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ABSTRACT

A cage couiaining 20 mice was placed in each of 12 underground sheltera tested on shot
Smoky in an attempt to assess biclogically the inside envircnment of the gheltars. Two sam-
ples of 20 mice each acted as cortrols. The structures, of French and Cerman design, were
located st ranges bstween 840 ft and 4320 ft irom Ground Zero. Shot Smoky, & suclear device,
was axploded atop a 700-ft tower and had a yield of 43 kt.

All but one group of mice were recovered on D+2 days. Aside from two samples placed in
unrealistic locations, all snimals were alive at recovery. With one exception, the peak pres-
sures in the chambers that contzined mice were insignificant, ranging from a fraction of 1 psi
to 1.6 psi. The one high pressure of 14.4 pai did not kill any of the mice. According to the
film-badge dogimeters, one group of mice received 190 r of gamma radiation. The others were
exposed to 54 r of gamma or iess.

The mice were observed for a 60-day postehot period. The deaths that occurred were at-
tributed to a Salmonella infection in the animal colony and not to radiation.

Although the gamma radiation doses that most of the antmal groups received were low, the
levels that existed in the main chambers near the sniry doors of the Germar shelters were
over 100 r, a biologically significant dose. In cuntrast, the environment within two of the Freach
shelters appeared to be quite acceptable.
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Chapter }

INTRODUCTION

At the request of the Federal Civil Defense Admiristration, th ' project placed biological
specimens in a mumber of heavy concrete ' nderground shelters of {c. ¢ign design whica werse to
be subjected to a nuclear detonation. The shot, code named “Smoky,” was exploded on top of a
T700-ft tower and had a yield of 43 K.

Ths objectives were (1) to place the apeciniens in the main personnsl chambers of the
structures and to note any mortality over a 80-day postahot period and (3), if possible, to re-
late the cause of any deaths to a specific eavironmental factor.




Chapter 2

PROCEDURE

2.1 STRUCTURES

The genvral layout of the structures in re'ation to Ground Zero (GZ) is shown in Fig. 2.1,
Ground Zero was to the north of the structures; the blast line ran approximately north and
south. Those structures to the west of the blast line were of French design,® and those to the
east were of German design.t

The French structures II-3, I1-4, and [I-§ were primarily for entryway teste and tests of
blast-closing ventilation ducts; they did not contain a large personnel chamber. The main room
of Shelter II-1 was rectargular in shape, the thickness of the walls was 1 ft 11%, in., and 1t was
3 ft 11Y, in. beneath the surface. Shelter 1i-2 had a main room that was circular in cross sec-
tion with walls that were 10 in. thick. It had 4 ft § in. of earth cover.

There were three types of German shelters. The CA design had main personnel rooms
that were circular in cross section with walls of i ft 3%, in. thickness; they were 5 ft $ in. be-
low ground. The shelters of the RA type were 4 {t underground, rectangular, and had walls
whose thickness was 1 ft 11}, in. The RC type were less massive than the RA type, having
walls of 11%, tn. thickness and oniy 3 fi of earth cover.

3.1 ANIMALS

The sxperimental animala used in this study were female mice of the RAP straini whose
body weights were between 20 and 15 g at the time of testing. Their ages were approximately
8 woeks. A sample of 20 mice in & wire-mesh cage (approximately 9 by 13 by 9 in.) was placed
in sach of twelve of the fourteen structures. Those shsiters in Fig. 2.1 marked 3).8 contained
snimal specimens. In addition, two cages of 20 mice each were kept as conirnle. The cages
contained copious amounts of food (Purtna Labcratory Chow, and two water bottles (Fig. 2.2).
In the event the blast jarred the water bottles from the cage, sach cage also contained sliced
raw potatoes to act as a source of «noisture. Control tests showed that mice under these cir-
cumstances could survive s four-dsy period unattended.

