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tances for a weapon-delivery ship (desroycr) could be deterssined. (Shamtoll distance is defeat ~

"as the distance between point of cetoration ar4 Coliveryediat tise of detonation.) Azcong t=”

effects to be congidered was the pateniial ractelogicn! baxerd sccoitingtrem the lagress of com

fassinatica via both ventilation 208 cumbmation c't syaicms. Alticugh iis project was teebe
_ ited in scars te pravide fult telermetien relitite to ihe piwulem, ibe trig provises 2 beoie for

ae :

planniag and Indicates a need fer more extensive Sharia -
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Q%o G2 fate (22 edaernad pot + redhat:ws ORS OY ale.

Gee ineries cf ecifarbsanta, @ f°, Coco: De ra Tewleeae >
maveral ine viageu aad neti’), 2pointed eR ask 23 o, tectemer dic
twee:! Biskiticet cosiwetry Grhecry easnereseTiexs YsBm. Poperal GRaperee.
and to previte information cu these parsivsiars for use in Bos 5, .

12 PACMGNMOUND - 7 ; .

Following underwater dcttonstion (2B nucleor weapon, the celivery sia,i cleve ts surince

zero, migit be enveloped by bose sarze or fattest. The ship wovld tus re espeted te rocisiien

from external suirees.and to corfarainition by ingress via the venilation ard combyettcs tir |

isysteras. Ingress of emall fallect particles woud rewuii ih a contamirciing acrosel cs well ss

depositica ef radienctive materisi within the shia. "oth the serotct and the denvetted jiatesial

woud increase ithe radiation ints. <ciles withia (oe chip, The nitsiude af these intensities

would be a furction of (1)-the ge: cretvy of the wemi.lica svi ccurinmftior alr systems end asso-

elated rompertmeris, (2) the pt_sical, chemical, on! raciciogica) proarriics Gf the particles,

and (3) the m:.chanlom of transcortand of Copositn + of the atrborar reacerial. Quantitative

. Measvrements upon which estimaics of the mapaluce of these potwntial fezards could be smde

have bexva lacking ia mvany 2reas. .

1.2.1 Cownterimeasare Studies. For a number of years, a requiremrh: Las existed In tee

Bureau of Siips te determine whether a need exitis for ewantermersures agpinst tke ingress of

. Tadiusctivecontamination into shins” interlors and io develop radivingice: coeatermezamccas, if

-reqgaurcd, oo Lo . 7 7
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lice s) stem in the alter erage resi of te Une Crntineen Hedersuce DL Lees cendisc 5 Dt

Perso.inel balow decks weuld have ween capcced 19 deth2d g-utities ot radioactive -erasal d the

Ventilatioa systems had heen eves ar Corraticy..

Barther ‘ee. were cradetted-aboundte DOE Weaewsws CL-1 1). —sdnnative cae

chloride eo uved as a tracer be an nereees zesumed to ciseietstat whick eld be qeneretc4

by a deco-vstoewaier ewgeribn The suck eas ebcciedt Catersine the doyusitios chase

teristice di the aeronel tircagho 2 beer cembuntion afr systen anda frergom veriliciive
: system. in ptlitiex, libeeTiory tests were cootseted st the US. Havel Rasolazteal3Deiersa |
. Laboratory exerWh) 0s wel els od tphis] veRitlaeaiscad comuaativcnas i

Studies (-n,aibisbes) nev caied tint large amounts of tbe brater vere Geywciicd along ties ues |

- Of the duets and at chatrertions eithis Ge sybtem, No ettraygé was mate t9 eslimate the rcien-

tial radiatica bozard iad the ivacer bwea raciontive. .

Theoretical studies Save been made of Lut reciolagical. situation that would exist on motile

ships exposed .o contaminating arresols recaiting [rom an aderwater geclew detonation. Hef-

erence 2 is a eiwey of bazards inciteto ship builer operation for iwu cases. . m

_ Cate 1 assumes na cepcsiian ia ie boller sysiems and an outvide zerosol activityof 2

curte/it? ct 1 ratnufe after caronstics.” R was cetimated thet the intolation Lazard (due to beas- |
age of contaminated air Cromthe boiler sysrewc ints thy: boiler room) would be lees then the -
permiscible amount listed ka Reterecce 3. Estisnztes of the exierval Lezard in phe boiler rea A

and pearby spaces Cos 49 ractctie: 2t.n esatamimnied Nir & beeraystemea, ond in the boiler

room through lecitace trove the boller syctems, were waxieeom Lased on 2 chip entry lime af -

TL minute atier shel zed 3 sing time ef 19 minstes, The maxisean ctlcelaied dxsted were 22224
20 r respectively for the dover and iower holler roors lorels.* : . . .

Foy Case 2, enthmaies ef oesey 19 perlernel fu Cre etoes level of a Loter Poon were ee
aoeurcing thet elt cf idee . abyclans Het Cnet

| . . eyrier, fstumbag se
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ans 2,800 & ie tfAros, : : Sota bom Copaeiin ets

 

. . expased Sor *9 boas cp sere word renive 2 ee gresstor hae:
totes ence c}, : “

 

wees

ooAtrmesies werk|
          

u : . . The retells Anne) G's ihoretital ¢ isetnike Rees
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| i : . ventilation cr combusti-n, aa ech as rocsietres

, 74 ealeriations af ra {tetion dose be 2S be ine eed,
Porther thecrotion siacteg (leferone D were cade relive to the smilation lavard (.403 :

: contaminated ¢ croseis, cats ving via the -entilattes system. The Cegsce ef Nazard frociseae “

‘ ‘ racleactiviy rugs be evpected to dspead cathe tyre and estent of duct cemamtnation gard the .

- oequance of “Mowers ol” of “Liovers orBree aud oiter infredaction of contaminaled air.

into the systeri, Pt wos cometuced Unt, had couiiticu “blowers off" existed at all tines, the

estimated caum.: dese woulddhe cetmces tob apprasinately 3S percert cof that chich would be

. expected with blowers ox, Based ca activity of Sts 8 curies-‘te? at 3 minute, it was concluding |

| ; . ~ that the “blowers cl!” cundiion weal resait in o@ reductene of combat efficiency trom external

- 7° . gamma dose. -
' . Tests were conducted on tie ventilation aadboiler Fir eystewa of Shizs (YAG's 39 and 40)

gubjseted to the faliest from mOTAOS-Tarp? Curae txplashes during Overation Casle. From

these tests, % was cotercnined that, far th. conditinas reecigy co Operation Casile, an arerage

* alrbornsa-activity concestration in unpretecy dl vesiilation tet eomycriments was on the order

- : ef 0.C2 percent of that averige cov-cestratio:. [cum weatherside (Reference 6). Deta from paper-

filter and electroststic Precio goctecy ve Covices is the ventilatica systems gave even

lower vajses.

“The contamirating evevis turing Canta were busizal 7 éileress. fais those caring fiat Eaxer.

Correlation cf results Seated from Opervarcas Castle; Bartack, sc Cresereads will be CIf-

e
n
e

Se
N
e
m
r
e

M
e
m
e
m
e

“

®

18

CONFIDENTIAL . :
  

Be
e
e
e
e
e

i ' 4 | 2
,

i ; } ‘ } 1 4 1 t |  
- . eern ore



a
l

m
e
,

—
+

we
¢ re . mE eeoeFIDRETEO OFinSMETREESEMEREI UE woes tay
e | . ay See em meets A wee aa le ee tte vNt at ok ell

Pa * - ~
. \ .
~- .

’ io
- t* * \ . .

-

eR cee ee cenemceeaceare miRHRety AG NamFae,Um Ne ee cenen ee mee tee cenew

+ ~ «

Sark, xeon GP Ske t ei oeite tle se a elad eee De ced be 2 eT bo ik the dupa tl tea

: . SEIS. (NO CoMatinalices-ingress stare5 Were conducted sharing Operation, Wigwam

. 122 nivlation Erzard. Goute binta;ical injury resulting from exposzre ta airborne radio-
. active figsion products in acresci form, if acy, wosld be caused predominantty br the external

whole-body irradiation (Reerence 7}. “Fewurts trem several feld statics atiemypied to celineale
the internal radiatien razzrcs dye to inha!atton of fallout (References 8 through 14). tathese |

studies and by theeretical catcwations (Reference 21), it was delermined that the inhalation

hazard was seal! Coutgariat «kh ie Concomitain eaierd radiation hazard.

In the field studies referenced above, ihwpts lille or no physical characicrizaiion vi ine

. : . : fallout material was accomplished, the falloat wasdry and insoluble. No ficid dataexisted on

- . : : . the possible inhalation hazard associated with an ucderwater mocleardetonation, After such an
. event, the ichalation Lazard might be consiterahly greater, because of the possible high aero-

sol conéentration and the soluble nature of the contaminated sea water seresol. Luboratory

“experiments indicateS Unt wet particles are depusited in the respiratory tract toa greater

extem than the same material when dry(Reference 42).

Accurate messurementscf particle size, air concentrations, photea spectra, and other

phyaical characteristics of fallout material in the field situations of yarious kinds are not avail-

 

os , able. Therefore, it is difficalt to simulzte fteld conditions in the laboratory. Expreesirg the |

| : . intesnal racintion hazard ic terms cf cirborne cenrentrations and exposure time doce sot

! . - : "accurately indicate the redition dese to the lungs or cther tissues. Alsoit is difficult to char-.

acterize an tshalation hazayd in terms of the chemical-physical propertics ci the aerocol.

5 ; . . 7 Bidlegicnl samples ba the form of smal! znimais iare been used in laboratory inhaictica

* : studies and rrovide sa empirical method for 2esossire tie potential inhalation hagard te crus,

! foe . dice wer? used in to bborntery experiments and were selected ss ore di the animaistote |

: ‘ . . used fx, the tea23. Sonat *-3 were algo Selceted far vse, hucarve it his been fod Gitelersuce

{ . ‘ : - - . 18) that poeticuiste ectier ./ ampeuxbaately tanlesein Carewter is copusiied moot ecahy in

' , . : both man and guinea paz 5, "Poreximately 34 peresst iaeach, | .

    

  

: . + LBS torivers! Conctderations ond Seer ef Tests, The folowing is presented, in lies.

“4 ‘ . . Of engertments! lackyround, 23 evperimenial work on the ingress ct radioactive materiuis sus-

; - _| 7+ pended alter Ogeration Crstie. .

i. . The radiation cources eortributh:2 to the ralliation figid in a shiptrard compartinert ray be-
classed as: (i) airborne 22d coposited sourees emeloping or deposited ¢1 the shin’s ecather

surfaces, (2) waterborne sources, (3) airborne and deposiled sources within adjacent compart-

miccia if there ia ingress, awd (4) airborne ard deposited sources within the compartment Hf

there ts ingress. In any cewsartnent in whieh there is ingress, it may be necessary to con-

sider separately airborne ar«t deposited sources in ucts or structures within the compartment.

* This censideration applivs to any ventilated compartment containing supply cects and blowers

and {s particularly appiirable te firerooms with their Loilers and zosoctated high-capacity air

- systems. —

, The dose ra’e ina comz:stmerd is the sum of the dose rates due to irradiation by each source, °

eachdose rate component varying independently 2s-a function of lime because of charging amounts

of radioactive nulerial, distame, intervening shielding, and tartous decay races if fraction-tioa

varies among the several sources. The above-meation-d considerations mike it cbvious that the

external dose rate in an ingress compartment due onl; to the ingress of contamanmis is made up

of several components and that the sum of these components may be orly a iracttion of the total

dose rate.

Considering only airborre and deposited radwactite materia) in a vedilated compartment,

Figure 1.3 represexts 2 bypethetical reiation between the amounts of total airvorne ant deposit-

e:| material as a furction ff time. The (iret lime period, t, tot,, represents the beilesp of

material prier to any exhaust and is dep. ndent on the concentration available in particie sizes

thal can be carried torcugh the 2ir supply system, the quantity of 2ir supplied, and alr distrigu-

N
P
I

r
e
e

a
t
e

ee
=
a

 
 



ne
neta

“
a

seps eeeoe
aSe wet alae

2

fa
nm
ai
l
ph
ed
s

 

a
e

é
C
o
w
l
n
a
t
e

  

 

a¥
&
d
3

-*

 

c
l
a

in
b
e
e
t
s

a g
ah
mb
t

tas
koi

ka
a

  

  

 

 

 

cg
t
e
m
a

se
er
re

as

 

-. to
me

La
e
gt

e
h

  

     

 

eeecme, aemnyse ene +TETae
Die dn hee oRSSS w TERS BRORASINCE.

_ ¢
aa a

2 - * -

~~ ® ”-o 4° .
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6. 5 tty ee ce ge woe ny >. . ve
Titeab path Vacs ate Ve kde meLee SarntpeeEe oot eeeeb eb Eat e beee seth OhaT Sd cing,

this perint if the range of panucie sizes d<itvered includes Porticics thatee astheor be

. ae, Gat o€ the alt currents before resciing extaust terminsie. Buri the second thie reri-
- Gd, %, tot, , tere ts Lith tdane and exbeud tf watevial, (belg the isewhen (ike fOR2eS

Ether Gertsg this pesied or acno atteretrS,t2ere will be gorse Ue, perhorys c. lp meceeary,
when the rale of intake is equal io te rate of cubcrest pie the rate f figcoisa, acl the tial
material encwe rety be Mat. Daring the faperisd, 2, tet. , exhawn is the cally reethaaes

changing Cr smoual of mAerialiotheanyat
Fae COREE Gite a Flyer ak Red (SR ROTae SCS OG he aceniiTaoon taThee eetof

change of .isboree moteriai Gae te exiacio) nani Oa: by doveioe ere cack properiicasl is tee
arocunt of airborne maierial prosest. The equctioa Gemamtyates that the rate at which mue-

rial is euiausted from the coupartesent ls Gepemiert og bath depocitica a4 cahauct rates.
Thaa, the higher the raie of depocition the more ravidly will the tatel material curve approach

the final d-peail value, because there is less meterial out cf 2- siren total tv be exhacsted for 3

Riven rate cf air exhaust. . . .

Figure 3.2 represents thé cage where eli material is of such sraall perticle size that it re-

mains airborne and devucilion of maicrial, Manz, can be neglected. Tae time periods are the

same 23 sjven above. The mrineical differeaces are thot during the second partod the curve

mag be flut inteating a coasani amet ef meterial ta the comrartuent due to equal tnteke and

extauct Gi seuter int, sid exkound cir movement clus? corerns the rote of depletion af moteriat

in the corpartmeat afer intoke ag cecis’. Yor tie final putted efter intate has ceaced ard &

it is asso that the sw olerial is UnMormly chsiriscted—onil:SOR Concentra ine throwciant the

comparitrest—ithe ddovteee eguatica ciren oe Figare 1.2 may zgzpply- Pecacse in tits cos2 the

rate of material remove it ecual ty the rele ad eluate of ate ath. corpartgven?, Che ceosing?

& bo equa: te the ver A Sbew rete disifed by f2+ constricies! waFamne.

- Figure 1.5 reure i ‘

   

 

     

  

  

abtod ote

“city 22 “rete%

. . Gris eioy rates die tc: .

. the amount ét raaterial init: cosarte
- tive decay, Gxctrioutica.ef mferial, ard pictses

decay, which ts qelie raid at the eaxly tires. gier &oan Phat aye of bt stent in thera forts,

when nace 09 convert a moteric? enrve ts a duge rate curve (ur vies Ferss} many change ths

slopes c2i fine of peaks. .

& Girect mrasurewect ef Cozerate as a furction of time, ue eiy ts the incress of radione-

tive mztert:!, can only be nade ia cenaputiawent et ts shisidsd trem ether radiaiion g-ursee,

@ Situation net found ena destroser. BF to Siutiar comparinepls could-be feard ose of waich

wes vented and the offer sented and the cose rate difiererztes ave to unequal shielding dtter--

mined, then any remaining cose rate cilfaremes would be rue to the ingress of raticactive

materials. Getermination of such a skicl ing or normalizing {i clor between bro dos2 rate

. Measurements 72 different shipvvard localions may be quite Cvficult er at best be zccompani

by iarge uncertainties. Waere the ingress dese rate ty a small cuierence between large

rumbers, aad may be equal to the uncertainty i4 ibe large murnbers, then any determination by

audferences is alnost impassibic. So :

. Uncertainties in this estimatirs techmiqse src nizgimom for corttlons of ropiily cheagios,

, nonuniform radiation sourceswhere ihe extcrier dese rate compoi-ri is the principval dove rate

componert. ‘Minimum uncertziniic+ result when ratiationsources change slowly, are uniform,

and the cose rate due ty ingress is to proiominant dose rate cemponent. If cose rates due to

ingress can be determined and cosrecied for decay, Ure valves so determined ary proportional

to the amount of radicective material in the compartment as a function of time ard, with some

assumptions aod anprosimetions, Tales presortional to uirborne and ceyosited material tay

be derived. Erevarersion of tieestimeics to dere raies aml integrating wevid sive the song
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te = scoxicoom radius of the arhere, centimeters .

To cunvert the uatis ef ibe estimated eirborae cnecestestions én the ter? eermauriomed Sree

: fis/cza"ve equlnaient pet/exs’ at any time t, the following wae acral
: < az . ; ; . - . .

a wae . ote - -

a.= eercestrition a4 2hove, fis/‘cn?
: 1

Y = vaive of the disintegration rate of gross fission predict maixtare at varisas .

times after slow neviren fission of“10? atoms of O™, dia/(304 fis-ses)
. - Gaeference14) . ; . -. .

