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FROJECT 6,3~

PREFACE

The purpose of Project 6.,3-1 was to determine the adequacy of
items of protective equipment for use in radicactively contaminated
areas. The work at the test site was performed under the direction of
the author, who was Project Officer.

The report is a compilaticn of four individual reports covering
separate items of equipment.
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PROJECT 6.3"'].

ABSTRAGT

Under conditions resulting from surface and underground detonations
of atomic bombs, tests were conducted on Chemical Corps ilmpregnated and
unimpregnated protective clothing, Individual Protective Mask MSAl with
M1l Canister, Tank Collective Protector E26 and E22, and Protective
Ointment M5, Both impregneted and unimpregnated clothing were capable
of preventing contact between the skin and radiocactive dusts, nimpreg-
nated clothing demonstrated better contamination-decontamination charace
teristics, but the secondary radiation from all clothing was negligible.
'he protective cover was effective in preventing contamination of e¢loth-
ing, The M9A1l mask with M1l canister furnished complete protection
against inhalation of radioactive dust, The filtering efficlencles of
the E26 tank vollective protectors were found to be very high, and no
deficlencies were found in the unit., The filtering efficienciles of the
E22 tank collective protectors were also high. Panels coated with M5
ointment were lound to be much more highly contaminated than bare panels,

O A S A




LR

CHAPTER 1

PROTECTIVE GLOTHING9

1.1 INTRODUGTIO)

1.1.1 Obiegtive

The object of this phase of Project 6.3 was to determine the
adequacy of Chemical Corps protective clothing to prevent radicactive
dust produced by atomic bomb detonations (surface and underground) from
contgrting the skin of the wearer,

1.1.2 Higptorjeal

During the period between World War I and World War II,
Chemical and Radiologlcal Laboratorles developed an impregnation proceass
for clothing to protect the wearer against war gases. A mixture of nine
parts of N,N'bis (2,4,6 Trichlorophenyl) dichlorourea and one part of
¢inc oxide was developed to neutralize mustard gas. This compound, known
as XXCC_, is used as an impregnate in standard items of clothing iosue to
produco3Chemioal Corps protective clothing. The class I protective
uniform consists of standard helmet and gas mask and the following items
impregnated with XXCC.s underclothing, socks, boots, gloves and coveralls.
Class II protective ugiform is the same as Class I except an unimpregnated
undershirt may be worn. OClass III uniform is composed of the same items,
but none are impregnated,

The individual protactive cover, Fig, 1,1, was designed to
provide protection against chemical warfare agents sprayed from aircraft.
It is constructed of ,002 inch flame and moisture resistant cellophane,
For cold climate use, the cover is lined with scrim to increases resistance
to cracking, The soldier is instructed to dispose of the cover after it
becomes contaminated, The cellophane cover was recently de-standardized
in favor of a cover, now under development, which is more easily donned.

1,1.,3 Properties of Protegtive Clothing

The protective uniform should prevent radiocactive dust from
corntacting the skin, should be difficult to contaminate and easy to
decontaminate by simple laundering procedures. Another deairable property
in the protective clothing, not tested under this project, is protection
against the thermal effects of atomic bomb detonations, It is obvious

-1
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3 AR

B

that one protective uniform be used in chemical, bacteriological, and ‘
radiological warfare,

1.2 EXPERIMENTAL PROCEDURE
1.2.1 Clothing op Racks (Fig. 1.2) .

At 2,000 feot downwind (40° north of east) from Ground Zero,
ten racks were set up for exposure of protective clothing to the surface
detonation. The following 1tems of clothing were nounted on the rackss

1. Individual protective cover
2, Individual protective cover
3. Impregnated herringbome twill coverall

4. Impregnated herringbone twill coverall

5. Unimpregnated cotton ssteen coverall
6, Unimpregnated cotton sateen coverall
7, Uaimpregnated herringbone twill coverall

8, Impregnated herringbone twill coverall encased in an
individual protective cover .

1 MMWE&@MHMMl)ﬁm vﬂ‘lu(‘, R b 0 R i ATl TR . i iz .‘

9. Impregnated cotton sateen coverall encased in an
individual protective cover

e o g
L 1

o St

10. Impregnated cotton sateen coverall

B e o B

T T I e T e o e e AR W, i

All impregnated clothing contained 7 to 15% by
weight of XXCGB.

8ix houras after the detonation, the clothing was ¢ollected
and removed to the Control Point at the test site, where each item was
monitored with a side~window PR-3 Beta-Gamma survey meter from a
distance of six inches, as tha level of activity was above the range of

the Chemical GCorps clothing monitor. .

1.2,2 Clothing in M26 Tapks
During the surface detonaticn, clothing was expnsed at the

five crewmen's positions within each of two M26 tanks. The tanks were *
located 2,000 feet downwind, 15° east of south, from Ground Zero. The
-2 - i
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front of one tank and the side of the other faced the blast, All crew
hatches were open.,

9ix hours after the detonation, the clothing was collected
and monitored according to the procedure used on the clothing from the racks,

1.2.3 QMC Controlled Contaminator’® (Fig. 1.3)

Five types of coveralls (see Table 1.5) were contaminated
uniformly in the QMC controlled contaminator, using dust collected near
the surface crater. Each batch was run for 10 minutes with 1/, pound
radioactive dirt. The "ghake-off" dirt was removed by an air blast and
collected in a bag filter, The laundering and drying of the converalls
was accomplished in the QMC portable laundry unit, employing the standard
QC laundering formula with General Aniline detergent. The same
laundering procedure was used for each batch., Monitoring of the cover-
alls was done bafore and after laundering at nine points,