Following the test all the mice from a given shelter were maiuiained as a group in one
cage, the same type in which ‘hey had heen exposed (Fig. 2.2). The animal cages werse in-
spected daily, and the date cf any deaths was recorded. Dead mice were preserved in formalin

* 8¢¢ Project 30.6, »T-1453.
1 8s¢ Project 30.7, /T-1454.
$ Purchased from ockiand Farms, New York,
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2.2.1 Location of Audmai Cages in Shelters

(8) French Structures (I'-1 to 11-5). Eacb of the five Frencch structures contained a cage
of 30 mice. In Shelters I-? (Siation 8004), I-4 (Mation 8005), and [-& (Station 8003), the cajes
wore secured on a spring-suspanded pleiiorin with several heavy elastic bands. The piadorms
were 3 ft above the ficor n the app- uximate center of the room. In Sheiter -1 (Station 8001),
the cage was located on the florr of the main perscanel chamber 3 ft to the west of the partial
partition aud 1Y ft {rom the south wall. Bacause gasoline-driven generators were to »c run fn
Structure I[I-2 (ation 8002), ‘he cage wa- placed ~a the top landing of the main stairway and
not in the main personnel chambe>. Tae usnct locations of the cages in these structures are
shown in Migs. 2.3 througn 2.7.

Fig. 2.2 —Mouse-vage installation.

{b) Gerwman Shelteva. A cage of 3C mice was placed in each of seven of the nine German
sheiters. In all but one cuse the cage was placed on the floor of the main chamber 1% ft from
the north wall and 3 ft saat of tiw inner-door baffle partition. The sxception was in Shelter CAb
{Mz*ion 8012), where the cage was pleced on the floor of the main personunel chamber in the
approvimate comar of the rocm. There were no wics in Structures RAb (Station 8010) and CAa
(Station 3006). A more axact locating of the animal cages can be seen in ths plan drawings of

1?




the shelters in Figs. 2.8 through 2.14. TRis iaformation is provided in tabular form in Tadle
3.i. Cages were secured to the floor by & heavy cord stretched across tho top of the cage and
anchored to the fioor by stude (Fig. 3.3).

2.2.2 Time «f Placement

Animals were placed in the structures batween D—-4 and D--3 days. Each day thereafter
the foud and water supply wus replenished up to, and incivding, D-1 day.

3.3 INSTRUMENTATIOR

2.5.1 Icnisiag Rediution

(a) Gamma Radiction, Bigerton, Germeshausen & Grier filrii badgea wore vaed as gamms-
radiation dosirneters. They were placed in considerable numbers in the sniryway ram), escape
hatch, and inner roomn of each ctructure by Project 38.12 (WT-14686}.

() Newtrow Racigiies. Germaniem nsutron detectors, slong with aw ur and gold meutica
detectors, were u3ad to meagurs nautrons of differer? energies. Germanium detectors wers in
atl the structures except RCO and RCe. Kach of four structures at the 1005-ft range from GZ,
R-1, 1-3, RAc sré CAk, contained two sulfur and gold dosimeters.

2.5.2 Pressure-Time Measurementy

Pallisiic Rassarch Laboratory self-recording mechanics! gaugvs were used to massure
sud record preasure-time. Gauges were installed ia the dilferent compartments of the shelters
&3 well as ia the entryway ramps and outside along the main blast line by Project 30, 5o (W'T-18385).

i3

A,




4
Gammo dose, r, ot 311 O
Earth cover LY
Distance from GZ n'oos"n
Wotl ticknass, main room |-ty
I 1
I O640 Ozs
o o |
™
K]
)
1 T i LX.Te) A Oz28
L i i
""& 8- 10" 10"——
———te'- T

Fig. 2.3 —Location of mcuse cage in Shelter -1 (8-30.6-§001).

—f

Suttur B geld nevtron detectors @

::.}.'o' Gemixe dose, 7, ot 3 1t o)
O Eorth cover ——eeom— e &'-9°
Dnstence from G2 1COS 1t

Almnl Well thickness, men roem — 10"
el

ya

/ 25100

o -10%

J
/
20
T @ 230
]

™\ O | -

o €W e

L

——— 0 0N

-0

Fi3. 2.4—Location of mouss cage in Shelter 11-2 (8-30.6-8002).

