L
Erie

Technical
Report

BEST COPY AVAILABLE

distributed by

Defense Technical Information Center
DEFENSE LOGISTICS AGENCY

Cameron Station e Alexandria, Virginia 22304-6145

UNCLASSIFIED



" DISCLAIMER NOTICE

" THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
"TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



.
R
e
.

R e T (P

i
~ o nd

AV L gy PR s LR e

B

&




<

e E RN Lo

TR

OB S £ ML ST T, WS MW ST

nE

5

ot

S st SN

b
2

R Sl

P

RGOS VAT N . S -

it s

-
t
%

ey
"

g
wad
4

<
(A
€ b

o5 gn

e

mae
&

o:”gl‘_ ey
PR
[ =R P

£l

¢

a
s

ity

"o
P |

¥ia

g
i

1 X]

fii5

BosA.

.

€]

[ o
e

<
PR
< 7.
G
L
tolae
[
ot
a v
falm
ot ing
<

5
E‘RQE‘

vie e

£t
1Y

Fad
2

31
(TS

¥

§ STATON, RILTAL

,
23
s

CA

T A A T % T

p e s e

BT ol IS

R



R

‘5
/

DU, YO S

o — s e

-

AP T IUMERPERA aie - e A st e

.

e T K bt Mo
R .
o D s T P e TR

~—-

* ROTICE: oen goverrent or other drewings, cpeele
ficazions or cther data are used oy Loy Furlise
ctiter than in connrctlon with a deginttely relused
‘government procuresent operation, the U. S
Covernment thepeby incurs no rospounibility, Lo eny
obligation wraiscever; oad the et that the foveine
ment kay have iowndnted, furniched; or is ony vay
supplicd the cald druwiegs, spacifications, or ciher
data 13 mot to *» regarded by dupllicaties or otuer-
vico es in any renney licemsing the 1oldsz or ony
OTUET PEIECD Or (O miion, e comvayiny uny 3iaho
or yewdssion to munnfacture, uge or sell ory
patented iaventicn (Lot Eay in &y ¥Ry be related
therato.

ROIICE:

PIS LOCET R COWINNES TIRIINEION
ATSECIIVG 17 ATECHL DATENSD CF
RS VTTED CEATES WITRIN THE KEAN.
1K OF THR ESPIONACE LiWS, TITL¥ 18,
U.5.C., SECTICHS 793 and T9%. MIE
TRABSIISSION OR TEE REVELATION CF
ITS CCTENTS TN ANY MANNER TO AN
UNAUTEORCZED PERSON IS PROEEBITED

PY 1AY.

ne

W

Y il

%Y



2

s B ks

3
N

R .

‘P -
N nﬂe i k]

B i

. v B
§

H

i

&
i M

A

-
RTINS

O

[ s art e Juc )

carem g

. B . )
. . . o B
Ré . i . Flg
3
. Q
>
. B . ’
, , X
. . N
V, .t» :
f
., i - ! '
. . v
. . 5 " N v ’
i ¢ APRRARH
ETI s
. f !
E = : S . .o S o Jee
g B : . - - o . &
P 5 4 A " ) ;
: : ; , - 3
4 B !
' v
i « — § * \ H
R i , | .
. At ) : . : -
[ : B : - ' :
E LR "
) ’
. . v K o
H f.J
- N - v . ’ '
b . N .
-
. Ly
Ly
. 34
) v . 1Tate
. BT
« Tl los
csetH TR
. [ AR vy
a SET AT
. N LI S SR
- : 20 IR Y
3 ; 3 Eebe =il
N .
P
- AT vy gean e . . . . ) : - DA A s S
o T T ¥ e . . .
C A PO .
LI SR SR . Uit i el s o Venidai . B N
. . ,
.
. ’ !
- - CIN. U L T S N -
A
. e N T,
—— b ateaer s - o - e o e s ey av— - g - - "

o -——— e A e ey - O e ! e ' B o ' ’




e e o e

-

A T i S

L R i

4

\,i

-

Lol
o Rk

e AL

o
ailae i

i b B i

7

WY

- -—

e o e R ION Gl

-
v
PN
i
.
-
.,
.
. .
.
[
.
. « .
. N
‘»
-

W o o 2

=" : ) . ) .‘_ ) ’ <. -
S hmlriy&mla&v@'to thig rapert inav be made tg
‘o Culef, Defonse dsomic Suport Agwcy
0 Washinpes 25, R C. .
J .07 -Whop po lomger reqniind, thls deewnontady e
: ameon '—‘;w:—‘}? -
3 - : - R
S . DO NOT RETURY THIS DOCUMENT

T e T

S Ny N L

e e e o PO

—
-~

—
L~
-
e
ld
>
-
- -
»
o
.
»
e
-
..~
‘-
.
N *
£
4
-
£
»



o R SR T
TR im:&%m*wm¢"m%’: YRR
¢

T

- ! - . - ’
- -~ ot - » . < . R -
"y _ st . - -. N . L d { .' .
LU
— ] .
- .-
: s - e b i e g Rfnslite PRSI 2" TP e R G T - e -~
— -“ . . ’
- . e - ) .
- ) . : " . ’ ’ . - .
’ - . ‘ - .. N - - N * -
. ) . . . . .
. . . :
. \ - - et
. . . . . hat ’
.-, * : . .
. o .
N . . -
= ST A o : .
ar_ ) T T e ememil : .
S 3 e e Rl e S 1 . :
' . . VPEIATION HARDY ;cr,-;mu«&:ﬁ 2.2 f,, {1 : .
. < i * '- '
A e
‘ . . “ X - . t . L
Tl - 14 amm ‘CONTALIRART TNGRESS E-T’f".., : ST :
b .o : UNDERWATER LURSTS (7, \5" . T T :
. N . \.
. y . T S —
- L - . .. " -
i - . -
- i P . ’ .
b .
’ i . . . L
. ‘ " . - " .
- ’ RN
- L
AL . . ] .
11 ‘ -~ '
s - \ . : . - . - ':33'-.‘- l}:kaw’h u‘a i \. ’
o ‘ :. . i . . - ‘ i »’. Fipt3 Ela?x‘ SRR &E T E, .
; : . i
' ) Sk I TR : -
O.-- : s - - "'t-—--_,__~“" ” - -
L 4 - ’
Lo - -] -
s 3 . B & Covznuitar »‘-Gf‘"c:-:s AV :
i . . - FROM BST, Oitim “ COPIZT 07 L90Y Bnzcey smrer
e & <, Taks n:a:;-:xrlem‘damuﬁ;; u:HJ«F.L,F,;'., wa3Y T&“R”""';C."i ey
A : Ca oadloval cafecoe of the Doitad Tuce ' o
. witidy (e neieg of i ewriorogy loow .
R . . Taie 19, T G O, Sees. 09 rmd I, ow . - Dirvete -
g . . . N m'-;a oy rm:rw et '.‘r'i;v w . f:afmm Atente It - m‘.-
. : - wanarl BN eNrEUEiat0 TaTMm S R e mc..,
g i - Abicad 1y taw. R ) 38& P' ve
1 . ’
' : . . . .
- ‘ R . . . . » . ) . .
: i . . . .
. ; - . - ; : i
] - - . . . .
g : .
P 1
1 ' COHImIn ‘ )
. il - S
3 i - : ’
7 .

T
re
T4
.
bl ¥

gl

Y

1Y



[ v PRy 2

.
\'
~ -
~
. ~
~
— -
.
*u
4 ,
ol

-4
k]
- i
i
Ll | ;
A
‘@ e
-
.« " 1
T
o
T
“9
el
S
- |
§
!
. ¥;
ALY
.'j
i
!
. i
., iE
Ty
. ¢
.
-_‘ !
- v

[PIRR Cme M - KA e L s«
o T, Jaathe Al aas i
s i Sl T e i

- arpt iy of 6t Couveyar Waesied
e ALY e SERoyiieR
gl SRR £ IR
L &35 w7 ‘? *"‘"’Mt'-i ceallisira ee
o cFp S0 P01
psren et W
\‘r,%,.kr«-)‘-‘ﬁ*ﬂt TN 00 PRETR0y

g / o ; __'“,g'*m»»&w‘ﬂ e ]
CEkean v ReL s Ty wltern iR A 3R ,"r—;:smv*::bt::ms.

- .‘,—‘,,-’,:.zk-,‘c‘»,-ﬂ:r : :

A ROt el f et A et
.L*"" "”Q"‘uﬂ- L
S WL A ¥ oL

5y Rl PR’

Tl

Lated -
[t

¥ N N
P ..,-,_fzé ES

T

N YA ot S M 4o

LR

Cat SREE I ok e

P

AT A AT

»

- ik

-
-

o
S

c 8
e g

s e peveps
i
1.

R

-

TN

Frm

O
@k am Ly

e b

NSy ey e e
e

e

S ——
St 50 il b

+ e g

g

PP




»

Y
14
1.4

-

o VTR A s S

C L e e oyt Mt s -

‘\ .

4

e i
PP JAUP ALY

b
-
v
7.
3
R

O

ik

i bk R

-
v
-
-~
.
.

. —
. o -y, ? a s
i3 vy
ESN -
ot - haS) B
Wt 4 2
- - ll,_‘.:; 3 “d . w
. P ok’. - :
— . o — e - ANERER B — - e AT SANLIIS  T AE TETY « ien et -~ -
e e - — . - s o T e 7 5 T g e S 7 ORI -
.
.

exposurai. .

were Send Uil [ those for Sk U b oeiis Bosesd a6 (iim badge datay. 1) 63 also eqnred
that dogesad radisactivity € chwbed A hher faitvaa of U308 deste, EKREUSI Welkel KOCOY-

"ery survey €058 zeies in texk conipartmER.I weis 3 15 € Limes Lo comavsrabin ETosbreiie done

rates. Crilmmes of musiey =% ot ware 1.8 o 3.5 rads 1o the il Sar L Y
T dags fier 2h0t. P the ™ 1 el o2, (heve was o2 Migher eviin iz el T riis o
fhe gastroistestima) rack 50 < critical capss)  TRe Loww eitizate fafids cans was T el
It w3 couetadea (Al ©.2 T od Fue 40 Lysess of corlanitnalr vas of relutively laiser hiagtu~

tnte than L2e dose f70m s c2a eaterral 7 e compartwers. - The due ¢ i Cepazlied oo
S tivaty ta Uwe body wew atowye insigriiizal compared 1o 1T 15ia) expome. :

- in 2l caves, it i3 cmimezes that the Casun S9e tn ke wprers of eoxtambicris are seegadaly -
10 th? Guses Cue 1o etaTicy transient rmkatisn swmees, ki U2, If shislling weve providal (s
reduce {h Coues Sor 1o radialion souresy extcrsnd fo 12e calD, tho doses Suc th the kgrens &
conaAnris neuld reqeire consideratinn uader a2y concert of doeage estrol for repeatcd

P
e

o : - ' hd
- . ? ’ :
. CCNFIDTHTIAL

X
N
-
..
&



- ——,

ot

L

R e ]

© e e A & b = <.

e D
- T~ .
~ - b = "

-
. - A e - - o
v e - e
- -
- - -
. a - .
.

_Yhis wepit fresents the {inal resara of o of the preje™ts partizipatng i s il Ravy-riueet
Feorans of Cperatien Prareipote, Quornii fufzrrazlion glout s 2ad the @ : Mt
preicie sz 8 ettatasd Trgm FER-1650, the “Bunmary ozt o they S e, TRIELNR -
3." Thiss technieal summary incladess (3) adkes lattag a5d o nof lom vk it wled, 4
esviarmeid, metsorelogical comctions, etc.; (2) maps thewiag sHt Tocaiiame; {55 tmesesioss
of resass by programs; {3) sunrnaries o chjsctives, prexedures, FoTRits, e, Ty 221 preRcisg
and {5} a listing of project repasts for Loe mitnary-clioct P ogFused. -

- . . c . F . T -
- . ~'. . -
4 . - v A I -~ N . * - - )

The grames-intensity-time Sata L2015 Sa this report W23 crtateed by Diejat 2.3 p2ots e b3

2w exlens e o Lelt O capeytrment design, sty o osdtrtae, el duls eedmtica. Be pRIUTR,

Come Bl on prdsiscg P e ?:-‘-sl{rm:f.:ﬁ tom goypourt EEetives gush 2 g m et 1 iy~

proreler 2ed antual-cooling system ard (e Ll rraesturzing syeize [T} LA

s o it pad asE : sz eastimibarly Mol faoet, HA- o

Zopwing, and DLG. 3 : :
et o

cry epesalians ¢

rored, SN——to T il

reny waisecilanges (RIS, swch zs Lo e
progr.ation For tees, ed drdentaraiantion of 2t LA jere., Tie l
rvuaey B8 v ok Uaey cavried onl thES work was of rinteral aswistise.
Projxs 2.200e0 graieiclly schaouwiedye s HS indolbtodooss o \be chileore ol s e
frek Grow 7.3 Tpacizl Poojvets tnit, who panped the thoee targat dectroyass, 3y [aF:
Legpful aSSISIAETE in wacidaining suppart eripmest, cecompiinklng SUTaly L2
cosired. ’

sk, and i;n-nlshb:-g workposties Yhen o




)

Liihen

-

-

——

50 e e AW AT B SRR .

w1

B e L i W e RN i e AL NP S S AAKLIA SR TN . - s on. aamr had S =
e R e T N U R
" -
d L3
. .

-+ ABSTIACY-vecsretrccececacccaicecrsudmer s o ar s sscomn e oo

FOLEHCSD ~mcv/onmmmecccusanocccsorromamm oot os s s e cr o

PREFACE ---.-----."--.-----.---_.--------.-.-----.,---,-_--,----

CHEAPTER } mmom;c-rrou cemecechemsiemmememacasoeiesemcemmann

1.3 OBjectiVes ~---~mc-nracodamacacas .-..-----L,--_-A,. ..... ———

1.2 Buckgrounde+ e~ acedecaamsam—- R R R Rl e
1.2.) Countermeasyre Stadies~~- -~ P R meaenm .- -

: 1.2.2 Inhalation BAZArd = cacccmccmemamnommmmeesao s -
. 123 Experimontal Considerations and Scope of Testgr o ~ae~oromc-ooe -——

. 1.3 ThetrY-vno-momnbonecece e e R ELEE LS et
1.3.1 -Ectimates of Dxse Rates Due to Rediziion Seeces ©

Insile a Corpartonenlec e cconawnn -.-~--~----L_---.;-.. --------

: !.3-3 hﬁh‘uh..‘(&»“,,g ~_-—---—'.---..-—_-..-—----A-----f-J-a-_--.g...-

(.‘EA. 2 2 Pm’:ﬁ"’"";: a———

L2} Bl

A I

- - X o
boik Toh B

- 2.3

. 235 Dairce LamileiB sevvmeme- o
2.2.6 Terspesxture-IDinidity Vegerder sod Cumddag Lopres - -

. 2.2.7 Tast an? Tnstrumon? Duinllilicng - e rm e oo e e - —

. 2.1.8 Tesi Comamarinme Alrfllow C araclerlsligts e — v me e e m mmcccn e

‘218 A!" Sprmpler [,g.u]{srcg ...... cemeeciseevesnam e p——

T 22 CPerMisNS ce Mo mcmme s caas cemmieea- ;o ————— —ne
227 Sk WAliemm w e e e m e mms e vamo e e e s m . — e
2.22 Siot Umbrella-~-e-e-weocowociann™ cmmsacrr A e aea— - —
2.2.3 Postrecovery Cporations -------- eremcetesscnmem . ————————

2.3 Tescription of Required IR e cmemmmemmen= e —————
233 Data Gitained 2nd Data Available from OleF Profettt-ec - v ommoae e es

2.3.2 Reduction of Gamma-Inlensity-Time Detd ww rvmm e v o nccmocmanaoo -

_ 2.3.3 Reduclion of &ir and Surface Sample Dt ~==-w~evromcmmcconcas o
| 224 FUmBadzo Dalieiemmcmcacamecc e R LT
. 233 Animzl Tissve Dose--~--- B LT T T -

"23.6 Correlxtien of Duld v =- = cmcmecamaamactoanaencceionencmann

CHAPTER 3 RESULTS AND DBCUSS0H - e vromceroercoeremonamannnnoe

3.1 idiztion Eaviroament, Shot Crbrella - e et et mmem—n PR R

3.1.} Total Gamma Radwation as a E‘L;xum9(‘nm--_.-------.,-----_--- .

3.1.2 Estimates of Same Clhavact énstucs of e Eu\elopmg Bake S
LI Alr Sovple DAt c~camcmeaa B R —— P cmrme-
4 ..unacem;xrp‘..l}- ----------------- L e



-t

re

53 . >

T SRR S -
H L e 1 Bl L] e e e e L T D S AT W ARY T s T T i
F . e F Y T T T R D
Y '
3
o
37
5
i - .
i : : ’
32'x'm'n.liR:u:u'.‘u;n-4---'—-'-'---'- """ R R e

4.2.1 Estimstes of Extrinal Radatsoa Doses e to e l oL
Ingress of Comtanimnis, L7 e GITEDC) s~ e mmemn e e T 55
STt 222 Fotimates of B erri Gazirws Fadisti v Bove Do by :
- . - - Airdorag Activily sed Alrtooee renwity Cougnavattane -
- ) " within Teat Comgartzazsge, o3ed o Alr Seuple Laldm—mo oo S --.-_ 57 -
. ' © . %2.% Csiumutes of Sxderval Hads nas*c:-i.m&ﬁ et AR P

zkiﬁf.*."‘ﬁ. G o il Ay AR, g A P i3 ¥ el

. . ) : . pctivity Witlin Tacr © —«.___,w“ﬁs---------------..----,._----. © 58
. %2 & Susraapp of Fﬂm taznaes vome T Aimstes oo o de” ' ’
: . . . Prevess g rnnq-_:,;ﬂm.__-._--. femeerreeedpmmm - ——————— 5

.

. . 2335 Compasizon of ilstinses ! iserre Garsma Doce Dae b e .

i . : Ingress of Costamixds, Lais Wikon T T o
© 33 Antmal Tissus Eose---==--=-===m----sssssscssssmmoooSomIIST )

3.3.1 Dbaernal Dose io Lpiamis—Grnazal ‘Frami ;---.--'-----.--,.--_..----- [

T 13.2 Estimales of dernast Dose (o “,n~--------.----------..-----..- - &8

oL B N Assessmert of the Ikersal Katard to [ S
. © . 3.4 Correlitice v Air Samrle and Avzeal Lta cemmecccemmmmneavnmreene (1

; R X Sun-nary-----—-—--—---------4----------..---..----......----- <
‘ a

52

: . 3.5.1 Eatermal a2l Inteym? Tosss [P RP S i aatehd
- Y o 3.5.2 General ch.c.r‘-.s&’s~---o—-~——e—-~--——-f------———--—--~-_»

CR:\"’TYR 4 OCONCLUSIGNT AND REDNITTITNS «‘5’?’"}'5 bt tal -ttt iy w22

hd r T . - © Ay Carslurices _---;-__---..-----..-.._.---......---..-,-------.--...-- 3
iy - z -
cd . i . 4.2 ReLHATEAN D e - - e e . - Sem p31 8

| R ' S ARDEARR & ERUATC

) ' - ’ FRo

. E’ s
X A : R >3- S

- SR E .