_, A3.7 210 die/(ye-ser) oea at Soo,
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2.1.1 Gamma--Intensity-Time Revordezs (GITR’s). ‘These iristeaments consist of two re-
eyeling concentric ionization clambers wit electrometers, cersectet by a cable to a bsllery-

powered inagotic tape recorder unit that includes a timiag device. Pulset for a given garoma

dose increment are recorded as on-ntf information an two tape channels, and timing pulses are

recorded on a third channe). Thus the time between pulses or pulse frequcary isa mescure af

@ose rate. The nominal dose vate range td 9 rer,hr to 67,009 /hr.
7 These tatts were shock-mounted withthe ceater ofthe chamber sensitive volume 3 i<2t abive

. the deck. Coolicg colts were provided aro-ud the electrometer case when units were tectatied

ia high-temporstve comportments (Figure 2.1).
A detailed duscrimion of these units and the calibration techajques wsedjis svallatie in Ret-

erence 18 . : : -

2.3.2 Total Sie Sarspler. The samplivg Sead (Fuute 323 for Gis jeStyacrent Coutatand

12-Inch-Ciametcr fiticr uni, A pre-filrer ef Hollingeworth wnt Vewe Nu TO deter parc a4

Mins Sciety Appiisuce 7199 Liter paper, backeldiy ¢ Millinor> fitee and sueeried 63a wire

 

allow ef 10nn (ole) srs -maistaiond ty an DU. cvectnrti" ve
buclion unid /Pigure 2:2) Cove hoped for use Gring Operation Cusle ene civertted in Reerence

‘6. ‘false sc:apler was inteoacd ta epeecic-ece timoguely trem 2E--% to 11+ 69 micas

Airflow calibration was zecomplighed La achutrient of the constan?-Clom cesindi Ware a:seh”
‘using a calitvaled Flowrator to measure airiics. The Ficeraior is-2 metericg device Coulyned

to measure fluid flow rates (Stabl-Via Flowrzier, Fisher-Porier Co.). -.

The total air sampler was notshecicmersied. The sucticy unit was mooted ie a scardy

- gonventent location and was conaacted to fhe camaplling head bo PressureNes base. The gam-

pling head was mounted ona pipe stand, with the orifice zpproximaicly 2 feet above (he dack.

   

. 7 sereew, was ised An

~

  

2.1.3 Incremental Afr Samplers. These consisted of tarec basicunits: (1) 2 comstanl-flow

: suction unit, (2) a Ledex solencid-opercted indexing head connected to a valve in a 10-p0rd

* manifold, and (2) a group of 10 Andersen sampling heads. The solenvid ves con‘roliod by a
timing circuit to sequentially cpen the 10 ports in the maxifoid at preset time intervais. By

this means, one suction pump pulled air ia turn through each of the 19 Arderee:nsamplizg

. heads. A timing circui falivre reeulied in the useof only one samoling head at each installa-

. tion; ther<fore, this descri;tion will beco:tined to'the Andersen 2empling head and suction

. unit, though the name “incremental famyier” will be used thronz!. < the report to identity
: this 2ir sampler.

“The Andersen sampling head, 2s modified tor Project 2.2, consists of fire stages with aa

_ elbow added above the entrance orifice to prevent material from falling into the firststage

" (Figure 2.4). Each of the first four stapes consists cf a perforated metal plate. -The particle-

- laden air ts drawn through the holes, producing a jet of air against a filtcr poper on a pizte

below. Deposition of the particles on the filter is dependent upon the size, density, 2x3 veloc-

ity of the partscie. The air then pasocs over the edge of the eclieetioa plate arc inte the neat

stage. The hoiv size in the perforated Piates is smaller in each succeewing singe, pre-doring

ee Nenmeeee te ae.
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wyLegk ke Thats po te esl se ae Deed Ls topes dineeataee wen Pel let dat og he

A Milipore Liter aus added asa ft Stage t@ Collect ary partic’ S ttat might stull be entrained

The caileciten characteristics of thecampilng head were Eateruatzedo adjusiing ihe airflow

threagh the head to 2.0 ft'/raia and exposing it to necosols of cioety! pittalate for several rarsow
Fangs of particie sine (Figure 2.5). Wall lossec were determinedhy cxpooure cf the camper

to an xerpeol doving a wide range of particle sizes anJ tagged wih radizactivity. These 221i
losses werefezad to be approximately 4 pereeat of the total activity passing through 2 samplicg

beet, teorder tu asistcs sir vetositios through cath stage equal te che calibsativa volor2t

i was necosacry to uc2 aw oaction antl thet wuld maintaia the calibration ativw od 7.6 HSy/aaiia

oves the renge of pressure drop caused by fier leading. The A.C. Schmidt 2-AFR coratant-

flow suction unit with 2 capacity af 1.5 12/min (Figure 2.4) vas weed for this purpose. The |
suction unlt was adjusted prior to shot time to pump 1.0 tein as measured by a Flowrator,
which waspreviously caliwated with a wet-iest meter. The principle of ereration of the

Schmiet constant-flow axit is the sarce 25 that of the NRDL 1O-RYroin coaciam-flow suction
unit (Figure 2.3). .

A typical incremental air sampler atation #s shown in Figare 22. The 12 liter/mta perp
and battery-powered sarepiershown were Inetalled but did ant operate. The supporting irame-

+ work for each station was shack-mounted, and sampling orifices were nypreniraately4 feet

24844Antrals. " Getnoa pigs znd izice were used for the inbabition stuxtics. “the ainimests

wereapprodicatefy 3 actos ald at the (base of expoewre. * The avecacge weight of tie cvirea

’ pigs was agiraxizately 205 crams. The average weinht of the mice eas approximaisly 1S

Grass, A t.icd of 142 gainea pigs ar 2 116 vateJc wore shinee’ by air fothe tect site, where

Ciey Weise “sued taa Fortrble facilites| T= ky Ge by J-fon tacts2 tks) under couirciles

_ COaditions of temeratere and humidity. A stmlinr mait was ited ta bonneee contracted

anfecwis afier renwvasy.

Exch aniges! ctatien [“.2-re 2.9) consistad of tarce ergts, each pustitioned ints foor coctions,

A Brine pig was pinecd in each @ ES ecctions, Ave mice in exch of tho temeinivy tum erections,

The cages in the four clarad campartments were cquizped wit’a a cooling system Cesigned te

. pass chilled weter taroogh tubingwgtapiatied on the twa golid-siie pancis of each cage. A ‘em-

perature-sensing elet.ert was moznted ia the center caze cl each sintios to control the water

cirevlation. Yigure 2.3 is a echematic dlagram of the coding sysiem, which alse cesved al

GITR cootitg cots. This method of ccoling was atopted£6 22 29 persall the aulmuls to iese
body heat by co.iuction, elimirating the need for endewirable -<> nooversent. Drip-type water

bovtles, whith required toe animals to Lick each-crep from the ~d of2 small tute, were In-

Stalled in eack cage tm each 2 roanner as to ratniivize coutuminction of the water supzly. Tu

” ensure that luterii2} contamination could resull cnly from inhelslion, xo food was previc d for

the animals. The znalmal cages were mounted approriiaaisly 4 feet above the deck. This height

was dictated by practical mounting considerations. .

2.1.5 Surface Samplers. Strips of salt-water-sensitive film (4, by ¥ inch) were affixed to

-metal plates the size cf microscope slides (1 by 3 inches}. Two 'j-iach circular holes were ° .
cat fu each plate to permit examination cf the film under a micrescops. The plate-gnd-film .

“units were attached to deck, bulkhead, and crerhecd surfaces with tape. The sampting area’
- Was approximately 2 fot. Details of film preparation and eciibratioa for drop size determina~

tion are given in Reference 19.

2.1.6 Temperatere-Iamidity Recorder and Courting Apparatas. Berdixn Fries hygrother-

mogvaphs, wilaa temperziure range of 16° to 110° F and a relative bumicity range of 0 to 100

percent were inslailed tn each test corpartment. These are stock instra nents requiring fm |

power; the recorder drum is driven by 2 7-day clock rerchanism., :
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Toe fasowing cists uienis were eed for TadWetliee 43405055

; ‘The animal tissue counter was 2 Muciear-Chicago Ds 5-5 scintillation cetectcr [well counter}
asdecaler. It wescalibrated with Ca'!, ca?, and Ce sonvees. .

a : Air and surf2c7 sample activity wee courted with a liedias AN/UDR-0 ecdler wig4 Ral
efyatal ecintillali:+-detecting untt. Activity éctermicatiow of vir ramples wheee const ryte

was too bigh for ine UDR-8 were made in 2 6-9 jonicationcatinker. This unk wied a witzationg

read electrometer znd wae calibrate! agaluct 2 Co™ nada rifirm eperce. Leahorntery-
teterizined coaversion facivro were weed & convert 4-2 Loaizationchasster teagurcenentsis

equitziert ULEt-9 measersnz

2.2.7 Test ead Wstrors-nt Installations. Thé tnctruneis Ceoerived above, with thaexcep-
thon of tne counting equipment, were installed of tie USS Derverta (DD-592) at locatices bres

. "ts Figure 2.10. ‘The cot: izie GITR array is shown is. Figure 2.11. Three spaces were utilized
- + for studies of contamiraiiza ingress via ventilation sysiexrs: the galley, the after (2%) crews

Quarters, and the aster engine roum. Figures 2.12 tkroarn 2.34 show the arrasgernent of these —

. - . Spaces and a Schemstic drawing of the air systems. A tiene. was Wnstalled in c2ch cxhanst
; . , system te indzre 20 percent cf rated airflaw. The galley af crewt quarters were utripped of

. . most cGuips:ert to provide roomfor instrementation acd to elimingce possible cemaminstion of

the equipmiesi. Although inoperctive, the after engine roum w2eact stripped.

Ote boiler asi the assuctated combustion alr syeters, reated ia Ove after trersom, TAO

utilized fur studies of ingcress via “yler co:stertion air (Fiesre £25), Nos. 5 aunt G fercad-
drait Liowers were cpcraied at fell- power capacity ereresionctely,50,630 £3opin cach, totcling
d4,F09 RY:in}, iercang ai throush ila. Stier, whitS cas eniirch AY fircreon epaninst

aad fittings were cecured or binnked sp that dae eniy secre of neeeinalion inte the worming’ .

preas wra the lerbace fromihe comtcsifen afer dysiom. f ere2.16 hoes Ure general Crvarcee .

west, including tue jucation ¢1 iitlrwaesnic L. Ose ster :

Exetra;centation ta cach ef the tert eprces waa tl eh: cacutietog of a OPT.A, teooeor iret

increyental air al@iS, ae fetal aly vorcglic, GocTine ser thera, as oral rtelies, xtaa

hyp:choresor9754. . ,
Addithowal berecectal alt G2:

| tac (Figures 2.27 ard 2.59), tn the afierrgieke space (FE
pisiloral consirected aten the fersard gun Givecion. Ase
locaied on thin rinticrem.

Surface sazmtiers were taped:ta decke, bulkheace, acd evebheeds in the four tert cosnpesi-

. . mena, compartrests costataing -vertiailon-inteke Aceting:, aad the aiterupcke apace.

: Biclty surface samplers were Instaledfor cach suet ct kaccticas ebose in Figvve 2.02,
Two instrument- starting elrealls werc tortalled, coe for eli GITR recorders aboard the ship

(Reference 1£) and onc for the aly samyler2, an integral pact of the increieental els cazuyler
timing circuft. Each scarting circuit was rorpoted of a relay syeterm activated ty a master

relay connected to the Edgerton, Germesiausea 2.3 Crier, tne. £GEG) H-§ minute ratte

timing-signal receiver relzy.

Power for t air samplers wss supplied by the ship's emergency. diesel generar; ..

  
   

  

wwers neve fastalicd ta ewicli ale te wees CyaMewigake lara '
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° 2.4.8 Test Con:artment Airflow Characteristics: Pertinest cooipartin tnt and atritew cata
ks given in fabics 2.) ami 2.2. The,data Jemoustrates the gress differcnces in volumes, Dow

rates, and consequent rates of alr change that led ts the selection of those conpartmenty. f-

clJental to this selection was a variety of air distributie:patterns, Sections of beth the galley |

and engine room were relatively dead alrzpaces, wheroct tre crews quarters ind a relatively

uniform disitritiion of air. Each space kad a diffe rent air delivery pattern: in the galley,

through three openinzs in the overhesd across the compartnent, the air delivery was vertically

downward; in the crews quarters, alr was delivered rerticzily downward glont 9 foot above the

deck from six ducts; and in the engine recm, air was c:.tvcred via three Gucta to the uppar

level and one to the lower level ct an acute angie to Ue fevizonesl, fn this latter case, ali ducts
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$a the upposite Gtrettion, Allezhiust termives wepe ia ie orecbred S-ar an ecb o7 sid of .

eae camrartrcent (figures ZIP throonk 2.15), Na earveyof air Cistritciica pattornd eas -

fezsible (howgh plancct), and sur caiaciers Senw Toentod fecect were feted ta be prieeted :

aizjathe. B can osiy ba quaitalirely atared Ohot oceiien amd dihuater efior’s wece acreniicm

ta bath the calicy and the engine cua, basedosice pate ofchange cfzir ard ¢.2 vertaika ip -

distances Letreca supply Sed exduet terminals (7.032 3.5.

ia the after firercom, the exty cir moves’ weal] 2 dee to the prosiere ercatedby tha

forred-draft ower 63 te 15 behenef wiSe7) forcing air ext thooeeh kate: and vectiiction scale. —
‘This wosld bo erpoeted ta pretco a rathar ow soncment cc air ts the emertesd,

“Although the after fireresun (Trdile 2.2) was the only Zirercom Gexignsted as a test space iar
this project, GITR’s for Project 2.1 were installed in ize fesward Hrercama. This GITR chilis

was also useli:t fo Project 2.2, - fn the farward flrenunm, Ke. 1 boller wes fired te sanpiy uterus -
to Gperate machinery in the for. ard engine room. Comision airlew wos about hal of ee . :

airflow through the unfired boiler fn the uiter fireroom. %2 both firernums,. hatches and verti--

lation openings were closed and sealed against the ingxcas cf contazmimois. :

2.1.9 Air Sampier Eiiciercy. in all sampler installations in compartments and wortiztica

imanes,ihe©:camperopeninghing fxerd at 8° ts the extimated direction 8 ais saovement. bu these. a
cakes, the crerece Lice welaciiy at the evinpler L'zr2 wad entrated te be equal te or grvater , \

than the atest, casa velorty. Kaowever, tn tie uinka cpus, alrctreas weiscities were grace

ably bigtor thaa camtnior veletiies. Ferther, the samrter jocatione wire dictated by ap -e

reQrirerncr’s 2 ab icag ot Lave Leen ta the priccipnd cirpsth. Oa the ire vent plform sluve

the eua civectey, the morepier egerdkt’ fewed ee, suet wierd osbrz"8s susie 2 boats waa

redoce the efiteiesce ef rarwit3. - . .
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rey Laeoore?irr Ger Tine MR, HUTTAce Gute + t

aba nowiend: sonnel eiefirce.ci €,ieBS head for Wales and 5,083 {set Gar 3B EngeR. co %

het day, oniiuitls were pueced in their noes ocd netvcc.ce3 wore chedladl. Fercunsd fe 7 8

barked oi H-5 koare for Wuroo and st A-G newrs cor United, leaving ths elds wansanya

and comsliely cloned, exceptfor aireiniaks|eenuers tor the talsoving systems: (7) teuk vere
‘titattion, (2) combustion alr apatenie for tess ieee usd tperating holies, ‘gad 33 carctucsition *

alr systems for operating diesels. The eporaiieg bolicr expplied stean ix Grive (La malo |

propision rcchinery, which eas bolog cporcthet iar chock-duurit etalcation. Vee diecels

were prime movers far zeusrators furnishing powes fer insirumviaticm A washcurn spsiesa,

activated several hears priar to shel time, washed the entive weather surfaced of the ship, wita

the exception uf theinstremect glatlorm ace> the forward pun directoe. Thi wasikiowa eoutinced |

 

erty ey
   

    

    

a)operate anil approximately H+39 hours alier Wahoo end 1+ 23 hoara after Gnrelia. The

wind speed was £5 evita curirg Wahon an 2 kaos deriv Umbrella. . .

2.2.1 Sit Wahoo, Folloning Shot Wahoo, the towing.méoriuy hwerge broke loose and, sub- -

Scquentily, strece the s‘arheant side of the stern of tle DI-SS2, leaving Cie ship mocredbythe

bow only, The ship changed position, healing inte tae wind, but matutyined its approxin:ste

distance from surlace zero,

: Project 2.2rccovery operations were accocaplished on the cayalter the shot. The recovery

party boarde? the ship at H~+21 hours $5 minutes (1125) to recover Scxuples, instruments,

charts, and Project 2.1 filrc cadges, which had becninstailed in Project 2.2 test spaces. Re-

covery %a3 completed ia 45 mites. No vorket cusineter reading eaceeded 150 mr.

2.2.2 evelUrorelia, Presbet operations differe? fram those for Waboo in that the majority

et GITh recorders weis matuxily started, thued by 19 4-3 hwur radio voice signal. Oaly tro
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. lesser risk than the ‘possibie loss of ail dua i7 casecs 4 Power orFr starting circuit failure.

