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ABSTRACT

The plans for Operation Teapot, at the Nevada Proving Grounds during 1955, included a
series of Civil Effects Tests, one of which, Project 32,2, covered the c:pnsure of packaged
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CHAPTER 1

OBJECTIVE

The griginal plans for Praject 32.2, Operation Teapot, primarily covered 2 varizty of
packaged food products, not specifically including beverages. Mowever, consideration of the
probiems of food supply show that the needs of humans for watey, e=pecially under disaster
conditions, could be Immediate and urgent, At various times some consideration has been
given to special packaging of plain potable water, bul since packaged beverages, both beor and
soft drinks, are so ublquitous and already uniformliy available in urban areas, it is obvigus that
they ¢ould serve a5 an important source of fuids,

Since no beverages such as beer and 2oft drinks were included in the original procurement
plans, after discussions during the early field work at the Nevada Test Site, pacikaged bever-
Ages were oblained locally for a first layout during one of the earlier explosions, identified for
purposes of this report as Shot L The yield of Shot | was approximately nominal {2 nominal
atomic Domb has an energy release equivalent to 20 kilotons of TNT), The resulls were on-
couraging and led to a second laveut lor tests during Operation Cue, the Federal Civil Defense
Administration program for the open shot of Operation Teapot, The yield of the open shot (iden-
tified in this report as Shot il) was approximately 50 per cent greater than nominal. A gelee-
tion of beverages in 2 variety of ¢ans and glass containers was sludied under critical conditions
of nuclear explosions at varying distances from Ground Zero (G2Z), with particular attention to
blast effects, the subsequent levels of induced radisactivity, and the ultimate potability,



CHAPTER 2

EXPERIMENTAL

Twa lots of beer and soit drinks in both cans and bottles, covering a typical range of com-
mercial products, were exposed {sen Figs. 2.1 10 2.3). The first lot was placed in several lay-
outs for testing during Shot T (Figs, 2.4 to 2.6). The container types, contents, and positioning
are covered in Tables 2.1 and 2.2. The second lot was exposed during Shot 1 in & variety of
lecations similar to tUw other packaged foods of Program 32.2 and is itemized in Table 2.3,
These tables also indicale container code designation, distance from GZ, and special EXPOBUTE
situations. Full instrumentation for gamma and neutron flux was obtained for distances up to 2
miles from GZ. Upon recovery, the induced radicactivily was measured in both the product and
container by beta-gamma survey meters and by scinlillalion scalers scanning samples of Lhe
beverage placed in stainless steel planchettes. :



Takmle 2! —REPRESENTATIVE BEVIRAGE CANS AND RDOTTLES EXPOSED TO NUCLEAR EXPLOSIONS

Motal Can Types

1. 121 oz, cone lop ¢ rowned; contenls soit drinks
2. 1zl oz, flar vop; contents soft drinks

3. 128 oz, flal Lop; cont.ls Deer

4. 160 oz, flat tog: contents beer

Glass Dotile Tyvpes (Crown closed)

1 I8 1 oz, cirar returmable; conlenls Carlmatisd waler
2. rz2fl oz, elear retumhable;, contents ~ola Lype noft drink
3, 7oz, green relurnable; contenis lemon Soda Lype 50t drink
4. 61l uz, green returmable; contends coia type soft drink
5. &1l oz, clrar relurnable; contents carbonated water

6. L2l oz, amber export returmable; content s heer

T. 128 oz, amber export §-trip; contents bevr

#. 1211 oz, clear Peturnable; conlents Beer

9. 1210 oF, clear 1-Lrip; contentd beer
10. 12l oz, amber stubby 1-trip; contents beer
11. 12l ox, green ale=-shape i-lrip; conbents ake

MNote: The bottled beer and e zamples weve paper wripped in pairs to
exclude Ught Buring the layout period on the desert before the Lest
explosion, In the carly investigation.

All test beverages durirg Shot [ were exposed in closod shipping
cases or on interior shelver of bulldings.