VIR £ & 0

ittt ddid b i

E ’ E Al Garema Dose Raie For fo abbine Ao eiem e m e yminmnene LI
) AR Gamma Doae Bales Bt 2 Lty mgtiatingdt . oo .-
’ ) . Airvorne Astivily Cus c1en Crs TR L0 ST TRlhee o e e 323 - -
'~, - ) . A3 Gamna Doze Hote Da*toi’xw..«;xh-.:fz;'a'?.iy f-;---"v.?-"°f“—’-;-"f‘ 8B =
b - . - . o

- i . -t CARVLIDIX B B"CAY I’A"I'G::"s T TO "E’:‘f rfie YO EQUIVALRNT I te
- . * r/hr AT G429 £ECHIDS ~o e s B ettt $:8-.°

T , mmmsﬁ-----------------------—----------------_-'--;-_--—-- 37,

- mamEs. - - -7
: 231 Tost Compar:s-'en' Volmacs kot Srafece ATEws - -~ memmemm—ne—— s ————
-7 - 2.2 Test Compartmenl Air ’-a‘\smsud.drnvx Tata, SR 3 Tkermdd ~emwem====
: L 2.3 Sacrifice Schedu’s ------.-‘------_-------“---_------_------_
- ' 3.1 Daia from Iacremenial Alr Samarits, S0k Tatboelia - e - [PPSR Y
© 3.2 Data frooa Total Ale Samplers, SN Yiatrella ==+~ .._...---._-------..
. M 3.3 Summary of Surface Sample Dzia, St Umtrella --—----—~—'-~--—-------

i o : 3.4 Norraalization Fdctors Used ia Sirxutation ol Docay~-Cord eed - - .
Noninyress Dose fate Dnta —-----»-----_--------------.. PPCRP < |

315 ESstimates of Taizrnal famma Inve, E‘us‘.'d oz GITH Datz, De te ' ’

— g : T Ingress of Contaminaits, L 53, st Uinbrella - mmmvo o g mm oo ....‘- .
- 26 Estimnted Airbovne fadicacts \"‘*"*u‘ rtions and Nesultivg "
2L : : . External Doze fates T o Gilley of DD-§52 Aller St Tedrefia - o-ee-’ €3

SRR 19

' - .- COWFIDEIMTIAL :

YN

‘v

e A Fe T AT e

LT

S

>

2™



-

f

o

o

.y

. e a——_— e e

T

R

A g

E

e BN ol

-

G EA Ca ki e A ianea

i G om i ke i s U kA e R 3 s

-

<
LN * P -
. . . \
. N . -
—— o RGPS, L e AT S TR A v S AT WM TR L e e e -
C et TR L AL b i N et MMeeac i R LS e e e e B TR REL N ]
Son mATIIG MO T ST R

Exte n:al D:B-e Bates Bilin (e Atver Eajpere Mers t" LTS
ARCT SBX Uotlgo™ld e o vmce mememmmmm e
’.‘ Estinancd fURINIE v Ladinne u&’ckb‘r“ EI USRS
Exteran S Yot Wilsa gfior Finseex f L%
. Ait.xw“'°L".:='u,m-------q--o------—-—------—- rh s .-
3.9 Patimnied Alrbovre Ddloas ive Cosresivolions aa leosir'l ’
Exltrol Dwe D2ies t"‘t!ﬁ: ti= L5er Coneos rastua ol
. D52 Alter Sl Mnkae™ e bt T
3.15 Eetimaded Pecmd Gamysa Histion Drse Tae 10 Lilnmis ;
Radlcactivity Wiikin Tox Commiimanty o P6-5T8, - . :
Afley Shot dizhNiiflec v merrnmercccenac s s mereRe s rean v oo
3,13 Einufted Marxizum Duse Rale: o3 Due do Contzaaimaied Ssxfoes - .7
lit Test Commaiimacts Catoutsicd fror Sngisee Suwotes
" v BD53), Stwik Cictrellaee---- e cdeomaemme—ececedcmea—ee———
. 2..2 Estbnated Douse Riates and Dose in Clley fromn 114 1 !c + 1% )

. Mimzcs Due (0 Deposited Ocaaminats, ND-582, J,r-sbaeﬂ-l-—'--“-

. 3.13 Total Dose ars Summary of Estimaies of External Gnm s .

Mhﬂwingmsso((:w!:mwa te, DD-592, St Ul c&'----.---.....

© 3.14 Gamrea Sarvey Regdings Talien Abe LD-5322 £ .
: . Shes Waheo 2nt Urdkirslfec ccmmevpmrmacnmesmmerercerecner e
3.15 Aver'nr 24-Rovs Gawrea Yosss Az r3 PD-500, Bossdlew S‘:.m :
) Badge Daty, rucd ﬁ;r;ﬂ A Wl
3.18 Towm! Deneond Belimaioy of Blernl $ive
. Comambnnis, BD-0L, O ms Wat
3,37 Detimalizd Sxtaveal Luce in Torere ki
'Luea- Cootrstion Alry 8474, LD-082, o0 DS-U0S,
fmru-'! uz‘,;: Rerm e m e ————— —————————
Lose o Axionds Gr bl
Freans of soiieit om Dl
". L::.Z‘.-S [+ A-Abh..-.\;- It Goil o ‘J 220
i |n1u-u¢3. 50 48 %S i Af.e:' 3 ’
2 Lderead Vose i g.um e Avioals in ater Fhrereys GF L0
3 Ddeonsd Prese 1o Uopans of anloal in Crenm §ra o 6 {0888 wev o mm e n e
3,24 tatversi Uoie wr D Gw, Folimaled from Psuss 3 Plg Uais,
- ’ ‘.’.."o.'\?a?.vﬂ—-----~----'-----—--w-v---— R L Lt R R DRl Rl i
3.25 Trteronl Drir o R, Exinmte? frow Svae sad Eodan Ui nta,
SR URlPEiR e s mr v mm e s e e mm s scsach oo susreme el

T .8.26 Cowmzerisia oi Air Sempte 2ad Avimad Daits, Si) Pelmlie e co's v menmosna
(3

G- JDI U R

e T wd e Eid e e

»3—“"--~«---—--

DEMEH

£ DU

N

3.27 Estimsited txterasl and Wtornel Dodes Due io the Tupros of
. Cetaminuds, DD-552 ~~eccvw" -.-------.---_-------_---------

CFGURES . ' L T

1.1 ﬂypmtettz! curve fcr the wgrr-ss of -aacarih'e mm-z:z shoviag a
T relstics briseen alrborns i deposited material ~-o- - escccaccone
1.2 Bypot'rau’d curves far i aanress of radisecibee outortad, -
by - asstming Al material to be airborne-se- -~ - - -~ ------'.-.".-__.;-
1. 3 l!ypm.mu..u curve for the ingress of radioactive material, ’

35!-1’3"’3 all materiad tobe dopusitod ~mm-mscmmcemmdmee e nc e :

1.4 Steps in rarigalizing noningsess comparimernt dnse rates I
ing-oes compattment dosc rates t9 ohizin doee ralns

[ mt',k‘t‘ssw dﬁ!erep-g_-..-—-_--- g g g U

PX | Typical GiTit statics »~ === -~ [ O UP U S IIPI RIS Py,
n

LY.

- Ceoe "‘ -V"ﬁaﬁ"‘ﬁﬁ -

‘..~-.-¢---_»- N

4 T

65

€
62

€2

68

69

26

26

a7



" -
~ .
]
b L]
X
-
4 TR s s oA o ol bt —r- ca e e e - [ B L A - - o 00§ A AT M - Wi R T ki
£
e 4
-4 -
o .
By
£ '
B ] : -
Ly i
] .
3 -
<4
ey
v .
2 - -
P .

PET

2.3 NHDL }u ~gie szation umit ::chl 2 : - . 38
2.4 And s_.r.,cn.‘:m.p!lrvhcad‘---------~--—---;’--~°-—;-‘---------;' . 33

- ' 2.5 Arderscs ghmzler cridradae (Y me oo SooTmooosssoceseceoooos

‘ 2.6 A.C. Sulinid S-LPK corstast-fiow rustlon wlt- ---= s csoccnvossneneecs &3

2.7 Typica! taercmoestad atr saumplor gialien, P53 oo mmvmemeemmnoooness 41

2.8 Typicod anizzl siation, L5528 o -brmmsmoommmmdocmacsuoornenanio 3

2.9 Coolirg amac.noann-::ez—--»-o----u-----o----—--------------~ 43

SRSRCHIFNLETRN
B
g

o

SRR

v
3

=

-"-"; R 2.10 ..s‘xg.rcwt‘zmimmmb')- 3% cereecrescmesessecearenaneeon= = 43
; .. : - ‘2,11 Locstica refi fesipratisa of GITR einlians om Ly JW B 22
i : - . 2.13 Genor:l arcacpement of prlley, Dd-388-—-----m- ceeemamicecvmemco- 45
K : ’ 2.13 General srrangersent of crews grartere, D58 memeommmceasaemmaane 45
4 . 2.14 Genersl srrangement of after engine FEoET -— - =-w==s ==t o-oses oo oo X )
X] - o . 2.15 Botler combmation air system, Boiler No. I 5 L.~ SRR PR ..
3 . . .2.16 Géncral arrsigenent of after fireroom --- ~-~-=-=<saswoooodoqeso oo 18
*;i i R . 2:17 GCeneral arrassement of fan space, ND-592-- ~—--- [ . '
1 2.18 Generzl arrangement, S-inch-umaro handling reoes, schenatic, DD-532----- 49

219 Uptake space, BD-502----~-----=--~ Ceescscmmmeeceecionsomnne- 30
. - 2.20 Surface samrie locations. Sample mstabers shonia are for Shot Wahoe.

. - B Add 158 5 cach sampie pumber for St Lipzallaeoomcommommmmmass st
8 L - - . T+ 3.1 Average ganitsa dose ralcs ca wealled docks of SD-522 - : .

iMool
.

&
by ch&'ﬁtUmur«‘— R et L E L L L L R Ll bbbt ™
S . 3.2 .m:wm dose gates in whaelwuso of DDES2 1w Dt Unbrolld, ) . R
;g . . .- T Gy mtwt.rf*....i 5o ver*ilation -~ ---——--———---------4---—- % o
R - R 3.3 Guapnrnw dose tates la cravTs mess of D3-532 77 St Usdrollae.
! . . ' : urzat sedied it 5
i 3 ) sates i - Pt Uneelin.
; M - [i-e e T R e i Ll Rdudedudialee €3
b D . oh Eeles in ool Uaheella.
5 ' , * A L (.c. trotbed ventplaaier, 100 5acils fOU GO I CIBRne s e me m s S e s, 81
b ! 8.6 Garigs dose reies in furars Cversta of Do-S12 ooy Sh Umbroite.
i ) i o - . Comuatment sexled, nd ventijaiion, one boiier opertiing with _
X ¢ - .. Lalf of fi)-power 2ivilo -1-7---—-—-—-~»-~~-o-~---w------—é-- 82
i - 3.7 Gammn Cose rates in fermpre engine rosm af DT-MI2 aiter St Nrbredda. )
Cw : . : - . Comparin.ont sealed, no vestiintion -—-=- e et -
% i . 3.8 Gamma foZe rates iuaicy firercom of DO-NUL ciwr Shot Urbs ela.
k! *5 R s . . Cosapaybpant craled, no vertilation, foit e 2k e thryagh )
{ ] . ) . . : 002 BASHEA LOLEY mmee-c--emssmmeocisemesmmecoooheno o 84
A : .+ 3.9 Garumaz dose raic3 in ajter exgire room of BD-553allar St Uniaveita. )
‘ ; 7 . - Contrelied ventitation, 255 econds for one 777 sliap@ee s -y mor === e5
3 v - ) 3.10 Gamp dose £2123 in 2ler crews guarters of DD-LE2 siter Shot. Umbyelia. .
N N L . . _' Contreled < ortisation, 99 seconds for one alr change ===~ = mmwn- 85
F ' ] . 3.11 Average pamira dose on weatier Jocka of DD-582 cfter SEX Gmbeella -----~ 087
:; .? ) ) . . © L 302, Cammaz dores o wheelhorne and saitey of BD-PECaller St Csntrelis, T
da‘;' 8 ' C. . Whow g we, s neide, 6o ventitation. Con Arosted venltlation it galley, " -

! - o . Yoo ceconsds fur one alr cRAnge~ -~ s - e oo mse o menm o s s “--- 08

m %) aed mapniice.

R : 3.13° Gamm doses in crews mess gortside, QYN s

E—g : . of DD-532 after Shot Umbrolla. B3 i Lments sealed, 10

t; - vontilation s -- e e rmmeere s s - “-"'-"‘-'-—"".”-‘_“ 39
E"; - : 3 §4 Gamma doses in crews iness {starbourd side, GIIT Satioa T} and

4 - i after crews quarters of Did-3¢7 after Shot Crbrelia. Crews .

2 niess sealed, no ventilation. Corirolied veanlatica iaafler .

tre\rsqu.uxe's, E0D seconls ior one air chatge e ~w s o s mccmmos oo S0

2 rwd i
R4 o Tl IR ‘ y
—— et . A A AT b o &
o




J‘T‘I‘ KAt ok
e o

i e

s R
2 e e o rmmmms - et

A et e

oW e e

P FRP DRI S Y1 S Sy

Rl £ TIRIEH

KL SRR E 1

T T L < e VNS 8 B Ak S, (b AL MW L B e e o e

R B 2 T O LT L Jrareen Carls e e
i puGu of - 332 aiter Smg (.nmn:..a. Ak corinris
eris raded, oo veusilatiza. Une Slor eperatang in forxard
Llreronsa with B of fuli-prornt Al Freeacoesss cosesmerscnnn
3.18 Cunms &med o v Jovots of Syveat) flesrann 2 e on iz
mzacd 0D-542 after Se Cabrela Foereamé frerioa sealad,
»s vaiataiion, Gl ese Byl cperating with kel o fall-ronmee )
alr2 ™y, Cactrolad veralelnn Ia sliey €2iRs room, 24 .
SrCanini BV R weid L A R e e g
.17 Gzrsom Goces i oree Trvels of Soswars ompine rades anl s
firevuors of B23-552 &fley O Umbroiln, Brth compertzonts. -
. staisd, oo vensalln, g fll~avvep gutiow Lwoesh one
 Boller i afier (L 4FUCR vceemacrinenomcnencsc v unrsre o
3.12 Commz Cozes (R wppor 12velg f aller ercine roem and after S:seyocss
o DD-692 after Sht Umibrells.  Cortoolled vactijation 1a 2iter -
*rire pinin, 258 geconds for one i chasge.  After (seronagn
coaled, no vemilistion, bt Gadi-power sirllow through ot waiired

POIEr e vmenccrvrocencnrenanctcrnsusaress e cnncnrsnre

3.19 Deruy-correciad dose rates for ke veallur deck GITT Geniions 2 and 3,

and fox 2o 2versgo of SMetions 220l 3 DOVEE, Sht Uralweilaeecmmana

347 eenp-eorrectedt gode ratcs for 42 creus mwas G Sjaticas Gard 7,
. a1 for the avevage of Rustoes € and 7; D5-332, Sant Cmlrililescoeccan
321 focrp-earsacicd @ono £otes for 2 roilssrons comonvine el
DETT sk~ g w** zaad b v avcrare of Bodions 2004 8
28 S e ‘mﬂu, PR E S 4 tndueline cmcevvemen e me e
3.2 Domgesiovelod dol g i L&»;.“m:a g, n:
e ntired avercss o 75 5 &
; Jm"-tr’*'- e

GIell Swidia 8, Fx:ﬂ e the coyesiloclavera e ed Lo

L0003, Leeg e
3.23 r;nv-c"ﬂr‘ﬁ dr’, z“':- € 4 P Powrgs o8 D22 aftme U oroeen

P R L R T i

CITR Mzt 2], amild fam e rovamikingg nrerags of Gt 5.3 3 osal &
Fr ey :'ﬁ"g_ ,&%H‘y;b_‘( J---..---»--.---------.-—----_--..--..-

323 e ; o Log 1t lowe Bnvel of e Liler Toglee vo
'::’r*" **a&cu EAR mi ior e wiaaalised average of Itana 2amd Is .
£3-533, Gatl GRibdlifine reem e ccemerocsisacsmaocccmrmrans
"3.28 Duezj-torrecied Gove ralen for the uiver loved of too foranrd firescom
GiTR Siatica 19, and for the parsiiized acerage of Matloaz Sand 7; .
BD-552, Shet Uinbrijlte cocac e oo meacecsceioremnneonsonen
3.2%7 Decag-carrected dede ralis for the vpaor level of the aitsr firercom - .
CT¥ix Jaslon 37, ard for the murmdiizcd Sverag? of Rotions §and ¢
DI-$C3, Dot Uazdrella-cvoceoenn- PR
3.28 Dozay-corresicd dose rales for the voper level of the aller enging roory - °
GITR Stztion 18, i fur the surmalized Zrerage of :xazw:s Gand T}
DO-592, 2-::4-&‘:\!3:9.\.:1--—‘--------------~---------:---»u---
3.29 Neery-corrected dose raics for the afisy crons quariers GITR Satisn 21,
" and for the rormatized average of Stations & amd 7; DO-952,

3.5 Ectizm:te? doae raies in the galley due to the ingress of | - .
conlaminams into the D302 for Lot Umirella v == --cencenececqan
‘3.3% Ertumated érze rates i 1 (uper leve of he fornazd fiverovsa,

doz to 8. e ingrews ol coscaminsnss into tie DD-552 for Slot Umbrella - « ==

13

SCGIRFIERTIAL

wmgbrg-m---.-..-.‘..------..--.--..-----.-.-.-'---.:_.'-..

tH

103 .

104



e

Cf R Mew eeen e

e

i T b b Bt

.

DT

o -

.

i

i

3.33

a3

- 335

.
Bosutioalety okt Au‘x-.; N Yo Lt Sleltnaing e

due 10 1 ingreas of contanduiy a0 i DD-362 fur St Eakrellae~- - 10F
Estimated duse rates ia the upper level of the after jireroxn, ’

_duc to the sugress o cortambinus izto the DD-5%2 for Siot Uobreuia~-<- e
Estimuted dose rates (n the lower lrvcd &f st siter firercs®, . .
Que to the Iigrozs o contamineaty iate the UD-332 for £t trmbroila~ -~ A2E
Esiimated dose rates ke U upper Tovei of the 2tir englae ract, o
- dse to the lsgrees of contamimnts ixto the L3527 for L&) etaelln- -~ 112
Estimitrd dose rales b the lower level of U after evgiae £o6es, - :
dac to the ngrels =i comaminans Gdv b D0-553 (o0 Slek Taleeila- -~ e
Estincatod dose rates In (%@ CTewS quariers, Gae i the ingrods of o
. cerimmiuants into the DD-982 fur Seot Umbreilg eeweew o -ammm-mc oo 114
Rediotagical and binlogical decay cuvve for mice, R .
director platiorm, Shot Walwo- IR SRR S P RS S 113
Radiological and biotogical decay cerve for quined g3, ) . :

Jdirector platform, Shot Walwd - - - - ee=- rieeeeemeuteemm—eea==- 318
Radiotogiczl and bicicyical decay curve for mice, . B ) _
dircetor platform, Shot Umbrella----~ ceedamdcwmmeememnsm e 1168

Pudiclogical znd binlogica) decay curee for cuinea Digs, - . - .
troctor pintiors, S0t Umbrallas == == == ==ocs======-csns==soe 13-
P2 Liswical and bloopicsl doeay caves for indivica! organs of fien, :
iy« o platferm, St Wahoo---=-- S it
Radioisgieal o 4 biolopinnl decay curves tor individsal organs of . o
gulnea pigs, <direc s platform, Suet Wakod = -eom-==o cewaemenrae= 116

*Padislopicrl asd siatagicol duly curves for irdiviceal orgaes of etos;

direrter ghtiorm, Shot Umbrellaee--oo- —em— e P 118
Radizioriesd nod bialsgizal deesy corves for Ludivicsel orgsis af
Lainca pias, director phitlortn, Shet Mmbrella we~=--- cmelmmmrdaes L Ja
. - N
1 .