Bostshot operations started at H+2 hoers, al which time the recovery party bourded the
ship and deactivoted the washdows systes. Piccovesy was camploted, the washdow. reactiveicd,

and personnel deharked by H+2 beurs end 45 misters. “lo pocket dasloster reacting waa trevi-

er than 206 mar. vo .

2.2.32.3PostrecoveryCiperations. Ciseectiag and constine cf anima tiocees was erermplished

in theEniwetuklarine Biological Laborc‘ery. ‘Fhe secrifice schedule to given is fable 2.2,
Courding of all ether collection wedia was accomplintc< in the project lnbnratory.

=. 6

_ 2.3" DESCRIPTION OF REQUIRED DATS ee .-
2.3.1 Bata Obtained: and Gata Available from Other Protects. Animal cata was obtained

during Shot Wahou. Animal data, CITR cata, incremental aly sampler data 33 a fuaciion af

several ranges of particle size, to1al_air sampler daca, and surface sampler data were oblali-

edduring Slot Umbrella. All sample enUeetions were total collecticas nude over a period uf

time from some unkno-vntimeof arrival of radioactive matertal to. +2 hows. Many of the

surface sampies showed no activity above backgroond. Ne determination of particie size was

. possible, because the saltewater-reagunt film wasHeer due to ithe humid szit-atmosphere

aod high temperatures. 7

Additional data was avatlzile: © , : . St ;
(1) Frosa Project 2.1 (Reference 19}: al GITR data threnztout the hig ard prsuma foniza-

” ton doeay data starting 2 W+€ minutes, cbteined on the GD-592 (Shot Urabrelia); sume OFCRgs
data for the lerwerd Uirercomsof ('.2 54-475 (Umbrella oniy) ond the UP- 503 (Waren ot! Um-

breij2); and file badge dale frou te: Cheee 22dpe bor Guth: choi. - .

(2 From 2s-oiect22.4 (Refere..ce 3}: racioechomict.l anviysis ofa pp-s332 fallowt samote

for converting this project's total cir sume 2ta %y enalrricns {Isr tons, reduced phe: -grarks

 

* data of the Lase surge, awi data froza Liewemertal falraut colletiors amlas tie GEiersdine tactic

ment, which were Installed o2 Gc DNSI2.innowrent jyoaiferm above te i-rvard ga Caeser
‘generatty veferrid to 2: cirectar platform. : — aoe,

2.3.2 Reduction of GanumaJatensiiy-Time: Dra. Te reauction of 2k Gar.rave sta i inal

coriccied data was cccompiighsd by Projeci 2.) assinted by Project 5.2 perasancl ext is ce-

acribed in detail in Refcrence £8. The GITK magnetic tape pulse reserdings were instSialky

-eanverted to dese or dose rate histories by mzane cf aa analog data reduction aprarcrtes sup~

plied and operated by Project 2.3 (eference 29). To obtuina more accurate reads curing

the periods of rapidly changing. radiation intensities, the BM-704 computer at the Exlwetok
Proving Ground (EPG) was utilized. Magnetic tape data pulses were eniered into the IBN-764 -
via an auxiliary special-purpose muignetic tape unit and gate chassis connected to tke computer.

Corrections fur calibration shifts, radiation souree peometries, detector ceometries lor vari-

ous assumed gamma energies, and timirg corrections were calrulaied or eslimated and applied:

. totheraw data. The manually started GITR records hed to be tume-correlated with cata from
the radio-started GITR's. This was aecomplished by lining up times of those promizert curvo

features (evch.as maxima, and the like) that should have uccur fe) at the game time for all sta-

tiony aboard one ship. — . , :
On the DD-592, radiation intersitlea at exteriar locations were high enozgh to saturzte the

GITR detectors, resulling in gaps in the data. Au average weather ueck dose ratehistory for

this period was estimated by sormulizi:g data from appropriaj:Interior locations to aycr2ge

weather deck data in the time periods just prior to a4 after saturation. The onl; feterior sta-

tioa where saturation was encountered wis in the gaicy where the dose rates during the satura-

tion {be.ween 27.9 and 21.7 seconds aftes sbct) were estimated ina similis fashion.
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trices and pamsna enerypies: (5) eslumised Liceef thatig orryes; owl ( 1)the vartaece cl dota a
from czieclaied averzges tSrre aparcprtiste. fa greeral tae peecision dé Wece Cua wes csdie :

mated to be within 423 perovsd. This rossimbstic calimate af precision resalied Sretate :

manuel :larting of moct of the CITR's which crested nome ervertaloty in the thmtay et varlots ‘

GITR rccords (Reference IS. . -

Toe TER dose yate Cate Was cares’: deo ceay. The coreswore overated for foetaree 3 a

+. tadivaie the begios:y and cad of cavelcpment, the tesieeteg set cul cfhe overe

_ of radios:iive material, aad th: mamitade of decay-ecorrected dose raics (ot were Cae tode~

posited matezial. The dscay ctad was boced on pretiecinarg experimeatal esi of ion chamber D-

decay of U™ fission pradoct=by J. Mackin of NADL (report in qvepavation) priate Leania :
_ Utes and the Project 2.3 deeay deta rormalired nt H+ 6 mintes. sot Te

The normalizing techesprcs cestribad in Sectian 1.3 aad Equttinn 1.) were tiilized to esti~ : ‘

mate th: dose rates du te the ungress of radioactive matersais. Two estimates of dose rites

were made for cach Inpresu coarsartment GITR tocaticnis). Tha two dose rate lustaries, which
were normalized to the lagress compariment dose rate hivterbes, were selected because isteg~

  

 

" ration of the dose estes so ohtrped gave near maxisea aixt spiaiaz Coces [or the dain availnble. 2
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2.3.4 Film Badge Dota. The caia vas used by lea of GITR data ‘2nd to szpplemeat GITR -os
data In some instancer, co estisaate incress dozen, or io estabtica the relative magnitude of
doses between various shirLoard lovations, betrees ships and slots. ingress doses were

estimated by the difleresces sa dvses between ins-e5 and the mest nearly physically similar

noningress Compartme:3%. No limis of probabie ¢rror'can be assigned to such extimates for

the same reasors given ivr GITR-hased ingress dose estimates. Tb2 film badge data tas beca
aasigncd standard limits ef error by Project 21 Gatrrence 283 of 2 20 percent

2.52.3.5AnimalimalTissueRuce. Arims's were sacrificed, tissers countet, end-activity ietale3

at Variostimes.Uhrsaccitice schedclefar Loth shes is givea in ‘Table 33, Becaweof
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lathe firercom vere 13 drsitneds. Main doch tcst spaces had appruceately < inches of water

of ders. All test antmals ta the calley diea prior ta recotery af H+ 28 hours, In this space, -

the temperatare exceeded L1G" Fand was estimated to bt avar 190° RF. Temperature im the

after crews quarters was Cvns:am al 76° F and in the siier fircrosts ut 86° to 87° ¥. -
Daring Sict Umbreiis,2 sir! in the air sampler timng cieesit reselted tn Cie collection of

f-hour air szmpies instead of a sevice of incremental samples. O-l7 tee GITR recorders

were started by the radio clarting relas at H-5 minutex. Ald othe: CIR recordets were .
spaumally started Lased on a 8-3 hoer radio voice aigsal. The poorer ming cecuracy a 2

manurl shart sevoral hoctw reicwe saot time 638 onpeitered g letser vite thas the possive — :

fore cf ail eote bo osoe ¢2 a power er caartin,nf Circeli iaikure. With teowe exceptions, trat
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Ceathiod acd insine

wert S38 ta LP Be
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the fe Lat ervireumesi £5 a fotika ofGane ang i>5 ante?tose fe. i203 tka relate ty the

betre.. sf tumtsakian(3. €Ghre sheut this report the terens “exterrai” or “inerng]” eith be

used Gils Selerenee is 4 portoe er animent, cozi the terms “eztevior” er “interies” will be w2ed

wilh wevereere fo a 68} - -. 2. ,

3.2 RADIATION EXVEONAN, ssor erMELE oo 0

GITR mee
3.3.1 Tetai Camrs Tadintios25 8 Function of Time. Thereressiis, as determined from 

ZEUTERENS OF tad LTRSa, are given ta Figures 3.3 threugs 3.20 fer total pamma dose

’ rates and in Figures 3.12 theeust3.18 fortotal pamuna doses. (The word “tual” is used to

indicate the condined contrifetions of ail radiation sources that affict ‘Re radiation detectors.)

These curves show lin tapicly chat:ing raviation exvircamen for the icatrumented aress of

the ship. All of the cage rate curves have the same general sivpe, asi similarly, classe -

curves have the same general scope. As example of the rapid accunraatics of dose caa te

scen fron: the weather deca data (Figure 3.71). Approximately 90 percent af the weather deck

average dose was accoswilated between Hy 15 and H+ 60 seconds. Duroc this periad, the

Maaimum perk intsnsity (Ftoure 3.3) occurred wt a rariaal Gme of +30 seconds with near-

peak intensities nearly consiaré from H-30.5 to H+ 33 seconds. Appriaimetely 8 percent of
the dose was accumulated from: H+ 529 to He 600 seconds during the seteanent peak.

In Reference 18, it was estinsted thet transient radiation sources totribuled more than

racintica 2

95.5 poreent af the weaiher deck dose orn the DD-392. No significant cose was accumulzicd

after }'410 minutes af tre varines deck locations. The probable sources comributing to the

aiter this tLis were deposited cumaminants cx the wrather serioecs, within the ship,
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dose received prior tw this time perks’, and bees toon 1gwas rcezived GoreAY Gee exbrequent
24 tours. .

At +2 hoers, rediation reat:rs at Che sail ef the recovers tee, Gutng da morasch to the
DD-592 for saeaple recovery eixsccises, were 43 te 60 sar/br; wid at Tecan beere, caving on
2pproach fcr a seeend boarding, terSiege s8 vat vail ci en LCD were 20 ee. Fees various

Obvervations, ise 32i9 one im Gotoesworfew Saeietian vecrily siler Gelsatien iY

time beyond che pericd covered 7 azon aveimbia er cf everest: in tide rape) :

The cone rate histories thrx7:banat tes el, whlle all geaereiiy sics{ine ecauee of the Gem

mance cl the exterior transienl radiclice souetca, bawe éxtifective clayacterisiics U4ick sepa-
rate them into two groups—— ingress sind ecegresy comgartinests. During the period between

major dose rate peaks at H+ 120 ta (3+ 145 aecoects, tae pulicy cad aller €:giue :ote dase roice

‘ are the highest abuard ship, reape tively 3.5 and 3 times the average weaihe7 Gack dee rates —

(Reference 18, compartovent to deck cote rate ratios), whereas the fireroem dose rates are

0.5 to 0.8 times the weather deck dove rates. Al late tines falter 2,000 succeds), te azhest

' dose rates ure feend ia the lower keve! of the forward (irecowm, after firercem, sed galley;

respectively: 2, 3.8, ar 1.5 tisces the veother deck dose rates. At these timer, the after

exgine room doce raics are but Lille iugher hes ia somlagress compargmsrcs.
* This evidence ts isleatlre cf toe rccance ef departed activity tn the guiley sod botiers or
boiler 2ir e7stews and 8 radicactive eevase) 39 the aiar engine reom, weith ied bers exharstet

by ventilation airlog ct later tick

No dist:“tieeevidence a&$2 cute caxirnenes2eee te the fanteas ef omar mstctg cam be

: gor, ee tle lower leve! af i> fareure
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  3.1.2 Estimates of Some Cores ty +

tt was cugg*sted tiata Sarret“34 “pesSaieard yanenatasatiotlea0 hstorton
gad the base surge transit, Aly vast data (Rafsrence 20) atavs the bine enty2 to

be torcidal in ofooe. Dovieg rei eer terucetite, thetorokd expandet-radinby at Riva sgcod.

i eventual; reached 2 marion: daumctes, Aer which 1 was-stadbornas amt meved corvawisd -

She cownwind segment of the tase wage poveed the OS-~553 daring its initial expatica ond ie

presamed to cosiain tie prine(-2: radateva eouree of the magiaum dose rztes meazared

aboard the chip. The passage cf the mitially eteiiud acgrreet ef the base surge, driven down-

wind Ly the 20-luwst cerlace wai fodicwicg (52 Laiial bese #erge expansion, is presamed tts

contain the priccipal radiation reurce of Ye suisequent aod broader cose rate pak.

Several estimat+s of the transit tierce «4 the base ews os car be made, Based unm trisval

    

. Obtervaiion [rom a tug ut severc! macs freca Surface zero, the sample recurery party cati-

mated that the 65-3¢2 was o«sulfed te the eae surge at He So seconds and hecoma visibiec

throvgh a haze at ii+6 minutes. Tar35 second estimated time of start of caveliguivert

coincides with tle sppruazLnate (isos of toe first majos dase rate peak and the H+@ wicute time

ts tn tha middie of the subsequent Gese rate prak. Turzing again to P.oject 2.3 data (icterence

20), at H- 30 seconds the estimaicd speed of advance cf the. ase curge te oct 68 kexns (100

feet per cecond) and {he downwiul torejdal eectica of the base surge is roughir ectlimaied to be

1,200 {cet lrom outer edge to inner etee- Besed oa these estimates, the GT-592 would have

been caveloped for appromimaicly 12 sccoacs. This, a cotrse, assucoes the abserte cl ar

invisible acrosol ioNowing the trailb=t ede of the base surge.

A second estimate is availaNte fic-m Prowet 2.1 data (Reference $8). ff the bass mare is

considered a6 4 Semi-iofinite recatwe sourte ot tie instant of covelopmezd, an ialinite source”
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duriyt cnvelopment, and a scmi-hduate sour eof Sesles @ ecu peiBen ot clequmecdt
thea the dose rates 2i the beginzing of ehvclepment and at emerpence wo:'d be hall of the peab

Gose rele if radictoyical decay Le climinntead. From the detaz-correck. ©4 ofthe wentioer
% average dose rales, tee limes af whick the cose rates are iai.eweolve are

029 and 4<35 seencds. Wa fourth of the sesk value were ued kncieud of « kell, accuming

that the souste wae suinething less than serci-nfinite, then the tivves: wordd be H+23 rad Bed
seconds.

Similar treutomest ruuid race tae Hime of earetogacent by the loltistt> wroit Sepmment of th

‘base surge at $3) 4 24 and 14675 seconds, vespectively. This sogmuiz ws hg hued cavge Gas
greatly dispersed ani dlwedat this ime compared tc the dowsind scemest ot(Se time cl ita
passage over snd arsed ike PD-SS2.

Project 2.3 tad two types cf collsctors on the gum Girecter piavlorra cl the p-5:2, which -

yietded time-deperdert information (Refererce BD). Their incremental fallout ceilectors (30)

and 2ir f:lsration instrement (AF?) civained I-sinute aad 2-mimte iocremenal fumnles respe

ively. The Hel to He 2 mismte IC samples acd the 3 tn H+ 2 minite AFT sampie contained

.. More radiasctivity.than subsequent samples (3 correcied for decay to a commen time) by an

approximate factor of 39 for starboard iC, WS ier port IC, aad Bier ATL The H+2 micuie

AFI sample inciieed sea water In such quantny as would be delivered Ly a heavy vain. To re-

view and sumumrize: if ts estimaied thai the GD-542 was envelored hy tbe bese cerge fome-

time between if 429 cr2d i] + 35 seconds and erserged {rom easelopasent xt about M+40 seronts.

Af 8439 seconds, tho base evece was moview at aa estimated speedct about 63 Lects, aad dart
‘o? Lamediatlely roseoqutct t2 the envelogiscal, Gere vs8 prolaity a heavy raison of gee ele

Falicut collections were consideraity crester daring tha caclod He Mtoe+ saios than Geri

any equal subsequent Cinesported ,
AL’ about Ie ZhS sets. +, a cecord enceicy emet tacarved Leersee of Me mocovte ad The un-

wind sepmeatot $ae tut caro. “This was entoberne and therelare muriag xf Wheepced of fee

 ourface winds, cheatkecta. Ths enveluor: s. esdled ad abr t 4408 pecan‘6, Fh2 eutlice

. Of the ehip was visite 2. about H+ dit se

  

% <a ‘acheation of thee dioprvand ond eute raters

cl this segment af the lage surge ot. fs Or

K seein most ccobckle thar radia.-stive sALORS wore drawn oy foreed bicegen vertitation

and builer air systeriis ic tue oreates! aecunts dering ar imcaediniely after gaseace of the vis-

thle base surge. . ; . Coot aa Lo.

- $1.3 Air Savsse Pata, Results Crousth: Rerewerial sir caezicrs are preseated ts Tabte
3.0 as latzl activizg ovlo-clod tneath sampler aad the nercentans od this total vot wns leund be
the five stages cleach campier. The érfa-was corrected for decay {Preject 2.2 cecay exc)

from time cf coasting to N+ 10 calmutes for ceermrison.at a common ene. The ictal alr saupl

data is presenied tn Table 3.2, decay-correcied on the same basis as te Incremental sample

data, and also ia terms cf fissions as dctermised aiter return to RNDL.
The activities of the total air saunpies and Gve scjacent incremertai sir camsies are syproxd

mately proportional to their fiow rates (10 to 5. in the crews quarterswhere they weve not
adjacent, the activity of the total air «ample U23ea in the center of the eeonpariment near the
exhuust terminal) waz equal to the averageof the port and cturtoard increments! aly sample

activities (corrected fcr differences ia sampler fow raies). .