14




s e

62
Sutur B gl neviren deiaciers @
— Gomme dose, 1. 01 8 1t —— O
Eorn covty ——————— §-ii{”
Distonce from GI - 005
o Well Hucingss, men roem —— 2'-0"
g f
-
i
Qs 0 O2ro |
AC* :
Qo83 .
@ 2
| _t
! N2
Lf- ¢-9 2'-0°Y
—de - ——— - .

Fig. 2.5~—Location of mouse cags in Shelter I1-3 (b 30.8-0004),

'
| / AN J
- i
! sex0 g
Q i
2.00 00" 1
G2 - e I
:
»
Gomme doss, r 0t 8 O \\4
Lorth cover LD %o
Oistonge from €2 —— 10081 70
Woll thishases, meis reem 2'-0 6 é‘om / ! ;
Cope \ .
80

== |

v-u gt

Fig. 3.6—Location of mouss cage in Shalter 014 (8-30.4-0008).

LR R I




Geming dosc, v, at 8 ft O .
Eerin cover ~ ¥-u
Siatence from GI - - 1050 ft
Well thickness, main rgom 2'-07

O
640"

Fig. 2.7=~Location of mouse cage in Sheltes 11-5 (8-30.6-80C3),

_— “1_6‘

— 2-0

-
-

r-o

S S ——

]

——_-7’-“*'

z 8u10*

S

Jrecraremvemn 5 onumsn

s

Gemme dose, ¢, ot 311 e
Cor™h cover = . &-0°
Oistence from GI ~— Q40 11
WaR tuchagss, man reom - 111

Fig. 2.8~Location of mows cage in Sheitar RAa (8-30,.7-8008).

L~————13'-9 }——




l dad

“n_‘n ___‘.
‘—"“‘"""ls. -1 * . _______.1‘___"7-____‘»70-0._7

sanef

5210°
[3‘ .
2-00'0]'f‘.’§.

O4esc " ¥le

 Coge

O220 ©Or20

—3- g

' srvme———

Suifur B goid nautron detecter
Gomme dose, s, ot 3 1t

Eorth cover 4'-0"
Cistence from G2 ——— 1008 !
Well thickness, mcia room — I'- 11§

Fig. 3.9—Location of mouss cage in Shelter RAc (8-30.7-8011).

3

i

J L]
s-6

p—15 -1 4" ———th-?'—r?‘-o‘-

R

[l

Cope |
T o o)

o!lo 61.8

iyt

u’

Gonms ¢oee, 1, ot 31— O

Eorth cover ———r &0
Dislonce frem I ——— 11781
Welt Huckness, mem ream ~ |11}

Pig. 3.10—Location of mows cage s Shelier RAJ (9-20.7-0013).

17

ST St AT

A g W




—\ l Gamma dose. 7, ot 3 ft e}
GZ Earth cover 30"
Woll thickness, mawn room — (1}

T Distonce frem G2 ———— 17701

. <
19100 ot o2 25110 43800t O
;8.0' O24x10 M-loﬁ
s et 0
., PO " X Y " SR

27- 4"

e e e ‘2‘_5#. — -——'J

b 4’-3"1' 4'-7"—~l

]

Fig. 2.11—Location of Mouse cage in Shelter RCa (8-30.7-8014).

~ Gommn dose. 1, st 2 1t O

ko 62 £ers cover ~——— 3-0°
Oistence from GI ——— 2430#
Well tucsness, maen reom — i1}

53u00?
’O" ot%nv‘ d”""‘“ﬂ rJWL ‘!
’ Owo Ot asu0' —:'[?
t =130
12v0! 0 130 o
!O R0 3 - 5 j ;" |
| .y..‘ﬂ_—--qk--.'-g'..L____le.m_____q
Y S | - e