COMNFIDENTIAL



L T TR e Y

e W s e s

fw,J-,-.,;,_.',. e ma g L S 'A.-T-Nb et _._._,\-‘—-q.n; amae .
! , i
, p . ”
' .
i : . )
.. . ) Proy TR g E_. )
.- LE2Y { Soe E A5 :
) . - Two unGeswoter auelasr 'de(emlim- Pere achedalod to ‘t-lﬁ::la Zara froen wilch safe standr!f dis-
. ot tanccs for a weapon-delivery ship (desiroyer) could be Cotermined. {Siandof distunce is daftand
. N " ag the distance between poimt of éstoration s Colivery € at tige of deluration.) Arcoms tim”
. effects to bz congidered was the patenital racknlogien! haxerd soroiting from the Isgress i viw-
T t lamatnatica via both ventiltion 2% combmetion z'r 5"9..\3‘8- Allcugh s project was (oo Lo
. - _ited in seops 1 pravide fult intopmetian roldiz s 4o 00 ' Fieldens, (e doia m 2 bpais for
- planning and bwiicates a seed for more mmh‘e ;. e -
LY GRISCTIVES . - e e : .
20 15 e fute G coiernad g ‘
R ST Uw Inrrosy of cotambosnts, 2o
eaveral Lize viagen ol aotivii ‘
- twree:! blokizicat desietry (;rh‘-t*y PRGAST .
-7 and to prewide informstion cu hene marsnysors Rr tee e Bowa l, )
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‘Following undemter dotorzticn oy 7 nuclesr wa;pm, the €elivery s¥n, i ﬂc'e ts surlace
zero, migit be en-elopzd by bosve sarge or fallast. TEz skip vovld tlas bo cxpezed to rodiziten
. from exicramal soirees.and to confanyimition by Ingress via the veuiifation ued combusites 2ér .

o . systems. lIsgress of amall falloct pariicles wouid revult in a contamircting acrosol 28 % o
: depositica of radicactive materizl wihhin the shin. Tiokh t5e neroncl and the denustted nute. 32t
world increase ihe radiation inizvsitian within the shig, The mingatiude ¢ these intenanities
would be a function of {1)-the go: oty of the woxtifnliva 2o ewriamtion aly systems end asso-
clated rompzrtments, (2) the g sical, chiemicsd, arvd madiclogical rrrr,nrmc* of the particles,
: ' ) . and (3} the mochanion of troaszort and of Copositic s of the airboras reateril.  Quantitative

(. L. . . measurements upon which estiraies of the mapidivde of (brse pcmmtla.l e zards conrd be zade
i . kave bevn lacking in muny 2reas, :

1.2.1 Canrterm rasure "tudios. For a mm‘-er of years, a requiremsent rus exigted In {5
Bureau of Skips to > determine whatker 3 need czizis for c\rm!crmm:::‘re& wgninst e fnpress of

. . . . radivactive-contamination inio aMpa’ interiors and (o dnu)p radicingicsi coeaterrpearmoes, i
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Studies (rupaliisles) rev maiod sl kg cowents of Ui (P wtie Geya

A AW Yo REE | TR . W, WO ARRKIIN e 2 N et i L

il 85 Stelh 30t allql voioe 1onu o] L Use Cl’h_x novk Hulerewe N Wasw eengivoe i
persvanel below decks weuld have ween agosed 19 Jeskal ;..x.nmes of rasinactive norasal 4 the
ventilativa syvstens k24 hewm o922 OF Cpuraing. .

Fariher tes.s were cradorted-aboued e BEE Wegewads 1-1 34)- &azr "'ic-.::‘h‘e calai
chloridr v uimd o8 A traesy e 2 aorvoned ansumed 10 simeinte 17t whick weald be mnsretcd
bya d‘m«wmia exaesian  The siyviid was ehecied o Catesinine the drpusitton Siuae-
teristize of the oervosd hroagio » boler corabustiion air system and 3 fivernom veriilclva
system. I adlitien, bliceTiovy tess were condeted st U U.5. Haval Radiolosteal Doterge
Labaratory (8T N5 ol ArpAcE) VeI WieaGT Fal CONAGt TGl
ol siurg thee wels

AR

- of the dm:ts and at ehxirwetions entkin (2 s75tew, Do 2itronid was mk t> eslimate the ;\uen—'

tial radiatica bozard iad the tvacer beem rasiuhctive.

Theoreucal atudies bave Loen made of T m::mlﬁcm sitgw{ion that would exist on mobile
ships exposed o ecntaminline arrecols regaiting from an rderwater guclowr detonation. Bef-
erence 2 is a £1udy of lazards intilesn 1o sldp builer speration $or $wo cases. - ’

 Case 1 assumes na sencsition ia the boiler Sysiems and otside aerosol activity of 2
curte/iid ot 1 minvte sfor dotonaticn.” R =as crtismated et thy inkalation azasd (due to leal- -
age of contamisated air Lmm Lhe briler systews ints the bofier room) would be lees thun tha
permiscible amount listed i Relorance 3.7 Estimzivs of the erieryal Lzzard i vhe boller rooa
and prarby spacea Cos £ pa¥ovion e eorfamicgisd nir H A Uler-gpstome, ond in the boilr
room through lezkis e from the bolier Sycleme, ‘wera iz Lased on 2 chip entry Ume of -

<

- 1 minute alier shod 204 2 327 time of 19 mivtes, Fie maioum dkc*c!..fﬁdd 20 wore 28 2.7

20 p reepeetively for tha g Ty and iower Poiler rovm lorels, © . . :
Fow Cage 7, entimalag ot w«% 13 perizeead fo e yoner tevel of & Lotier Poum were rouie
soauinin 2 tif ekt ot 4l v from Phe goudacien e e dopriited *!c:',g fiem Caorde
gywricrr, Assuaning o srgtirm el §ocarimy 1t et sl e e
time of 10 mimtss g sel gxted geeear €0y w l Laew, 1,800 r h !(‘ i‘.a‘;‘..;',
anz 1, {!J v ia 3G Arova. ShuL, o . ;
e v howry o0 miny wnr A renivh o i grentar Ha

PR

:xta tow doppa it el
soltde @

o Oy :.=; Ermmsies werkos

: A 213 Tharetitel o Morlrdidle Be
depom tiea of r""a""“ Ty ta doots vitiua SWabeard Spates sapnliag Ly fureed- 2l oystd
rertitation cr combnett=ny 28 ol a3 wosrementa of aciernas Fodiatizn rma:si‘.r uENR Wil
ecalctatizes of ra 1‘.2*:02«'&5@ bl 200 e Lngael,

| Purther thevretion sdacies (leforanse B weve wals reltive to fie rxiiation lasard Goea
contarniratad © Trogols, Culo cing via tee Tantlalion system. The Jeprve o Vazard from aistoree
racdicactiviiy rrigi be vpecked to drpend on the tyre and eftend of duct rc::’mtmuon s Lhe
geguence of “blowers oi® of “overs oif” d..r..q 20 fter indrocizetion of contaminzted atr |
into the systery, ™ wos ccm‘ur"d Ut kad cexlliion “biowers off™ existed at all tines, the
estimated gcasims dose toeld 3 Le redneet W 2pprasisately 55 percert of that which would be
expected with blowers on. Thased on activity of S 43 8 curjes: #Y at 3 minvte, it was corcioded
that the “blowers olf” cusdiinn wcmﬂ tl'Stl!’ in 0o redestimr of combet efficienty from esterncl
gamma dosr. ) .

Tests were conducied on'the ventilation aad boilvr rir m"hm's of shi;s {YAG's 29 and #0)

El-:b’"t ed 35 the falloe! {om meomos-rang? nuridae trvlssios duriag Qperation Caslle. Frem

these tesis, it was cotermingd they, b Ib, conditin pecudivy Lo Opsration Casile, on average

" alzbosna-acticity concertration in '.prum.' d vestilation te] comrorinients was on the order

of $.C2 percent of that aver: ge ¢ovsertration found weatherside {Reference G). Deta from repers
filter and €lectroststic Freinitior gootecuon dotices ia the vrentilatica .-:ys'wz,ns gave even
lower vajees,

“The coviamirating evexs diring Casta wrre husicaly drl!erm., {rere thse daring Dot E.\!ter.

Correiation of resuils asipd fvom Opaarons Castle; Hxrdiack, oud Cresvroads will be SIR-
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SEIS. NO CUATINALIGE-INGTESS ::n.m 5 wtre concucd uunnq,, 0;»9:4":3“ 'Mpxa-n.

1.2.2 lni:lzimn Emtd. Lsute hiatasieal wu:y resulting Srom exposere to aizhosne radio-
active asica prcéx:u in acreect form, if azy, wosld be caused pradominantly br ihe evternal
whole-body irradiation (Reference Tl Banats frem several floild 7talics attemgied o delincale
the internal racdiaticn Fazzrds doe to inha'ztion of tallowt (Refercizes 8 tivourh 14). athese
studizg and Ly theoretical cxicilations (Reference 31), #t was delermined that the inlalaiioa
tazard was seall Cougmian wiak the concomiiat eoleraad radiatien fazand.

In the field studies referenced abuve, gk Liitle or no pltysicai charucicrizsiion of ine
fallovt material was accompiished, the falloat was dry and insolubie. No fieid data existed o
the possible inhalation hagard associated with an ucderwater nuclear detomation. Alter suchan
cvert, the ichalation lazard might be considerahly greater, because of the possible high aero-
s0} conéentration and the sojuble nature of the contaminated sea water 2eresol.  Laborautory

"experiments indicate 2 Uikt wet ¢ particles are depesited in the respiratory tract toa preater

exten than the same material when dry {Reference 12}
Accurate measurements of particle size, ais conrm:raﬁoms, pmh‘ﬂ cpectra, and other
physicat charactéristics of faliout materiat in the field situations of various kinds are not avail-
able. Therefore, it f8 difficalt to simulzte field conditions in the lahoratory. Expreesing the
internz! raciation hazasd i terms cf cirborne conrenmrations and exposure time doos o
accerately indicatc the radiztion dos2 to the Junys or cther tissves. Also it is difficult to char-
acterize an Inhalatioa harayd in terms of the chemical-physical propertics of the aerosol.
Biotogicnl samples fa the forra of small znimals iavre Leen used in laboratesy inhaiztiza
studics 2:d reotida on cr-'pvﬂcal methnd for assessine the potential inhalation hapird ter s, -
Mice wen: sed in 7 nimratury experimernts and were selectod 28 ovn of the 20 €
used i, the fes’s. Gulatk o8 were also sedected For vse, Leavee R Rac been focud Glofernime
12) that prsticulale wutior ol arproxtoately 1 minen ia dameter is depusiiad mott ceslhy
both man and puines pas, Croreaimately 53 peremd lnench, *

- 1.2.% Teorimertol Conciderations ond Dng M\"l‘c R, Tbe {allowing is presenicd, iInlice.
Arkvrcund, as e—rn::\--..aal work on the mgrem of sodioactive materials sus-

of exsertmen

The radistion sources orrtributin to the radiathn figldina shiphmré cormpurtmert pay be-
classed z8: (i) airkarne za1 dopositod sources emeloping or deposited ¢a the ship’s weather
surfaces, (2) walerborre sozrces, (3) airboree and deposiled sburces within adjacert compart-
mezia if thore is Ingresa, avd (4) airberne and deposited sources within the compartment i
thera I ingress. In any cersartment in which there IS ingress, i#t m2y be neceszury ts con~
sider scparately airdorn® arl deposited sourees in dicts or structures within the compariment.

* This censideration applivs to 2ny rentilated compartment eontaining supply chects and hlowers

and'{s parﬂcuux ly zppiivable to firerooms with meu' Lotlers and xssactated high-capcily e

sysires.
The dnse ra‘e ina comp=tment is the sum of the dose- rates due to iTradiation by each source, -

" each.dose rate component varying independently ds-a funciion of time because of ckarying amounts

of radicactive nuderial, distance, intervening shielding, and various decay rales if fractionution
varics among the several sources. The above-mentioned consideraticns m: ke it clvious tha the
external dose rate In2n ingress compartment due only’ to the lngress of contamnamis is made up
of several component.l and that thc sum of these components may be onl) 2 iraction of the total
dose rate.

Considering only airborre and dz-posmd radivactive material in a ve tilated rcompartment,
Figure 1.3 represents z Lypothetical reiation between the amourts of ttal airtorne asnd deposit-
el material as a furction of time. The {ir=t time pvriod, ty to ty, repressets ihe hxildep of h
matérial pricr to any ¢xhaost and is depurdent on the concentration available in particie sizes
that can be carried tarcugh the 2ir supply éystem, the quantity of 2ir supplied, and 2it distriu-
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this perind if the range of paricic $izes dzlwveres xnrludc.s pariickes that will sstile or Lo
!.krm 2 of the alr corsents before reacling exduuat terminsls. Durimg the socnnd tine reck-
ah, 1, 2%, ihere 15 Lk Gdake and axbaudt waterial, {y etz e tise Giren iAak2 €OR36D. =
Either dartsg thio Bex lad o7 oot altrene®, t2eve witl bo gory Lime, perdaps o7 uwraeniry, 5
. when the rale of iziaike 18 eyeal 0 the rate of cxiaml p.utbe rate of drpooidian, and the vl
naterial ewmeve paay Yo N2l Puring (e fhalporisd, & ot , ealmem i3 e Laly wetnalsm
mcamdnxmnum compartonit
The CEREER BRI IR Fikar n-A Sud U perlad e Saaed an the az;:.a. i Alawd Tl MiteR ©F
change of Lisborme muderiul Gae ¢ B0 exiuel wxd Cne B GeieRivn #ve xch properiicast is tae |
amourt of sisborne muierial prosest,  The emuctisls detnonntzates thal thy rute ab which muzie-
rial i extansied frer 1 conzartoent 16 Supesdont oo btk depacitica and cahaust rates.
Thaa, 2 hizher the raie of depacition the more rauidly vill the tatql naterial curve approach
the final crreail value, bociuse there i loss matorial out of 3 given tofal tu be exharstcd jor 3
given rate o ais ex..:.wl. - . R A
Figure 1.2 represents thé cage whers 28 ma.wrul w cf such snaall particle size that it re-
maing airtosree and desucilion of materid, d any, can be nz,lacht. Tie time poriods are the
same as sicem alhwve. Tha prineical difiereares are th=t during tire sevend perind the curve
may be {11 ixfieating a cresiant amonnt of mrterial i the comppartrent due to egual inipke and
extaast ¢ muter nl, "':1 eximoct L mgvameny tluee poverne tha rote of deplstion of moterizl -
in the oompartment sfler dake 13 ceniz. Yor the final :rtod after fr-*z.v.e = cezrcdard U
it i3 sasvosd that e wxlerial in riformly distriboied —ursl 2rIR guntereiang throughond the
eomprritpest—1iie ‘d: “top epualtic 2 civen Fr Pigare 1.2 may epply. Proavse b this ensz tha
rate of materiah ver.vmi iz ecual B the rele wf el e of 2l 2 (in nemrfartmens; She gen
Kk 17 ¢gni tothe vou NDerm raio divided b Yo ci-::‘:‘r‘ et v :
Fiypre LY negwre & RS dcbk AT

(Lmr}.r.‘mc?s.
frora & Li-veliail
Griaoe dese ratas e to .
. the amount &l maaterial intls rrw,-sz*ma e
- tive docay, cstriutica.ef ront f,a s of Snree aviors, paREenlarly
decay, wiich is qeiie raid at the exely V'mes alfier 2 ;{ 82 zpe of Bl 2Rest ip thepa fonly,
when weoed 19 cenwert a matcricl onrve do o m‘x radte eurve {or vica varas) :-z..y m_-:ge the
siares 2ad e of peoaks, - - o
A direct masuretnent ¢f Jozorade oo a furelion of mm-, d.&e aaly e: the incress of mdim-
tive rmzterizl, can only be wade in & comparimant izt &3 shistod from olher radisiion goursce,
a siluation net founs on a destroger. E (we simbiar comparimans cosldbe feornd one of whish
was vonsihated and the ofber cexled and the Jose rato difieverces cue Lo unequal shielling diter--
mined, then any remalsing dose rate diiference would be rdve to the ingresy of raticaciive .
materials. Determination of such a shielling or aoemalizing fictor helween fro dos2 rate
. measurements 72 different shigioard locolions may b quite Diifxecd! ar at best be accompani
by iarge uncertaimties. Where the ingross deas rate i a zmall difierence Dotween large
rumbers, 208 nuay be equal 1o the uncertaisty i ihe large nmumberzs, lhen any determinstion by
dilferences is alinost impossible. T, .
Uncertainties in this estimatiry techniose s razilmom for corditions of rophlly changiog,
., nonuniform 'adﬁmm sources where the exterior dose rate compon=rl is the principal dose rate
componert. Minimum uncertiiniiz, result when raiition sources change sluwly, areuniiorm,
and the dase rate due 1o ingress is Lo prabminant dose rate conponent. ¥ cose rates du2 to
lngn—ss caa b2 determined and cosrecied for deczy, Ui valves so determined ary projoriional
10 the awwourt of radienciive material in the comrariment.as a functlon of time and, with come
assupipions and agprozimations, valvey prozortional to sirbaras and deposiled material Ly
Le derived. Ercvaveraiom «f tisse estimalcy (9 duee rnles and integraiing wovld give the 2og
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boiler casing and 3:° OF gaS T '!bs.amt&. While tls provides a satable test Curatition for irhaii-
sias Buics copeeSRCd Wil Saler alr lesiane zions, the lock =f orumetion ellects =ould 2 .

3843

‘e exprated to produve Crpasiion of erdicactise nmah! §3 3% baler and ke air systers ia (5a

LIEe Fmoand thel would ey usdar Sull-power operz!b@ COBIREoNS. _,TK; efiect woold be ex-
peviod 1o tulleente any Goee a2 praonrerai . . . s
Each ¢ ibe four temd spaces wouid T2 inntrusmeried 20 follows wkhe
1. Girran-tnicveity-iiwe sucors? o (GITR)-
'3 ~7r sapriers (o Famgie ns 2 Loaction of tixar, ;aingznwm&sb-c samzler dﬂwlh

. peparzlt uarticles (nlo soverad rarges of particis slzes.

3. Surfzce samylera a3 totd collectors of drposited muterial. B was st fwme $0 siteml

to Ctala these cammples as 3 Breticn of tioe. The camplers were {3 ase m avalizble f22m gor-

fare that could be used (3 vetarmine particle izes by microscogic exaniantion .