1.2.4 Glothing Worp by Men (Fig. 1.4)

Men walking, crawling, and riding in armored vehicles passed
through the contaminated areas produced by both the surface and underground
dotonations. The clothing worn included coveralls, drawers, undershirts,
socks, gloves and boots; either impregnated or plain,

Four hours after the surface detonation, eight teams of men
worked for a period of one hour in the contaminated areas (Fig. 1.5).
Five days after the underground detonation, one team walked and one team
walked and orawled through the 10 to 500 milliroentgen per hour area
(Fig. 1.6), downwind from Ground Zero. The walking team traveled
approximately 1/2 mile in 1/2 hour. The walking and crawling team
orawled ten yards in the 300 milliroentgen per hour zone.

At 25-1/2 hours after the surface detopnation, crewmen wearing
Class I protective clothing entered the two M26 tanks and drove through
the contaminated area.

T —pr
i R e w il

1.3 IEST RESULTS
1.3,1 Clothing on Racks (Tables 1,1 and 1,2)

The results of the contamination of racke~mounted protective
clothing 2,000 feet from the surface detonation were as follows: The
average contamination, measured at six inches approximately eight hours
after the detonation, was 0.025 mr/hr., The range of readings on clothing
items was 0,01 to 0,04 mr/hr, The helmet was the most highly contaminated
item, having a reading 0.37 mr/hr. The average permissible level of conw~

tamination for clothing, presupposing use throughout lirfetime of wearer and
a large safety factor, is 7 mr 8.

-5 -
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$000 10,000

SURFACE SHOT

FEET

Fig. 1.5 Areas in which various teams of men wearing protective clothing
walked for one hour after Ht4 hours, and area of 26 Tank
operations. Direction of winds Northerly during detonation.

Walking Area 1 Stations 2, 8, 14, 20, 23, 27

2 1, 7, 13, 19, 25, 4
3 3, 9, 15, 21, 24, 28
? 29, 33, 36, 39
5’ 11’ 17’ 4’ 10’ 16’ 22’ 26, 46, 31
6 30, 34y 37, 40
? 6, 12, 18, 4, 43, 45, 32
8 35, 38, 41 -

M26 Stationary Tanks exposed during detonation at Station 5,

M26 Tanks Itinerary after detonations Station 5 north to point

800 feot east of ground zero, thence west to within 200 feet of

the crater and returning southward, v
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5000 10,000

UNDERGROUND SHOT

FEET

Fig., 1.6 Area in which teams of men wearing protective clothing
walked and crawled for % hour, on H$5 days; and itlnerary
of M26 tanks and personnel carrier, T18El, Direction of
Wind: Northerly during detonation.

Area in which proteetive clothing was worns Men walked from 10
nr/hr zone near Station 107 to 500 mr/hr zone near Station 101, Some
crawled for 10 yards in 300 mr/hr zone between Stations 101 and 107,
Stationary armored vehicles exposed during detonation at Station 101.
Itinerary of armored vehicles after detonation: Station 106 north
to Station 101, thence to tip of crater, thence to Station 104 and
return via same route,
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' PROJECT 6.3-1
Table 1.1 )

Results of Contamination of Protective Clothing on Racks
at 2000 Feet from Ground Zero on the NE Leg of the Surface

Shot - (Exposed from H to H ¢ 6 hrs) :
rrNumberr B Date of hve, Contamina-
Assigned| Clothing Outergarment Measurement | tion in mr/hr
to Coverall and/or Cover @H¢8hrs @ 6" corrected
Articles ) - for Background
*1 Impregnated Cotton-Sateen 19 Nov 51 0.03
w/cover
1 *2 Laundered, Impregnated HBT 19 Nov 51 0.03
w/cover , —
3 Cotton~Sateen, Impregnated 19 Nov 51 0.04
4 HBT, Impregnated 19 Nov 51 0.C3 +
5 Individual Protective Cover #| 19 Nov 51 0.03 :
6 Individual Protective Cover #4 19 Nov 51 0.03 B 3
7 | Laundered HBT 19 Nov 51 0.01 %
8 Laundered Cotton-Sateen 19 Nov 51 0.03 E
, 4
9 Laundered, Impregnated HBT 19 Nov 51 0.01 é
10 Cotton-Sateen 19 Nov 51 0.01 Ef
| | |
11 Tee-Shirt, Cotton 19 Nov 51 0.03 {
. ;.
12 Boots 19 Nov 51 0.04 x
13 Helmet 19 Nov 51 0,37 li
: - i
* The clothing underneath the covers was uncontaminzted, i ]
- 10 -
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TABLE 1,2

i

Reaults of Contamination of Protective Clothing
on Racks at 3000 Feet from Ground Zero on the NE
Leg of the Surface Shot - (BExposed from H to