The data {rois tie tecrementy air sampler shows that 93 to §9 percent of the activity sam-

Pled was associated with particles equal to or seas ian | micrca in size and herce readily

airborne and regpizatNe. The principal exccptsoa is the starboard side of the uptate space

where approxin.2tcly 15 percent of the activily "as associated with particles preater than &

tnicron in size.

inspection af Tatte 3.2 reveals thd starlcarc side ventilation intake and uptake space cellce

tlona were all greater Usin port side colletices: and that withia the galley the ongasite is true.

Cossiserations of aivStew effects due ty 3 20-koxt wind froro stariward lo pert und che tnitial

<sape of the Soy surge at 65 knots when broth concentrations of activity may Live bees
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Nes enreaa cat Swedesee : See - : . te elie

TeeeeesaeRNeReNONLONERED OR ae SEERRTOSeee ner Oe apeORE tery

availabie sugxest « possible explanatron. The vifert of wiad is io create a fagh-pressu:e ‘region

on the windward face of a simesere and a low-presewe repos wo leeward If it is assumed Unt

sampling times were uniform (a reaccomible assemotia becanse the 4)-koet wied wosh! waiferz-

ly clear airborne material trou Use vierssty of the olig), Chen wrerage retivity concentrations
for the time cf sampling would be Hrepertional {te te total samples collected. The hich- acd

low-pressure regions to starboard aad port cual. cause Cilerences ia airborne coucesirations,

which are refiected by the dilferences in starboardand pest total sample coliectio2s.

Strnidar circunustances spyly te it galtey vemaciiom. Here the starboarsi Byrnes ete

fation iniet nay Rave been in the low-pressure rerion, whick is ereated by. a wind oa iop of a

Structure near the windward edge, ius dblivering Lower concentrations to ihe starboard side

Of the galley. This air current would have idle opoortuaity lor miaing with 2iv from oiber

“Indets. A second pessibtiity is that the ciarboard asmpler was not in the privcipal airvath and, =

becausé of thes, sampled relatively dilute concentrations of aurhorne material.

Sainpler activity collections front the starboard side of the upske space and from the diree-

ter plaulvrin were iegg Uian thuse fron the sLirboyrd vergilauon intckes. This imy hw the resuit

of low sampling cflicteney, and aise, in ihe case of the uptake space, the principal airrath may

havebypassed ihe samoalers.

: . . tn the engine room, the three Samplers colketed appruximately equal amounts ot netivity.

m, ey . However, it seems unlikely that Unis was the resait of usiferm contenirations cf activity but

rather the net eifect of smuplirg diierert cuncentratioas for estnpencaling times ef sampling.

Sampler Number 10 samped air Colivered Gy tha port supAly system, and the total ec Z

was ipsBronte ately twiee thet cf {ae itake sampler. Samer Numbers Moond 12 eco obo sir

delivered by th: starboard surply system, and scmple actitity collectians were slightly highey ..

than fer the irtake tnorples . : mos
The activity in the crews quarters alr sumpice (Statins 13 cod 14) were ouch Meas thet

activity ie the intake atx sone (aalign J)! ‘his dulerecwe etigd be cee [9 2 es,sbirattes ef

the folluwins: (1) Ci stien Cas to mixing wits elcoa nip be De corrariment, (0) 2 hort sarshing

tine period ducto the hifisad shape of fa vetssae of cor vied aiz carrled post “ue air

sampler» aod 13) loss cd airbsrwe atlivdy dat is dopasitic «in Cacts aitfor cemarinecrd

Aa inspection of the veatilated conictment aerflow charactes3

cates that radisactive matercl eovid be intrecoted infa test eeaaricentsfrom immediately

to withia 5 to 10 seconds alter i. was avaiable 22 wertilaties intake clesings. Tas eslinriod

 

 

 

   

 

4 . : ‘times of availability for the Lictint concentrations are sheet with respect be ih: (imc: te crarge

atr ln a com:tztment; hence, the vulume of such activity couccnirations is gore fraction af the

total room veivine. The short time of iuireduction, Uie Sand welomcs with xi apect ta rece
volumes, and the delivery of these ictal volumes as stazler wilumes bythe ventilation disiriba-

tion systems 5% .\arying distances frem exhaust termirals would iead to the conclusion that there

was hale opnurtunity for uaiform activity coneentralions throughout a lest compartwent. B

Seems most probavle that samplers were sampling discrete volumes of contacinated air, and

that there was little opportunity for mixing exceptnear the exhaust terminals. U samplers did

: Sample disercte volumes of contaminated air, it is probable that the contaminated air contributed

to the dose rates in the compartmem for a time period both before and after the sampling period.

la thieapes, 2 2omnie catlection is something less thaa weeessary for conversionto Gos» rates

active material, which should provide an overestimate ef dase rates. ”

3.1.4 Surface Sample Data. The data is prerented in Taii< 3.2 135 the count rate at the ime
of counting. The uptake space, guiley, and compartment huusing the Crunk for the ventilator

inutke lo the crews Quarters were locations for which the bicghest sample counts were obtained.

Although the Suriace samplers represetd a very Smatisazipling of the tota’ surface in each
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the uptake sce, the samples chosing significant deposition were located on chatructions or

. : . {tings such as air Sampler frames. Thedata indicates little deposition oa decks or bulkheads
except in the uptake space. .
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diss stvea in Table 22 ini- |

. and may compensate to some unknown Ceogrce for the assompiou of uaiform distribution of racie- -

coc.partment, theyare adequate to show the localized nature of deposition. In 2]! spaces except —
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the Ve Stthator ian ty the asler crews Goorters cuuid have owen daw te: iesaupe past aoor

weals, leakage from Venulitur tranzs, or air sample extacst. Veniilator troaks were normally

under negative pressure dur to induced Now, and leakage from these trents could only Late et~

curredif pressures wareraised by wind ov quse carpe yoseage. ‘The source of these activity |

collections cainot te determined. Tt toe - oe

   

3.2 EXTERNAL RARATION Co, mo, 2 oot

3.2.2 Estimates of Fetern?! R22inties Doses See ts the Leress of Cotaaitimnta, Tased on
_ GITR Pata AN BD-£39 Grrdose rates were torreeted furdeezy Wecay-faciers used are

given in Apmerdis B) to r/hr at +50 seconds. ations 2 axd 3were used forcxtericr aose

rates, because these stations are in the same sccion of the chip as the ingress lest compart-

ments. However these deteetozs were saturated prier te R«S3 seconds. The synthe ized

average weather deck cose rates were used for Gis period. /

The duse rate duta for Stayons 2 and Jand for Stations 6 asd 7 were average’ to represent . .

doscrates for shipcentertine locativas in their respective area.or compartment. Detay- 7

corrected duse rates for the average of Stations 2 and 3 and the average cf Statiens 6 and 7 are -

_ Shown in Figures 3.19 2nd 3.20. Figure 3.21 shows aof the soningress compartment decay -_

Do . correrted dose rates uormalized to the average of Stations 2 and 3 at 360 secords. This tame
. . ‘ was selected for normalization,, beesuse it is the tims of macimeam cese rates during thegece

| . . ond envelosment at nearly zt of the stations on the ship. Fiyure 3.2) chews on a cemperative ©

: _ * basis these dose rates that arg availiable for use ia the norastizing technique described in —

j ® sos . Section 1.3.1 for cstimaiing case rates due fo Fngress. Numereue attenmmis af using.this tech-

. -

se
ta
ny

. ; nique Cemoastratx that Ge period prior io 11459 or 83 secouis was the most sensitive in aout
: * - determinations, and in Figure 3.2) it will be noted tin¢ the areragos Ser Stations 2 az’ 3 and

. Stations G and-7 represent the extreme range of maaingerssse ruiesduring this gerico. sin

oo . . previously ivdicated for Station 18, the lower flovel ef the forward orsine reom, the plesence: *

of a locd radiati-n source is apparent stauriing 2% $402eccon’s asd eliunisctes (Gis tation fer

t + use ia the normetizalion trckrique.
{ - . : The averanes cor Siaticas 2 and 3 avd Stations 6 aid 7 were noriaalized to thr totst Ingrecs-

{ . : . compartment data, as expainedEciow, to siwilcte the deczy-corrected dose rates, wich

i would fave been observed had there been no inoress of eatamimats into the shin. Figrres

1! ; 3.22 through 3.29 show such noningress curves ai aise the ttak doway-rcrrected dase rztes

D4 ° in various compartments, :

i: .'. The successive stexs mm determining the norrasiization facicr asszme Yat the deear- ‘ :
to . . . correcied ingress dose rates, -i.¢., the Glfierenve between tic fetal ceeas-corrected dose rate:

' : arf the normalized decay-cor: ected noningress dose rate In the compartovent, were the same -

at 360 seconds and 520 seconds when the averapes cf Stations 2 and 3 were used 2% normalized .
decdy-cerrected tuningress dose rates, and thot Getay-correcied ingress dose rates were the -,

' . same at 360 and 560 seconts when the averazes of Stations 6 aad 7 were used as normalized .

. | decay-corfected aoningress dose rates. Normalization factors delermined by successive .e

| ‘approrimatiors to rocet these assumptions are piven in Tabie 3.4. Average decay-cerrected .

. dase rates for Stations 2 aed 3 and 6 and ¢ were multiplied by the approprizte normalization

oy _ factor to obtain nvemalized decay-corrected dose rates,hick, when sublractedfromthe ol-

. ‘served ingress-compairtment data, leave remaiaders Orat are the derived estimates of decay-

corrected dose rates due to ingress.

Asis evident fram Figure 3.23, the use of Stations 2 and 3 aud 6 and 7 for these normaliza-

tions should result in the widest range ef decay-corrected ingress dose rate estimates to be

derwwed from the .vailalic data. Curves of these two oets of estimated decuy-corrected imress

dose rates are presented in Figures 3.30 through 3.37. Note tat numerous instances of nepa-

tive dorr rates are found. This result must be accepted as one of the inaccuracics in using the |

55. Lae
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avalalle HOMINETEeSS Guts ior this ¢Siimaling teclenge. Negatite talees cannot bo elinunited

without imposing a severe bias for which there is po rationale in the sclection of 2 nerroaliza-

ties factor.
As cxpected, the bert agreement tetween the twa sets of estitated dose sates aud he lewent

peyalive values ane found in the best chiekied compdrtments—~the lower level af the machinery-

Decay-corrected iugress Gove rates are alk relatively conctant by H+! hour, the end ol mcat

. Of the available cata. Al ibis time, il 1% assumed that these dose rates are principally dse fo .

activity deposited a8 the result af ingrese. Lackingany data, it ous aseumedehthat thin activi
between Miv@and %.€?was depositedprior to H+ 60 secotis and that ie bulldup occurred Getsccn i lt

‘geconds. The dotfed lines in Figures 3.33through 3.37 represent approximations of the decny~

corrected dose rates due to depusiied aciivity baged on the above assumptiens. Single values

were obtzined for the machinery spaces; lt ia the galley, the upper dotied line was dcrived _

‘from ‘ueress duse rates bused on the normalizatiun for Stations 6 and 7 and the lower curve

fiom ingress dese rates’ based an the narmabization for Blalivns 22 amd3, The appestite os true

for the crews quarters. . ; :

Decay-correcied dose rate curves provide little acdiiional information on the times of hegia-

” ning and end of ingress or envelopments. They appear to confirn: the initial tine as being

between 8+ 28 and +39 seconds, ait that the highest concemralions of ariivity were csscciated

with the Lase surge (rom. All curves break 2% about H+ 60 seconds, and at this time the influeare

of loca) radiation squrees are apparent. Ingress decay-corrected cose rates ai] rei a 1 sia

mum 22 H+280 seconds prier to the ser »+4 extcleproent and, 3% assumed by Project 2.3, this -.

entrelonracnt appears to have ented not b-ter Uran 8 < 660 seconds. At about H+ 1,209 seconcs,

an interse raziciien eource wes eff thesturboord bewor beam, presemablywaterbors.e 722

perhers a patch of fears aS discussed in Rsrence 22," mud contributed wost heavily to dose

s rales in tee Starbouid sice cf the ercos mess, siivbeerc weather Ceck, and the wemker deck

oa. Alllough all «ef these reahs are sct shown, ihe pres deray -corrected Joes raie

ate ri thege sitions dui ing (>2 second   qual (9 abe nucurinmw vecay-carmcted dase rate

Chl Clore,*

The dtay-correcic’ Case ratesestimsted to Er dust to the ideress of centaraiy:35 (uoth -

total sud dac orly to daces#ed activiky, Figures 3.46 througit 3.07) were divided by ine @eay

factors given io éogendix B (o chiain esiiztes of the dose rates due to ingress. - These dise
rate cuiLastes Uincluding negative values? were numerically ileecated to give dost estimates

which are presered in Tabie 2.5. Regardiess of the uncertainties aud the wide range of these

_ estimates, it fc to be ncied that a Jarge portion of each dose was accumulated prior to the fec-

“ ond envelopment.- Some of the differences between (he dose estimates at each location may be

due to radiatioa from adjacent ingress spices, Stations G ant 7 were remote from ali ingress

sources, whereas Stations 2 and 3 were abewe the after firercomi and near the after uptake ~

Space. However, this ratierstization carrot oe applicd to thedose estimates for the crews

at

 

. quarters, because (iis compartmen, we s or< near any.of the other ingress test compartinents..

3.2.2 Estimates of External Gaum Radiztion Dose Due to Airborne Activity and Airborne

Activity¢Concentrations Within Test Corpartments, Bused on Air Simaly Duta The estimates

obGITR-hased decay-corrected dese rates due to (he ingress of contaminants are teo indeter-

minate te be used to apportion the alr sample culiections as a function of time. Therefore, it

was assunied that: (1) at H+ 30 seconds, there was an instantancous influx and diliusion at air-

berne artivity, which was uniformly distributed throughout the test space; and (2) airborce

activity cuncentrations due te ingress were reduced therealier only by the vlfects of dilution

by vertdacon air and radioactive decay, neglecting all subsequent ingrcss.

A deterroviation of the number of fissiors for cach total air sample was made at NRDL after

completion of the field work, because the total air samples were the only ones whese activity

at this late time was high ¢rouch fer coscting purposes. To determine the number of {issions

Per sample, a Project 2.3 sample, AOC 342 FUm iRefcrence 20}, was used as the reference

87
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- . ‘. ae moat t :mecvpie. This sav gee wen Da eaeee ATC CSPMEUMELE Meese firs. sata Bee

taken a8 6.2 percest an us3 fameber of tSsions Getermined lor the sample. The sample Was

_ canted and a issuete: clid-zate rake nas delermiced. The tots) air gareries were counted

in the Same counter, aswileg the alwre-mertionsed roiation of fssions ts cova wale (cerxer)-

ing for decas), the (23; ir Somaple couz rates were converted to (86.008 and are given ia

Table 3.2, The collection of ese nursbers of ficsieas as a a faction of lisa was Crterminad
aud converted to dose rics aed airborac concertrsitzos using Equations 1.2, 1.3, and 1.4 28
appropriate. The estimited cose retes 2adconcentrationsfor the first 10 rcioutes ovter past
are given in Tabies 3.6 tsromga 3.0.- besos eatumated trom thse dose rates ace precesfv4 ba

 Pable 3.30 (omitting the fireroem, beraese this Core entinaie wes too low to “> signi“icang.
- For the fireroom, it waa assumed that radioactivity from bolier casing leakace was hiirohced —

into the fircrogom at He 30 seconds acd remained throughout the sampling poried. The cit sam-

pie then represcats a collection at 2 constart rate (constant concentration) for the total sampling .
period of 120 minutes. The compartment had been sealed, and ro basis for estimating airlew

characteristics «as availabie. . :

so 3.2.3 Estimates of Exterral Radiatien Dose Due to Deposited Act‘vity Withia Test Compart-
menis. To estirnzie the dose rates due to deposited agiivity, the highest sucface sampie cuum
rate for the film slide collecsers in e2¢%: compartment was vscd ag the count rate for both the

decks and the buliacads in tie comand (all buikkead count rates were below tickgruned

at time of counting). These count rates were substituted ta Equation 1.5, and ihe H+ 18 painete

dose rates so estimmed are cacseniad in Table 3.14. Comparic: with the dose ratesestimated

for airborne contazinants at i+ 19 misttes in Table: 7.6, 3.3, ond 2.9 ehow thet sey iaike

galley could deposited activity be cocciiered gignilicant. _ .

The doze rite estiwated for the evtey ot HG 10 iatnutes from Palle 3.11 was sorrected fer
@ccay to obtain esthastes uf Cose rates fiten Hei lo + bd mbvcles end at M4 129 minates o3-

_ suming all naterkel rosited ip W< beclicte. (leeewy Catt frora Rofercnce 10 was utilized

for the time porio4 HeSto He 8% mates ated Cnlses et {a shove cf ahoul - 1.8) fer 429

+ seconds to H+6 sabmites.j Thedaca ce + ectioa’ss and (ra doe ta M40) mites ere prescited

ba Table 3.12. *

  

  

3.2.4 Sun.mary of ExtermtG-umma Pete Esticy:'es Dee to the biereso of Cor*aminants.

The total gamma dase measured ia cach test compeciment and Ue variws eslicacied garam

doses due to the tngress of cantemine:ts are presented in Table 3.13;filsn badge doces are

24-hour doses (Reference 16}, GITR doses vary {rom appreximately $- ta Z-hour doven, Tie -

ingress dose estipates are remad fignes, adequsie to represent Uese estimates for 1 (0 44

buurs.” The wacertaintics inbereat inte basic caia-and In the assumdiens and zpproximations

used in the estimating techniques lave resulted ia a wide rare of values for the ingress dose

estimates at cach location.