&, Guinea Bigs. ‘ard mike would be uscd for laralation studies.’ )
Pecause of circurnstarces that will be described later, no air sample c:a m ohta'ud as
2-function of timie, ahd the comisined elfects of roosture and sali on the sarface samples macke -
it imposs ible to Ciotinguish iadinduad particles. N

‘me terbrigues, uwm 06T, and apam:ﬁmauom ued 10 eﬂh.nte the dooe rates and dalc
me to the boyress o ....-v Jr%:.'.s 13 are descrived taiow. .o .

imotes ¢f Bnse Unios Do ts Podinticn ® ‘b:vces Inzise 2 € :L;uriinent Two goreral

. rro Cueto i ;‘grc-ss 38 Gl corsamilants vare Qiscuss o i Sceim

o1 0T TR YreRnuremert 25 2 -f.r etion of tm& er msed on racieattive
Ligm el {ime. . - -

Sma g ally ia Flgure I..‘. As be.m e:

) 'E::e s.“;a intle ii.-:f: smeg MEATE

ty = H‘. o5 sy € 753 m!’w‘- m'*'er'*u& cvtd

ty = thee st wmc& st of radliaciive z.wterm s”w.s : A
1, = tim= 2t which fwede of pudicective watertal #tors )

Ry » dose rale stary e t v igress oom,artmem.

,_r-.n - do&- rate 2t vy Caao ¢ i mingxess com'ar‘mentor e dezk mrmalm 143
. Goce rata o hugooess compurimet -

| dcse Tate cmm at any time 1 i ingress wm;ar\mem dueto Ingz'ess
R;_; = dose. rate compuresd at any lime t In lngress cnm;nrmeu e L0 ex’erlos

radiation soarces : .
Np » sormalizing fucter’ N '
. 1,; = time of nermalizxiion - . *
- ty, - time after eavelepmest and dcseto esumated time t, when I can reasouh!y
be distinguished. .

The hypotbetical curves sizwn owe thelr skape 1o two, cnvelopmm by radiation sources ax is
the case for which dutz *2as otiained. Determizarion of iy fizy not be possibie from this daia
alons, t, canmot Le determine 27d is therefcre neglected, however 4 and t, for ertimating
furposes muy be detrrmibstd stt:.mcr; {rnes detay {m'rccttd d:s. r2ie dala apd any otbtr-
evidonce avatlable.

In the first sten, Figne 2.4,::, e time 1. {3 selected during a peri:)" when nearly all or 2

» S .

CONFIDERITAL -

v - F L S ad

A -

s da&e sate in 33 ingress vomzariment i cue to lasge emericr radiziion sources

<

, o
£ -

b
-2

§ o

i 4

<.

| br



o - L 3 -
~n ,’:-' Y b & - =
¥ % ‘. ‘s\ d
5 - < * - & 3 : -
b = . & A o+ ~ = . -
N ~ G o * P % -

o . e b e o 4 i+t e e gl UM HB e e e e o AR - mton - e —
- e e i R N A S 8 T AT 1 SR e e

i

‘ . h

pegligibly =531 compozent ¢f deae f::-.- at this tuae. Then . . . N

aie T N all

. %;";-,nr PETT L

By - GpxiD el teom

" Rt beaius mwmm:aan-:mhaznnemwe:msr_ﬁ Tkt

T i bocau.-»edémrmbmdmbwm&'d&pniudmt«mhthhpoﬁstomﬁz&uﬂ. .
. . S 'As‘nm;inge@uﬂi@,ammmuzbghcwb&:ln_d. Then L -
% ﬂ!-—"!N - . ' . ~.' T

i
3 o .
¢4 - o R - TR P o fy ot AR N - ) ) ’
? S . w;r,nx.uaummdncmtxxuanasa.em;mmmhm?ﬁ;wwwwv )
; . 7 ) - peated until there 13 no & .351“4,“@'&?:‘:’3,0:!4, mit‘_umamxedmvnﬁsu".
3
4

. _ : _ atanytimse (Fipwre 1,400, . ) . )
.. . T I gt uay time 8 Beturm ol te XY = Ootarmined where - o .

AT T ) SV P . S
DT Twa L omgetmgmuad o L o e -
ac L= By N RI) CtystSte - : e

[P Ta addition oo thy aacerSainliet LVEh tn Secilon 1.2.% fur (his meti s b adted b er-

. Lo _ tahiea as (o the coTrwiianiy <1 tme Tornliring Jacior and the assy A that ihs wernlizieg
e . faclor b o constack. 5t B Proplioft e ghis haftee a0 suragilen thut ths oo rate messirmRet o

) - each locaticon b exeally fréiomeed by wl esteriar source geomricier. . ) i
* - The secrnd penersl méthd of estimatiug Ligree: dote rates Cisczeoed in fectiew 5.3 wan
the coyversion of materind ecilertion meascremenls o dute ¥nto2. Tie basie measweoward
-required to estimate the Cus2 rote Ss2 to attorne padiczctive matertal is the determintica [ §
the concentratiat of airtcane aterial'as a function of tizae. Thz air san,les cnined Dere
i3 o S collected a8 (ot} samplies for a 2-hooi pericd. Thecelore, rates of coliection rad o b 2p-
o e . proximated, which togeixer with known-air sampler flow rates could be used to soproIlmete
J RS IS e T _ alrborne material convesiraiions 23 3 fenction of thme.. The timse cf sizrt of intale % was
| DI S estimated from grrama deta an the titis when sampiing stopped was Logen It was posomd
1 3 ' - - ) - that the influx o materisl wxs insianianecus and complete at vime tg, zad that thereafies tie
R DU = . . asrborne concemtrailons were poduced only ty cahaust and dilution with clean air.
T . . ’ The equation for conversicnof sirborne corcentrations 1o cose rates i5 given i Appeadix A
' ©  based on the deierralnatios of the dose rates al the ‘cenior of 2 upherd whose volume i egual to
the compartmert volume and the zssumptics ihat concerirativas of szaterial are waiformn Usrcugh-
- ; ot ihis volume. This egeztico was mocified to include the aphronimalien given above fur ag-
. . portioning the sample cslectionas a function of time and i8 also devived in Apperdiv A Tal) -
. air samnple wmeasurcaents weie in terms of firsions, =nd the equatica o2
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. : %‘- = ¢oncestration of fissions £, in compartruent ol voluze V, 31333
. ‘ o b tizoe 1y, fia/em?

o ) - ’ | ¥ = gARTO enmsEy cmisslion raje at D timety, PN oo SRS e
: K = commrsie [iar for gerawa Qvx ta dese rate, wfor pes Doswdentora:
. ) I = sraswn sating c!(xhe griere, contireeters _
: T ﬁwnmm_-amdﬁeaumtedetmrn cnecedraticns @ the ferl eorapartomnd rum
tlslw’}cc&dm\ﬂlpt/cs’dwm £, the folipwing was w5zl .

: N . o ] L
Thiere: A = alrbome cuseentration, pc/ca®
51 . corcestrition as 2uove, fisfen® . S . )

- - a ' .
. o Y-nhtu!ﬂnemmegrauonnteolggypsfissimrremdmmeavm_ -
. tizses after slow pevtron fission ¢f 10F ctoms o2 T, dis/(38? fis-sec)

, . S T - (Beference i) - - ) . . i
A 4.7 % 318 dis/{uc-ses) L e I,

i
X ﬂ; - 5. F : Lt R R L X
Vo4 L Wieree F o= eralsecthe of Hecitns o :
5. . . - - v o= wstume of akr oaseplet
& 2 Comor i Wil R
% . ; % - arles were uot cokic sizd £ O T : (irse, Tl ontiy it
. A imatioas vt e made.  Flery wiik ke deosiindd ladew 23 2uphiad. . . )
i 1 o L For & 1zeamwesns i of eaymsiicd paterial por it warface ares, w3l Lo ssgamed thes e -
Y ﬁ;“ i : total ares fdeck oF Weizhead) i3 Vnitermly conianinuied 2 the shape of B avea ls Zoprorinile
| g ed U7 a Gk of vqual ares. The ¢ose rate is then estimated fora point aixve e cenmar o G
° % o “aniforsly cociamizted Gick  For the tage o & wniforedy eentasvinated Qisk the follnwiog LS
. - . tion, derived ia Zoperiix &, © ueeds . L -
i . DR . . ' : T .
o x.\hﬁ%ﬁi {1+ (r;@f] o © s) o
- 3 there: R = doserate 2t b {eet above tlic center cf A uniformiy contanizated disc @ -
{ § ) - - e t, rhr : - . . .
; . 1y = Tarioum radies of disk, fest - . -’ S 3
% - - § = simpie cowsd rate, counts/min - : o -
- H - . & = decuy factor to convert dode rate al Hime of marsgle mourd tu dose ratz ot R
3 time t, dimensionless - IR '
i A = sawpiearca, in! .- . T .
g . }" - * K = gamma Bax to dose Tate conversicn factor, r/hr per Mer//cm’-scc
- _E = gAamma emrLy, Mev,/photcn } . .
” i : " g = Cetectiom efficiency of counier, couras/hotan
;“: b = perpenticular distance of peimt irpm ditk, faat . Do
‘d k, = cozversia factor fof wmits, 2.6 < 107% v gl femt-cet o ‘
13 - . - .
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Some of the 255uTgiluns Wi APpI CRINLTARS DT CenEeritag Hatelial Daan ITEGEAS w0 Gine
T21e8 are 100 rrude sa kope 10 derive an azcrrate dise rate history. However, they shoshd be
adequle for Gsr-aihariing pigetee md, (o the dala cilatand, SR peyride au riciedtd -
mate ratter (N\om a3 s arosic=te ol dpeen 1a the sir-sampeeizating troketse, A8 wd

$ha moterial 1o cossidorsd ¢ Sowe Deew ceiiarted 22 the boglalng oF futaks o watrial. T
effeet of feczy in iz case wil romemasie’ & 3 large Asgree, OF CYEIETT) e Tor Bup Bk
{3 sore material come in et LieT tisos oF s la e compartmaest Ser 1 loumor (oze yeriad,

T ios mdeunties Dhoard. The seesrmese o 54 {=ataiion huzard frovs sESEtive sanaRis |
may be Licrd by measerli:y 0 uptale 2nd retesticn of 2ixborne PO STty by R e
spiraieary sysierm cf susll erimaia. Freclee svoinzitonm of (be tnlsrnsd raclaiion dope Brema
Irhoied radiczstice corizminids ks LilioaX. Lowever, seprextimaiions, Uased o2 eperimmial
data cBtzived Srowm aaline] siudios, are fonsitie {Soferences 15 thregh 17), G ibesze sheles,
the jamma-eauiticg fisslor preducts are vyxd 25 the basis far extimating beia concentralion in
t:ssue. For the renst part, the range of belz particles is confined to the orpam oF tispue roT-
taining the contoraimard.  Calouiatioc of the Lisa dose 15 essentialiy am estimate ¢f the lwla
energy mads xvalzdie dy the decay of 2 graniily o] the solcpe per gram of tisree.

e calculalion of $52 dace in based ra reveral sseemptions: (3) (a2 geetwa activity of tee
contaminyat rar groem ef tiegus in ncemed £ be proaavtional §o ter bota actindly, vhrorer-

_ pectad for the ratis of bata pactisies ta (e protor infhe fisskon-prodet miae a Qe
time of etidy; (3 the radicuttive conlas- e 12 crealy distrialed in the orraus; ad {¥ o

. Pota comrgy emitlad in an SR B eongp LTy Shew sk within el atgan. . -

An spproximrion of (e Cooe rile te Lalvilel Niseed cae Ve clialined by Use ese 52

foMlewieg equatma (ielereass $T . o Dol

Q.
p’! "'-L"‘;;E»B )

e

s %, rai/r . - »
- TR = fzzior for ¢ om 2F wAlT, %00 K167% s e, oxps, Wed, 1 Ear

exp/pram e izdades & fastor of I3 ¢ comert 3 £ bote dinieterrasiees

LW e wepiiel tesos, (rEe . S ; p
| Bp = ;vevaie enoryy &5 LAtk partizies = e ¢, v ciskaiopratian, 085 . -

@ = gisooa nitivity o exck sawsle S ke e & comte voun, in/oafm . ¢

Dose rale o7 artiviy 23 o function of time charges due (0 bk radiviegicul deeny 2t !i»em-
_teal procesced. Thrss composile curves _asamﬁ@dt!me will Yo reierted {0 23 tarnyrer
The total dose recelved during uny Ume icterval may be obtrined by itegralion a{ 2 over
the time icterval n questicn. . | . e : )
Ep b - - -
D= K.ﬂ.‘—" j 'Q"R SR e
. a - .

- “ﬁ—ﬁ

‘-

D"s'dou.uridstama‘z’me;?.ﬁTi-méh . . o

.

The or;aﬂ of ga'ibe:' pigs and ice investigated in this project were ihe atveolar tissme, .' T

large intestioe, small intestine, storqch and csarhagns, liver, bras?, Kiloey, trachi~, easal
passaze, splecn, =nd a tibia. Alter T2 Umbreila, counds of the thyruid were alzo ade. The

activity cidained by eouniing the remaiasing © £easn, when added o the total oo of (e WEBHET,

resuited in a whole-body courl.
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2.1.1 Gamma- !ntensny-‘nme Recorders (CITRs). ‘lbue i::sirnmem coraist of twe :-o-
cyeling concamtric onization clambers with eicctrometers, cornected by a eable io 2 bailary-
powered magitic tape recorder unit that incimdes a timing device. Pulser for a given garmma
dose increment are rorerded as on-ntf information on two tape channels, and tiniiag pulses are
recorded om a third channel. Thus the time between pulses or rulse Iroqsm in a mezsue oA
dose rate. The nominal dose rate range 18 9 ror hr to 87,009 v /hr.

o These vatta vere shock-mouvnted with the ceater of the chamber sovsitive volume 3 fedd above
’ Co the deck.  Cooling coUis ware provided aromd the clectromreter ense when uwits were iectalled
ia high-temprratine comprrtments (Figure 2.1).

A detailéd duseription of these unils and the calibraticn mhsquen u_sed is avali..‘-:-.'-c i "!ef-

ercace l& R .

2.3.2 Total Air Sarapler. The sampliug head (Fu*u.e 233 for Ovis istyumeert comatend A
12-inch-ciameter filMer wnit. A pre-filier of Hutlin zewonth vl Vese Ko, T8 88y pagor &0}
%ing Szizty Spprisace 1179 fidter pepoy, backed By o BllEGrs filtee and sueried 62 o wire
screer, wWas dstdl An sl lim; cf %H"/r.dn (:.i‘-z! LR mzx-‘-‘ isvdty an WDR, t',n;’.t;;z:' &
yuciion unil {Pigure 2.5) ¢
"§. ‘rals scapler was inteomud to CPusTiC T :
Alrfiow calibration was rocomplighed b a»uw.m\.m z:f the c\m-*tan’ Slow m&“mri VATE R ni
‘ i . 3 ‘using a calivraled Flowrator (0 measure airiicw. The Flosrnior is-2 meterizg J"‘.'n.c? (‘wlgnesl :
- .  to measure fluid fiew rates (Sabl-Viz Flowrricr, Flsher-Porier Co.).
NI . The total air Sampler was not shock-moatad.  The susiicy unlt was momtid iz smﬂr'
5 ' - convenlent Jocation and was conaacted o ite campling head > Prosswrollex kase. The gam-

pling head was mounted on a pipe stapd, with th2 oritice zpproximalely 2 feet 2bove (e Jock.

. 2.1.3 Tncremenial Afr Samplers. These consisted of threc basic units: (1) 2 constant-{low

) . suction unit, (2) a Lecdex solencid-operated indexing head connecled to.a valve 40 4 10-port

- - - manifold, and (2) a group of 10 Anduersen sampling heads. Tkhe solenvid was conlrolicd by a
. . . ) timing circuit to sequentially cpen the 10 porta in the marifold at presct timme intervais. By
3 ‘ . this means, one suction pump pulled air ia torn through each of the 10 Arderserr sampiig
X . . . heads. A timing civcviv faliure resulted in the use of only one sampling head at each instalia-
i ) tion; ther<fore, this deseription will'be cortined to'the Acdersen »2mpling head and sucting
v B . unit, though the name “incremental ramples™ will be used thronz!. 1l the report to ident.ity
' this air sampler.

“The Andersen sampling head,  as modified for Project 2.2, consists of five stages with 2z
_elbow added above the entrance orifice Lo prevent material from falling into tie first stape
(Fxgure 2.4). Eachof the first four stapes consists «f a perforated metal plate. -The pasticle-
. laden air is drawn through the holes, producing a jet of air against a {iltcr poper on a plate
below. Deposition of the particles on the filter 18 dependent upen the size, density, and veloc-
ity of the particie. The air then passes over the edge of the ccllection plaie ant o the et
stape. The hoiv size in the pe'iora!ed pixies is smaller in each succeedling singe, predxing

N T (O T

Tm e e L e e e Bty e e PRSI . . S e ey R

Hy



!

-

am o

PR ¥

P

i e

LA TR

T

VU

o h W -

[T I R ANV N FRTE Py " LRI SN RN Glet lagth.

[ SRS S A SR

A Mittipore futer aus zddzé as a :mﬁ slaye o to..«:' asj pm 5 it migh ..uu be cnlrunaﬁ

" inthe airstream.

ThemelmdnnﬂrﬂaﬂudtheamyﬂuMm%mMmaﬁmMno ihe zirlow
thraegh the head to 1.9 §t7rain and exposing it to aevasols of diocty? pitialate for several rarrow
ranges cf particie sine {Figure 2.5). Wall lasses wave Svtermized by expoovre &f (he gamapley
bnmﬂolh:vlngaw’:kmdpawc‘e sizes and tagged Wb radivaetivity. Thege T2l
1063es were fezad £ b2 aprraximately lpzneidthwml:yp:sigmrwgha sammling
ezl I order to moisinis sir valesitics through cacd cfage oqual te L1z Silitativa volsi!

i yas neeossry to us & sucticn onll that would maitaia the cxlibvalion alifivw «f 3.6 5 nl 'Fail

ovey the rangs of prossere drop caused by fiter ledding. The A.C. Echmidt 2-AFR conntat-

" flow suctiza unit with & copacity of 1.5 167701 (Figure 2.€) w23 toed for this purpose. The |

suction unlt was sdjusted prior to shot time to pusap 1.0 &¥emin as ravasured by a Flowrator,
which was previously calitwated with 3 wet-lest meter. The principle of orerution of the
Schmidt constant-floe udit is the suice 25 that ol‘ the NRDL tﬁ-ﬂ"m comciam - flows suction
unit (Figure 2.3). .

A typieal incremental air namp\er station is ahoim in ﬂpre 2.? The 12 liter/min poarp
and battery-powered sarapler- -shown were installod but did not operate. The supporting {rame-

- work for each siation was s:nck-mwnled, and sampimg erlﬂgu were amumtely 4 foet
“above w deck.