# The clothing underneath the covers was uncontaminated,

allﬁ

1§ 6 hours)
Number ave, Contani-|
Assigned | Clothing Outergarment and/or | Date of nation in
to Cover Mgagurement @ {@ 6" correcte
Articles H 4 8 hours |for backgroun
1 Laundered, Impregnated HBT 19 Nov 51 0.06
2 Inpregnated HET 19 Nov 51 0,10
3 Laundered Cotton-Sateen 19 Nov 51 9.06 A
A Cotton-Sateen 19 Nov 51 0.05
5 Impregnated Cotton-Sateen 19 Nov 51 0,05
*7 6 Laux;d/:gg ; 7Tmpregnated HBT 19 NW 51 9.05 ‘E;
* 7 Im:;gno::?d Cotton=3ateen ) 19 Nov 51 O-Q 6 'r
8 Individual Protective Cover #1 | 19 Nov 51 0.05 ;
9 Individual Protective Cover #2 | 19 Nov 51 0,05 {
10 Laundered HBT 19 Nov 51 0.07 EF
H
11 | Combat boots 19 Nov 51 0.07 r
12 | Tee-Shirt, Cotton 7 19 Nov 51 0,03 lL:;
13 Holmet 19 Nov 51 4.7 i
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below which no contaminatlon is required even when presupposing a
continuing 1ifetime exposure and a larpge safety factor, is 7 mr/hr,

The results of contamination at 3,000 feet downwind from
Ground Zero show that the average contamination measured at six inches
eight hours after the detonation, was 0,06 mr/hr, or slightly higher
than the average at 2,000 feet., The range of activities was 0.03 to
0,10 mr/hr on olothing. Again the helmet was the most highly contaminated

giving a reading of 4.7 mr/hr,

The protective cover proved very effective but became brittle
from the heat. Iiowaver, the fact that the covers were manufactured in
1942 may have been responsible for the brittleness,

1.3.2 Clothing ip M26 Tapks (Tables 1.3 and 1.4)

The activities on the clothing in the two M26 stationary tanks
were lower thaen the activities of clothing exposed on racks. The average
contamination was 0.01 mr/hr at six inches eight hours after the detonation.

Contamination of clothing on men in mobile tanks was greater
than on coveralls in same unmanned statlonary tanks,

1.3.3 Clothipg from QMG Contaminator (Tables A.l and A.2)

The correction curve, Fig. 1.7, wag used to correct the
aotivities of the clothing from the contaminator to one hour after the
detonation. The resuwliing contamination levels are shown in Table 1.5,
The impregnated clothing was more highly contaminated than the corres-
ponding unimpregnated, The laundering efficiency for unimpregnated
clothing was higher than for impregnated,

1.3.4 Clothing Worn by Men (Tables 1.6, 1.7, 1.8, &.3, A.4)

Of protective clothing worn by men after the surface
detonation, gloves and boots worn into areas near Ground Zero were the
most highly contaminated, giving readings ranging from 01 to 9 mr/hr
at six inches when monitored 26 hours after the detonation. Contamination

of underclothing was negligible,

Of the clothing worn into the contaminated area produced by
the underground detonaution, the maximum reading was 3.7 mr/hr, The men
who crawlad received only 2 to 4 mr from thelr clothing while recelving
a total dosage of 1 to 2 roentgens, as measursd by film badges which
recorded radiation from both the clothing and tha ground.

The contamination of clothing worn by men riding through
the arsa contaminated by the surface shot was also negligible.
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TABELE 1.3

Contamination of Coveralls Placed in Two
Statlonary M~26 Tanks During the Surface Detonation
(Clothing Exposed from H to H ¢ 6 hours)

B PR-3 Meter Read-
: ing in mr/hr @ 6"
.3 at H 4 8 hrs cor-
% No.|Type of Coverall Seat (Comp't| Tank No, fjig;guggr back-
H Laundered, Impreg- | Comman-
’2 1 | nated HBT _der Upper|418 head-on 0.02
% 2 | Laundered HBT Gunner | Upper|418 head-on 0.01
é Laundered, Impreg= 7
3 3 | nated HBT Loader | Upper|418 head-on 0,02
4 | Laundered HBT Driver | Lower[418 head-on 0.01
Laundered, Impreg- | 4ss't, - '
5 | nated HBT Driver | Lower|418 headwon 0.02
Taundered, Gotton- | Comman-
6 | Sateen der Upper |424 side-on 0.01
Impregnated Cotton- - )
7 | Sateen Gunner | Upper|424 aide-on 0.01
Impregnated Cotton- ‘
8| Sateen Loader | Upper|424 side-on 0.00
9 | Cottonw-Sateen Driver | Lower|424 slde=-on 0.01
. o Cotton-Sateen In- |iss't. '
4 ' pregnated Driver | Lower 424 side-on 0.00
]
i -~ 13 -
E)



TABLE 1.4 ’
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Contamination of Coveralls Worn by Crewmen in
Two NMoblle Tanks After tho Surface Detonation

Ave. Reading on Fi- k

Survey Yeter in mré !

at 6" gdﬂf* 2% hlz;a

No,| Type of Covurall Seat Comp't| Tank No., oorrizggundor ack=
Unimpregnated Cotton-|ass't,

1 | Sateen Driver |Lower 418 0,03 s
Tmpregnatad Jotton-

2 | Sateen B Driver |Lower A8 0.03
Imprognated Cotton- [Comman-

3 | Sateen der Upper 418 0.05 3
Onimpregnated Cotton-

4 | Sateen ~ |Gunner |Upper 418 0.03
Laundered, Unimpreg- |Ass't, :

5 | nated HBT Driver [Lower 424 0.03 ' i
Laundered, Impregna- é

6 | ted HBT Driver [Lower 424, 0.03 g
Laundered, Impregna~ [Eomman- g

7 | ted HBT der [pper | 424 0.01 ’ i
8 |Gloves (1,4, %5) 0.02 ‘
' 9 |Gloves, Impregnated (2,3,6, %7) 0,03 1
‘ 10 |Undershirts (1,4, &) 0.00 1
11 Undershirts, ) ¢
Impregnated (2,3,6, &7) ) - 0.01 ?