Comparison of the forward acd afier firerocn ingress dose estimates indicates that full-

power operation of a boiler wactd result in higher dose cstimates than those presented here,

because combustion elfects would cause greater deposition of matcrial than for either of the

two conditions in these tests. Bering tic tesis, the operalizg boiler was fired with dicsel cil

to improve unmanved operstioml reliatality. The use of regular-boiler fuel would resultin

. larger soct depesits and ihercfore aise inercase the probability of larger Ceposits of radioac-

tive material. No estimate of the magniiude of these effects can be made, but it is most prob-

, - able that an increase tn dose would result. .

Comparison of ingress dose estimates and total doses indicates that even the ‘chest ingress

dese estimates are only a half toa third of the toial dose for the best and least shielded ce n-

partments respectively. The celative importance of th ingress dose is thercfore a functlian of

the shrelding proviced by the Ship's Structure. For a dcstroyer ops rating under tie circum-

stanees encountered in these trsis then, even the m7xinnuin ingress duce estimates are nee-

ondary to the high doses wh:ch were measured in lighly shielded compartments.

 

CONFIDENTIAL



Ge spacseerSERNETEABWIEES
OEpeAENDARNRTARS.

.

ae ee ee Ae erasmeineLNa MeBe a nee meses x, demining. momen sue .

tte_Cl ywswe + Pb stondtes sr ratersab vetested Aime Tee to” tebe.fete

_ ShotsWawoandUnbeeiia’The only¢‘ternalratiation éata araiatie lorthetikd53, Sik
Wabw, consistsofcercxery party raiologivsi suresy dose rates aed bacjini 2.3 (0-0 hodre

. doscs. The posistut sesvey rencings bor Sein Weboo and Usbreli: are poceces2d be Tobie Ld

: Compariag of the Sar Wahoo dota with the ShotUsbvetia elvis (correct Sor decuy to H+22
: hours) gives aa imiesirer of the relciire magnitudes of Ceposited radionciive usderiaL ls in-

i gress test compertamate, dose rates were at least 3 to 4 times Disher co) weather doth dese
rates cere geoertiiz enut 19 times baghes after Sut Walepe than aker Rint efrcatte.

Twesly-fvar-Soar Give badge desea (the average frars 221 Cla hedge arrare b: cosh compart

men) are preseated in Table 3.15 for the DD-592 for bath suota, togethers wits ihe saiics of -

Wahuo doses to Ciretta duses. These ratios vary from 1.5 ta 2.9 bat reveal ne.bicecation .

with respect to iocgress.

in oder to make sacee comparisonof the effects of ingress, the Giz tzulze data haw bees

utilized. Neningress conircis—dose data from a compartment winse shividing approximates

that of an Ingress test cam;artrilent—were selected und these dose data suteracted From in
: eress compartment cewes to obttin an estimate of the dose due to the Ingress of contamin2nta.

aan Thesedoseestimates are presented in Table 3.16 for the DD-592, Saots Wahno and Umbrella.

Similar Coneestimates far the forward fireroom (in operation and inckremested Vth f/lra badves

‘aad GITR’s) are preecsiod in Table 2.17. Considering the uacertabty in these ectimates, it
would sppear that, forSist Umbreliz, tese i$ a deercase in ingots ocr tite CGieace irera -

Suriace cero; for Chet Weboo, there is a coercase frum the O2-(74 to ibe LD-528; cot both tie

RO-ES2 asd C0533 Geers dases are rpg onuanately equa! to orF greater then tueae fone the

BPD-522, wer Sh Oedseila.
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2 ‘She masnudecl ths cade in the firereom, SD-G83, aller Ehet Chien ts eerieiin dip pres °
. 7 settod by rateOiGerecse 10). Daring we poesia after the ef'9 emerged Joes cavea

rout by te bse surge er cloud awd price to the tine inf taeSp presucnady Lorene eurrertd    

  edly cctymiated wet+z, i.9., botweea £7 acd 40 iictes after Chat Cased, the dre ertes ta

the {irerase were ew tv order of ij Limes higher thin cise rales 6a tbe wieexd ceador docks

- and ale ut 159 times bicleg Gon te duce eztos fa ihe en‘pees engine rotia. The Greree y tise

rales oporesimate Geceg Curing this periodand appear cocclosiozy t2 we Cu? te Cegected race -

7. . . aciive material {s, the builer er boiler sir system. The dose for U5 period, eparccimatecgy 33 .

: . : . , minatea, was Sy. The dose for the eypicalient period in the firerosa? of the DO-534sfier Shak
, : Grateel.s was i.Gr. bho dose in ail ther compartments ef the Di}-SS2 Lor this period was

” less thaa ir. . ’ .
After Sica Unseretia, when the chips had emerced from envelspzment, the firercem duse rates

were 1-5 and 8.5times (:2 averaze weather deck dose rates for Dk ED-474 and D3}-593, respre-

tively. -

The locations of the theve ships for Wahoo were:, pp-474, 2,908 feet; DD-552, 4,250 tert;

and DD-353, 8,S00 feet dswnwind from surface zero. For Umbrefia, the locations were:

DD-474, 1,909 feet; D-352, 3,000 feet; and DD-593, 7,200 icet downwind [roia surface zero.

The dose estimases forUs iiverooms are for l-bollzr operation. Reztisiie operating con-

ditions would include eperstin of boih boilers at full power and wih ventilation sysiems open.

For thrse comitiom, the fireroom external ingress dusé would be more taan twice the dose.
: so estimated for b-beiler epesaiion and sealed ventilation openings.
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3.3 (ANIMAL TISSUE DOSE _

Complete total-bods radioactivity curves for the platform animals were constzucied frem ,

the field aod laboratary excrv~s (Ficures 3.38 through 3.41). These have shapes iypical of the

curves for all test anials. Turnover curves were sitailarly developed for individual organs:

gastrointestinal (GU tract, liver, thyroid (Shet Uinbrella.only), skeleton (as represented by

the Gbin:, sad respisatory tract. The individual orcan turnover curves far the guinea pig and
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~™ =a - , mnoase (3508 a3t shown in Figures 3.42 through 3.45. Total tissue activity was calculated by
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r eee eee -- ae eeew IEORMnnSRIEEE, «meen 1 ante oe —-

o " : . ‘ - :weeenmemmenok amLeme ENmeemtaSRCeORIAR RSOgataNe ewera es eMpee

Whar naethoda se scrdad i Sect2.5.4 tag the taowe ports:BS peaunlel wae Laem Skea, tor

farst week, the second wees, and the third week. The cabculated wbte-Lody smees ar+ pre-  -

Seated ta Taide 3.18 and individual orn doves are presested in Tables 3.19 ibromeh 3.73%. OF
these organs, the Gi tract, the sheletoa, and tha thyroid may br encsidered ertieal rciccen~

” sitive organs. A critical crpaa omy be destined ass (2) an organ with Ube presical cecoaristian
Of radioactive material, (7) an organ tact is eseentiz! or Indicpenszble to the weil SeS7 of the

wtwle animal, or (3) an osr2n that taa ke damaged with a low dose {Reiereuce Ti.

BY Interval Dase ta Anitaats-—General Treads. Ecopertion of both tarwheebacy [Fadia

3.39) and individeal organ dose (Tables 3.29 through 3.23) reveals thet the predomtzant cone
from t-ternz) enstatatnation ia accumulated durteg the early exposure perses (9 to 23 Loers).
The enly long-term expusure dose ‘of importance is the dose resulting from the erposare for

Oto 7 days, a ma,>¢ port of which was accumulated dering the carly period. After the thind -

‘ woek, the activity level ors eeaenthally background.

The dose ealcuiated for the wivle body is lower than the dose fo certaia critical organs—Gt

tract, thyrnd, and skeleton (bone marrow). The higher activity of these criical organs is, -

: : diluted by lissuescontaining low levels of radisactivity, primarily muscles sad connective -

. ty tissues. - : OO. .

. . Among the variousorgans listed in che dose tables, the skcieton (which contains the amrros},

: . Gi tract, and threoid are the mosi sensitive to Interrial contamintion. The jiver coaains fess

Comtaminarts acd, ia additisa, is the leust radiosensitive of the aryams un«lyzed in thic stuily.

‘The tibia of the avimals from the test eomparimeyts reavrally received thehighest cose ard the ~
Rivet the least. Of the directcr piatiorm snimals, ciither the G] tract er recpirziorys tract deacs

were equal te er rrtster tia the tibia dese. RK will also be muted that ia neariy 40 cases, the.

> Hose (9 the Gl tewel bs greccer tian the dose to the respitatory tract. Pia nescects Cnt the

. wette nalway lp cick the activity outers the tos! ia by intestinal ahserpties rthev thin fecon

the long alveeli. Gls com. spt ia cupported by eeuimental invesligatios where 4 was fad |

tad aninwtic enpes wd is yt Region preducts showce a rarid ytake anda rapidlan ia

aetivey. Tuc ol actitihy in the Gi iract colmciud with the decline of ucdiviny in ad begs

“Peterence 1 .,

Fisally. it wifi io noted that the doses ta the mice are higher than those ta the guinca Ege.

. Howerer, thit grzoral discrepancy can be explained ty te. ay.tloveaze dn Udavolumeof required

sos “aiz, as wil be demonstcated prevenily; + a

 

. ee . - 3.32 Estimotcsof Internal Bore ta Man. Assroviously stated, the guinca pig was chosen

. : oo. for this stuc; Because KSalvouiae retewion of 1-ricron-size pariiculates is quaiatitatively

. Similar ta aici aaa. However, ite resulls of the studies of the individua) organs of the ani-

‘walsused during Shuts Wahoo andi Lirerciia indicated that, in nearly all cases, the tazin portal

 eniry of the rahuactivity oas-probably the imestine rather than the ‘lungs. Initially, the ani-

mal inhiled the airborne radiasctivity inte the naga) and oral cavitivs. The haled activity can

erther be cauhi or settle on ca tho wails of these cavities or vortinue moving in the trachea

down towast the hroarhi. The activity that cannot penctrate the alreeli is largely cauci@t by the

mucous cf ik$e menibranes and by means of the ciliary action of the-epitheliom of this part of

(the resgirstor, <\siein swept up into the pharyna and subsequently swallowed. The transicnt .

° time af radiouctivity in the igs was very short, with 2 great part of the activity going in and

owt of the lungs well within TF hour (Reference 16). Once in the Gltract, the amount of radinac- _

“ tivity absurt<d ito the circulatory system depends upon the solubilityof the zatcrial ingested |

i . : an whether os rot the soluble matcrial can penetrate the intestinal wall. Theos, the zmount of

Soluble und pais traiie outerial present in ihe Gi tract determines the degree of internal con

‘amination (Neicrences 22 41.4 23).. This is equally true for man, guinea pig, and mause,

_ because the puysielogical me. huisms of each is simular. sO

Tias, the degree uf interral contamination is dopondent upon the ratume of contaminated air

circulated in and oa of tke ctsal, oral, and upper respiratc ry syvtens. The volumes uf air
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for maa, qunea poz, am mouse, respectively tHeterence ate On this usis, Cue arse fo nan

was estiremed by tainey eae sixth of ihe mouse dose vaices 26s Cow hall of the guines pig dose

values. Tke results cf Urede calculations fer the individecl ergte Gasesfor the early period

(0 to53 bacrs) and the significant long-term period(3 to 7 days) art presented in Totes 3.

Leeetie pee cae Veit FAS gedVisawi Genk

and RIS. Esticizted doses for man derived from the guinea pig and mouse Asta are i cieze

agreement. This canGe taken a8 Supporting evidence for the tacvury that ihe inhaled walame of

alr per minute pet gram cf iissue 7s an lmporicat determina of the interns! conawiration ja

the animals stedled, The differences that do exist beteecs Cases tc sia, culeslaier: from the

mouse and guinea pig data, may have heen de in part to the varying seus of seli-ticking by

these animls (although the skins of these aniouls were 24 ieeludéd iinad of the wsieulations,
they werefound té be Lishly comaminated with radioactivity}. . .

3.33 Assessment ef the toterKazard te San. Whole Body Dase versus Dose

to fudieidual Orean, Radiation symirome ond re latite dose are based on consideration

of the whole au.fral. Thea, 50 r to the whole animal ivats le a transwert reduction in white > -

vilood celis. Tie esfects of 50 r toa piven orpan carat be described in terms of shite biood
cell level. Similarly, ach descriptions as “geuerahzed walaise, erythenia and vomiting” loa”

other whole-body doses would be meaningless when applied to iadwideal erpans such as the

bone marrow, Gi tract, =nd thyrnid. Thux, in considering the efiects of zn early cose (whether

it ke exteraal orintersal) thet would lead to an immediate bictegical effect discernittie 24 redha-

tion symirome, the ceee to thewhote indy is more meaniagh.. - :

Bowever,-a: expected, the data imhecates thet tie radialsitrity i9 crecentrated ia certaia. .

Orgaaed thal some cf Uese urgais are coasideratty Taare radissersilive thar ctiecs. Thos,

+ Rely wsactel te

Denoeieeeae

the uae of the dese ta thy thote body (otal rihiertifeity dvicedod Dy the whe’

Geternane the eater radittion’symireme would ignore tke [seu that certain hs

Organs, Le., critic8 copmon, are avsorbirg a greater Purl 4! tle absorbed coorey.

Ths problem caa ie vesolyed by re ating ike Goce abrerbed by the eriiless oygos as if it

were 222 dase to the whole bady, iv. a dese of 50 + to the siehitca then wetukl be cauWered

asadéose cl 50 r to the strote hocy. in this way, th: hazard sould be everestimaicd, allowing

as: ieiy factor to Ge insetporaied into the ealeuisied ralecs. ‘

isternal Dose to- Nan, Calculated ca the Basis :of Critheas Organs. :

 

  

 

  

 

: Prior to lay consigeraiica of ile internal case, it should be noted thei adaqucie shiriging eal - *

be necessacy to reece te external gamma dotes, which ramre from 2,153 to 51 r fer Wahoo

and 329 to 72 ¢ for Usnbret', before tigress externalor imercal Gollyexposures woud be

Meniting factors in operational coriitions. However, it is with this icgress radivactivity, which

*, €an irradiate personsel from the outsideor, when absorbed iio the body, ‘tradicte on interrad

emitich, that the present study is concérned.

The rerults of the conversion of animal dose to dose to:inam, are given in Tattes 3.23 ond

3.25. Several doses on the director platform exceeded 25 to £0 rads, the dase level that would

result in fi: .t Signs of hematolog.c changes. The highest value, 177 rads, would oot result iz

any deaths, but 2generaiiaed malaise, changes in Lioed picture, and vomiting coald result,
However, these internal doses wero not a result 01 ingress radioactivity but were duc to local

fallout ard probahiy water of the buse surge.

3.4 CORRELATION OF AIR SAMPLE axD ANIMAL DATA : :

The data ottained was inadequate to-provice any trav correjatiun between air samnie and

animal data. The only evidence that such 2 correlation mictt be possible is presenied in Talte

9.26. Early wiwle-inety internal doses hive approximaiciy the same relation to sath other as

do the adjacent air sample activities for the various test comnartwents. Direclor plaerm

data dus neg follow thisgeneral trend, indicating a severe bias between animal and air sam-
Plausg. sinimals and air samples were located on apposite Sucks of the platforra ant ray hare

€2

ere ee ae : oe wee a ok pee ee ee



fettermivennntipeneicannntnees ee Fae ae cmene me es weet BRSPR am 8 oe : AFAReteetAbaAAACN6 mer

eee wee meenanm nA mna UIare mA A ettnaRPETnneMMee mrae aeRO EPR ARM enOn Ne ree emmE Te eee

Tee co get ty Gene bd igeetrae Ot ProteA WheCC) eas pavaayo.

low, tecasse sampling inictg faced dowerind and ambiert air vetoemnics were much higher can . >
samcting intake velochies. Animal vei-lickiag is a peaside socree cf tine in the autanal dvi.”
Ta etivive the alr came Gla as messurenwests relaed to inernal uae, the ait comple

activity was converte! to average microcurica pes wittobe cf oir sxmplen,” eased on cevezal
atuunytiees. Thete zrerage eoucentrations are alse presented iy Tebie 3.26, and is etll bz :

: rotrg (st there iz ne correlation with anja doses, an iafication tiat the eseumptioss were .

iecctngaste Gar the purpose cf celertainizg an averzrs. pearessrstica. -.

eee 3 External acd ntermiDoses. Estimates of external aad iateraal doses dae to the lo”
: ° gress OF comiaminants On the D-592 are presented in Table 3.27. The estinales of external

se reselted hs a wide range ui valees (2:4 quite a Mt of weceriainty). For each veribied

Ctanparizstat, the tower external dose estimates (0.5 lo 2 r} represent less than J percest of :

the tow case, ‘snd in the firerooms (3 to 4 r) abeest 3 and 15 peccent of the weal dese. The *.
higher dose estimates {pr a fireroona (15 7) and veriilated exgine room (31 r)'represest approxi

; : . | mately 9%percent of the total dese ta thrse coiunparimects. Note tha! for full-power 2-boiler
. : Operstica, with ventilation syssens ocen (a norsul cperaling corcition) the firercore e<.imates

| . . should bo wivkiztied by a lactor of Qee BR The lighor cose estizales for ihe two veerisied
i 7 reomackinery comporticents, thosgh gate unrelincie, are ks6 than 50 pereeat of the etal ere
1} : , . : tn theae Patty eblelacd commients.