.2.1.4 Anbezpla, Solned pigs nd 1alze were ued for e M- Gitica. 'Ihe animls
were .ets.,ro,umtc 17 3 months old 2t the thae of expoture. - The average weight of (e »uwen )

" pigs was aurazitantely 250 grams. The average seicht of the mice € approximataly 55

grams, A t.izl of 143 goinea pigs ar 7 136 m' e were abizaw] Iy air tothe test site, whers
Loy wesd Tnwned ton 1—,-.":-’:’2 facllity (1- iy t'y 7-foxt inctoacie  taks) vnder coatrelier

 conditions of tamperaters aod hamaldity. A sum!hr mt s waed mlmm the cc-‘.tt.m.....ted s

enfenig efier rocuvasy. .
" Ezch animz! otatten [Tiore 2.5) consistad of thres ca.,_.., 'em:t- cestitioned m o foor soctioas,
A puinea pig w23 pizecd in cach & 1% Toctions, five mice iz exch of the frmmining tee cectiens,
The ca;,cs in (e four elznad compariments were ouipped wil A cooling system designad to

: . pass chilled vter (arough ibing. insis siied cn the teo oolid-skis poneis of eazhi cage. A lem-

peratere-sensing elew.ant was mn,-ned in the ceuter cage of each sintion to control the water
circulation. Yigere 2.9 i3 2 schematiz Qlagram of the couding enlem, which also vesved 211
GITH ccolirg colis. Shis ethod of ccoling was atopled £6 22 ) per:mil the autmenis to ioce
body heat by cowivction, eltmirating (e need for wnderirable < {z regverrest. Drip-type water
boitles, whizh required te animais e lick eachdrep from the omd of 2 smal] tube, were In-
stalied in eack cage i such 2 raanner as to minindize cotaminetion of the water supply. To

< ensure that loteru2? contamination could resull enly from inhalslion, 2o food was poevic d for

the animals. Thk= znimal cages werz mounted spproruaaisly 4 feet above the deck. This haight
was dictated by practical mounting considerntions. ' .

2.1.5 Surface Sampiers. Strips of salt-woter-seasitive film (%, by 1 fuch) were sffixed to
meta] plates the 5izs 3 microscops elides (1 by 3 inches). Two !i-iach sirculaz holes were
cut {u each plate to permit examinxtion of the film under a micregsupe.  The plate-znd-film
‘units were attached %o deck, wikhead, and crerherd surfzces with Lape. The n.mphng area’

- was approxizately 2 frf. Detalls of film pr#par-uon and czlibration for drop size determina-’

tion are given in Relereace 19.

2.1.6 Temperater e-f’:midnty Recorder and Counting Apparatns. Berdix Fries hyzrother-
mog.aphs, wilaa temperaiure range of 10° t9 116" F and a velative bumicity range of 3 to 100
percent were inslalled bn each test compartmerd. These are stock instraments requiring no
Ppower; the recordar drum is dviven by 2 7-day clock mechanism. -
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The animal tissue counter was a Nuclear-Chicagd DS 5-5 gcimtillation detectc: Ixell oosates)
and sealer. It wus calibrated with Cs'%, £a'3, ard €™ sonrces. .

Alr asd surizc- sawple activity was courted with a Hodias AX/UDR- geler woisg s Ik S
crysial scintillalic x-detecting unlt. Activity determiradiess of 2ir rangples whnsee cuzat rule .
was 00 g for e UDR-0 were fnade In 2 6-9 tonlcudios chetabor, TS walt vieda v!&zaﬂ;‘%:g
read eleciromaeter and wea calitvraiesd sgabiat & CoW zad o rafive eource.  Lahorptory-
deternined comversion facioro were wied i comert 4-2 toaization chambir meaduromentt in

equivkient UDR-9 Deaser: e . . . . . .

2.1.7 Yest ond Lustyoroent lnita.lhuom Thi !Ms Caperibed =bove, with (e cmep-
tion of tre CONRticg equiproent, were Instulive o tice UTS Lzoorth (DD-592) at locations shvew

* tn Pigure 2.10. The corizte GITR array ia ehown i Fire 2.11. Three spaces were witlized
 for gtudies of contaminziiza lagress via veatilation sysisxs: the gallcy, the alter (a%t) crews

quarters, and the 23er engive roum. Figares 2.12 ttrourn 2.3 4 show the arrasgement of these -

spaces and a schematic drawing of the air systems. A biswes wad (natzlied in c2ch exnanst
system te ind:ge 20 percent «f rated airflaw. The galley 2wl crewd quarters werz stripved of

-most oquipgent 15 provide room for ingtruswntaiion 252 €5 iminkle possible centamization of .
the equipnesi. Althwich inoperztive, the after eagize rovn was not strinped.

Ote botler ani the assactated combusticn cle syeters, brealed in Uve afler ‘lremm, e
utitized Br gtudies of ingress vin hler coratetion air (Figure &28). Nos. 3 il G forcas-
drait Liowers were cporaied at full-gowey cagcity (srowaziovtely £9,690 £ ¥min coeh, totling
48,630 n’/mtn;, furcing alr throva t: 10, 8 badter, whizh wos enfiraid - AN fiyciovn epasiarn
aad fiings were cotured or bhinted so that i 6y socore oF rwuir..uon nt-c thy W"'""‘
rrezs was the lertaze frome the combnusiing alr fysio,
mest, incdaling (e luestlon € islrwannll b Use slner f

Irstrasoentaiion fa cach of (he toet cpaces waa el 2"y enanistios of o CITA, Em o e
increrental alr ragslers, ene fofal aly rarsglen, swolsnesas; 218, 8305 L.?' rigiiss, uaﬁ a
bypalesee ooy .

Additioeal ereiaentad ali sepiors ?e"e tontrVid 82 *""*‘ 2§ wor it i skt '
2505, cod onops Lizwsend )
patform consirueted xfon the forvard gua darecn??. Ao s :.A.. d.’.ﬂtmﬂ Staticu was a.\x-a .-
loceied em G plrform. ..

Sarface samiiers were tapel* -] decka, bulkheace, acd msa:!wer..a inthe !cun' tool comipail-
menta, compartinonts comtalalng -venma.m-imake Roushags, aad i aller upiche szxsc‘.

Eiglly surface somplers were irstalled for oach £hot ot aessions ebroe in *’iﬂvre oS A

Two instrument-siarting clrealls wezc fnglllad, coe &or ol GITR recrrders abeesd e ship
(Reference 17} and amx for the alr samplera, an integral pact of the Incramental elr carpler
Uming circuft. Tach swarting circeit was rorapeted of a rel; syrter activaled by a masler
relay connected to the Edgerton, Germestasscen angd c:m, !m:. LGEG) H-5% mimte radio

Power for t 2ir camplorg wis su,)r! ld by thr aNp'a cmergueey éizael generatar, ..

2.1.8 Test Cm;;nnmem- Atrﬂow Characteristics. Feriineat mm,mnment and afrflow data
is given in Tabics 2.1 and 2.2, Tle data demoistrates the gress differsnies (n volstes, fow
rates, and conseguent rates of zir change that led 1 the selecilon of ticse conpartmests. I»-
cidental to this selection was a variety of atr distributics patterns. Sections of both tiwe galley
and engine room were relatively dead alrapaces, wherocs e Crewn Quarters ind a relatively
uniform disiritation of air. .Each space kad a differemt air delivery gattern: in the galley,
through three openinzs in the overhead acroes the curpartment, the air Jelivery wayg vertically
dowtreaars; in the crews quarters, air was dedvered verticzlly downward atont 2 ool above the
deck from six ducts; 2nd in the engine rovr, &ir was Endrored via three ducts to euz wpar
level and one to the lower luvel &t &n acute angie 1o L Sewizunis)l, In this laiter zaze, 2l cifts

»

CORFIDRITIA .

AL M st i o - el e o per ey mvaen £ o LA A v a— e

ARS



e A a3 T e

7T ety -w-u— -
-wm‘-zﬁ'-zr'x..\r‘.x_.m_. L JEIFCILEERN ]

- . . . .

[ T S ST T A e W AN M L1t b B+ ey 4 e MR e o a b AR A | e -

e e T W ekt ed I LA et LTI e 3
ta the LPpOsite direcion, ALl eziaust lerminics WO C fa Ik OVeslized i wn x! or a.c uf
‘each camiartrzeat (Figures £.12 throock 214), Yo sarvey of &ir distritiction pattornd s
feazidle (thaszh plansod), aatl sty Saluci»ed Ferg Toentod f3 ot wory fedped ta be prineind
uirpatha. B can caiy ba qualitakivaly siaces (st ¢dbon axd illasios «¥or's veos AOTRBET IR
fa bath the galicy and tie engirs o, baswed o tioe 3ats of change ot 2ir a2 $i2 vorbilka ty -
dotances Leioeon suRply swd cxiavet terminals (Talle A
A B In the after fizercom, the oty oir mavenaid weall e doe to fhe Provtivee crvated by La
: fore rdvdraft Hiover 3t 175 inrhen € wises) Sorchoy 2l ot tavoeh kel and vetlizdion sule.
This wouid bo expacted a proZoen 8 vatine slow woworned oo 2ir #3 e errertend,
"Althoveh the alter fircremn (Tidle 2.2) waus the only flrercom derfysied as a teet spz:" S
this grojeci, GITR'S for Project 2.1 weze jaslalled in ibe Ryward freycom. This GITR el .
was al2o uzelil to Preiect 2.2, - Tn tde Swward firerunm, Moo 1 boller was fired {0 surply steam
to Gperate rachinery in the forard eagiae Teom.  Comiasion 2ir(ew wus about k2l of S
airfiow through Lhe unfired boiler fa the aiter firevoom. ™ both firernams, haiches and vediw
lation openinga were closed and sealed aginst the i-.prt.ssd contzmimots. .

e SR g P 13 A LT R o L

- z.l 9 Air Sampler Eilictency. Inall sawgler Lm:uuathm in compartments and vmt.ztwn
Imaszes, ine canpier opening fierd at $3° to the eetimated direction of air wovewent. u thead .
cases, the cverece face velactiy At e srmplier Lizke wod vatimated 0 be equal to or greatar
than the atrs oz velotiey. Hawever, (a9 wtake opucs, alrrireass vaizsitics were goao-

abiy bigtor ¢ sammplior vewsitizn. Fertber, the samrdies docutican were dictated by e @ .
regrirerasris wal 103wl fave Leer f the prin rosth, Of th 3o nend Peilorm sbuve
the pun Jirector, tim RIZETeT Caenined L"ud Peuhrh A wind vadr T aL;;e bread s g gealad
redose the efitel o9 6 FaTeln g - .

’ - 3.2 OIS S N
vl Gne BH-502 Carkny Bale Warsg azs
P, raTiICE G

: . o Crmamtadlen

. . - .-L:..‘:q-a ",

P s )

ehet chy '*r..,_xls wore glseed in '.mr aNIS &f msm...‘.zafa wore chshed,
) . . burked «1 He0 kows for Vulioo 2 3t H-3 s iox Usdradly, bearlag i 626y Wonskawrd
i ’ and coeglitely Clo Haxdy gt toy a.r—in.._k* eresiors for the falicring spatenesy (1) teuk vere
’ tilation, (2) combusiica sir syatesis for tent weiler sesd eperaling hoiler, .,ad {33 corcleemtion
alr syatems tor operating diesaln.  The epesadiag Yol eappliesd slaans by Crive (2 maly
propsision rinchinery, which ess Lolaz cpoicsed for shock-drurnaye eioation. ‘tee dleuels
were putme movers fur persrators furnishing poves for taslrumaviaticn. A washduen systen,
H - : activated seversl hours priar to shel tice, washed the enlive wexiler ewrfacez of the ehip, wit
! : . . the excopiion uof the fnstroment platiorm atey te forward pua director. The wasixicen eontinced
‘ . : . - to operate wniil approximately H+ 18 hours after Wahoo #nd d+ 23 kours after 'dnbrti!a. The

’ o wind spced was 15 Leois durirg Wahm and 20 kotts dering Uml:."'lb. -,

-
i

-
Ao e e

4. . o 2.2.1 Shet Walico. Following Stat Watoo, the vfwhd mcriug h:rg' breke loose ard, ssb-
3 : . T sequently, struck the starteant side of the stern of tle BB-552, leaving thie sLip mocred Dy the
: - - bow only. Tle shin chzeged pusition, heaiing imto the wind, ut maitsined s arpmxin

. distance {rom surizce zero.

- Project 2.2 vocovery operations wera accowplished oa the day alter the shot.” The recovery
party boarded the ship at B+ 21 hours 55 minntes (1125) to recover Saruples, instruments, .'
charts, and Project 2.1 filre tadges, which had becn lustalied in Project 2.2 test spaces. Re-
COVery wal campleted ia 43 mimntes. No pocket Jusicivter reading ezceeded 158 mr.

2.2.2 hel Uriralla. Prestol operationg dilleres from those for Waboo in that the m:is@rny
of GITH rezordars weid xaarxilly started, timed by o ¥-3 bour rzdio voice signal. Quly teo
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p«.r' rlizingg aveuracy ul QI lwiliie, 24T U TETAL LiaTw gl ;
" lesser risk than the pussibie luss of ail dala i3 c2se ¢ 4 power or ‘tmx.., circait h.iurv.
" Hostshot operations started at M+ 2 hoers, al whick time the recovery puriy bourded the
chip and doactivated the waehdowa systes  Liotsvosy was comploted, the washdooe rractivaicd, - .
: . B - aml parsonnel deharked by d+2 beurs wﬁ;m Mo pocket dosimater reating vl gheit- :
e o ertanimr.

T LA

. -

e,

M IR Lo 2.2.3 Postrerovery Ciperatione. LCicsecting and coontins of anlw.l tiscuen was 2eccaplished
' . ) o in the Entwetois Jarine Biclogical Labore’cry. Fhe sporifice sthedule {0 glvon in ¥3%5e 2.3,
. ) N . Courding of all ether wu«mm nedia was accomplintea inthe preject labnralory.

- .

. 2.3 DESCRIPTION OF qswmmmr.‘ R L

2.3.1 Dau Obtained-and Gata Available from Other Prokeets. Anima.l data was obh(ued
during Shal Wakou. Animal data, GITR cata, incrememal air Ssampler data 3 a funetion of R
several ranges of particle glze, 10tat air sampler duia, and surface sampler data were oblati- - -
ed during Shot Umbrelia. All szmple cullections were toal collecticns gade overaperiod of
L '; . time from some unkhovn time of arrival of radicactive matertal 0.1 + 2 hours. Mamy of the .
- . Lo surface samples showed no aclivity above backgroond. Ne delerminction of particie size was -
L. - . possible, becavse the sa.t.water-w&gunt {ilm was me:gul due to the humid szit. amsphcre .
" and Eigh temperatures. v . ‘
Additions] data was availeids: - ' . . ) :
© (1) Frowm Project 2.1 {Refercace 19} all GITR datz t'-rm«‘mt the ohip amd growmca lonf..t- o -
tion ¢osay dhta stacting 2% il+€ minvtes, cbiriwe? on the LD-502 (Ghot Umbrelia); sume SOR
data {or the ferwnrd livercnms of 1.2 11-473 (Uobreiia oy} nnd the DE-558 (Wakhes a2 Yn-
. RN breilal; and fils budze date from tix: thede »lips for tuwl: choia. .
~ . © .7 (2} From Project 2.3 (Refeve.ze U%: radicchomira] anziysis of a BD»‘ 2 fallond waimple
’ for camverting this project’s total zir suode dafa %o equlviiond f13s lonin, reduced phoisgrapks
 data of (he base curge, awi data from Lvers etal Sallrut coljeciors andd an = iv fiiirgting tnstrg-
ment, which were Instalicd oz e BD-E32 jastremant Jatform above t‘!‘g I=rvard g duector
'ge‘.tr:é!; referrcd to 2o \.}raru patforz), S, e,

AL, A N ek
.

.
- — .
.

e ——_ Y

o S : 2.3.2 Redoction of uamm-?nim&ﬁy-um* DA, "he reem:ﬂon of =li C'TR ru; 62 io fimal
- ; S coricoied data wa3 aocempiizhed by Frojedi 4.0 assinted by Project 2.3 perssanct 2s2 19 :.e-
- : " scribed in detadl in Reference 18. The GITR magnetic tape pulte recordings were isitially -
: - eumverted Lo dose or dose rate historier by peans of an analog data reduction apraictes sup~
) ’ plied and operated by Project 2.3 (ilefercnce 20). To obtzin 2 more accezraie readse Auring
the periods of rapidly changing. ragiation irdersities, the [BM-704 computer at the Eniwelok
Proving Ground (EPG) was uti!lzed. Magnetic tape data pulses weie enleced into Uwe IBN-704 -
via an auxiliary special-purpose mignelic tipe unit and gute chassic connecled to 19 computer.
Corrections fur calibration shifts, radistion source geometries, detector zeometsics for vari-
: . Ous assumed gamma energles, and timing corrections were calruliied or eslimated and 2pplied-
o ’ Lo . to the raw data. The minually started GITR records hed to be Lime-correlated with dala from
- - " the radio-started GITR's. This was z2ezompiished by lining up limes of those promizent curvo
o o features (such.as mlema, and the like) that should suve uccuf 7et at the same time for all sta-
bor S . tiony abourd cie ship. .
IR T - Om the DD 592, radiation {ntersitfea at exteriar locations were high enccph to saturzte the
GITR detectors, resuliing in gaps inthe data.  Au average weather deck dose rate history for
this period was estimated by normulizing data from appropria;c Interior locatiors to avcrage
weather deck datz in the time periods just prior to and after saturation. The onl; fzterior sta-
tioa where saluration was encountered w2 s in the easiey where the dose rates during e s:tu'ra-
1 ) C tion (be.ween 27.9 and 21.7 geconds after shet) were estimated in 2 similer fashion.
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Linalion thered)s. (1) reltticr accuracics o biased i s CaliilTaliom ik Lae Si¢i i LY WO rame ' J“

“limits for cosrection factoes calculatwed for 2 broad range of assumed radiaticn sonrne geome-
trico ard pumma energies; (3} eslunited eliceis of alig 2770535 awt(l e vartuste o O
from exleuiaiod averzges varre aparcpriate. A grsersl tie meectiion & vece Sula w36 il
mated to be within 220 pravesd. This fessimbitic cadipsate o proclston sosulied 7o U
manesj s 1arting of Mot of the CITR'S which erested rome rovertalcly in the thratsy o varlows
GITR rcoods (Befarence IS ' :

Toe CITR dond yat® Jala vas ST The curees pee oTrminad oy fartaree
thet mi, - : inoae i begiasisy ass ol of evelTent, the boglmdng and ond o €22 I

_ of radicsziive waterial, and 1> mumitede of drcay-eorrecicd dose ratos 1328 wers Cee €2 de-
posited matesial. The docay ciad vas boted on prelicimry exerimental ot ol lom chaader
decay of U™ fissiom prodocts b7 J. backis of NADL (report in rveparation) prizs to EeS nla

_utes and the Project 2.1 decay deta rormalized 2t Hed miznezos. ’

The nocmalizing techesgues desrribad in Sectinn 1.3 and Egariinn 1.1 were wiilized to osti~
mate the cose rates dos to the ingress of radioactive materials. Two estimates of dose rsles

Lann Samoes
e WS

L

G —— @

were made far each Inprass cosrsartpent GITR locationis). Tha two doae 2t lustavies, which
were norzalized 1o the Ingress compariment dose rate histories, were selected ncause integ~ -
" ration of e dose rries 96 o't Jped gave near maxima sud salsdssz Cooem for the dadn prailnble, - .-

wated oy rest duse rtes asd Goces. -

No limits of predatis errey oon by assirred to tha e
Although limits ena be 255tz w racerialatics i Liw Besic dals

w363, 1Li6 13 rof true o e

normalizing facior er (82 lemiicit 2eeumption Yat (1 faciar {or saisidiyg facter rolaticashipn)

were consizal ‘The raepe i ectinalte! cores L2 ndiative ol woertilaly of the eotinn 2,

-

avemoiM 2lo aaxrher €l in contd

iy b .ok | aglioke S5 raes
T odata weo o leemy-on hem e e AN 2 Lhase T
ircremanial a7 fead 2l SUPRKTI. LpMiIn
coumted agnind ! csyles hadd Covapad G varg T

Rl o R e

ERT-EEALEUR S ol

o tual 2

PRI

_ from 2 BE~ELS, £t Cmirelie
¥in tisme hittory ¢f malerial celleetion vy CeZsclale Irom the peation

The giriploct AsTyr:;lomy weve vddd Curraiore el dase #2ion ~2mat
sphericzl rolume

detive material in 112 rertiatzd test comaparinwnis. -Eguatiing 1.3 222 1.2 wers csed (0 o3l
. mate 2ithorae coaceziravions of 2rtivity. - . ' T o
‘Surface samplos were conpted and, for the only signiticant case of degusition, ‘the kigiost
- samnple activily was ased to esiimate dose rales and the ‘dose doe to deresited material.