i2 |Drawers (1,4, %5) 0,01 ;
Drawers, k

13 |Impregnated (2,3,6, %7 0.01 .
3

14 |3ocks (1,4, %) 0.00
15 |Socks, Impregmated (2,‘%,6, %7) 0.00 3 7
- 14 - )
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PROJECT 6.3-1

TAELE 1,6

Contaminated Areas in Which Various
Toeams Walked for One Hour While Wearing
Protective Clothing after Surface Detonation
(See Fig, 1.5)

Distance Downwind from
Tean No, Ground Zero Direction
1 2-11,000 £t N
2 11-20,000 £t NW
3 2=9,000 ft NE
4 14-50,000 ft N
5 2-14,000 £t E & SE
6 14=-50,000 f% ) NE
7 2=8,000 ft NW & Sd
8 20-50,000 ft NNE

-17 -
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TABLE 1,7
Proteotive Clothing Worn After Surface Detonation
by Men Walking in Contaminated Areas (See Fig, 1.5
and Table 1.6)

———iﬁ*————~=======E22===2ﬁ==ﬁ;===E======:===EE=====? 4

Total Num-
L bar Suits Coveralls % _ Team Numbers , ¢
7 Laundered HBT 11,3, 4,5,6,7 &8
i

1) 2’ 3’ A’ 5! 6’
8 Impregnated HBT 74&8

Laundered and Impregnated 2, 3, 4y 5, 6,7
7 HBT &8

T LR N T T

3 Cotton—Sa‘been 1, 3’ & 6

#* Underneath the coveralls, drawers and undershirts were worn. The under-
clothing was either impregnated or unimpregnated to mateh the correspond=
ing coveralls. In addition, uniforms with impregnated clothing included ;
impregnated socks, boots and glovea, Uniforms with unimpregnated clothing . !
wore matched with unimpregnated socks, boots and gloves,

TABLE 1.8 .

Protective Clothing Worn After Underground Detonation
(SBQ Figo 1.6)

_Number Coveralls Toam *%
2 Laundered Herringbone Twill 1 .
6 Inpregnated Herringbone Twill 1l and 2
2 Laundered, Impregnated HBT 1
2 Cotton Sateen 7 1l and 2
8 Cotton Sateen, Impregnated 1l and 2

* Toam 1 orawled and walked

## Team 2 walked only
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1.4 DISCUSSION OF RESULTS

The level of contamination of the clothing under the tsat conditions
was very low, indicating no hazard to the wearer. The fact that under-
clothing worn by the men orawling after the underground detonation was
8411l uncontaminated indicates that the clothing is adequate to prevent
contact botween radioactive dust and the skin of the wearer. The
impregnated clothing, in general, retained more radicactive dust than
did the unimpregnated items., It is significant, however, that the level
of radiation due to dust on clothing throughout the tests was negligible,

1.5 CONCLUSIONS

1. Impregnated herringbone twill clothing is more easily contaminated
than impregnated cotton sateen clothing., However, the difference is
Slight.

2. Class I and Class III protective clothing furnish adequate
protection against the penetration of radicactive dust under the soil
conditions encountered in the teat,

3. Cotton-sateen ¢lothing has contamination-decontamination
characteristics superior to those of herringbone twill,

4. Under the soil and weather conditions encountered at the Nevada
Test Site, contamination of clothing worn by personnel in the area
contaminated by an atomic detonation would not constitute a military
hazard.




CHAPTER 2

EVALUATION OF MGA]l INDIVIDUAL PROTECTIVE MASKS®
2.1 INTRODWGTION

2.1.1 QOblective

The objective of this phase of Project 6,3 was to determine
the adequacy of the Chemical Corps Individual Protective Mask M9AL to

protect the wearer from inhalation of radiomctive dust resulting from
an atomic bonb detonation,

2.1.2 Historical

The M9A1l Protective Mask, Fig. 1.4, developed by Chemical
and Radiological Laboratories during the latter part of World War II,
was deaigned to proteot the wearer against all known war gases and toxic
serosols, As standardized in May 1951, the mask sonsists of a medium
weight rubber face-form with M1l canister’ attached to the face-piece,
The M1l canister contains a paper particulate filter and an activated
charcoal (ASC) filter in series. The mask is held tlghtly against the
face by a head harness, Previous to this test, the MIAl mask had been

found suitable for protection against chemical and bacteriological
agents,

2.2 EXPERIMENTAL PROGEDURE

The apparatus for determining the overall radlometric efficlency
of the mask consisted of a molded rubber nose-plece with a ¢otton-wad
filter (Pig. 2.1). The periphery of the nose-pisce was sealed to the
voluntesr wearer's face with adhesive tape. The mask was worn in the
usual manner over the nose-piece, The volunteers who wore the mask test
units were members of the teams walking and riding through the contaminated
area after the surface detonation for the clothing tests desoribed in
Chapter 1. A4fter the wearers returmed from the tests, the cotton wads were
counted to determine their radiocactivity.

2.3 IEST RESULTS

No radioactivity was found on the cotton wads returned froe the
aurface shot when counted 25 hours after the detonation. Five M11

canisters from nmasks worn by personnel who entered the contaminated area
for a period of 1/2 hour approximately 3-1/2 hours after the underground
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detonation, were disassembled and counted for evaluation of the
radiation hazard, The activities, corrected to one hour after the
detonation, ranged from 1,12 me to 5.20 mo,

2.4 RISCUSSION OF RESULIS

Since no messurable amount of radiocastivity reached the cotton wad

of the test nose-piece, it may be assumed that the filtering efficiency

: of the mask unit approached 100% under the low-contamination conditione
L of the surface shot.