Fig. 2.18——Locatica of mows cage in Shelter RCD (§-30.7-0018),
18




e
C "
mi'&»'.,w:’%v“,—eruﬂapm

b S T

A: ¢ Gemma Jose. r, ot 3 1t e} ‘
Eorth covet i §'- 0 X
Orstence from G2 4330 11 4
Wall Hohress, MEW reOm — H! i
i [ |
K
: O
; ‘.“ln. o g_ c*
ol @
Qi o4 E _I 'é
o 'n
043 - 5‘ ..i,
|3‘_‘".___q s~ s'—qb———l‘“—'
l tr'-4°
—J\,

JI==1]

Pig. 2.13—Location of mouss Cage in Shelter RCc (8-30.7-8016)

12 =10 "l

18
Jf/-{tau&ns O % u?o’

o 40"~ 10" — 4
§o

Ouns ‘
»—-‘—(4
ISR
SuMw B poit neuiren detester G Ve~
ez Gomma dnee, 1, o 3 1t O ,C-.._‘
Lorth cover 8-3° lt.---j'
Distonce trem 67 1008 # ',._":_‘l
Well Muchnoss, mom room — 1'- 3¢ |c:::1:
e
lF-—--]I
ittt 1L
’—__
1 -2
) S iy
N WY
———————d

Pig. 3.14—Locatien of mouse cage ia Shelner CAD (9-90.7-0011).
19




TABLE 3.1 —STRUCTURES IN WHICH ANIMAL CAGES WERE LOCATED

No.

Distance
from GZ.
ft

Wall
thicknes~

Depth of
structure

Location of animal cages

n-1(8-30.6-8001)

11-2(8-30.4-8003)
I-3(8-30.6-8004)
B-4(3-306.6-8008)

1-8(8-30.6-8003)

RA2(8-30.7-8008)

RAc{8-36.7-8011)

RAJS-30.7-8013)

KCa(0-30.7-8014)

RCH3-30.7-8018)

RCo(3-34.7-8014)

CAMS-30.7-801 1)

1008

1008

1008

1008

1080

1008

117¢

1776

40

1968

French Sheiters

1R 11% in.

3R 0in,
$ft 0in.

IRt 0in,

st 11, i

]
3111
St tn.

LY. PILATY

German Shelters

18 1Y e

1t 1Y% in,

1R 11Y in.

1% m

11%

uY

189,

4R0in,

4R0In.

4R 0,

SN Oin.

3RO in.

SRIm

Floor of main chamber
1'4 ft from acuth wall
and 13 ft from west wall

On first landing in matn
stairway

On table in main chamber
31t high

On table in main chamber
S ft high

On table in main chamber

3 1t high

On floor of main chumber
1% R from north all
and ¥ ft from pertitica
door

On floor of maia chamber
14 & from north wall
and 3 ft from partition
door

On floor of main chamber
1'4 © trom north wall
and 3 ft {rom pertition
door

On floor of main chamber
1'4 Rt from sorth wall
and 3 ft from partition
door

On floor of main chamber
1'4 R from north wall
and } ft from partition
Aoor

Ou floor of main chamber
1% R from north wall
and 3 it from partition
door

Os floor is the approximaty
cemter of the main hamber

* Not in maim chamber.




Thapter 3

RESULTS

3.! TIME OF RECOVERY

Because o high radiation levels following the shot. ' was D +2 days before the animals
were recovered from the sieliers. Those in the stairway of Straciure II-2 (Station 8003) were
not recovered until D +3 days.

3.2 IMMEDIATE MORTALITY

There were no immediate deaths as a result of the nuclear detomation among amy of the
mics that were located in the main chamber of the structures. All 30 mice {rom Sheitsr TAD
(Station 8013) were deed upom recovery; however, the cause of death, as determined by a pa-
thologist, was carbon monoxiie poisoning. The scurce of the carbon monoxide was a gasoline-
driven generator. Even though the exhaust of the gascline engine war piped to the outside,
carbon monoxide gas ¢vidently leaked paseed the cyiaders down through the oil pan and into
the room. The only uther animals dead at recovery were 19 of the 30 mice located ia tho stair-
way of Structure [I-3 (Ration 8002) shown in Fig. 1.4, a position that provided little radiation
shislding.