Toasel i keg o e Y Gadbs . o
erdlaides ealieetad B the

-7 yer sawale by conparisen wivk 8 Pra ot 8.3 e il

o Basalive 1.2 and irteprated 0 e3ii oty e A doe to alrierde rodkio~

No limits of protxlis crroxr €an be assigned to estimztes tuped ou saipior data. The

approximations ard assumptions were male in suel 2 manser 25 to provide pssimem done

- estimates {or the data ¢iRainadl L o . o -

a

2.5.4 Film Badge Data. The caia v2s used tn lieq of GITR dalx znd lo s:pplement GITR
data In some instinges, 0 estimate in Tess dozen, or o ostabiiza the relative magnitude of
doses between vastous shirboard lorations, betvecy ships and siots. ngress doset were
estimated by the diflererces so duses between iny ¢35 and the gost pearly physicaily similar
noningress compartme:ds.

No limiis of probabic error cazn be assigned to soth estimates for

the same T2asons given s GITR-based ingress dose estimates. Th2 fitm badge data (23 beca

assigncd standard limits of error Uy Project 2.1 (Reference 18 of 220 prreent.

2.8.5 Antmal Tissse Duce. Aaima’s wese ucrlff‘ced,' tissurs conled, andaciivity totaled

2t variow times,  Uhs sacri.ce schedcle far Loth shais Is givea I Yable 2.3, Decawse of

3 .h.

~
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study. The trmover cu.w, whhis aplot ot s
tncludes radinlagiczl decsy wnd hiological ellminamizn as a Soction of W, - <
Breause of 1be kote reosecy CLORIRT saot Wahon, orly the micifs secticn of haradiisgl- o
czi-biolorical €atay cowvn fursomer eurvs), drov H $5°505 hoarg after Cxtcaaticy, camddbe - N .
Sctermained. £mer Sk Umbrslis, reeovery was . 2 at Pe? hears, and prorifictoy eizzted - -
tmmediately. Fioe, an eariy poriion of tie cur i wus Getergaler~;. DN sections ol the curves .
thus determioes 13908 woil wid the ewsvs Sor similar times dew "opad in axperimentyl padies
wih vrige 2 WRDL by ike re of pwjonie troe of clesinsd Refervaze 17). Corapivts falad-hody”
enrves for e Slreetor riatforia rofesly weoe conTiruted I mermalizicg the Iaborrtriy e%e
perimental cves 1o kest it e field &t Dagsed v gimiar carves drawn for exch test agival, . N
total tissue activity was cricviated for the fcllowr o sosisiud poriuda: the first 2 daps, the {irst, .
weck, the second week, and the third weck. ) . : o
* Inteyratize ender pach curve for fhe vasicué iime frdervels sivem shove provided mles for -

» 2otivity S2erd i Bx onamdi verses tinw,

the expression . ) e

wittch were ostticted i Egustion 1.6 to deter.nin the pverage ciole-body interwil dose In rads. ’

_ Turnovsr corves were similirly devcleped for tadividaal erwes G asisoistes el ek, o
Hvev, thyroid fa Sut Taalivolin exdy), shelston {23 Pejresesied by the tivla), =l G respira-. -
tory watl. Iafivides!espan dures were ealewnted ln the zame menuer 5o Jesribvd shre for
whole-body (erms Jroek. . . Lo

s a

oo a8 eEhaed il
nr they were oM o 80 :
1l e bulosion ar oroloaion of 42558 1ol cony omorts ot b

Com e __V— CHPL I "
Tgmorn duem s

foot comapast Lol &3y 2 sl
vt dutel ecdleciivas £ a funcl oo oo
it arEsaal data were 21€0 eared to demesithae gy 23 Giffereizes -
as a funciions of laesiion and thearcialive maognt
reiative magriiales of sh sam7ie ozl colie ) -
Estimates of alrborae activiy coneoniration » wirs coerrred ta 2 maxizsun persniiaiie -
concontratiey, and cutizarled xirmal €ores Lo commared b existizg doce demuge exdinyia.
gress exlerynd aad ol erndd Cuce cotiamtes and (5i0) duge esilontes vere eoasgyed (9 ¢ - N
demonsirale iheir relative masyitedes and Lence thelr relasion imoaortance. -
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i Alr Gysem System <2,==a - rriad gape sty Alr Chaoge . Supply Ducte Termiacls .
o . n’ T almin oanowa- : eeconds ’, tret
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[xring Shots Viahoe and Uadrolin, therd vere power failures on e 0D-522 and 220 somz
1 (o9 codditieam, . _

Prring Sket Gakon, G5 oid 2ir exinplers were not i cperaiion nor were vontllation
fems running. Cengequently airfiow tiroush ventilakion test cpaces is saknown. Test condilions
18 the firefoom were a3 desiinad.  Main deck tost spaces Yad appruxiemately < inches of water
of drex.  All 1SS antmals th the ratiey diea prior to recovery of H+ 28 hours.  In thiz space,
the temperatore excreded 130 F and was estizated to b avar 130° . Temprrature inthe
after crews Quarters was consiaal al 76° F and In the affer fircrosia xt 36° 1o 57° 7.

Daring Sl Umibneild, 2 short in the afr sarepler timieg clresit resnited {n the colietlb&a o
2-hour air samples instead of 2 sevics of incromertal sanples. O: .!y too GITL: recorders
were started be the radio clariing relas at H-$ mintes, A3 other CITR recordsrs were -
manually startsd Lased ox a -3 hovr radio volee sisal. The pooter timipg securacy w2
marrl slart sevorel howrs beicre shet time w30 oopeifered 5 lezses vk thes (e possiiie
all oty ki only F @ RONET 0 sartin g cirreil fuluse. VUL temse exceplidng, toEd
Y4 L ATONIC WEre L3 Cesinmid. Becunded touperatares ia tell spared,
2 W gty where thi temperalivn ras LTI Paiative daunid

"o LI‘“"D i3? k-'

Fase speoilivg, roselin

o edbmates of exlormmi

. Lad IS Liw with pespocs be

I tine and L 2ot 1hose o sees ik pelate to G
repart the terms “exterral™ or “indermel” it ig- .

n purTom er aa'rn 2, dut the terms "*z.c*in: o “iniarier” will be woed

with o 92 SR ;.) ) o T

the o
Lazress

33 EBADIATION m:v mmrr. saor aw ELLA . . .
S.3.1 Teli Cames Radintien 25 2 Fuastion of 'rhu. There resslis, a8 detérnhed from

GITR mezrurements ¢y tag L7532, are given 1a Fires 3.3 threuss 2.8 for toial gamma dose

" rates and tn Figures 3.11 t2reusd 5.18 for total panunz dosces. (Thc word "total” is used io

indicate the condined cortritutions &f all rudiation sogreos tlnt affict (e radiation detectors.}
These ¢curves show i Lapicly ckaring razistioa envircament {or the astramented areis
the ship. All of the Csme rate cwrves bave the same generzl siwpe, usf similarly, ol darse
curves Fave the same goneral siope. An example of e rapid accumnaiatics of dose can be
scen [ron: the weather dockt éata (Figure 3.11).  Arproximately 50 pertent of the weather deck
averape dose was accoawlated briween H+ 135 and H+ 60 seconds. Durizgz this peried, the
makimum pezk ntdinsity (Figure 2.1) ocvcurred ot 2 ramiaal time of 1«39 seconds with near-
peak intensitics nearly constani from B+ 30.5 to H+ 33 secunds. Appricinately 8 percent of
the Jode was atcumwulated from F+ 320 o Be 600 seconds duriag the seieqoent Deak.

in f.efevence 18, it vas estin_ted that transient radiztion sowrces coutribuled more than
95.5 poreent of the weaiher deck duse on the DD-302. N9 significant dose was accumulzied

after 1+ 10 minuies 2! the varines deck Jocations. The probable scurces erriributing to the
ragiztion aiter this oo were deposited cuntamimants cs the m»uhcr suriaces, within the skip,
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20d ia the SUITUOMGILE RICL.  Kiee 1004k Tawshe i de 0 o0 CRETIINICE 35 150w SRaVed Eriag
the period betweea 19 and 195 miruies after Sbak Lzstreila v oty Sowat § pryeeri of sk dotal
Mzmmmnwmm mmmlvmmcelwde.r =y t2p srhregoent
24 Lawrs.

At H+2 hoers, radiatite pead:7s ot the oalii of the rerovesy tug, Guiny Ha worsach (o tis
DD-592 for saaaple recovery ciissliss, weae 43 to €0 mr/twr; i ot vu..h.a-rs, Suzles o
spproach fow a secend bowrding, 1w Sioze A Gee vald i o LOY wore 20 o Vi Frsm variows
obwervations, fae siiy ane ie CrESirmed Wy Zwor Saurtiae sboTily ritor deizasiim tea
umwmmumwmnsh&ordmamsmm -

Th= dove rate blstacies thrau herd (2 sldn, while 24} gereraily sigiine camior of the docnd-
maze cf the exierior transieni rﬁ_lﬁnm Lave énitaciive clayucierisiics Lk scpa-
rate them into twe QrOups— Ingress snd poxirgreny comgartwents. During tie feviod hetwesa
major case rate poaks at K+ 130 to 3+ 149 seroe<is, e pnlicy sad #iter ezl so0R doge Folre

© are the highest atmurd slip, respe lively 1.0 and 3 times Use a7erage wesiher dack deese rules
(Reference 1§, oompartownt fo dack dose rile ratios), wivreas the {ircroom dose rates are

- T 0.5 to 0.8 times the weather deck dove ratea. Al lale times falter 2,000 scconds), the beghest
T . dome rates are fewnd \a the Lower Jovel of the forward lrecomw, Mter firercem, ard galley;

- - respectively: 2, 3.8, and 1.5 tises the wecther d2ck Goge rzies. At theso tiner, Lhr 3l
: : exghie room Jooe rate3 are bt Lo higher thas (n somiagres conytoisaein.

This evidence I {aiicatlize of e romanee of dopanited activily {n the gilley 2ot bolers or
boiler 2ir £7stews srd & radizactive serasel in the alior eauae rooma, wixich ind b""! exhanmter
by ventilati s 2isflow 21 later S, R
. No distto tive evidence of &2 e exprIOReD PES q«» the h:;r‘-!s of crsirmiernis s be
- ' faund in U creus f'xar‘.em Cove rie k (rewerar, iRT lower devel €f 2 Snmenrd
ensene TOGM, A HIN 0D I eTrivat® of A SMRUEYLE & 53T i frea
an laterior "'mn, T 2igh doug pEles IR ket 1rwid
viant radwu: &fr: r:.a.'etf ‘:Exe =i

& )..’ 155 '&K-?z S

- . ' vadiziics Sruse

thm Frveleomoy Base Suape. e Refrreare 28,
a;wﬁam ;,a'wua radistie Risdosten

3.1.2 Estimatea of Some Clre
1 was cuggrsied tiat a curssle’
zad the base sorge transit, Al . y
be toreidal in o3ope.  Doring s s, the u:mm wapanrded radizlly st Sira spoed,
It eventuall; roathad & mRrimrr daretes, sller which € wad windborne and meve? doyrwink .
: The Sovnwind segmoni of the bxse srpge paaoed the L3-303 daring 10 initial enpoudicn wd b5
. .+ presumed to comialn tie princiyet rolaten ssuree of e mazinum Jose r2les mearared
aboard the chig. The pastage of the hnitially erviud acgmen ef the bage swurge, Jriven down-
wind Ly the 20-knat eurface wiinl follesisg t™e Ladiial Dose swvge expansion, is gresmmd t3
contain the priceipal radiatios reurce of M swiseguent znd trozder dose rate o2k
Severa) estimat»s of the trossit tirme of the Tase wui u car b2 mads, Based vrvom risaal
. observation from a tog k8 severa) mies frea Surface 2ero, the sample recorery party oati-
: . mated that the GD-592 was csuifd S the bede surgs a1 He 35 teconds and becorae visitie
- ) . - throvgh 2 haze &t i1+ 8 minutes. T I 35 sacoad estimaded Lame of sturt of cavelipnent
coincides with U gpproxinate tize of e farst major Jose rate peak and the B+ G minae time
15 in the middle of the subsequent dose rate peak. Turving 223in to Pooject 2.3 data (tferonce
20), at H-+ 30 seconds the vstimusicd speset of advance of the tase curge I8 hout 60 keots (100
feet per cocond) and {1 downwiond toreidat sectiva of the Lase surge is roughly estiesied to be
1,200 {cet [roms ouser edge 1o inmer edge.  Bosed 0 these estimates, the DD-582 wouid lave
Leen cnvelopod for approsimalcly 12 scooads.  This, of course, assuiaes (e absuce ol an
Invisible acrosol intlowing the trailixy edre of tixr base surge.
A second estimate is available fivm Pt 2.1 data {Rofecencs 38). i thir hase surpe 2

considered as a semi-iafinite m..a we seuzrre & thie izstacl of eovelopmerd, an iaiinite souree”
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during envelopmend, and @ 5. mi-dinile 50Ul e o e LS W LXK IO s gt
then the Jdose rates a1 the ht-gmr.mz of ervelopaent and at emerpence wo: 'd-be half of the pead
doe rule H radicloyicat Zeray 3 Simisstal Trum Uze deaj-oorr sci | 21e¥ o thee weRtioer
% averzage Goae ralos, L limes st wiick 93¢ Cose vates are Aol i *n ¢ axwem vilve aze
e 29 and He 35 seoncds. B a fourih of the mesk value were uzed [xsicud of 4 kail, scouming
that the souste was Whuag less tan seei—nﬁnﬁe, then (2 ticees would be 2+23 224 Hod
seccads.
Similzr trovigest roold ricee the Hme «f mselosicent by the Inttisile el sopment Z B
‘Dase surgs at 71+ 252 and M+ 273 seconss, waspesiively. THIS sopmcin c." R RS aTER wad
greatly dispersed and dlluled at this time cmdwmm.waﬂ rcmddt&eu-ed ita
porsage over sid apcend the DI-5G2.
Project 2.3 kg two types ¢f coliactors on the gum Giractor piaiforma cf the BD-SSI which -
yistded time-dependert irdermation {(Refeverce 20). " Their Iacremenial failowt coilertors [} ]
. and 2ir filsration instrement {AF]) oained I-miwte and 2-mimte incremesndal ramples respe
tively, The Helto He 2 minute IC samples ax2 the O to H+2 minate AFT sanyie contdined
. more radioactivity than subsequent samples {3 correcied for decay to a commen time) by an
E . approximate factor of 39 for starboard IC, 15 ier port IC, asd 8 for AFL The H+¢2 mioule
- A ' : AF1 sample included sea water In such quanticy as would be celivered Ly a heavy rain. To re-
: view and summarize: it 15 estisnated thai the LB-552 was envelogwed by e base 2urge come-

‘”‘

-3 time between it + 23 o5 il + 33 secondis and vrerped from emvalopaweid 24 abwk M40 sevonda.

i 1 Al ¥4 30 seconds, tha base eurpe was movie: 3l os esiimated spevd < stout €3 Laets, and dard
. E{ . . ‘op bamediately relracuen? {2 the evelopiacal, Ciede iae Prolaily a heavy roiaow of sex waie

L . Falloul coltections were corsldorai’y preater dartag 152 pactod e 1o 53+ 3 saiuaton than Gird
L any equal subseguant tiros poriod ’ :
AL sbout IDe 255 2000, A S0eoTd vatell ] DR farred Leen e of 12 poest e of 1he un-
wind sepmadt of (e e cuga. - Thls was widternt and therefare trowiay o e sored of 1o
amrface winds, chowt 0 krsta, ThiS envelvsy ot owled ad obo o 4438 roconds. To2 extlive
L of the £l was visitle 22 abing M+ 320 ¢ %, @2 '»0"-5cmion of the &2 o zndd (ia‘.u:e satorg
of 115 segmictd af the FGse ST &l e Bl
K 80¢173 most woobiablie that rad.u__me xiooreis wore drxun op eeed bl open w-mm
and boiler air syslen:s in (e Createst srscunts derlag or imnaediniely after paseae of e v
idle base surpe. . _ E

-

.

. © 3.3 Alr Sampie Douta. Resuits Crom ths Boremerial oir c2wp3er8 are prestated i Tadle
- 3.0 n3 (otzl activicy culiociod tneath sunaplor sad twe perceniare of thic total wedt ws lournd §2
the five stages of cach gancpiar. The &ofa-was ocrrectod for dacay {Project 2.0 decay duin)
5 : - from time of ccuntisg to 1+ 10 minules for coomperison at a commoh Hime,  The (kal air sanph
- data 18 presenied ia Table 3.2, decay-corrocieds on the same busis as the incremental sampie
data, and also ia terms of fissions as determuwd sfter roturna to KRBL:

The zcliviiies of ilve totat air sunpies and e xdjacent incremertal alr camples are spproxd
matcly propartional ¢ thoir fiow rates (10 to I In the crews (rariecs where they were not
adjacers, the activiiy of tae total air «ainple {iu3en In e center of the ccw-,,aﬂm near the
exhuust tenninal) was equal to *he average-of tia port and clurtoard tacremonty! als sample

. - actitities (corrected for differences in sampler flow raies). .
- Tiw data fro:xtie izcrements) air sampler skivs that §3 o 99 percent of the sctivily sam-
: pled was associated with particles equal to or less than 1 mivrea in size and hesce readily
atrborne and regpirzibie. The princijal excoption is the starboard side of the uita'ie space

YT
S e

. where approxin.2tcly 19 percent of the activily was associated with particles greater than 2
< R micron in size.
¢ tnspection of Tatlz 3.1 revaals thd starlaas2 side veatifation intake and uptake space ecllve

tlond were all greater than port side colle.tiocs and that withia the galley the opposite is tree.
Considerations of af-ilow effects due 1o 3 20-)231 wind Irom starloard 19 port nd ihe tnitia)
csape of the bxee surpe &t 62 knots when kich concentrations of activity wmey have bees
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availabie sugrest a presible exglamation. The vifort of wiad is W create a Rgh-pressy; o Doion

op the windward face of a strscinre and 2 Jow-presowse regica o leeeard I it is assumed that
sampl:ng times were uniform (2 reasombile assenNiis becuse the 20-kosl wird would pniferoo- |
Iy clear airborne material trowa Uic vicizdy of the oliip), Trem wveraze sclislly concertistics

far the time o sampling wonld be propartional to the total ramples collceted. The hizh- axd
low-pressure regions 1o starboare and cort coull caude Cillerences ia airborne coacesirations,
which are reflected by the differences ia starbeord-and seet toal sample coiiections.