The radiation from the M1l canisters (Table 2.1), used by men
working in the contaminated area after the underground detonation, was
not dangerous and would not constitute a hazard (1 to 5 mc at H 4 1 hr),

; 2.5 GONCLUSIONS

1, The M9Al Protective Mask was adequate to prevent inhalation of
radioactive particles under the conditions of the test,

2, The accumulation of radloactivity in the M1l Canister, under
the test conditions, was not sufficient to produce a radiation hazard.

2,6 RECOMMENDATIONS

None, as work is continuing on the development of individual
protective devices,

i i
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. TABLE 2.1

Radioactivity Collected in M1l Canisters by Men Walking in

Contaminated Area While Wearing M9Al Protective Masks, for
" One~Half Hour (33=4 Hours After the Underground Detonation)
Radioactivity
me®H41hr Radioactivity
Canister Sample for 2" diameter me@H41hr
 Nupber | Number ——aamples . . ... J for M1l Canister |
18 1 4,38 x 1072
18 2 3,60 x 10™2
18 3 5,68 x 10-2
18 Average 4s55 x 10°<_ 1.12
Al 1 6,94 x 1072
. A 2 9,95 x 102
4 3 8,69 x 1072 _
4l | Average 8,53 x 10°< 2,10
N 46 1l 15.2 x 10"2
. 3 9,91 x 1072 ,
‘ 46 1 __Aver 13,7 x 10=% 3.37
50 1 2404 x 1072
50 2 14.1 x 10~2
50 3 24,8 x 10~2
50 _Average 211 x 107< 5.20
52 1 13.2 x 10~2
52 2 5,95 x 10™2
52 3 2.4 x 2072
. 52 ‘Average 13.5 x 10°* 3,33
- 23 =




CHAPTER 3

EVALUATTON OF TANK COLLEGTIVE PROTEOTORS Ezé’ AND E2z»™

3.1 JINIRODUCTION
3.1.1 ijmm

The object of this phase of Project 6.3 was to determine the
adequacy of the Tank Collective Protector E26 to protect a tank crew
frem the inhalatiom of radioactive particler while operating
in an area contaminated by detonation of an atomic bomb.

3.2 {latorical

During the late stages of World War II, the Chemical and
Rediological Laboratories developed a device, the Tank Collective
Protoctor E22, for the protection of tank crews against chemical warfare
agents. Further developmental work has produced the Model E26. This
three man protector consiats of one kir Purifier E2 and a Tank Mask - ’
E56~M10A1-E20 for each man.

The principal parts of the air purifier are a blower, a
contrifugal separator, and replaceable paper and charcoal filter units, .
The purifier operates on 24 volt direct current and delivers approximately
12 cubie feet of air per minute,

The Tank Mask E56 consists of a fully molded rubber face
blank with a full-face vinylite eye shield. The face-piece 1s equipped
with a 1ip microphone connected to the tank communication syatem, Wire
reinforced rubber tubing connects the mask and the air puriffer through
a M10Al caniater in a carrler worn by the crew member, The system 4s
designed so that the crewman can quickly disconnect the tubing and use
the mask and canister as an individusl protector when emergency
abandonment of the tank is necessary.

The Tank Colleotive Protector E22, predecessor to the E26,
is similar to the E26 4in basic design., The E22 ias larger in overall
dimensions and is not equipped with the individual M1OAl canisters for
separate use in evacuation. During the planning stage of Project 6.3,
the E26 was not available., Before the E26 was made available, detailed
plans for the E22 tests were advanced enough that the test could be
completed at no additional cost and but little additional effort; .
therefore, the E22 investigation was conducted.

0-2)4-
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3.2 EXPERIMENTAL PROCEDIRE

3.2.1 %mxmmm_err org £26 in drmored Yehicles
Figures 3.1 and 3.2

During the surface and underground detonations, two M26
tanks, in which E26 collective protectors were installed, were exposed,
4t the underground datonation, a T18El personnel carrier equipped with
an E26 protector was exposed.

During the detonations the vehicles were stationary and mnot
manned. At the surface detonation, the two tanks were located 2,000
foot upwind (southeast) of Ground Zero, with all crew hatches open. One
tank faced the blast with engines running; the other tank was parked
nwith one aide exposed to the blast and with engines not operating.

During the underground detonation, the twe tanks and the
versonnel carrier were situated 2,000 feet downwind (northwest) of
Ground Zero, One tank and the personnel carrier faced toward Ground
Zoro, with engines running and hatches open., One tank was parked with
a side toward the blast, with engines off and hatches closed.

Shortly after each detonatinn, the effluent air filter
samples were removed to the laboratory on the test site for counting of
radioactivity. The influent particulate filters from the alr purifier
and the M1OAl canisters were transported to the Army Chemical Center,

Maryland, where radioactivities were determined and calculations were
made ,

3.2.2 Tank Collective Protector E22

One type of apparatus (Fig. 3.3), used in determining filter
efficiencles of the E22 tank collective protectors consisted of an
adapter, a filter pack made up of one layer of Chamical Corps Type 6
paper and two layers of Chemical Corps Type 5 paper, and a blower to
draw the sample through the filter. The rate of flow through the filter
unit was 3 ofm, while the capacity of the collective protector was 18 -~
19 c¢fm. The excess air passed through the vents in the adapter. Three
collective protectors were tested with this type apparatus ut 4,000 feet
from Ground Zero.