4 i Fike¢cateermal ibeg one dese estinntes gee fer 28 eiposese St bees, ita larce poriiva a
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- bower ectivesies ef ext

*qanue tay reductican bcwn574 627 <8, nas aay mote ehonoes fa opierisiegw. Iotccrsd

* ; : my : Ecs eee a Coposition «f moatasictes omade Ube bode amfor & his¥ eacosare ard0 geaeratsay

. so ave serail camp ced to cascs ieuin exteveat OUTCES. . . 7

ry an 3.5.2 fenerComiderations. | Tae dower’ dis bo transient erter ior rriiation sxncces re-
a) a .. parted ty Eraperis 2.1 sas 2.3 ore ensakionanly higver Gime the Mobest discsesti iote

  

~dee to the ingreis of contwalnaats. The transi cose is, thersiord, the Come of pro cey con
ere te & weIpen-calivery sbin, aad reccction of this dese sdeakd Certlemsal, WH tdu reduction

a. is acvenysished by maneuveviag to avoie tie base sueze er Cloud, thea Lic lege coe vf eonininl-

io , . . Baste gisl4 nv longer require consideration, H the dose reduction is accun-cished by ehichtng
{ . . azd the <2 operates within tle base sarge or cloud, ther ibe dose due to theress ef con -

; tamiogris could be the priucipal dese in scane-compurtotets. 1 the ship cprraies witha the

: - corlines cf the base surge or cluud without additional si.aiving, the gelative contribulioa to | ‘ :

TO .° the total dsee by the ingress dose would determine whether revnction or climiization of the - ae
: . ingress dose should be uttoempled. Io any case the internsl Essewill seldoce, if ever, be

.. : Significast with respect to other sourecs ef doze Gelivery.

(ee fi seems probable thsi personnel «a weaporwdclivery ship may suffer repeated exposures

during a mission or consccrtive missions andUni come system of dose limite topethes with

Operauorst requiierrents will determineuccessity and amourt ef shielbling requircd to meet

. “these Lumas. Such judgment would alsorequire considerate of the: douse dve to the ingress cf

. romawirats, particularilyin the case of firerooms and compurtments with bigh-capacily von-

tilatios systems. °
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LTCa egellen Ritatinanaeng al Fae ORE a an Ne oe ads or Mee aROee alityTGoekWtacit ener iad ~ ~_ 2 aanoe

— . b ceecneem ig eemenmen, cert wee vue seyret weap Sonpte cats cattle emmy NSA Pa age meepi ee ene eeee

t co. TeAB.e ar BATA FRO: INCREMENTAL.-‘he SAMPLERS, Snor UMBRELLA :

t a

: : : :  Peteerzage cf Calleried Acticty oe
7? . : Total Corei</rnia - : :

~ . : . - fa exchSamper Stage? SSNipere -- -
Waeziica Sastoa Corrected tis Decay RapeBape ; tier?

- , fo Rolls Mimtes -

‘ : : : _ ait 2 at a?

nO Golny . mn . . : .
7 . Stardearnd * 1 U2 -26 -h? - 41 6846 204
: Custer 2 + 3H. O06 06 2e 247 621

‘ . Afcr uptake spece a ‘ 2 te : 7 .
. ‘ Stardcard 2 _ ga 3010 S50 29° 17S AS.

° . Pere 4°. 2 1.56 ". 26 2G 66 SRB4a
. . ‘Aer engime room 0-5 gt. . - : Dot Se
; . . . 7 ventilation teeskes ° ve - oo —
{ . "., Marboard s . 223° - Of |. @3-> G8. 73 808 Lo
oe . Pon .. 6 S45 ~ O23 ‘2 as 6F $2.4,

. . Afigr crews quarters . . : oa / ot

Lo vevtilation make +. =. IEG Or. 62as os rae J
. "1. Aflér fesroom oo ee fe . -

. Poet - 6 2.38 / ez) es. 28 se cme :
: . Starboard 9 4.43. "-O.2 a8 1.400 E33 64.5
i wee . Afterengize .oem . an . . — . :

t ~ oe 4 . Ceater, Furvard ° re - ° S88 “Ql Of G8 °°. oe 20
i . oe 7 -, Starboard, Ager 2 7 2.52 01°. @3 Of GS "903
t Port, Aer ” “42 _ 19.2 a2 6.4 - 6.9 . &F ote

. After crewr qrarters . . .

ie Starborrd - 3 1.66 00 G2 a8 * 24° ENE :
. Port / 19 Aa . OL 83 1h 366 €22
! Direstor platfnen 15. - Res - ° 0.2 9.3 1.8 3.4 ou.

i . Soe . “Seo Figure 2.5 for calibra.ioa curves of particle sae retention in exch azagler utsze. .
i _ . “OF . pean artshe sine reurion ae Stage 1 @ 5(2 to 8 oF Greste:) introns; Siage 2 = 2S 0.7 to .

s -. -- Ft 3.9) micvons; Frage 3 © 1.2 0.59 1.°3 ~letuns; Stome 4 = 0.7 0.3 to 1.oF fetcren; risllypore fleer cole

phe 7 , _ ected particles that passed throw: +:erg {our Stages. wo

t “7 . ~ -

i . .- soe . *

: . “FABLE 22 DATA FROM TOTAL Att SAMPLERS, SHOT CMBRELLA .

‘ .. Sauce Total Activity Decay Total Fissious i
: . Set . Cocrevied lo H+ lv Minutes Cotlecied on Sumple . . aan

oe 10° counts/min iefission

: 7 . Galley 7.85. - 7.90
y . so: Afier engine room 8.65 oo Al2
| _ After flireroce . 3.03 235

4 . Aher creas cuarters 1.40 - 1.54

. : . ; ; . -
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- TABLE 32 SCHGEY OF SURFACE SAMPLE DATA, SHOT CHRZELLA
, ” = AD) waregle avers wore 2 ia. All wker curtath vanyler chuealaoactichy *

shove tmchernied,
: amt t . Sample Vimarof Cow,

- : Surber : ‘ Cau tite Acar UwbrsGa -

. .s . 7 iscoasa/imin os
~s a . : . -

+ . -- 10600 «Galley le vO 7 2e - 2e-°C~«
7, oes Wa. Galley. 2 t . HOB e060”
"ys . ° 182 Galley * “ . 363 83 |

a) toy Galley : “oe ea! . meek
ts + Ast Uptake spece ae _ 2R0 . me
. . eo. I26 ° Upaake space. - . (a 71a

So : re 128 Ugeake space Joe ze 13st .
_: x Uyptale cw /. 68S ws:

Uptake eprce - oof + 8 BSE on?

nT i a 160° (Upaie cece , 2.8 1223
: ‘ . . . 15ST Uptake epees . - me wey

S-ievl-emazo banding eueee | oy as - a0.
Iw Comgartmest beasivy wentiletor _ 7 oe

detahae bine £2 te eoees Qirtors + 14,9 - “BRIG
so . ae Comzortnetst teuzing pert’—tar le ; ,
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operating, it was venclud-d that; | . .

(}, The doses due to the ingress of contareixiumas were secondary to the doses due to trar-

sient radiation sources exterwr to the ship}: . eter

(2, ‘The dose dee to radioactivily deposited im the body was always insigscticant compared2
the total exposure - .

(3) No dose dee to heres ol contamiwas of gnthat weed ens tn came
alties or any reduction in combat effettiveness to pe

rC4, Bf shiciding were provided to reducethe dose due to exterior transient radiation sowees

tor operations in the base serge, cloud, ortallow, thaw the doees due to the ingress Gl contea-
nants would require consideration under Any concent of dosage control for repeaiad expomres,

if For Shot imbreita, the doses‘cae to the ingress of coniaminsrts decreased wita disizare
_ downwind from sariace zero

i(8; For Shut Mahou, int liges doe te the ingressof contaminants Gecreassd with dlvtaare
dowswind ‘trom sarixé> tere to OreBD-S82 peagion, but there vas a further decrrate Gowrit-
wind te the DD-£53 positicn,

i7, Forthe one cans, DD-£53 Shot Urabrelia, where aireepples were citaincd in vortsated
. apades?¢the sample actives were Frincigaily aecoctated with karticle shies that were readily -

wdtborne ardcassie of being, resplred. 5 . . . .
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de fa view of the uncertainty in tise -  pooTR recosaucmarions, «| oN.

a ° ot Be, “No recommendations for the. use of the data are
. : “4. estimates of the major radiological effects tee to ingr ef radigactive averces isto shigs”

.

BT : : compartments and the fact that, sta maalomm, they we secondary to the much larger

. ‘ _ |. eencomitam external dose from transient sources external to the ships. If amlysis of older
" yadialton data irom Operation Hardiack and shipboard operation requirements trdicate a sewd

for 4 more quastitative svaluation of the possitie Sazards from contamioation entering shig
- compartmentsand the iupu.tant parameters resy nsible for this ingress, thea it is clear that

+ such determinations can ‘only be made aa tle result of & Coordinated laboratory researck

and field testing program.

 
CONMFIZEMTIAL | 

weet eaeRTM ERSA Oe eee . _ 



a

B
e
e
s

+
S
e
e
n
e
r
n
i
e

e
e
e
r
n

 
 

*(ADconde 2 aNADUPRDtettin,Aineabaeette mene me ow
m
e

m
s
s

  

f
t

s
t
e
,

V
i
c
o
n
e
e

n
e
cm
py
e
a
e
o
t
a
o
l

e
t
s
wa
e

f
a
r
e
s

e
e

ar
t

K
o
l
e
o
e

‘f
t
t

I
e
e
e
a
e
e
e

R
E
F
T

«

wien oe te 8 sameena see

Integrating betwece the linite + = 8 aad tS rp, So Be

Evaluatiag the integral and collcctiag wrws,

+
ey # - -

% XN

.

af

nt semen een a =~eNS AAREER,ODERRc WM eae chat eecane
Sv neetanaamammnr = tm nes or Rat 5hadaABIBAROTveHeMi LEEe comm we east pennenes

.

Aaggundiz, & 7

EQUATIONS LOR ESTIMATION OF GAMMA DCSE FATES FROM RADIOACTIVITY Ye os
MEASUREMENTS OF AM SRD SURFACE SANPLE COLLECTIONS AS : . -
a Foxcnce oF TEE TF 5 RESOCOMPANYS? Lot . os

seequedoe ruestssicheredequamtbrwnener shipbeardcoagartments *
wore estimated Ser the approximace coherofeach chngpertmest, becuneCie point wee near 4 dotseter

neseuring tata) done rie ant permitad s-cicapldied teanbgtic apprescs, cormely, that the polat fe faecamer

a! 2 apberical vobeme of oniformiy costaminsted air. .

Al GAMMA DOSE RATE DUE TO AIMRORNE ACDFY = eae
‘Acemme Paist P at.the coutcr of s coutmmivated apharica) veleane, and slice sseume:

_ BRdose rate af Pout P, at Cae t, #/tc* CO a et
‘ = rokal dlatance &Sram Bece shel ofe artes, Sort tt a

,

salople cout 52:9, corsie/zin Stee *
oteiae of air Urea chica aneede vas etestead, £" nt to
Grtectinn elficierty cfozzt, enmta/ades 1S Ts
fraction of samgie riaia=t?~ ae, dreteesicns . a oa .

wha exergy, Mauscom pe 0.
hear absorptive corfilcient, A? Ts
pectizte seattemaz ball lop fcte ©, diemanbactesis . :
tamons Cun to ucee catcomertinn facter, rir fer eriea?-pee |
conversion fectar fer waite, 1.6410"8?eialen’-ser
Occap Lactor te comrett crore rec at tiene ofsampowes, ‘e- e .

deee rate at tine t, Civewewucees | weeTats

The deer rzec st P cerrynndthennahertisr. wal be:

‘

e
F
r
e
s
e
H
a
a
s
a
d
a

 RBAESedeBe7 = bog ot
«<- tev” ace? . tot Lo Ta Aap

. B-k -* . 7 - wore we ~ > . .

. B= . _——— Lote 8 . ye 2 .

were EquationAdedars&. Thernfere, . Se, ° . a .. :

KSES oa o Oo ,@-~ Seeere a.Lehae Se ey

ta : te
- KSES ~ : .

-, wo. HKSED 7de + HESS oe ot oo hsp
fg¥ . fgV Lte

7. e .

oo CONFIOSNTIAL

+ mesirone redias ofthe nphcte, feed . rk fa

ve

-



L
U
m
e
p
e
r
m
e
e
e
e
e  

c
e
en
P
R
T

w
e
e

c
e
d
h
e

p
o
e
t
a

   
   

.

1
e
,
e

‘ t

’
-

‘

; .

: -
rs

~ =
.

“

- 7.

.

- ‘ *
a

° * .

* -
‘

.

,

" + .

.

.

’

.

°

meice”

FromPeuation A'S ondAS . a .

vas ae eraAIM ar ANAOEOT mate eeee

, *  Rigv  - pied . opty Lote, - oe a ,
- Rkstsr, ( ab s Pei . ce oma

Fyartien£3 cas be cxpasted inte a seriesform,’ 7 oO ‘

_Bigv gum Bhece one . . -
Riseo, ~*~ E-* 3p * t-teGe ee

te nyglicstion of Tyastion 25, tae dbatasie ry WES be-20 feet or leet. Fer talnre of E beeen@55r85
Mev, Feq TE Sz leas thee C5, uae values of & wi be leae thus 7. Tereiore, ie dike mnage of<amgtor

a SMOesa - oot am

Values of K trem Figure 22 af Melerence 2° 2 ke ot Tee

° & ‘Kk T- eae. nee we fn
aw wer. - - Pow

- "OS... mE . . . no .
. Le 1s. - to soos wee

Fe * 29fou: . ot
3 = 509 cossto/est> 48.93 Sauaber <i) ee an
ver? we

> @ = C3 cow/riaw - ot -2 _. Le
f= cs . veo 0 oe, St 7

B® } sMer/stetes . . _ ct . . re

- deg 2.002578teeseee ee Ss
: Kz 2.9%167° 2/be per Sew/em®-s00 : : . Oo + Toots .

$7 6mistse = Alger a. Delt ee ee .
‘= sokcus . wela Te 2

"Tes atestdeen Ponte temneeets Tr

6s OmgBP>

“wheres By =dose rete cttimes Wt co
“Rg = doce rte atime of mame one fy . : :

KSESe srr iat . ew : : o- . . ~ "

Cie fg¥ Oo ’ as

 

oo Lanternaevastol eaeoete a 7 .
. ORES : ovens

QSmehr : ; - .

A.2 GAMMA DOSE RATES DUE TO AIRBORNE ACTIVITY AND ESTIMATION OF
AIRBORNE ACTIVITY COKCEXTRATIONS FROM TUTAL AIX SAMPLE DATA

For « method of eetimeting the dese ratefrom total air sampling date, ive followitg are defined:

323

“CONFIDENTIAL



-

 

 

Migs 1 tdteamass MONE AetnaarentattAe eee nt tame ten we ele AR |wwtrientinemcetie s te ee ee me

neenea cue cee seemgeentg t et oamee ae oe aeaeumumune § wo ‘ ~‘ vem ee) teen

;
: . . . -

“+ est . eee reeerstoas of fcsious f, in compartmentef Celuaue Ty a8 any tina. fa'cm?

“et -~ ,'? + voluen of sir suepied ot cocstart rete betweabitioes 6, and tee em my

y =“... ty = time aber chet when air asunpling stopped, aisiies pe . -, _ °

i te == ou eredtn ater shot of nananInofetaitsemeni ; .

wot i -  - Teen Age ts the exlloticn rate offlasiane om an ncatte.” _ . ot 20
£ . . i . . a . . . .

Too. " pronliection aftictencyof t08 percent Ioaneenead, oa ae Tras
-_ Because on tme-depraieet air sampling data was chained, sesemes .™

. a ha gehOn! ysesy : 5 7
me : : : S- ektnt qst: . oy . _ : — . ;

a sO o's - haexpontetial ditation eqyation from Reference 26 _ : - soe mh 8

l JF ns & = smnker of fest in comparimert ot time t, fission : -
& = ber of isalees eft2r i infer of cemtanioated Hetime ty,ton

. | . % * thne a2e7 chee whes ventilation Bowers stopped, minwise . .

; : -ky= ratlo ofwraiilation airflow Tale to compartment velzac. 7 eae net a

. eeRha ce, woot ee tee TL ee
% . . . . db = ¥ . we . - . : eae .

: . mT Warm } “4 ee, , . . aor
. , 7 ee sotae Loe . . . .

o~

_* 0 ‘ When Fa tivalcme afestore cclbactet on saniple ax datcrmined ty a rx:ochemlesi :

: menisci foe MP canton. . . a - : _.

