclmi,‘ue ig that activiuy tonds to ::o...lcuc. in the aud
at whe bose of o pornd or o flcalt in a scua on tha surfacs,
arrcncoud resulits con then arise, fortunatel; in Sthe dircetian
0¥ OveI~Caution.

., Ploat a chambor cor counter ¢a “ha surfacs and recd onc-nalf 4o
anzage for full immerszicn. Thiag 45 woluabio in & vathor shollcs
pond, shere immersian Srings the neter te a point vhere 1v ve-
cords rmud activity. Luuipment cim be kopt free fren conizminavion
by thig reoticd, .creovar a singis chanber with o rotatiarl; ‘-tht 1%y o
cculd be toh to reecd ;7 radiation and (3 & 'mu”‘lcn in

Auell 4 rannor Siat tho t 70 courd bte Separaited wno corraeved Top
difyverant sLeonery.



Zeneral

Lo An analyals Zor the active materials with special refcrecnce to i
percentage of Ba, Sr and Ru shculd e made at intervalis to engure

+hat the heserd of omtzrnal rediatlion 1a in faet She controlling

~

2sature.

The dero3itlion of aectivity on mud evc., should e checxed. iluman
and animal appreach to astive areas ashould ve reatricted. The
lower zate »F tho dam caculd always b3 closed.

no hrazarde of activated Jish shouwld be caonsidered,

i
.
b

prescence of alyha ray critters »f long 1life sihculd to chocked,

o
¥
)
Q

, FOor Sydtens othor than that at Clinvoa the sane procedurss apply
with individual ccensideration of tho disposal of wmter teyond the
poirt & control.

Ci

~
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