The second type of apparatus is diagrammatically illustrated
in Fig. 3.4. The apparatus consisted of a shielded Geiger-Mueller tube
and an electronic circuit to measure and record instantaneously the
level of radicactivity in the effluent of the collective protecter, &4
filter samplor similar to the first apparatus was included in this type
sampler., 4 separate Geiger-Mueller tube and electronic circult were

- 25 -
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Fig. 3.1

Three Man, E26 Tank Collective Protector (Air Purifier)
Evaluated in Stationary and Mobile M26 Tanks and T18E1
Personnel Carrier During the Surface and Underground
Detonations. A. Carrier for Protective Mask. B. Tank
Protective Mask, E59, G, M10 Canister. D, E26 Tank
Collective Protector. E. Test Fiiter, Chemical Corps
Type 6.
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Turret Compartment Crew wearing Tank Masks connected by
Hoses to a Three-Man, E26 Tank Collsctive Protector

mounted inside an M26 Tank,

A, M10Al Canister connected in series between Tank Mask
and Tank Collective Protector Filter; B. Tank Mask

Holder; C,

Tank Mask
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Fig. 3.3

FROJECT 6.3-1

E22 Tank Collective Protactor Filter Efficiency Ev~luation
Unit Mounted on Tlatforms at Stations 13, 14 and 15,
respoctively, 4,000 foot from Ground Zero and Operating
during Surface Lotonation

A, EQQ Tank Collectlive Protoctor Filter unit, consisting
of vloctrlcadly-uvporatad Wower, centrifugal separator ftor
largs particles, ploated Chemical Corps Type O Paper Filtor,
and Charcoal Filter comnoctod In Sovies, B, Fllter Packot,
compogad of ono layar of Typo ¢ and two layors of Type 5
Chomical Gorps Filttor aper momntad (o sorfoes. oo ¥xhaust
Fan and Motor for deawing alr sample alfaquob throngeh abova
f{ltor packot, D, 24 volt Air Foree Batterios ased o
oparato above eaxhaunst “an and Tank Colloctive Protacetore
Filtor Intt., B, Platforn. ', Ports Lo valoaso
alr Croo Tank Collective Treotector it

NGO
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used to measure and record the instantaneous background at each staticn.
Three oé‘ the instantaneous recording units were used at 20,000 feet from
Ground Zero.

Five minutes before the surface detonation, the six test
uits were started by a timing signal and relay system., After two hours, a
the units were astopped by a preset timing device, The filter paper
samples were colleoted approximately four to six hours after the
detonation and were transported in individual plastic bags for counting
at :he laboratory operated by the National Institute of Health at the
tont aite.

3.3 IEST RESULIS
3.3.1 Iank Collactive Protectors E26 in Armored Yehiclea

During the surface detonation, the level of radicactivity
near the tanks was too low to permit determination of radiometric filter
officiencies of the E26 protectors., Radiation from the protectors was
negligible,

After the underground detonation the radiometric filtering
officiencles of the particulate filters in the E2 air purifier were
calculated from the following formulas

d/ml

Effici '
ciency = 100 d/wy ¥ d/m, § d/w,.0eet d/my

(3.1) .

where d/m is the counting rate of activity collected corrected to :
identical geometry conditiona. This formula holds true only in the event :
that the penetration of the last layer is negligible, The efficiency of
the M10Al canister, as previously evaluated, is high enough that this
assumption is reasonable’, The amount of dust retained between the
partioulate filter and the canister is negligible also, Therefore,
Formula 3,1 above can be simplified to¢

Efficiency = 100 =i (3.2)
Aé4 B

where A 2 total corrected activity on particulate filter
where B 2 total corrected activity on M1041 canister
The values of total corrected activity on the influent

particulate filter are given in Table B.2, The total corrected activities -
of the MIOAl canisiers are given in Table B,3. The efficiencies, given
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in Table B.l are well over 99,9%, The radiatiom ,as measursd by =
Tracerlab laboratory monitor, from the components of the thres collective
protectors are glven in Tables B.4, B.5, and B.6,

3.3.2 Iapk Qollegtlve Protector K22, Platforn Mounted

The filter efficlencies of the E22 tank protectors 4,000
feat downwind from the surface detonation are given in Table B.7. The
influent concentration at one station was not determined hecause the
sampler, a part of the Project 2.5a apparatus, jammed the counter. The
radiometric filter efficiencies of the other two were 89,8 and 98.9%
respectively.

The instantaneous radiometric readings from one of the test
units at 20,000 feet from Ground Zero are given in Table B.8, The
officiency calculations are given in Table 3.1 . Data were not obtained
from the other two units. In one case, the background was so high that
tho electronic recorders went off scale, and at the other station, the
paper on the electronlo recorder slipped, causing unreliable readings.