Table 2.2 — LOCATION OF BEVERAGE SAMPLES EXPOSED DURING SHOT |

Fosltion A (0.2 mlle {rom GZ)

{. Dottles buried, crown apright (d-In. coverage)
2. Cans burled, top upright (4-in. esveragel

3. Doltles buried, on slde M=in. coverage)

4. Cans burbed, on side (4-In. coveragel

Position I @0.7 mile from GIT)

Petthes Lald on loode earlh, ¢rown Weard G

Bottles lald on loose earth, basc diwn 41 45" angle
Cans laid on loose earth, bottom towand GZ

Dottler bedded in loose carth, crowns loward GZ
Eottles bedgded in loose sarth, bases loward GZ

Canz beaded in loose carth, bolloms loward GZ

Cans »edded In loose carth [n upright posillon, top up

| &
-l

ol o

Position C (1 mile (rom GZ)

1. Baortles lald on stoay earth, bases toward GZ
2. Cans lald oo stony earth, Ftom toward GZ
3. Bottlen lald on Stofy earth, crowns toward G2
4. Cans upright on stony earth




Table 2.3 e LOCATION OF BEVERAGE SAMPLES FOR EXPOSITARE DURING SHOT O

Baer Bt drinks
Satbon Cans Glans Cann Glans
Datance, Cap,, Cagp., Cap.. Cap,,
Faciliny f Mo, o Cofde Noo or Jode Ho, or Code Ko, or Cod
Tirenezh, 1270 Ll ] 1& L L] i L L E] 1z ] i1 12 L
Hain, sarih cover 4% 12 (1] L L] 1 M L1 {53 K iz 12 &
E L] 15 ] EL iz I i3 L] 1
L L] 1z H iX T Q
44 15 F Iz L] n
48 15 E
48 iz A
Concrete shelter, 2 4 16 F F 1t L 1€ 1z 4 2 iz -
o TRl 4 16 D 4 11 ) 16 iz K 3 Iz Q
4 s E 12 1z i & ] n
4 {6 c & 7 Q
4 iz H & - F
12 iz G
Cancrete shelter, T i 16 F k= 11 L L] 1z o 3 12 H
on Ehlves 4 16 D ] 12 X 3 12 Q
] 16 E 12 12 I & [ 4
L] & = L] ) B
L) iz H % 7 9
EBrichk hawne, &, 700 b 17 F z 11 i T 2 d F 1z )
dnchen refriperator 2 6 c F 11 M 3 iz K z 12 o
s 16 E F 12 1 4 & P
2 12 H 2 [ "
z 12 A . = T <
Precant concreie Boune, 4 0D L] 1% (] X i1 L 2 12 d 3 & F
Eitehen awlves 4 12 n 3 i1 M 2 12 K 3 L K
4 12 1 1 - Q
3 12 H
3 12 Q
White {ramy house, 5200 L 16 E 3 11 L 3 12 J 2 L] R
Eitchen shEelves E L1 M 3 12 K - ] P
4 12 1 2 T q
2 E-] N
z 1z L+
White frame house, 500 % 1z H L] 11 L 4 [ §3 4 3 1 P
hassmerd shelves & 1z A 4 i1 M 4 iz X 3 L1 R
4 17 ¥ & ir I 3 T Q
a 12 X
2 12 =3
Surfate Lt 5, 500 1=z 1z A 1z i1 L 4 12 I
1z 16 E iz i1 M
Behlen bullding, . O 4 iz A a i1 L 4 12 P -] -] P
dn alerlves 4 1z n ] 11 M 4 1z K ] ] E
L ] G < 4 12 I [ 1 7 =]
[ i6 E & 1z K
4 16 o & iz o
[ = B
4+ 16 F
Blehlen bulldisg, 10,500 4 12 A 11 L o1z 3 a & P
wn shelven 4 iz H 4 i M 3 1z K k. ¥ N
] 1 C 3 iz I 3 7 Q
F 1] E 2 1z R
4 18 o 3 1z 0
4 16 F
L] Iz 13

Mote: The Inyoute Hmed In this fable for Shot 1] colnelde with those for the packiped food products of Projen arr

and are fally illastirated in their photlographs,
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CHAPTER 3

RESULTS

1.1 PHYSICAL EFFECTS

Under the conditions of the experiment, it was [ound that in the [orward dreas, as well as
in the structures, the primary ¢ffects ¢f blast overpressures produced only nominal losses,
most of the container (allures being cavsed by (lvieg missiles (Fig. 3.1), severe crushing of
structures in which samples were housed, and dislodgment from shelves, These clfects were
most pronounced on single coniainers. The majority of samples were exposed in commercial
shipping cartons or cases which materially profected them from such damage in the varigus
special layouts and storage conditions employed,

1.2 INDUCED RADIOACTIVITY

The beverages were recovered from the various exposed positions as early as feasible
after the nuclear explesions. Measurements on these samples showed induced activity only in
the forward locaiisns, Howewer, even the most active beverages were well within the permia-
sible imita for emergency use and could be consumed upon recovery.