3.3 RADIATION AND OVERPRASSURE MEASUREMENTS

3.3.! Radiation Measurements

(a) Gamma Radiction. Bince the gamma-radiation levels varted considershly withia the
same sbelter, soma of the ralues obtained at different locations have besn added to t™e plan
drawings (Figs. 1.3 through 1.14). As one would expect, the radiation levels ic the estryway
rampe were high, Within the structures the highest readings were fust iaside the outsr mais
door and in the escape batch. Withia the mains persomns] chamber the goriis redistion was
highest near the wali that sepirated the room from the estr;wuy riinp, the values decreasiang
toward the cester of the room. This pattern w25 particularly tree in the German shelters of the
RA and RC design (Figs. 3.8 throwgh 2.12).

Tabie 3.1 lists the gamms doee (in rosstgens) as measured by the film dedge that was
closest to the animals’ cage or, ia Structares 0I-3, [I-4, and |I-9, the average of a readiag takea
on either side of the room opposite the cage. The iuighest gamma duse ic wiich mics were ex-
posed (190 r) was recorded adjacest to the cage ia Smiter RTa. This shelter was not the
closest t0 GZ but was at the 1770-ft rasgs. The lower leveis that ammals received wore 3.0 r
in O-1 and 3.9 r ia RCc at the 1008- and 4330-t ranges, respectively. As seen in Tuble 8.1, e
other doses ranged between 14.8 r and $4.0 1.

31
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TABLE 3.1 —MORTALITY FOR MICE EXPOSKD IN UNDERGROUND SHELTERS

Distance Peek pressure Gamms radiation

Structure from GZ.  inside sbelter, inside shelter, Number of deaths by days*
designation n pel r 18 30 ¢ 80 ‘
-1 1008 0.8 3.0 0 0 0 0
0-3 1006 1.6 27.7¢ 1 3 » 1
o-4 1008 14.4 83.5¢ 1 3 T 18
n-8 1080 1.3 38.9¢ ‘ 5 s 5
RAa 840 t 38.0 1 2 2 2
RAc 1008 0.3 23.0 0 1 1 1
RAd 1116 $ 14.8 0 1 1 2
RCs 1770 0.8 190.0 0 1 1 1
RCD 3430 0.3 8.0 0 0 0 0
RCe 4330 t 1.9 0 s 12 12
Contro! 1 0 0 0 0
Comtrol 3 0 0 2 3

* A group of 20 mios in each sheiter.

1 Average of two film-badge dosimeters that were located oa either side of the chamber. The
other values were fros = siangie badge dosimeter cloaw to the snimal cage and 3 ft abova the floor.

No asutros Zasurements were taken adjacent to ar animal cage.

I No resuilts available.

TARLR 5.3~-NERUTRON S EASUREKMENTS INSIDE STRUCTURES

—

Locatica of Zazt ueuiron Sow seutroe
Belter datsciors Calcgiated Caleulated
desigeation imeids struotures® Seiirons/sq cm dowe, rad Neutroos /ag cm Joss, rad
n-3 Ferciumal chamber
(onst end) 3.3i8 x 10 1.888 x 10" 0.1
Parsonael chamher \
u-3 Maia chamber ]
Main chamber \
Rie Betwasn outer and
tamer blast doors 3.33 x 10° “ .17 108 118.9
hasr compartments
of encape hatch 108 x 10 1.421 x 107 3.y
CA Brtwesa outer and
amer biast doors 3.29¢ ~ 10* T.147 x 10! 3.7
amer compartment
of escrpe hmtck '

* For the Lication of sach dosimeter see siso Tige. 3.4, 1.9, and 3.14.

t N¢ renalts svallable.




(b) Neutron Measxrements. There are only a few neutron measurements avaiiable.®* No
relfable results were obtained from the germanium detectors, and only four of the eight sulfur
and gold dosimetars were recovered. The results of four sulfur 2zl gold detectors are given in
Table 3.2. Although none of these measurements were mzade in the main room with an animal
cage, they do provide scme incdication of how much neutron radiation may have entered these
rooms.