3.4 DISCUSSION OF RESULIS

The indicated high radiometric filtering efficiency of the particulate
filter in the E26 Collective Protector, coupled with the high efficiency
of the M10Al Canister, indicates that the E26 Protector is quite sstisfactory
for protaction of wehilcle crews against the inhalation and ingestion of
radicactive dust, The tanks were not located in the area of greatest
contamination, but the contamination was great enough to make the test
conclusive,

The filter efflciencies for the E22 tank ocollective protectors served
to verify the results of the tests on the E26 models, giving efficiencies
of the same magnitude, The results of the tests indicate that both the
inatantaneous recording and filter pack apparatus provide adequate means
of determining the filtering efficlencies of devices similar to the tank
collective protector,

3.5 CONCLUSIONS

1, The E26 Tank Collective Protector furnishes adequate protection
againat the inhaletion of redioactive dust resulting from
the deitonation ot an atomic bomb,

2. The instantaneous recording method and the filter pack method are

both satiafactory means of determining filtering efficlenclea of devices
gimilar to the tank collective protector.
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TABLE 3,1

Caloulation of Filter Efficlency of E22 Tank Collsctive
Protector at Station 35, 20,000 ft NNE and Downwind from
Surface Detonation

1,

Average Reading* of Instantaneous Effluent (H$l hr) ......, 24 CPM

2, Time that Particulate Gloud was Over Station 35 ..se... 13 minutes

3. VOIW of Efﬂmnt Air&en by ¢ ] TUN AR 005 Oufto

‘. G.outry Of GM Tuh (I FE R NN RN NN ENEFNENENY NN NENE NN NN RN NN KN NN 50 %

5. R‘uj Of Flo' Of ur P”t G“ Tub 0'.00000-00.!!900-0’0-0. 9.0 CF‘M

Activity of Influent Filter Paper Uorrected for Time,

Goome try, Flow and Background ....isvsecescscacsses 14,13 X 105 CPM

- 5
% Filter Efficiency = 100 Al3 x 10
14,13 x 10% +

{24)(9)(13)
(.50) (0.5)

= 99.09%

* See Table B.8, Appendix B
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CHAPTER 4

GONTAMINATION OF M5 INDIVIDUAL PROTECTIVE OINTMENT'O

4.1 INIRODUCTION

4.1.1 Qblectlve

The object of this phase of Project 6.3 was to compare the
contaninability of aluminum panels coated with M5 Protestive Ointment
with the contaminability of bare panels when exposed to the surface and
underground detonations of atomic bomba, in order to obtain information
relative to the contaminability of skin coated with M5 ointment,

4.1.2 Hisgorical

The W5 Protective Ointment, a chloramide, was developed as
an &ld in the protection and decontamination of skin exposed to vesicant
chemlical warfare agents, particularly the mustard gases,

4e2 EXPERIMENTAL PROCEDURE

The samples for this tost consisted of 2-1/2" x 3" plates of 18
gage aluminum, At each station, one horizontal and one vaertical plate
were coated with ointment, and an uncoated control plate was mounted
beside each sample, Forty-six stations were located at distances from
2,000 to 50,000 feet from Ground Zero, Additional panels were mounted
on two M26 tanks and a T18ELl Personnel Carrier, During both shots, the
armored vehicles were stationary, but after the underground detonation
new panels were mounted and the vehicles were driven past the surface

crater,

The panels were removed approximately four hours after each detonation
and were flown to the Army Chemical Center, Maryland, where radiocactivity
was measured by a Geiger-Mueller tube and scaler. The activities were
caloulated to H ¢ 1 hour, using the decay factors of Figure l.l.

4¢3 IBST RESULTD

The results of radicactivity measurements on the panels mounted on
the armored vehicles show that in every case, the corrected mctivity of
the corresponding uncoated control panel,
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The greatest contamination was found at 30,000 feet downwind from .
Ground Zero, in the path of the greatest radiocactive fall-out, This
contamination was 60 microouries per square centimeter at H 4 1 hour

on the horisontal panel, The lightest contamination was found on the
upwind panels.

44 DISQUSSION OF RESULIS )

o

g e

As the ointment on the aluminum panels was quite viscous due to

low temperature at the time of the shots, the number of radioactive é‘
particles retained on the samples was probably smaller than would be g
retained by ointment on a warm surface such as human skin, @
f{

45 GONCLUSIONS
1. '

Ointment-coated aluminum panels definitely collect and retain
more radioactivity than do bare aluminum panels,

2, It can be concluded from the results of the panel tests that
radiological contaminability of human skin exposed to atomic detonation
would be increased by use of M5 Protective Ointment.

-3y -
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fable A3 (See Fig. 1.5) }
- Contamination of Protective Clothing Worn by Men Walking One é
Hour in Contaminated Areas of Surface Shot at H £ 6 Hours 4
 Ave. Readings on FR-3
Man Clothing of Team ¥1 Survey Mster at 6"
(See Fig. B.1,11) G H / 26 hours
# Laundered HBT Coverall 0,16 wr/hr
Gloves, Cotton . 1.58
Undershirt, Cotton 0.01 B

Drawers, Eot‘bon O.Ql

" - Socks, Cottom ) 0,04

Boots ] 1,09

Holwat, Steel 0.18
e Mask, MOAL ) 0.28 _
] Impregnated EBT Coverall 0.30
Gloves, Cottom, Impregnated 0.88
o Undershist, Cotton, lmpregnsted. 0.04
Drawers, Cotton, Iuwpregnated 0.00 i
Socks, Cotton, Inpregnqtgd 0.383 E
- Boots, Impregnated . 0.02 [
Holmet ) 0,17 }

. Gas Mask, MOA ) 0.32




APPENDIX A
Table A,3 (Cont'd)