Cot ee =e. hie ot anakKe Ga~ott] ne .so ooSS Week 4" Soe oa a
- ole & . L-

 
. tee * . a)

:
A
M
N
e
e
o
e
e
R

e
e
e

Co
tt

e
r
t
e
e
e

ee

~

- oe! ere7eslwae =eBrasyeewd ot neae Ft oy ‘Ve Gat)

a re . : a
BRL : “Ga ar ts, tae
Cte ME EIS BRE eemya oo DS

re so F Gat) akg ON et aes °So ‘=aq ‘ oo ,: MOS RU awe

 

rr ‘ a. a
' € 

H
E
m
e
e
e

o
n

4

‘ *

.

w
r
e

, - 2 New, far a sphere of raEus y tm), assuming 00 absorption or beithep, etgee a . : iy .

“Where: Ft ~ ‘dese rte at the ceater of the'tyhere st ime 't vie - . Coat oe

. 2 - wecacestt etiva ia fa/en? as deiermined by Zqua-lons AS ad AD

4

i
d

ge
teca

ie
,

3¥
vc

e
da
l
a
n

124

- CONFIDENTIAL

 

ye
ne
er
e
s
e

S
L

B
o
o
n

OR
ME

M
e . '   

e
M
e
e
e

e
e
e

aeeBe

c
a
r
e
S
e
c
m
e
a
l
l
l
2
,

, + eee TOT oo ceememoerBenets eaeoeereae

M
i
e

oe 1x



pnne ee te ee

  

i
+

-

é
¢ ,

fo
f
3

+
z

t -

‘

‘.

}

i

+ .

i

! : ”
'

foi .
|on ,

‘ 1
i
i .

Pod.

,

t

:
Rta

4 {

,
Vin

oY
x 5 .. 

~  ’

eead

"Mew, tet he ents t= cae . Se . coe te

| :

te oe we eeOMe ~ AATNEEELiy 2 ce - — meee —_,
Seal - ee vr. ms “ SEN NG RyRNR nNLEaliaSemeninaeie eemTHERR the te os PNT Te eymt Serena oerPneote,

. . .

a gatiead Quetgh eRumma i rele, Ales” 1" oe . .

fy * masims.o reas of sphere. com 224" 10° for EFiep. £85 6 10 for engine room, .

. 2.78% 17 for Creroun, aud 2.00 * 20" for crews quarters .
. M = gomroa Ses tvdoes race coowermen incter, e/he per Mev/ent-ece | - ~ “4

Valuca for 38 were chtaived from Reforcate 2%. Valves for K. were shéainnt from Relerenne 34— :
- 185. 10°" at Ws 30 sostade aad 1.93= 107% at Be16 salentes. .

_ AS GAMMA DOSE RATE DULY TO DEPOSITED ACTIVITY

tn this cose the surface Hock, buihhend, ondthe iZhe) is nsvannedte be 2 ueliformly ecataminsted dick.
In additicn to those quantities Sefinefi inSection 3.3 shove, the folowtag are defiecd:

R = dove rate at Poiat P,'h fost shovethe coster of 2 contamiuteddick 3 tiene ¢ fer.
F = radial distance from center of det, fect Mo .
Fe * maxtinecn radius of disk, feet ~ . : cert
ho perpendicular distance of Peta Pfrou disk, feet - -
A = sample area, oc .
ky © cor~wraica freio? for units,. zener? ta’-miaem"-see. ve

‘The dose rete B ai Polat P, b fot aheee tht ter ofa wi"nemly ctatamiantt dak, cartedoy
"a penular incremenial ares, je : . :

KSTex2 wor perMErees “. 0 MESESSe : fg. Oe quay
eA = Peony © ee, oo,

bet for Ory1A2stshe 05 = 8Cae Fe me,
penedote? 2 Be oot.

= 1 8percents 2

_ 26a wen ‘eee nO, .

by kSeEe me mes TSMar 8 on! Pee ee

note fPore ,, — oe, - Me ote. _ :

26 ro ,

; “amaisenn - oe Do et

lo - - BKSES ln £2 © tre/b"} a - res 3 Deo .
ee 4ga Soe ae

Heave,

125 , :

CONFIDENTIAL



a
,

a
e
M
A
S

ta
y

t
e
e

 

°

! .

‘
i}et

4

+r
4

- 
 

sa
th
b
P 
 

i
a
l
n

=  ory
Semana ateOg

 

nearmeenaemaare ——nete - meee

eee aneaageefe eed cae ey waren alte ogee

, Lo? : . :

Appeadia B
. ‘a . oy : So

“DECAY FACTORS TO COMRECT 1 /kr TO EQUIVALEMT r/br AT 130 SECONDS. -

Used with GUTR data eaty. | — soto , -
sresy tesnece Lena thd 20:8960 szconde frompeeSualeary eaporimenia!data ofton chetaherdecay :

+ measuremeens by J. Nackia zal others, NHDL, September 1959 (report in preparation). Decay lectors

 

 

  
 

. from H+ 360 to H+ 7,269 secomig from Refsrence 13 sormalized te carly decey measurements at H+ 360
+ seconds, . : . Doo, . .

* Tirwe Afler Shot” Decay Factor Time Atter Shot - Deeay Factor Time After het Devay Factar © | ~.

6 0.398 a . Samy: se 0U°6™CeC
20 ose , 230 eae. . > oe. tale”
‘% - $086 . iso Gam - 708 38.2
au 14 - _ 160 “4.059 200. ” $0.18
x "2.087 « 200 8.198 : 900 * $6.17
32° 3.058 ~ 220 a.co1 1,000 . hte

. ' 1129 240° te.23 X,108 70.58
3 L313 288 - 2067 _ ‘208 17.42
26 2288 260° (+ .. MkET ‘ §,ss0 OnTr

38 Le 230° + > 1230 1a 02.01
40 ise woot; 12.33 .. 1508 -- (30008
e . L966 sie ats . X,eeo 2. 20827 :

. 44 3.423 * 329 14.29 1,768 217.2.
7 & 1.598 340 7 1819 ~ 1808. 126.4 |
“ ses : 360 16.23 3,900 - ws: Ct
a 2.682 2 33000 ABP 2,000 8. hand, a
S32 2.050 _ 400 18.18, 2,209 - sews
“uO Lt “4002 SD 240 00°CNH

: 6 - 1.032 -* 44 _ melt 2,706 20a
° $8. 2.905 450 20.51 3,000 a

_o° ‘2.987 400 21.26 2,609 23
. 2943 480 22.22 4,208 ue
7 2.330 500 24.00 4,000 407 .

|) 21% S20 23.59 5,400 471 -
90 - ‘Sur $40 ~ 26.97 6,000 - 522°

100 352s $50 27.59 9,200 -  _- 32 .
1279 "4.2648 seo" - ot. . :

126



c
o
n
e
O
L

we
m
e

e
n
e
e
e
e
e

    

RR nested ONEAReeree neRO
fe
O
M

E
E

O
e

me
te

er
en

e
ce

e

 fee ae

oo ee ACONlaEETa en ooo - ——
oun nema Paeirers re ee RT ee SMeeaae aeOaeeneee

~

REFERENCES a. a Fe, .

1. F.R. Holden ani others: “Radtuactize Contaminztice cf Ver‘ilation Suoply System, OF5

_” Crittenden, from Baszer Expiesien” ; Cperation Cressrozis, Report Ne. AD-200(), M4 Foore-
ary 1950- 1.5. Mawal Madivegies Defence Laboratory, am Franciace, Couiornla; Cemlsendiad.

2. J.D. Teresi, 2.W. Swmider, cod H.W. Rinnert; “Personnel Radiatioa Hazards faciert
- 10 Ship Boiler Operation Following aa Underwaler Aienit Attack"; Teciwiiez’3 Report Mo. 26,
14 September 1254;; U. Ss. Naval RadiologicalDefense Laboratory, Saa Frumwen,¢Caliioreia;

Setret.

3. “Naximuin Permissttle Boy Burdens‘and Maxiraea Permices thhe Concentrations cf

Radiowuctides in Air and in Water for Oecupatienal Expusure”; Handbook €9, 1959; National —-

Bureau of Standards; U.S. Department of Commerce, Wathingion, D.C. ; Unctassified. :

4. “Armed Forces Medieal Policy Couacil Handbook of Atomit Weapersfor Medical .

_ Officers”; NavMed P-135G, also DA Pmit-il, and APM 160-11, Armed Forces Special Weepaca

” Brojeci, June 1331; Unclassified. : -

5. R.W. Stites asa Cc. &. Morris; “Significance a Breaks in lategrity of Weather Envelopes

of Ships Cperatiiz Davies aa Undervater Aioma Attack”; Technical Resort No. 51, 4 Apri: 2855;

U.S. Naval Radis-ogieal Dolense Laboratary, San Franciscu, Catifornia; Cost ideal.

; 6. G.G. Mohkuahy and MULL Risuers “Foot Testhico Mostic VeoxonnShig Ch nera

ures”; Project €.4, Opersticn Casile, wren, 25 Octvier 1067; U.S. Naval Teadiciogieal
Defense Laberatery, Son Francisco 24, Sailiornia; Conliveniah -  - .

2. S.A Cota and hers; “Sam> Uflects 3 Jonizing Radintioa onHumanGeings” ;Jaly Sse; .

 

* United States Atami Energy Carumissiog: Ctrapter Vv; Urrtsitted.

8. F. Smith, D. W. Galdy, and 2. Goldmaa; “Biological Injury from FasticleInhalation”;

Project 2.7, Cperation Jangie, WT-IS6, 16 dene 1952; Rational Institutes otot Health, Hethsea,
_Secret Restrict.d Date.

. “Experimental Data Chtained fa the FiekS"; Anacx 2.4, Paris 1,1, aad 1, Operation
Greenhouse, WT—43, January 1953; Los Alnmos:Scientific Laboratery, Los Alamos, Kew

BMyxico; Secret Restricted Duta. . . . .

310. WH. Langiam and others; “The Radiation Hazards to Personrel Within an Atomic)

Cloud”; Project 4.1, Operation Upshot- Knothaie, wT—743, Deeeraber 1953; Air Force Cam-

bridge Rescarch Center, Cambridge, Massactasetts;Secret Restricied Data. : .

it. C.A. Sondhaas; “Ratio ofLung. Beta Dose to Whole Body Dose During Given Time Inter< ;

vals After Atomic Bomb Detonation”; NRNL-3IS4, 21 Deceabher 1952; U.£. Kaval Radiological

: Defers>. Laboratory, San Francisco, California; Unclassified.

12. SH. Cohnand cikera; “Studies on the Metulolism of Inhaled s.ercnels of Strontiun aal S

Lanthanuns”; Technical Report No. 175, 27 May 1957; U.S. Naval Radiological Delense Labosa-

, - tory, San Francisco, California; Unclassified. - -

12. -P.E. Palm, J.M. McNerney, and T. Hatch; “Respiratory DDust Retention in Small Ani-

mats: A Cumpurison with Men”; Arch. ind Health 13, April 1956, Pages 355 to 365; American
Medica} Association, Chicago, Diinois; Unciassified.

CONFIDENTIAL-

ses eeee ne trewaite ee ee et



7

   

G
R
R

 

a
t
e

w
o
m
e
e
e

 

, . 1.oR. Parke; “Quantitacite DNerminationat Citurisefou ta 197" to 10-2 Gran

* we

? -
ab

7 a

'

+ mcm me eke we Nee. en ARcEEMEOe ore waren ee

SRNE ae BeIiOO aemamaeaof ARROITs RISSAOnesOE LAne pePTS Sapam, eneAR

We RC Nes ehSLE. es “Caistiated AciVies gi ARkes ot act p be magety

” Preducts."; NRDL-458, 30 Aarusi 1956; U.S.Natt Raciological Stense Laboratory, wn
' Fraariseo, California. : -. . : :

as $00. Cobernadthers; “Tae Propemttionaod Bintepieal pgticatig of Autorns Sto.

hanks of Fallxe [rom Noctear Deionetion”; Scursal of Air Poatltiea Cantcat Assowintion, Vek.

%, Panee 2) te 25, May 1957; Unclassified. -

26. Si Cohn and others: “Uitake, Dist riduties and Reterjoa cf Fission Products ty Ty.
 semnacd Mice Exponesi te 2 Simmiast of FalivetFrom a Mutkear: Detanation.. Solent af Vailas
trem 2 Detention Tader Sea Tater”; Techuic2! Fepert he. 77, § ceeber 285950-8, Raval
Madictecical Defense Loboratory, San Francisoa, Californie; Woelascifirs. .

1%, 2m Conn and eahers;, “Radictoriciiy Remiling from Expesure te Fallout Slamtant™;  -
Technical Report No. 148, 12 Fnnvary 1957; U.S, Raval Rachologiea! Defense Late:isterty Han

Francisco, Calitornia; Unclassiicd. —- .

18. OLN. Bigger, F.R. Rimert, and H.A. Zagorites; “Shiptuard Radtatiog Froas Unler-

water Bursts”: Project 2.1, Opcration Hardiack, WE-1618, 24 March 1851; U.S. err ttache-
logical Defense Laborztery, San Francisco, California; Cénfidential.

Particles"; Anaiyiica’ Chemisiry, Page aes, sve 1297; American Chemical Society. Wash
tugica, ne; Unelwesified.

1 2K. E.G. rine LY esd 7B, Suirasaag; “Charactertsises o: aie GadisactiveCloud trum

   

Uadrrwarer Borsts”; Lreject 2.3,, Operatiza Hanttack,, WT-1€22; 9.5. Naval Palak ceirgd

Defesse Lavoratory, Son Franciace, Crilpraia; Conliaculial Formerly estelctod fia, -

Taal ilu sate coPretea Fuse Uerag ad FestsPes tant

;NAUL-TH-247, 4 Angund 26733; U.S. rove Cebtactonsj.

2t.. C.F. Bitter 2e4 BLeet:
from Use Tloz-Nevires Cissum of3";
ea! Orfewte Laborstery, Sou Crancisce, Calliesria; Gatizssth ie, . :

8h. OL. Preset tal others; “Coaparative Sena! Dayatoirag; a8; 87.0 Ertutony Co.,
Philaéclphian, Denasyiveniz: Cuclacstlied : .

7.. E.c. Albritten: 7iundssek, “Standard Valeesin pised; 1853; WB.Seaxcore ca,
-. Phitadelphin, Penseyivanta: Caclasiised.

24. YW. Spector; “Fendbowk of Bislogieal. pata”s.1956; w.B. Sounder €o.,"‘Phitedepha,

Pennsylvania; Uorlassied. '

- 25. Reacter Shielding Besizn damal; “110-7008, 3Barch 1958; aval Reactors Brash Diet.

sion of ReactorDevelopmen, United Sates Alenmic Encrgy Comission; Unclassilicg, —

26. “Permissible Dose for External Sources of kwizing Radiation”;. Hantbook Sa, 1054
* Nattonal Bureau of Standards: v.s Department cf Commerce, Washirgion, D.C.; UneLanaleds

Zz. J. Young: “Naturai Veisi lation Studies Atward USS Worcester(CL-248 oFrad Ieember

1955; Nava) Research laboratory, Washington 25, D.C.; Confidential. .

28. P.D. LaRiviere: “Eariz-TimeGavuma Ray Proporties of U Grose Fisster Priwtucta™;
Technival Memorandum So. $9, 4 July 1956; U.S.Naval Radiological Delens? Taboratory, saa

Feancizeoy California; Unciassified. .

CONFIDENTIAL



  

   

  

  
 

 

     
  

 

 

  

   

   

  

   

   

     

4
&‘

  

  

    

  

  

  

 

  

 

  

  

 

 

 

   

 

  

 

  

rd —_Soren ; ~~. -, een wn ran. tadmm = EER ~ ree —TN attOEEFtinti. wen lame oe .
- motets atesamammawe NT aReecemntetsmepmae a Seee Sengge

ho : -
t . . . :

} - . . .

i Low .

- . a8 . . .

co! . . ; on ee,

: : . . * - . rapa . . . ~ °
: . . ’ . BISTRBUHGN . -: . : . . »* . ~

. - : " _Shitcey Dietvitabion Codepury 26 . :
. . . - .

i . EF ScITLS “ae Cocrundant, Molvar Reet Aner Yoat. of Fase, Ueber
° + : . . ‘ Feed aray Medica: Contot, beste, *, tat,

: 7 . 2 lmyery Come’ et Zp Peltcere ore . bin 4 € emanatingsaree SH MAa“oat. ot Oeee, better,. : feutcatse 2), 9.0. 68%: Bir. of aw ae et ee. LSekY ara eraes nwt 4a
, . . . . S CBteo cf Meeerrs ant dveeligeinctt« Tyk, Heentagees 25, t- SomandingGorn » Qa. Beene. - Cael. .
: ; - NG, ATT%: arcane Biv, tice, .. boee ° 7 “2 aa 3 : ‘sunbed de KO Comnndius fowral, 0.5, ara Ceetent Corpo, Breveveh, . -

; _— “ eye ansCarer ofScart, iwrett igower, May ehOE wd Dineisteene goals osweeaeaEL. :
“ . - Sle *, ra | ert ne
' . - Sy) CRtee Crantent Crrices, aM, Wostaneten >, Dy he a oommsting eetieae Sa . amy

/ . “, Qatar brgiwwere, 2Dste CDagtiet of. c- nent pid S$ Casa)'ag Ceserel, Sualneee Besceezh 74 Bee. tab,
te : z Esiveeres =* Sarntacnon 2. peSy St” Th. Teli, Ve.28 Cay, Team. squat Freee

“ot - . 7 eee tae20 aeneo teats Tiree, Meters xeparmet Beate, #4 dee Oss,> . , SDP Gre: Cuiet u* eters, aa, Ptarkington V3. mbesr . Viekalerg, Pisce ATIX

‘ - - viteaeCF mie Ty cong POM Diet et Ren Ula. dei tye. - u Diet ft mas Cece, 2aheeeedee “ come ae “fsaeaeeetle tee To
: se . a tet. A orn : BG. AME, Obed, Reed: veers fer3)
2 so ean apceptsPye cites of Premalag ent Ti,  %- St UMTSee FR eeatr
mos . feesace La: oeDobe . > va Mederma: ., . co rh

* ° x 3 LieAha Cererel ca gmt * Ratertiny serares, nant e Need sveras
° Be owt, Ve, a ° . SM] Srrent’ 1) amend &warRorhe Joatad, Solaad,

a, . , RE. Mus accor cr Sruetal Keynes Leoterren Cette BoM Toke .
v”. j . . . variate (RE, PL Bliss, Tea.oe Rog te ‘ seer ¥. fe Coon ratOE as, BI ete KS Naim, Tt .