In the main personne! chamber of Sheiter [1-2, the fasi- and slow-neutron dosos were cal-
culatedt from the measured flux intensi‘ies t~ be 0.83 and 0.79 rad, respectively (see Tabie
3.2). Between the outer and inner blast doors of Shelter RAc, the fo5i- and slow-neutron fluxes
were equivalent to 84 rad and 115.9 rad. In the escape hatch at the oppoeite end of the same
structure, values of 2.8 rad and 3.7 rad were measured for {ast and slow neutrons. Inside the
outer door of Structure CAb, which was oriented differently than RAc, only 5.7 rad and 35.7 rad
were recorded for fast and alow neutrons.

3.3.2 Pressure-Time Measurements

Although numerous pressure-time mzasurements were made both inside and outside the
sheiters, only the peak pressurées recorded in the room that contained animals are given in
Table 3.1. The only pressure within the shelters of any consequence (14.4 psi) resulted when
the blast-closing valve in tie ventilation duct of Structure [I-4 failed to close. For detailed re-
sults the reader is referred to the reports of Projects 30.5b and 30.5¢, WT-1535 and WT-i538.

3.4 DELAYED MORTALITY

The number of mice dead by 15, 32, 45, and 60 days posishot are tabulated in Tabie 34,
along with the gamma dose zad peak preassure. A graph showing the number of mice surviving
vs. time is prescaied in Fig. 3.1, There were no deaths among the II-1 or RCb groupe and only
a singie f2tality in the RCa and RAc groupe. Two of the control mice expired in the 80-day
postshot period.

According to the data in Table 3.1, the number of deaths in each group had no relation to
the magnituds of the gamma radiation which the animals received. For esample, only one
mouse died ‘rom the RCa group, which was subjected to the highest dose (190 r); whereas 12
mice died in the sample from RCc, which was exposed to oniy 3.9 r.

The most fatalities (i3} occurred in the sample from [I-4 {n which an overpressure of 14.4
psl wis recorded. However, the deaths were n 4 attrit:uted to blast since there were no im-
maediate deaths in that group.

3.3 PATHOLOGICAL FINDINGS

A chronic infection of Scimonella (mouse typhotd) in the animal co'ony undoultedly was the
cause of the delayed deaths. Al autopey, splenomegily and enlarged spctted livers were iuvar-
inbly found. This, along with diarrhea and congested livers (obwerved histologically), plus the
artual ideniification of (N organism from cultures taken irom comtents of the gastro-imtestinal
tract, left little doubt regarding ikis concluaton.

* oo the report of Project 39.1b, WT-1471.
! The suthors are indettad to Mr. J. Sayeg, Bealth Division of the Los Alamos Scientific
Laboratory, for these calculations.
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Chapter 4

DISCUSSION

Of the immediate efiects from & nuclear detomatios (thermal radiation, {oniring redietion,
and biast), it aypears that ionizing radiation was the only one to resch biologically significant
levels, most notably in the German structures of the RC and RA deaign. The gamma-radiat.on
levels of over 100 r recordod in the west snd of the main psrsonnsl rooms are undesirabiy
high and would be acceptable for man oaly in the gravest emergencies (see Figs. 2.3 through
2,12). Morsover, if the neutron radiation followed the same general pattern as dif the gamma,
the radiation levels may well have Leen still higher because 200 rad of meutron radistice was
reasured inside the main door of Shelter RAc.

Unfortunstely, the mice were placed in that portion of the main rooms where radiniion
levels happened to be minimal. The various grovpe were therefore exposad to sublethal lev:is
of radiation.

That ¢ll 20 animals survived in the French Shelter II-1 draws one’s attestion to the en-
couraging fact that the environment inside the gheiter, only 1008 ft away from a 4-Xt meclear
sxplosioa, no doubt would kave allowed survival of humas occupants.
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