Simidar circuristances gy W L galtay vemssd i, Frere the siarboard pwaiaunn eooti-
lauon inlet niny have been in fhe Ww-pressare Fegion, which is created by a wind oo topcia
structore near the windward edge, (tus dilivering Lower concenivitions to ihe starboard side
of the gailey. This air current wonid bave tille oproetuaity for mixing with 2iy from ciber

“indels. A second pessibility ia that the siarkoard scmpler was not in the priacipal aivpath a.u';
becausé of th's, sanpled relatively dilute contentrations of awborne material.

Saunpler activity colléctions front the starboard side of yhe upioke space and fromi ihe diree-
tor platform were jress Uun thuse trom the starboyrd vergilation infokes. This my he the resait
of low sampling cffictency, and aito, in the case of the wpake space, the principal airpath m:y
have bypassed ihe samplers.

" tnthe engtne room, the tiree samplers collected appwxzantel; ecual amourts of etivity.
However, it scems unlikely that Lus was the resit of aniferm concenirations of sotivity bu
rather the nei eifect of sa.plizg dilfesert cncentratians for eompeneating times of campting,
Sampler Number 10 sampled air Celivered b7 th2 port supnly system, 2ad the tolal coil
was approsimately twice the? of the futoke gampior. Sampier Nuwbers 11 and 12 s dair
delivered by th: starboard surply system, and semple 2ctitiy colloctises were slightly higher ©
than for the ir2ake sagrpies ) . o

The a vty in AL crews gaariers air s..:s:"b‘:: fSiatinens 13 rud 14) wore inuch Moas den U
aclivity in the infake aiy oomgie (Qakige 7))
the following: (1) ¢irstion cas to mixing with clzom nir ta 2
Sisne periodd dus to the thifiusad shape of 1o wotemag of cont
_samplex , 20d 13} foss of airdsewe abiivity o W doposith

Aa {aspettion of the veatilaiod counariment sirflow charact=visiies niven {n Tably 2.2 indi-
cates 1hal radicactive mater:n! uoeld be inkreconed ida test crmgiricie s from imrediately

“to witiia 5 to 10 seconds after L wag avaalable 22 vegkilzticms futaln ouisdngs, The estizmicd
times of availsbility for the ! i conconlratiang Sre sh=et with rogect (e the (ime to craege
atr In a comy *riment; bance, the velume of such activity ecacenirations is some fraction of the
total room voivine. The stort time of hatredumition, the sxall vwlumes wilh yrspect ta yeem
volumes, and the delivery of these total voluses as staziler volumes by the vetilation distribu-
tion systems 5t varying distances frem exhaust terminszls wouid iead to the conclusion that there
was litle opmrriunity for uaiform activity coneentralions 1hrouchout & test compartaent. B
Seems most prohavle that samplers were sampling discrete volumes of contarsinated air, and
that there was little opportunity for mixing except uear the exhaust terminals. U sampiers did

eomntneent, (08 shart sirogling
sated gie carbrled rosl e Sir
aets sidfor coupnrinant.

- sample discrote volumes of contaminated air, it s prehahle that the contaminated air coxtritated

to the dose rates in the comjarimen for a tine period Dath before ard after the sampling period.
La thiegace, 2 symnie eollection §S fomething less ting mecessary for conversion to dose rates

. and may compensatéd to some unkrown degree for the assempiiou of uniform distrilwtion of radie- -
active material, which shouid provide an overestimate of Jose rates.

3.1.-% Surfare Sample Data. The data is prvenlvd in ’i‘ab;. 23as lhe counl rate at the i'me
of counting.  The uptale space, gulley, and mu-p.u—imm fwwcing the irunk for the ventilater
inidke 10 the crews cuasters were Jocations for which the bichest sumple counts were ebitained.
Althougsh !he surface simplers represert a very smallsa piing of the tota? surface in each
coupartmernt, they are adeguate to show the localized natare of deposition.  In 21! spaces except
the uptake sixuce, the samples shoming significam deyositaon were located on chstructions or
fartings such as air sampler frames. The data indicuies Yiatie mpos&lwn on decks or baikhecads
except in the upﬂakt s;nce. ) L
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7 Ve AIHATHE 15CGES Lo Ua 7:l<r crows Guarters coald have ven Jow tul vanape past goor
~eals, teakage from ventslator Lrunks, of air sample exbasst. Veniilatar truiks were noroally

AR P S

. undcr negative pressure due to {nduced Now, 2nd leakage from these trenks could only lave oo~

curred if prozsures wire ralsed by viu-ioc buge Large passage. ‘The so‘nrce of u‘bese miv.ﬁ'v .
eouecuou ca;inot iedetermlnd. ° .-

]

s.zmnmx_.mmnﬂu R ' S

3.2, PEstimates of. Frierna) Rosdixdias Doges Do is t3e Lxress of Cou-mimm‘-, Traged m

. GITR Pata, A1 PO-S33 Crri doze rates spr torrected for deeay (decay taciors used ar?

.

given in Apmeriis B to r/hr a2t 11+ 30 seconds.  Stations 2 axd 3 were used for cxterior dose
rates, hecante thwee stations are in the same section of the ship as the iné,ress lest compart-
ments. However these deteetors were saturated porier to B+ 58 seconds.  The avmm ized
average weather deck 2ose rates were used for this period.

The dose rate data for Stagons 2 and 3 and for Sations 6 204 T were av or.lged to represent
dosc rates for shipcenterline lucativas in theif respective ares, or compartment.  Devay-

" corrected duse raies for the average of Satfons 2 and 3 o the average of Dlaticns § and 7 are .

shown in Figures 3.19 ned 3.20. Figure 3.21 shows 2l of the soningress compartrent decay-
corrected dose rates uormalized to the average of Siations & and 3 at 360 secords.  This time
was selected for normalization,, begause it is the tims of mavimam dese rales durisg the sec-
ond envelopment at nearly 11 of the stations on the ship. Finre 3.21 shoes on 2 comperative -
basis ticse dose rates tist are atailable for use ia the nornslizing technique deseribed in ’
Scetion 1.3.1 for cstimaling desc rales due fo iagress: Numeross altemiis at using this téch-
nique demonstrat d thet the period prior {6 11+ 50 or 65 seconds was the most sensitive in dose

- determinations, and in Figure 3.21 it will be noted 1102 the urerages Sor Stations 2 2ud 3 and

Staticas G and -7 represen? e exiremd range of noaingooss dufe rules during s perici. A
previously indicated for Station 13, the lower level ef the foreard oy ziae pocin, the preseace
of a locil radiatiun searce is apparent steriing 7t "24-5‘3 ‘soronls v*d elumintes (s Madiva far

- use ia the noerptizalinn toclrique.

The averages sur Saticey 3 and 3 awrd Saticns 6 aud T vere sormratized 0 the o0t Irgre:;
compartment data, 2s explained beiow, 10 sinulite the decay-cosrected dose vaies, witich
would faave Leen observed had there bren no ingress of coftunimais into the shin.  Figwres
3.22 through 3.29 show such noningress curves ax aled the cdad my«orm«l dose rotes
in various compariments. ) -

* The succes=ive steps 1 determining the norrasiizaticn facir aasa:m*- uaz the deeay-
correcied ingress dose rates, -i.e., the Sifferance between tho total decap-corrected dose eate
ard the normalized decay-cort ected neningress dose rats in tre commartowrnt, vere the same -
at 360 sceconds and 520 seconds when the averapes of Stations 2 and 3 were used 23 nornialized
doecdy-corrected sioningress dose rales, and thal Getay-correcied ingress dose rates were the
same «t 360 and 560 secornds when the averazes of Stations 6 2ad 7 were used as rurmalized
decay-cortected aoningress dose rates.  Normalization {actors determined by successive |

“approxrimations to rocet these assumptions are given in Tabie 34, Average decay-cerrected

dose rates for Stitions 2 azd 3 and 6 and 7 were multiplied by the appropriate normalization
factor to obtuin rormidized decay -corrected dose rates, 'winchk, when sublracted frem the ob-
scrved ingress-compartment diuta, teave remaiaders ti nt arethe dt-n\ed cetimates of decay-
corrocted dose rates due to ingress.

As is evident from Figure 3.2), the use qr Stations 2 and 3 213 6 and 7 for these normaliza-
tions should result in the widest range of decay-corrected inpress dose rate estimates (o be
derived from the wvailabic data.  Curves of these twu sets of estimated decay-corrected ingress
dose rates are presented in Figures 3.30 through 3.37. Note 159t rumerous instances of nega-

tive dose rates are fourdl.  This result must be accepted as one of the inaccuracics in using the
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avaualle roningress datl lor this ¢ s\.r.al ™ .:qu..« . Nuegatnte valze s cannot b ehinate g

without imposiog a severe bias for which tcre i3 po cationale in the scicction of a norraaliza-

tics factar.. ..
As cxpected, the bert ;g:reenuu Griween the 12 seis of em maed dose sales aud e Srwest

vegative values are found in the bost suEMd W—-t!& lower level of tie machinesy .

spaces.
Decay-mre:ted lmre» dosa rales sre alk relatively conclam lq _lhl hour, tie end ol wcat

. of the available cata. AL iNis time, il iz asscsoed that those dose mates are princinally dee to

activity ¢Lpﬂ5i°!~d 28 the resuit of Lnrese. Lackingany data, it was aseumed '.!::' thin actixlly
PP L T K. P 5 ]

was deposited.prior to W+ 60 seconds and ibat Ui bulldup occurced Getween HidBand 14 €2

‘geconds. The dotfed lines in Figures 3.33 throegh 3.37 represent approximations of the desny~

corrected dose rates due to depusiied aciivity taged on the alove agsumptiens. Single values
were obtaived, for the machinery spaces; b 12 the galley, the upper dotiad line was dorived |

* {rom lorress duse rates tased on the normatizativa for Siaticns 6 and 7 and the lower curve

fiom ingress dase rales based on the nqrmahzzmm for Sjauum 2 amd 3, . The Aesite is tree

for the crews quarters. |
Decay-correcied dose rate curves provide little additional’ iufmnauon on the tinwes of begio-

" ning 2nd end of ingress or ervelopmoenms. They appear 10 confirm the initial time as being

Detween H+ 28 2nd [1+30 seconds, 2nd that the highest concemralions of aciivity wese wssoviated
with the Lase surge [roid. All curves b:eak 2t about |+ 60 seconds, and at this time ihe influeace.
of loczl Fadiation squrces ars apparet. ngress d«:ay-rormted dose rates ail veavi a 1sini-
mum 2t -+ 280 secends prior (n the sof xel es‘rempment and, s assumad by Project 2.3, this -
enrelopracat apprars 10 kave cndod not 4ot tan B+ 660 seconda, At aboul 3+ 1,200 Seconls,
an {gtarco radintion source was off the “starbeor hew.or eam, presemably waterlasne cad
perhar a geick of foat as discussed in Ruisrence 28,  and coutriomted wost heavily to dose
rales i e slzr?xmd sic2 of tie cn s ] uess, -3h‘bf.'%r¢ weuther decxh. and tie e iRip ¢ ’»:k

EN

"‘hb d*cay-cursmcw.: Case rates estimgted to b chw to the -‘,gress of cenhm‘“ s (Lodh
tolal and dac oxly to Gogosited activiiy, Finures 3.5 througic 3.27) were divided by 152 cacay
factars given in Sogerdi B (0 Civain esticates of the dose sutus due o ingress. - These dise
rate cxthantes {mduding negative values) were romerically tnegrated to give dose estimates
which are prosenied In Table 3.5. Isgantess of the uncertainties wid the wide rarge of these
_estimates, it lc to be noled thei a farge portios of each dose was accomulated prior lo the pec-
" ond envelopment. - Some of the differences brtween the dose cstimates at cach location may e
due to rediation from adjacent ingress spices. Stations G ant 7 were remote from ull ingress
sources, whervas Stations 2 ard 3 were abew the after fireroo and near the after uptake °
space. However, this ratieratization caprot oe applicd to the.dose estimates for the crews -

. qu:uters., hecnus«» tuis compartmen. %2 5 b4 OCAr ANy. of the e‘her ingr~ss test compartnents. .

3. 2.2 Fstimates of External (‘-m.m R.ad‘u.mn Dase Due fo Airborne Acm'm and Alrbome
Activity Concentrations W ithin Test Compartomen!s, Basoed on Air Sample Data. The estimnutes
ot GITR-1ased decay-correcied dose rates due to Lhe ingress of contaminants arc tea indeter-

© minate to be used to apportion the alr sample cvliections as a function of time. Therelore, it

was assumred that: (1).at B+ 30 seconds, there =was an instantancous influx and diliusioa nt air-~
berse activity, which was uniformly distrituted thruughout the tost space; and (2] airboree
activity concentrations due to ingress were reduced therealier only by the Ifects of dilution

by vertidacion air and radicactive decay, Regueting all subsequent ingress.

A determination of the numixr of fissions for cach toal air sample was pade at NRDL after
cumpletion of the ficld work, because the total air samples were the only ones whese activity
at this late time was high enouch for cocrting ourposes.  To determine the mumber of {issions
per tampie, a Project 2.3 sample, AOC 582 FUm {Refcerence 20}, was used 25 the reference
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Lken a8 6.1 perceat and iin samier o LSSIORS Getermired lor lhc sampie.  The sample was
. cumoted and & fisshia-to-clond-Tate Faio was delermiced.  The totsi air sz.nmﬁ-s were coomted
in 1he Same counter, 2 wiian the abwre-tnbrticned Folation of fissions 16 coud rate (Cerxerd-
ing for decas), the 10 Lir sxmple ocu?? rates were convarted to {iseio0s ant sre siven ia
Table 3.2, The collectivn o these munabrers of ficsieas as a 2 fartior of tine was Crtosmined
2w converted to dose raics awd airkorae conperdssitons using Equstions 1.2, 1.8, and 1.4 2e
. appropriaté. The estimnted disc rules 2ad concezivations fow the first 10 rrioutes ~ler nunt
are given in Tabies 5.6 varoma 3.6 Ercos eaturcted tram thedte dose raies are Predess vy o
© ‘Pable 3.10 (omititmg the firevomm, beradse this ore entixuie was 100 Yow 0 %o significong.
- For the fireroom, # wad assurmed (228 radioactivity frem bobiar casicg leaksye was hutrodiced
. ino (he fircroom at i« 30 seconds aod rematnad throughout the sampling poried.  The zir sam-
Pie then represents a coliection X 2 comstant rate {Sonstant concendrztion} for the tolal sampliag .
period of 120 minutes. The compartment had been sealed, u\i o basis for est-ma!.u xirflew
characteristics was available. . .

3.2.3 Estimoies of Exterral Raﬂus-m Dose Due to Depcsrted Actvity Withia Teot Compari-
menis. ‘To estirale the dose mdes due to deposited 2ptivity, the kighest surface saniple cvuml
. rate for the {ilm slide collocsars in 22ek compartment was uscd a9 the count rate for both the
o decks and the bullicads in G congurimendt (a1l buikiead count rates were below backgronsd
at time of covnting). These comd raies were substituted {a Eguution 1.5, and (e i+ 10 raiude
] dose rates 50 estimated are pavsentiad in Table 3.10. Comparicc: with the dose rates esdimated
s for airborne contazinants at &+ 16 mistes in Tabex: 2.6, 3.7, =1 3.9 ehow thet Goiy 0 ike
galley could dopositee activity e conriZered gignilicasd. B
The dose rite calitoated for the giley 24 1% 10 minutes frow ble 311 was sorsecied foy
drcay o oblaia esthaztvs of Cose raws (vwm He 1 10 B+ 12 mbieles pud a8 M+ 127 winal
. suming ail n:aterisd .f sited L He §miwte, (Qeery a2y frers Relerroce 19 was uﬁliz-zd
for the time porivd He S to Mo Y0 mamatr3 sl ciuirzniiited {n siope of aboul - 1.8) for 114232
. secpnds to K+ b ial ..:tos 3 Th2 Guod relr ertimatos and (ha dore Lo H+ 3D mw.:ws eve p*'eﬂ.:'m
b Table 3.12. - o N

3.2.4 Susumary of Extermt Gmoia Dese Esti P 40 t50 igresc of C"*"“Ml\.mkz‘
The tota] gammna dase mizasured i3 230k tost compaiiment and Uw variaes eslitaicd gamos
doses due to the fngress of cantemingits are presented in Tatde 3.13; filin bacge doced are
24-hour doscs (Reference 18), GITR dioses vary {rom appreximaltaly 3- to I-hour doicn. The
ingress dose ostimades are romad fipmes, adeguaie to represent these estimates for 1 60 34
bours.” The sacertaintics inbercat intie tasic Gata-and in the assurw fions 2nd zgproxinaiions
used in the estimating techniques kve resulled ina nde rzn:,'e of valyes for the ingress dose
estimates at cach location.

Comparison of the forward aod after firerocsn a ingress dose estimates indicates that full-

. power operation of a boiler waeld resuit in bigher dose ¢stimates than thuse prosented hicre,

N . because combustion effects would canse greater deposition ¢f matcrisl than for either of the
two condmon.s inthese tosts. Dering tho tesis, the operuiizg boiler was fired with dicsel oil
to improve unmansed operstiomal rediability.  The use of regulur-boiler fuct would result in
larger soot deposits and (herlore also increase the probability of larger Ceposits of radioas-
tive material. No estimate of ibe magniiude of these effects cun be made, bt n is most prob- -

- able that an increase tn dose would result.