. . Wterce - :! . . . 2D Dyerwinnt, C8. . Ruane Pte 294, ur, ti .‘ } , oy Me Freak, DE nes Boar, 9b, Birt, Snes . Fe, ten Arig. ADA Q
to : aa ren. ‘eet, 0.5. apey ketatln, Remit, TR, far or, Ale eat Cone gf .
4 _ - Avte: ater : J o8 Ze site a :
te ' : .! . 2% Caen.sirg Crcarsi, Firat teticc afstes APRy CotusenRts - te Camettig OFF iene“eeoeas=artery Pe .1 ‘ 8 . + tedaed, Bev York b, Bo, . ‘ Ramat, Pad.vr Anas!Mee as Fame ome

. a> Come: Eecand C2. ery, rn. Cw Morse, . 20 & Fetter, bpergiiors Fence: Tota, PE enswho o£ . . ° rere . ” ° University, 499 drhingra: bal, Bowens th, boty --
ape d. . eo Cometing Scteral, Mird Oxted Stator kk, Ft. KPatse, TPokoaah, DS. Seg Cho ancl Cote, tite Care ftKBy
iy oi ‘me ATES alofS 5-3 Dagess Prose Cert, Segoe, Eo
| & 5° Cownstirg 5Sever::, Tawte United Sintes awe, ft, Son 1 "66" Cuneatding Griore), Bociters >. -

S . ‘ : Bewh-t., Tet, BE: Fe} Seeri-a . 168, Kew Yor, FLY, AY: Aeee.
; ” . . Commdtes General, Fis Outtet Statew Aree, 1 8. Ete “9 €7 Comemnti:g Corel, SEATA ae, GP UM, feei . -, . . xt Fert ¥itd., fries 35, Phaa * ae sate . Prepetves, SLIT. AIT: 4-3 Ged :

AA ‘ye . TT Cocnenting “ereral, Stern alted Briton Atay, ree 13) Cammmnd ing Gemwrni, Ut. Sng Pleta, AS SH, Sorbie, .: } : . of See Preewkacs, Sem Prevetocs, Calit, crs c7Ct-b ewe? teagt *e ° .
f : . . 7 38 Assy ear Cable, Calista mrracas, Fe. 43 Cumeiting Gedsmd, 0.5. Ary Cart tram, Pe. nebo,

‘ : oe Carel Tube. ATT3: Gab Citive -
t . . dy Camadast, U.S. ancyCama- Germval EVefE Cai egy, TO Gprennterete-Chiel, U.S. arap Teeifin, 56 BA, Sut:
: ‘ . . : he Knemes. ALIN: . Frercieev, Obit. at breve (etter

*. Arey dAf Sefine Setool, Tt, bibe0, Tl Cama. Ung Genevtl, DSUAET & SCOR, Bt. znireo,4 ie ’. : . Commcd & Staff Jom, . Pustiu Ries ; .
“oF 73 TS. Suey Srmres Sohal, FL. Kone, Bye : _ Te Cemparding ricer, QB koagitel Genter, 29D 350,500

a : . x ny ToS. army heetliers and Mier iie Semel, Yore, 3,7, ATH: C2, 13 Arey Sechues Maicive .
. Be, Sli), Sein STR: Custer Se relscaent Pepercne? Weseares petectacnt, Bwore _. :

‘ v¢ o eeantant, Udy aray 2eiation Stal, Ft, Weer, BA. ve e .
: “Iw Somectnst, 0.5. Aray lefeatry Seti, Pt. Penedtg, : woos

Gr. APTS: C.0.8. RatT ACSVITIEE
~ iSaberntenke: C3. Milteery Acatony, Mex’? Pulsa, . . .

. Oekeamwe ite J Biel of Naval peretiona, 43, Seskiugea 4, B.C,
ind . ATE: C-OU

24 J 2 2%, Beokizgtar. Ba. . oT Cums CS. deg orenerge ant Suldet Miselle Bchoul, T% anaes Qperations, 3%, Phe

. RetezsneAraenal, Ale. . .

t> Eemmartita seurrel, Conriens Corre Training Card., 7. can ConesoFpeer vetiurs, 5 °F, Meeregtas m9,B.A.

. . wT % ¢ Saval Pere ural, 2.8, Weahingt-2 5, 2.0,

an . . Tra te sf Seva Posearcs, D5, Vestine%, D1.
AT: Cree ah. ~ Stemerdizg “esersi, Theo icattenr coctar, TR, Belwviy, Fo. ae ED ? ae s%i Aes", Smits Brgr, Beuck . phe eS Beier, Fargss of Rares bears. 2%, wwetnetes%, AL.

a. Treesttza Several, Avay Wed.cel Service Beal, becke : and .
* Snr Motion, Getivr, Fr. Sa Austen, Teas . = thief,fogser fottetneaweWennwo

. ie Sirectcr, Areed pes Teetioate oF PAtn legy, VOor * A sen nee ipai 3. if, Sew. 3x.
Meet bree Net. Swcer, Gt list Be, We, ect dngt:s - 3 e Barcay es aro .

. mt. WE. < 102, P.rtes tf Otis, LB, biketetm 75, HC.
wt o.m Pole trey Setear tt teres Me Ere, Op, ADB: Cute bet :

120 - 7
“ .

CONFIDENTIAL

“4
. .

‘ [of omen sen ae cree _— sn eee OanaMeALTOwOemsnemanettitere aT oe

Y. ‘ :. i I + . . “ - .i ‘ 7 . - 



—
_

 
 
  

t
e
n
t
l
Ie
R
I
T
E
!

m
e
,
od

e

  

   

   

  

are? sete’ lore ones etme AOL

CONFIDENTIAL :

 

 

    

tone. cmnepine .

 

neces sees

 

Erwenenerenaretay Menpresaerntine hat WEPURI eeme a OE SOREmeMATINETEGy Say ort fmm mee ae
eReeeeNeeDE0eChatoeareeeeee oeaeeOEOaae mn

~~ Se . - : _s e

CONFIDENTIAL02° ;
& Gated, Caren of Yards cof Date, WH, tanrtagian 2. Ae @wenee, 2. Ate Deveseeh anu Siende,camt Comtatly

RC. Me Dey fatness 22, Sedtaghae O8 BS, eT ER
“F Sevenver, 9 6.-Gemal Prnsarah Taborotary, Ucdingin 335 Quatnades, +:ve Fore Bsittete Hleriie Jee. BS. ~.aay

B.€. ATT Fw, Esteoriss . Fever 5207 Pi2@ Ofoiom, Lee angie YD, Calt?, aT:
St. t2 Gemnater, 0.0. Evmd Wsase Labsomtery, Waitemh, sas - Cmnearter, ormA Ady Pate. Bredetate ofS, In. ATW:

* Galrer Corteg 19, BH. Sewers“e fenkyote ee
~ Dareweer, HavertaLab. {260 $007, iTove, Revad 325-19 Samtemticr, 45 Conbeidgn Suemeek Coser, 1. G..ams -t

Saigzerd, Besvtays ft, 2.T.- Fie, Sochel, Nese, Ce Che oo
—  Gemawiing Willer ast irene, ey Kineeases , STIL Cerencer, biz Freee Fpeeh. Rgins: Comms. Cheeinnt aa, ,

s Ean Mareoe ° MB,5eeae

- © 0; Gamassing OFFior, #28, teed Sadtolagpent, Shfenee . 1-3 Mrecwe, Air Getvereits wt, Alan we
; . loberwmeeyz, Bn Preneices, Caits. Atte: Seek, Pevteed Bratsing Coater cas" .

: -? ‘ = into. Dies wa 98 A-cisty lanty Ah, Taare, Calanin,
‘ : woe comand tear Sirecter, 5.5. Seni cit ae Reset, Sted oftian caiany TPMereepa
5 Broimering Labereterz, Pert Dus, C4i52. Worread ewace(a2(az), “ots IFS, Fem
3 - , ave fe La. 8. fovel Acceen, Ao, 7.2 6 te erate -
;  taperivionctt, 6S. + Remapuite, 4, Ao1bT Commenter, Bright Ate Tesubcmest Center, Setentontoness :
. oF  Cmnmting ‘tices, 3.9. Pavel twee Commi, t.6. at MP, opm, ahweee (he week : 2

. . : Borns Het ite, Tewoare seised, som Pemastec, obit, Faker Brewuy, Gat Frege tO, Tas Tks Lietew rte, -
f - 7% Presitomt, GB. Bares Wag Cullage, Sevpert, inte += Phe RaeS Ccep., 270 Mein So., Meta recon, Galt,- ‘
s , joleos sw Conserinr Air (iowpe frotans Iategre: tenTis,, te.
; 3 Sagesoteneonty 0.8, Fival Peatgrehunte ieee), fouterey, Vameces 123, bed oh, Pom. SiSAS te.
4 . . Cubtd. 122 «Gamroegie, Alp Teetmten! Secrkicgecee Copter, OAM,
, . . 262 Ofitver-inCharye, 0.9. Maral Belem,CUE OFFore, 0.8, - Win-Fetternen APD, Ce, AIT OPES, astra :

. . . Teen) Cons*rustion Sa. Cantey, Sort Rowena, Const.” . “RSE dee lets” Caled of Start, tepeures Uh. MAMA, APO +

“ y 4S 1 Conmending Sflove, Melee Gace Testatacg Conve, wIS, Few Fora, B.7, STS: Deveet sate ef Atefares .
. Atloakic, 0.8, Paves Suse, Kowela ii, ve. fun 19 Onecatre, Btanmae bie ~< abead, APT Ia?, Seaseie, - * ;

« Deskear ves" .3 Sept. ektags, ars my a
JOd  Commneding Ufftear, Pualeer Worpcas Tratelieg Geoter, - ISR Cumpenteeict-2, PaesOle ace Somme,| oro ™S, Se”

Yestfie, Bevel Lracioa, Lar vitesse, tatir, . Vareneters, 951.5. A250: FTTE-we, Toee Berewory .*
ise (xmareding Offs7er, 0.8, Meval Pct Crakeal Sey

‘ Quates, Deval Saor, Miledsseiie 17, Fa. ATK, a OY SecTae AP SUGARCOSTES”
. - a . Deferse Comsed . _ . ~ 7 - :
£ . 8 Oxmbentiog OMteor, Bit tevinwrt Syeigen 5, F1-5, - + 399° Gtewiws ad Jerse Beewreh and 2-5)so0elng, Vesnie-tee 2,
‘ (etve Lam, Gal if, BC. ete: Tock. Tiowy
. am OCrsoerdirg FTEs, BeBe ve al fete Suen Last cists, 3 Masog, LacyheTe Ralideey Cintoos.02 matte,
z 7 HeAscoes Rowsl Roeical Conk, Tea ey . Dw, Weehingtor 4%, Woe
: . 227) Cameecaer, UB. soved Grksae p04 Sobers, Chiva oe, It Bieeiies, Ure.> Spatbritewtion oer, treonme, - ~
. : a Celst. ae ‘ ty Papers - 434 Pats, Cori iegtos tt, BS., ” .
i 5 C2tarein-Chere, 2 Paves Sugs ty Bag ant 2 Cetrras a. ase “ : ’
: : Brselayrows Pocisity, Revel Bgri Center, Hsioseaty BeteSSCA,Sele of Sas Rowwe Yoecae, :
1 . '*

; vs Comneanr-teeiaset, 2.3.2, Atlantis Plast,£.9. Brat 39 Cepratcenes paphiaee Mates‘Sullape, MarfsthWy - :
3 Eyes, torfets 2h, Ws. ; ma “
‘ . 1 Commanded, 0.8 Mivian Cure, istingtén 29, KE, ien-169 - Otel,Mefeade. santa Seepurt Kemey, Washingenee 5
i . . “on nme,BeeCarpeneato Peeve, Povercecet we Cumenety itelt Comment, Pete, Raita Sure, tbeqrerg=t, 4

: : Canter, Quart ee Sow. Sa £
+t ot aa mee, me ‘OF Gaipe, E/%, Yerkiegtos 75, BE, atch: 1& _ emaasieryFiatCecemal, tera, Guetta tise, shequege, | "

\ - eae Sz .
; Hy Gamentng Ofttoer, €.5. Besa£9 Hetenl, 9.8, Moral Aty 1EE-16T Cupsefor,1.178Commande Bik, Samcia Base, Acar

Sette, Slyecc, Brmawict, Cor .
twenecaretetates fut :: , kh Cater of SeveM teeresives,Eorertmant of the ter, Wewnses: rh oes me-irEade,OLotageAtv Omer; mm, :

ab . * tn 29, BS. ATTE: ‘ ° ae, <i prsart eaiet,2 oF & 2 owerae, Rarz D ler 4 Vachtuge isa eee tat Cuart, imE. Sta, Sek, destingwm - io

i wn 29, B.C. 3.7%: PML te . :
"10 Gumnmnder-ta-Chief, 0.9. Pect vies, Ren ber . ., .{ dea Freee * ceiir, * in pomaapetbad-eaf, feettie, ade ViewPostfTies, San,

: ort tee, et, . Preacieoc, Cali?.
an . . fe . Il¢ 39.6. locates Tle, Ofrise of tae tte’ Steves .

" gm reece scriviviss | - Setsonal F.Litery Bepeowzstivr - TANT, APO Sy -t
. : wo ‘ . > Rew Youn, 7.3. - ~~. 4

- . . a390 Acr Farce: Pepceteat agpicat bon contr, mt ous, Mashing= A739 ° sat (32 4.23, Stet: AFD, Beer. . . 2
' ° wat, 2 moe . - 27 Ae

. ‘RAS Pepety Cruel of Balt, Qaretions, Me, mw, Vactingtes - . 7 . :

79e PAC, ATER: APO aceee way coecestes secretion : ‘
- Lid Sig. Vase, 2M: Spereticne sraizeta Uitte, Chica, Vice Z 4

. . Ftder of NUll, Hearirates , B,C. tmnt Pestasent .
. Li Directee of Ciel! Meatrevrina. Sh. HAP, Weabinguen 25, pic, WO SE.AtisDareonce zien, tower= =

Giton APOEoS “2THNTE we Aine e SleaifiebSoeur, Report Lavreey,Fo. oe.
. K. ow, Weakigten 25, DT. ATTAPCsft) Wa 4, ice Alume, B. Mem. AT: Selon Boden or

. . Dirdet:¢ of Besware: of 2» ce icment,8, (te, Daas ater BeretaCroretiv., Ci sattiet oemeat Civleios, Senkia :
Morice77, BE. ATT: four tanse wt Menon Bie,. Bree, ALrqarrgae. Be “re, ATH: BJ. ayth, dr. a

3 29 “Al, Wesliteue 7, be. Sma Datvepeicy 2° Oni itoreia leernee Patio te laboretery, i
w 4 - Pre, Ol, vivteice P.9. bee (OR. iveracve, Seni. ATR: Cowie @. Sig t

ty 2°2 Commenter, ques toni Ain Cmser+, imegiay WR, Ye. Ve Siviaaee no Lees cel ineernetion eatese. se, Oa
. : fee. Seourity Seacct , arn . ° rete.reteFanta mien

[ 3% Commander, Air Dol.1c0 Seemed, tat LD, Calovade, Ver Meare of Sevtntzne cofersen:2 bateraix, Cok Petaee

 



C
e
E
p

c
a
p
e

n
e
en
mn
ma
rt
en

oe
S
r
e
e
g
a
i
7

o
o
r
m
a
g
n
e

a
p
a
n
e
w

LO
A
R
T

tel
e
E
m
e
n
e
e

per
tn
e
oe
t
n
 

                              

a
e
e
T
r
a
e

S
w
e
n
T
A
N

    

    
 

 
    

a
e
r

;
w
a
E
a
d
a

ti
ce
s
e
n
n
a
T
i
e
T
o

fu
e

C
 

ou
ch

 

 

 
 

 

oe

 

9

ae Sah

 

 

ee wee

 

Paes

*“a,

 

“

 

he,

 



  

n
e
a

Thorings
R
E
N

m
n

P
R
E
T
:

PcaAea

a

wheanh

r
a
e

  

 a> dcdvaeicoi.

  

Maeoaa

‘

 

 

  

AACELESArieeevad,

  

  

  

 

 

   

  

  

   

 

ek

 

2

   



UNCLASSIFIED

PLEASE DO NOT RETURN

THIS DOCUMENT TO DTIC
 

EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF THIS

DOCUMENT ACCORDING TO APPLICABLE REGULATIONS.

UNCLASSIFIED