On Shot 11 no appreciable activity was found in exposures at 4700 £t, although the beverages
at 1270 ft from GZ showed low levels. The activity of the beveragens and of sammples of metal
plate from metal cans and bottle crowns are shown in Table 3.1, Cutting of comparable amall
tezt zamplez [rom glass contalnera was not possible, but sealing with a probe in contast with
the whole bottle gave readings of 3000 to 4000 ¢/m, which declined rapidly due to the short {15
hr) half-life of Na™, a major constituent.

A most important obacrvation was that the induced activity of the beverage container,
whether metal or glass, did not carry over to the contents. As shown in Table 3.1. radicactivity
of contents did nat vary direetly with radicactivity of the container. The beverages themsclves
showed mild induced activity. This wis due to the intrinsic propertics of the nroduct, with beer
by reason aof its higher natural salt contént erhibiting & somewhat higher activity than soft
drinks.

The labeling and decorations of the metal in cans and the crowns of bottizs contain various
lithography coatings and pigments. Typical samples of theae various materials were exposed,
and their activities are reported in Table 3.2, showing, In general, no marked difference from
the metal samples reviewed in Table 3.1,

3.3 ORGANOLEPTIC CHANGES

Examination made immediately upon recovery showed no observable gross changes tn the
appearance of the beverages. Immediate taste tests indicated that the beverages, both beer and
soft drinks, were still of commercial quality, although there was evidence of slight flaver
change in some of the producta expoaed at 1270 1t from GZ. Those farther away showed no

change,
14



Table 3.1 —INDUCED RADIOACTIVITY OF BEVERAGES EXPOSED DURNG SHOT O
IN CASE LOTS COVERED WITH 3 IN, OF 50IL AT 1270 FT FROM GT

Caments Metal diskt
H = 136, H = 136,
Couter Froduct and type of container e fm fml < /m
A Beer, 12-02 can T3 e
B Beer, 12-9% can i 722
C Beer, 16-0% can 50 10k
D Beer, 16-02 can 45 5.0
E Beer, 16-0F ¢can T 550
F Beer, 1602 can a6 613
G1 Beer, 12-02 can 29 s
Hi Beer, 12-0% can 42 751
If Cola (detetic), 12-0r can  §) T4
J Cola, 12-0% can 68 764
K Koot beer, 12-0z can 20 T30
L Deer, 12-0z bottle 3 444
M Brér, 12=-0z bottle 43 A0
N Cola, 12-oz bactlc 12 485
O Cola, 12=0z bhottle 0 306
P Cola, §-0z bottle 3 314
Q Lemon, T-0z botile 1] 352
R Carbonated water, 60z bottle 1] 353

*Beverage samples transferred to a planchette (0.57 in. in diam.),
1Disk 0.57 In, in diam, punched from top end of can or crown,

1A sample measored at H + 81 gave a reading of 170 ¢/m/=nl.

#A sample measured at H = 81 gave a reading of 225 ¢/m/ml.

2A sample measured a2t H + 81 gave a reading of 34 ¢/m/ml,

Notes: Activity in the heer appeared 1o have a short half«life of approxi-
mately 12 Lo 15 hr.
These beverages appeared to derive no induced activity from
their contalners,
These beverages were well within permissible Umits of activity
for emergency use (LO-day tolerance, KIH) and could be con-
somed updn FoCoOvVEeTY.
Beverages recovered at H + 4 hr at the 4700-t exposure showed
o induced activity,
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Table 3.1 —RADIOACTIVITIES I TEST PANELE OF COMMERCIAL EXTERIOR COATINGS
G LITHOGRAPHY FOR METAL PLATE EXPOSED BY 3-IK. BURIAL WITH ENAMEL

SURFACE UP, 1270 ¥T FROM GZ, DURING SHOT 0

Coated sarfice of 0.57-1n.-diam. disk, c/m

FPlate varizhle
{eode and ¢lement) Description of clomeont or drier K= ab H* 111
257=1  Alumisym Alumninwm hydrate plgment 3,304 T40
Z57T-2 Black ¢ontrol 3,000 T30
257-3 DBarlum Barlum rod lake C plgment 3.000 T60
2574 Boaron Boraty of manganese drier 3,300 Ta0
I57=3 DBoron Borls ek 2,900 ikird
25%7-6 Cidmiam Cadmbum aul lide 3,500 1200
2577 Calelum Calelum Hihel maroon pigment 00 T41
297-8 Corlum ond
lanthamuimn Rare-carth deier eomplex 3.0 T80