Comparison of ingress dose vstimates and total doses indicates that even the !_ughest ingress
dose estimates are only a half ¢2 a third of the lolal dosc for the best and least shiclded ¢ ne
partments respectively.  The relative importance of the ingress dose is thercfore a funclion of
the shrelding provided by the t'zip's structure. For a destroyer opzraling under tie circum-
stances encountered in these tesis then, even the mximumn ingress dose estimatrs are nee-
ondiry 1o the high doses which were measured in lightly shielded compantinents.
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3.25 funyammiaw s Db Stenates w1 raters .:z Noiefoa A7 Us Tl LA st WF e Lo s
. Shids Waw and Uxboeiia. The only external radvion Gaia vailatie lor the Dim350, Siak
. Wabno, consisls of nveordry Parly rikoiogivsi suresy dose rates and ivist 5 fis edpe
P ) » doucs. Tho posisian sevey readiings for Seln Weboo and Umbreils are progoalad be Todie LI4 -
! . Comparica of the $503 Waheo cota with (de Shot Umbrelin shia (rorrersnd for degsy to B+ 22
: bowrs) gives aa inseatiee of te reloiive mughitudes of Cepositod rationciive ronierial. I ioe
ress iest comprtmmate, dose rates were at least 3 £o 4 times Digier wwd weater cock dose
rales oere geoeraliy Awmut 10 times Hghew after St Walse (ks after Zhmt shmtagatts
Twesly-brar -homz Givz badge deses (the average frors 201 k2 bados nrvasms &2 cosh compart-
ment) are presenied in Table 3.15 for the DD-562 for batk sdots, together witss the railos of -
Wahuo doscs to Usibreita dosed.  These r:moc vary from 1.5 h 2.3 ht reveal ne. a..crmuac
with respect to iorress.
In oclax (9 make ssase comparison of the effects of ’nfua, lheﬁln zige data muu
wtilized. Noniupress couircis— dose dafa from a compartment wivise shividing amxmm&n
: that of an ingress tess oompartnienl — ware setacledund these dose data sutdracied From ine
. FTess compartment dwes to obtiin an estimate of the dose due to the ingress of CoMaminanta,
- Tbuedaneuamaanpresmudm'l‘ahleﬁ 16 for the DD-552, Shots ¥ Wahno 254 Umbrella.
Similar dosc estimates far the forwerd fiveroom (in operation aud instressented v filre tadrer
-and GITR’E) are prescuied in Taule 3.17. _ Condidering tha uncertaibity in those ectimotes, it
wonld zppear that, for Shat Umbrellz, tere 18 a deerrase in tngraes acun vith dgianee from -
curizce zero; for Shat Wao, there is a coorczse from the DD-L74 to the LD-502; tact both tae
; DD-562 224 G- £33 Drwress doses are rpgronlnately cqual to o greater thun thoze for (he
1 S : ED-5%2, ler Shat Trdsalla, . L C .
% . . . 2 The magnude of Ui (42 in the firemosn, TD-383, oller Shot Waloc i3 c':r- ogd g o2 proe
i ’ . T sented Ny Mralim L€ (T ference 10 Durlug iae poried oider oo £08) emor< Zivm cnvelge
Eise smrgr ez clond axd pricr to the tow (dat {ae §i0p poresy ﬁus; Bocne EusryoTed-
ed Ty o0l inknted wter, 1.2, brivesa 17 oo 59 inimdes after Chot U 8 R R
un; fireraum wern €8 10 order ¢f 17 dines Righor tn Cude rales e e vy vetador ok
- and alagt 153 times 22 s toe duce pztes fa e o Bcest enzit rois,  The firerer v ise
ratos aporasinaie 03 cariag this ;\rbdand apotar oaaclueisely Lo e Cur (0 Jepesied rafe -
aciive material ir: e bailar or builer cir system. The dege for 23 paried, arprovimately 35 .
mizates, wes 3 1. Tie ose for the opicaient period in the firesosnr of u:. BO-53% sfiar Sem
. . Unileellz w2s 5.6 7. ¥bodose inzil o3 Lee Lompznmnms e the DD»S‘J.‘: 3r this pe-ks.. was
\ ! . L S less tkan i r. :
4 } S e After 5zt Unsorella, whon the ships had emerped from enreicazm e ﬂrerr'e-n duse ntes
) b ) ’ . ' were 1.5 and I.'.its-a = averaze wentber deck dose rates for (e HD-4M and 593, x'cspu-

A LA e

S e L S S s T

e - L

- : , tively. -

. - " . ) : The Jocaticns of e thrve ships for \Vahpo were: DD—&"{. 2,580 feel; DD-592, 4,200 fest;
and CD-332, 8,900 feet downwind from surface zero. For Umbrella, the Jocuticns were:
‘DD-473, 1,909 feet; DD-332, 3,000 feet; and DD-593, 7,500 fcet downwind frv:a surface zero.

The dose estimuses Inr e freraoms are for -bo:l'-r aperation.  Reglisiic operaling con- .
ditions mould include eperation of boih boilers at (ull power and wih ventiation sysiems open. '
. - For these conditicm, the firercom external ingress dogé would be raore than trice the dose .
- T ) esllmatvd for b-beiler speration and scaled v-:ulilalioa opming&

’ : I ¥ -A;vz.\m TISSUE BOSE : :

1 Complete total-body radioactivity curves for the piatform arirals were construcied from s
the tield aad Laboratory eurves (Figures 3.28 through 3.41). - These have shapes Iypical of the
curves for all test anisals. Tornuver curves were simijarly develcped for individual crpanss

‘o ) E ) gastroirestinal (G} trec?, liver, thyroid (Shet Uwbreila only), skeleton (as represented by

. 3 ) : the tibis;, 2od respisztory tract. The individual organ turnover eurves far the puinea pig and

~ N ’ . - ' oase LS 23 e shown in Figures 3.42 through 3.45. Total tisswe activity was calculated by
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ae e thody e sorsbn d 16 Stetion 2,800 Lo the T uS posla 2% Perlniel Jme .A.r:\ 2y, tor
frrsl week, 13 second week, and the third week. The calculated wbole-body toses are pre- -
sented 12 Talde 3.18 vt individual organ doses are provested ia Tables 3,19 ibweanh 373, O
these organs, the C tract, tae sheloton, and e 1%yroid may b encsidened eritical riiccen-

° sitive exgans. A critical crgma cay be desined as: (1} o organ il 2 povaisR Sexormlslan
of radioactive material, {3 2n crgan st is eseemizd or indicpensable t0 the vl dulyg of the
whuie antmal, or {3) an orozn that 22a be Jamaged with 3 low doe {Reiereace b

3,31 Intermal Dose to Avimala-—Senoral Treads. Iosportion of bodh tar whelr-Sucy [Tadlie
237 and individead organ dose (Tabjea 3.18 through 3.25) reveals that the predowinant dooe
from t- terszl costamination fa 2ccumulated durisg the early erpodure peries (9 to 53 bouers).’
The enly long-terwm expusure dose ‘of importance is the dose resalting from the erposare for
O to 7 d2yr, a ma,> vt of which vas accumulated during the early pcﬂod. After the thisd - .
© woek, the activity level amrs vesentially background.
The dose eaicuiated (of the wiole bndy is lower than the dose fo certain critieal ors::u\s —GF
tract, thyring, and skeleton (bone marrow). The Mgha' activity of these ciical orguns 18 L.
diluted by lissues conummg low levels of radmcurbty, pﬁmnly msc!cs and n.-mwe -
tisswes.
- Aworg the various organs jisted in (ke dose tables, the so.c‘mn twhich contains ide _rrow)
- . Gl tract, and ihyeoid are the most gensitive 1o interral contdminaiion.  The iiser coaiins fess
- Do ... cemaminans zcd, ia2diilion, is the jeast radiogensitive of the uryam unslvzed in thic stualy.
T " ahe tisia of the avimals from the test eompartments pennrally received (he bighest cose ard the -
- : ’ liver $de feast. OF the direcicr piatiorm nnirnals, ciiher the Gl tract or revpiratery tract duses
were oqual to &7 preslor thia the tibia dese. R wiil also be moted that ia neariy al cuses, the.
- gofn (2 the GYinuel i3 preior tan the dose to the respidatory trach, Fhis segeats Ut the
122ie pat e ay UF visich the sctivity cufers tho eyt i by Inlestinal auserpries rather tina oo
thor lung alveck. ™iis connapd s cupported Gy exuurirsental invesligation
.- Beib 2aiats expicad 18 yman Mozioa preducts showad @ rapid »ulake and a rapid decline i -
: activity. Dundup ol sctivhy i the GI tract colinid with the dc-c!i-- of .;cl"fﬂ‘vr i L«e | 58 >3
erfercrce L.
Fimlly, it wifl Lo aoted g the doues to the mice are kigi'er an thoso €2 ﬂ:e fuinca pb;,r..
. However, thiz grxomal discropancy can b explatond "7 t!: d.-.{lo-c....c a ticdal volumo'cl Toquired
d . ~.u', as v:( $ l:e [P ‘or..vi:n‘mi p;c.-eﬂdy_. .

- 3;.1.'2 Est!m:;:-:s of Iuiesnal Soce ta Man. As‘r\revmly stated, the guinca pig was chosen
for this Stuay bocause 15 alvemar releidion of 1-micron-size particulates is auititatively
similir to that ¢f pan.  Howweor, (e vesults of the studies of the individual organs of (e ani-

“wals used daring Shats Wanoo and Diniorelia indicated that, fn nearly All cases, -the main portal
of endry of the rudzactivity was-probably the irtestine rather than the tungs.  Initiully, the ani-
) mal inhaled 1k 2irborne radicuctivity into thesrasal and oral cavitive. The ohaled zotivity can

. . - erther be caudi oF seltle ot oa the walle of these caviti»s or vortinue moving in the trachea

’ down iowa: the hyoisckl.  The activity that cannot pencirate the aieecli is largely caugit by the

mueous of ihese mimbranes ard by méans of the ciliary action of the-epithelivm of this part of

. the respiv ..mr sysiein swept up into the pharynx and schscquently svaliowed.  The trensicnt |

- *  time of radicuctivity in the iungs was very short, with 2 great part of the activity going in and

’ oat of thwe lungs well within 1 hour (Reference 16), Onee in the GU tract, ihe amount of radinac- -

.  tivity absorted into the circulatory system depends upon the solubility of the wmaterial inpested ’

. -~ ang whether ¢a rot the soluble rratorial can penetrate the intestinal wall,  Thes, the amount of
soluble and provtralide awterial present in the Gl tram detérmines the degree of intuernal con-
samination {References 22 ari 23j.. This is equally true for man, puinea pig, And mouse,

lecause the jigsiclsgical mechaniisms of each is similar. .
Thus, the degree of interral rontamination is dopondent wpon the valume cfcadurar.z!*d air
circuelated in .md -2 of tie nsal, oral, and upper respiratiry systems. The volumes of air
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" they were tornd t6 be Lighly contaminated with rad!uzciiwy). . i

T P Y e A T
for maa, Quinen pag, amd mouse, r(.-un-c!ndy i Relerence 23 Om thrs tusas, the acse o paa
was estirrried by takicg rae sixth of the mouse dose vajces 2ed ook falf of the pimes ;g dose
valwes. The resuits of these calcalaiions for the individnl ergre doses lor (e early peviod

{0 1059 ours) and ibe sigaifican long-term perlod@to'l&;:)mprsm&cdh'um N

© and .73, Estinizted dotcs for man derived frem 1he guinea pig 2and mouse data are iz clicze

agreement. This canbie taken as supporting evideuce (o the thvory th the jedated subnsne of
alr per misute per gram cf fissue 75 20 imporizat determimm of Uhe interne! contamwination ia
the animals stodled.  The differeaces that do exist balwedw O 2605 0 AN, calestaled from the
mouse and aﬁaeap\gehb, may have been duz (n part to the varying 2wouinls of sedi-ticking by
theee anitals (although We ckins of these animzls were =# jseludid & i ..r.y ol the -«mz.mm.

333 Assessmul of the !n{er'rl Hazard to 2lan. Whole Body Dose versus Dcle
to fudivicdunl Orean. Radisation symmirome and relative dose are based on considerative

_of the whale G mal.  TheE, 50 r 16 the whole animal lea<is 16 a1 transwend voduction in winte - -

blood cvils. T etfects of 50 r to a given orgin car ot be described in terms of white Licod

cell Ievel. Similarly, s«ch descriptions a5 “generalized walaise, erytheomia and vouniting” Jiar”

other whole-body doses would be meaningicss when applied 1o iativideal organs such as the

bone marrow, Gf tract, =nd thyrnid. Thus, in considering ke eficcts of 7n early vose (whether

it be external o intessal) that would lead o 5n immediate biclogical effect discernilsie 24 yodia-

tion syrdrome, il dose to the whole indy is more areaniaghl. o
Bowever,-as expecied, the data indicates that the radics sitrity i nm;..:awe mgzruia B

orgams aed thil some f Uese organs are eoasidesably mare ram'ﬁm:iw« thar cthers. Thes,

21z ude ol the dese ta "k vhale body (ote] malicnsiteity c‘n >y wnaeta) fo

delterwine the eallr radiztion' syrirome would igrare the 2o

organs, ie., criuc 2l crgss, are absorbicyg a greater i ol te a..-wrwd
This problem caa ko wvesoived by tre 20z it wrce abraglod by Lhe eriilecy ovgna ‘.: i i

were ke dase {0 the n'.k:ma Lady, L. a doze of 50 ¢ 1o the siobaion Sen vouid be causldored

28 2 ¢=se ol 50 r to ihe viole bocdy. In this way, th: hazart would be everestimalced, atlowing

a s: fedy fzclor 8o Le inzcrgoraied into the ealeulsied vavess. H
tsternal Dose 20°%3am, Talculated cn'the Basis of Critieatl Grgans. B

. Prior 90 13 consideraiva of i intornal dose, it shoutd be poted thel adaquaie ahiriding weald - .

be necessacy to recuce thr exteraal gimma dotes, which range fyom 33330 S rfor Tatoo
and 5:8t0 72 r for Umsbrel's, befors ingress exizrnal.or imernal boly exporares wouvid be
Hemitizg factors in operational conditions. However, it is with this jvzress ragioactisity, wkick

-, can irradiate personrel from the outside or, when absorbed isio lh. kody, ‘irragicte an inlcns:l

emitict, that the prascmt study is concérned.

The recalts of the conversion of animal dose to4ose’ m man, are given ih Tattes 2.2 and
3.25. Several doscs oa the director piatform excoeded 25 1o 50 rads, the dose level that wonld
result in fiz .t signs of hematologic changes. The highest value, 174 rads, would 20t result iz
any deaths, but 2 goneralized malaise, changes iit Lioed picture, and vomiting coald result.
However, these imernal doses were not a resuft of mg,u*s ndzoach\'uy but were cue to local
fallout ard probahly water of the luse surge.

3.4 CORRELATION OF AIR SAMPLE A.\‘D ANDAL DAT-\ o i - ..

The data stuained was inadequitle to-provide any true correiatiun between air sample and
animal data.  The only evidence that such 2 correlatinn micie be possible is presenied in Tzlle
3.26. Early winle-ixe?y internal doses have approximateiy ths same reiatiod 1o eath other as
do the adiacent air sample activities {or the various tosti vompartuents. Director ,ﬂa.:nrm
data ducs ned follow this_'genen: trend, indicaling a severe bias Between anirud and air sam-
plizg. Animals and air samples were locaied on apposite swes of the platforra ant r-ay have
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o v e %ol WG GHCL M OUDIEEITRLANIS (8 FISOSTG T ST A e GHT Y was provay o o
lox, tmcause sampling inle1 taced Sowrrind aud arntiert 3r velocities were much igher Gun N
sSuciing idake velockivs, Animml veil-licking s 3 peseidz source of RLd in the 2utuead dxia
To&’itethea:rwammm.mm relaad B fntersal &ge, Lbeairamp!a .

artivily w23 conrerted to average microcuricd por uiit Yoburxe of 2y sagles,” " ensed on seveTal
asunmnticew,  Thete average conceniTations are 3190 peesentcd iy Tudie 3.I5, and it will bz

. ot Lot there &3 me correlaticn with anjaisd Scaed, ncﬁmhulutﬁnmapﬂnsxm
b:.tmq;::::mt Wd&aﬂWnammm ..

3.5.1 External 'm! IXerml Dosel. Estimates of exterual nﬂ la&emal doses cae toth te-"
EIest OF coTHANINATIs On the DO-582 2re preseaied in Table 3.27. The estiaztes of externl
Suse reseited bt a wide range i valoes (x:d quite a bit of weceriainty). For cach vestikited
canpartaat, the lower extornal dose estimates {0.5 10 2 r} represent less than 1 pereent of
the total doce, “snd in the firervoms (3 to 4 1) abrnt 3 2ad 15 pescent of e ital dose. The
highwr dooe estimates {pr a fireroom {1s ) and vertitated esgine room (€28 r) represe approgis
madely 55 percent of the total duce ta these conpariments. KNote that for full-power 3-Soiler
operutics, wih vontilation sysienms open (a normad cperaling cordition) the fixeroon ev.imatw

shoatd Do sarliztiod Ly a factor of Qer X The Ligher cose estinales for 12 two veetilated
poomacEneey cosphrtaema, theagh qatie vnha....».e. are buss than 39 p~re\_.t\ of the .us..i fare
tn tiege Fallly shielGed camputirenis,

Thee cxfe mal :",;‘ e—:s done estmr..{s.w zﬁro ffs‘ zm e:l;sea:e &t Ls::.. b.&'\ hr&- p'mﬂ.m ﬂ
mﬂ «“—"Cu‘“; - S - 23 3 9
Grelioe
[ ?.J :

72308, W anz, <~'xs~me$ s .'J 5

m 0d oot elintiiveess (o perennne .

sloreh @ dro & vorfeus srdical ovgmer worid st

- EINIC Ty D = A ose ARy it ok x5 Tmenislegy., Iorrsd
[ A SEFGEER B ";Mui«m & weaterlnms inade e Doty 2 fer & 1—3. X exgosare ard g:w y
- ave sesd) enampa ced 80 SRHC3 Srvi eu.cr:;:.x U IR . -0

- &

3.5.2 Teoral m=df.-z11m3. Tae u..r: d otz ecter ity r".c-i»‘.‘.’.on XS
parted be Eropentis 2.1 s ¢.3 mcmk.a-awy higher tine 1B Mobent dises-esti
-doe to i tngrois ¢f cqmm:us. The Exuneit Sooe IS, theraford, (2 fluse of P
cern o & Tepen- fnu's:y shin, 2od resxiion of this dose shaed bartiemptod, H t
s zecerzggished by maneuveriag to aveis the tase seeze or o, thea 2o Insoess o coniani-
nacts, 35204 oo loanger reduire consideration. U the Zdose reduction is accun:Tishied by shickding
axd the =5 operates within the base sarge or cloud; thes ik dose due to the ingress of con- -
tamiazes could be the principal dose in scinecompurinmeets. X the ship oprrzies withia the
corfines of tie base surgs or cloud withot additional sloiling, the selative contrilation to
1he toial dose by the ingress dose would determine whether reviection or climimlion of the -
ingress dose should be atemjled. In any case the bternal e will seldowe, if ever, U2
signtficast with respect to other sovracs of doge delivery. B

I: coemss probable tizi personn2! 7 a weapon-detivery sk may s-.d’er repeated er305ares
duzing a mission ur consventive missions and that ssnve sYckim of dose limits topetie with
operationz? requiiemrents will determive nece ssity and amouzt of shielding requircd 1o ceet
-these bimats. Such Jué,.mcn( would alsa require consideratinz of the dose dee 10 the iugress of
coatamirass, particularly in the case of fiteroors and <m;unr.(r'.s sith kigh-capacity ven-
tilation systems.
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L. ’ - ) - " T Reveedope of Caletied Activiy A
. ce R . TR Corais min - :
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’ . bected pasticles vt passed throggi: o womcres four 81ages. .

‘TABLE 12 DATA FROM TUTAL ALt SAMPLERS, SHOT TMBRELLA

Tourl Activity Decay Total Fissious
Cogrevied 1o Hv Ju Mintes  Collecterd on Sample : . .

L - 16° counts/mla . . 10% fission :
’ . Galler 2
.. e Aller ergine room - 8.66 o L. K12
- Afer fireroce: S .- 3.02 o 293
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