I0T=0 Chromism Lead chromate sulfate pigment 3,000 Ve ]
I5T=-10 Coball Cobalt saphthonate defer &.100 ik
257-11 Copper Copper pheho bocyssine pigment 3,300 ¥ )
=T=12 Iron Ferri-foreosyunite pigment 3400 T
I5T=13 Lead Laead paphthenate drier &, 100 410
25T-14 Magnesium Magnezlum carbonate plgment 2,700 610
257-15 Manganesc Manganese naphthenate drier 2,50 G50
23T=1% Melybdenum Lead ehrgomate-sulfate «molybdale

Pl ment 2,800 Té
257-18 Sillcon Sodium-alumioum-slllcaie

Plgmcat 2,500 GED
E25T=159 Sodiuen Sodium Lithal pigonent 3, 104 18]
267=20 Srontiam Strontico rubine plgment 3,100 &30
257=21 Tltanlum Tilaaiuen dioxdde pigmont 2,900 0
257-21 Tungsten Phosphatungstic acld plgment

with some phe>phomolybdic

Aokl pigment (rhodamine) 11,208 1,610
257-2 Zime Thive: ok phgmuent T80

Mote: The sot of 22 test panels 4.5 by 5.5 in. was coated on one side only. All coaplngs were on clectre-
tytie plate without s varnish. Thirteen of the panels were Jingle—element, and the sther 10 contabned
mixtures, Only one panel—257-22 (Tungston)—gave evidence of high radioRativity at H + 40, The

control panel gave no radicactivity, There wis no indication that color hod any besring on the amount
of radioactivity.
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Fig. 3.1 —Misslle perforation of containers exposed during Shod 11

Representative samples of the various exposed packaged beers, an well as unexposed con-
trol samples in both cans and boltles, were submitted to five qualificd laboratories for care-
fully controlled taste testing. The cumulative opinions on the various beers indicated a range
from “commercial quality” on through “aged™ to “definitely off.” All agreed, however, that the
baot Could unquestionably be used as an emergency source of polable beverages. Obviousaly, if
a large storage of such packaged beers was to be trapped in a2 zone of such intense radiation
following a nuclear explosion, ultimate usage of the beverages beyond the emergency utility
would Jikely be subject to review of the taste before retorn to commercial distribution,

Other observations on the beer indicated some loss of color perhaps due to bleaching. As-
sociated was a slight gain in heudspace gases, other than CO,, which was probably the result of
slight decomposition of the water of the product. An occasional haze increase may hzve been
due to modification of the soluble proteins. However, the consensgus Indieated that most of the
changea were not much beyond those experienced afier several monthe’ storage, particularly at
temperatures comparable to those of the layouts on the desert floor while walting for the actual
test,

Rrpresentative samples of the various exposed bottled soft deicks in both metal and glass
contalners, as well as control samples, were submitted to eight qualified laboratories, for
carefully controlled taste testing. The cumulative opinions ranged from "no change” to "soms
aging™ to “some flavor change.™ All agreed, however, that the soft drinks eould definitely be
used as an emergency source of potable beverages. In general, the soft drinks apprared to
suffer less modification of character than the beer samples, probably bocause the latier are
more complex and vericd in chemical composition

Other observalions on the soft drinks indicate that the sugar, existing principally as su-
crosc in the fresh beverages, was inverted to dextroge and levulose by the radiation to a de-
gree that develops normally in these beverages in about =ix months® or longer storage. This
change can alter the original flavor somewhat but §s in no way harmful to the beverage con-
sumer, In a dietetic beverage, containing a synthetic sweetener, one laboratury ascribed the
noliceable flavor change to chemical modification of the swestener.

In all samples of beveragea checked for argansleptic changes there was good carbonation
retention, indicating the maintenance of gastight sealing and hermetic closure of the containers
under the conditions of blast overpressures.

17



CHAPTER 4

SUMMARY

In summarization, it was found that commercially packaged beer and soft drinks in cans or
bottlea will survive the effects of the blast overpressures such as found at 1270 ft from GZ on
kot II. Neominal losses were occasioned primarily by flying missiles, the crushing of struc-
tures, or dislodgment from shelves. Shipping ¢artons and cases offered definite protection
from blast.

Enduced radioactivity, at the forward test locations of 1270 it from GZ during Shot I, was
nol great in either beer or soft drinks and would allow the use of these baverages as potable
water sources for immediate emergency purposes as soon as the storage area is safe to enler
after a muclear explosion. Although the containers, whether of metal or giass, showed some in-
duced radloactivity, noné of this activity was transferred to the contents. The beverages them: -
selves exhibited only mild indoced radicactivity, well withir permissible imits for emergency
use,

Some flavor change was found in the beverages, more in beer than in soft drinks. However,
the alterations may well be considered as equivalent in most respects to “aging” and were not
found to detract from the potential usage of these beverages {or emergency supplies of potable
water.
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