~,|WMHI!!mmmllliﬂl'w.“:l!lnilm&ib""ll||\|||u|uz1

Xve, Readings on FH-3

Man Clothing of Team #1 Survey Meter at 6"
(See Fig. B.1,11) 8 H /£ 26 hours
¥ Cotton-Satesn Ceverall 0,18
Gloves, Cotton 0,47
‘Undershirt, Cotton Q.01
Drawers, Cotton 0,01 ?
Sooks, Cotton 0,00
Boota 0,60
Holmet 0,17
Gas Mask, MYAlL 0.22

Clothing of Team §2

" Impregnated HBT Coverall 0.29
Impregnated Gloves, Cotton 0,02
Inprognated Cotton Undershirt 0,08
Impregnated Cotton Drawers 0,02
Impregnated Socks, Cotton 0,00
Impregnated Boots 0,04
Helwet ) 0,17
Gas Mask, MOAl o 0.07

® Laundered, Impregnated HET Coverall 0,22

Cottan, Impregnated Gloves 0,02

- 38 -
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. APPENDIX A 4
Table A.3

Ave, Readings on PR-8

Man Clothing of Team #2 Survey Meter at €" y

» (Ses Fig, B,1.1) @ H £ 28 hours ;
Cont'd A

| #2 Cotton regnaied Undershirt 0.03

Ootton, Lwpregnated Drawers , 0.03 "

Cotton, Impregnated Socks 0,03

Boots, Impregnated 0,04 ffl"

Holmet 0,17 "

) Gas Magk (not worn) , - ~

Clothing of Team #3

. 1 Laundered, H5T ) 0.0) 'g
Cotton Gloves ] 0,06 %

b Cotton Undershirt 0.00 E

Cottan Drawers 0,00 o g

Cotton Sooks 0.00 §

Boots i 0.04 ;f

Holmot ) 0.04 %

Gas Mask, MDA 0.06 F:

#2 Impregnated HBT Coverall 0,01 *:E

Impregnated Cotton Gloves c.08 LE;

: Inprognated Cotton Undershirt 0,00 ] *
Impregnated Cotten Drawers 0.00 j

Impregnated Cotton Sooks 7 0.00

-39 - :
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APPENDIX A
Table A.3 (Comt'd) 7 -
Ave, Readinge on PR-3 !
Man Clothing of Team #3 Survey Meter at 6"
Coat'@® ok
¥2 Impregnated Boots Q.07
Holmet , 0,03 -
| Gas Mask, MDAl _0.06
1 #6 __ Laundered, Impregnated HET Coverall 0,00 )
w Impregnated Cotton Gloves __0.04 .
N Impregnated Cotton Undershirt 0,00
- Impregnaied Cotton Drawers 0.00
Impregnated Cotton Socks 0,01
Impregnated Boots __0.0%
He lmot , _ 0.01 ;
Gas Mask, MOAL 0.04
K . Cotton-Sateen Coverall 0,02 ‘
Cotton (loves 0,04 Ff
o Cotton Undarshirt 0.01 E
Cotton Drawnrs 0.00 ‘.Z
Cotton Socks 0.0 §
Boots 0.04 ] ) Eﬁ
. Helmet 0,08 [
Gas Mask, MSAL _ 0408 l




APPENDIX A

Table A.5 (Cont'd)

Ave. Readings on PH-3

Man Clothing of Team #4 Survey Meter at 6"
@ HZ26 hours |
#1__ Laundered HBT Coverall 0.08
' Cotton Gloves 0,38
Cotton Undershirt 0,01
Cottan Drawers 0,01
Cotton Socks 0.0l
Boots 2,31
Holmet 0.08
Gas Mask 0,11
# Impregnatsd HBT Coverall 0,07
Impregnated Cotton Gloves 0,98
Impregnated Cotton Undershirt 0,00
Impregnated Cotton Drawers Q.00
Impregnated Cotton Socke 0,01 N
Impreguated Boots __B.65
~ Helmet - 0.14
Gas Mask, MWOAl 0,13
s Laundered, Impregnated HBT Coverall 0,26

Impregnated Cotton Undershirt

Impreguated Cotton Gloves 0,88 |

_o.01
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APPENDIX A
Table A.5 (Cont'd)
Ave, Neadings on PR-S
Man Clothing of Team ¥ Survey Moter at 6"
7 O H £ 23 hours
Cont'd
#s Impregnated Cotton Drawers 0.0
Inpregnated Cotton Sooks 0,01
Impregnated Boots 1,80
Holmot 0,38
Gas Masks, MYAY 0.38
Olothing of Tean §6
2 Laundered HBT Coverall 0.00
B Cottou @loves 0,02
Cotton Undarshirt 0.01
Cotton Drawers __0.00
Cotton Sooks 0,00
Boots 0,00
Helmet 0.00
Gas Mask, WA (not measured) -
R Impreguated HET Coversll 0.00 ]
Impregnated Cotton Gioves 0,03
 Impregnated Cotton Undershirt 0.00
Impregnated Cotton Drawers 0,00
Izpreguated Cotton Socks 0,00
Iwpregnated Boots 0.04

-42 -
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Table A.3 (Cont'd)

PROJECT 6,3=1

Ave, Readings on PR-3
Man Clothing of Team #6 Survey Meter at 6"
Q@ HZ 26 bours |
Cont'd
#° Helmot 0,02
Gas Mask . 0,04
¥ Laundered I@Mod,ml‘ Coverall 0.01
Impregnatud Cotton Gloves 0,04
Impregnated Cotton Undershirt 0,00
lmpregnated Cotton Drawers 0.01
Inpregm.tod Cotton Sovoks 0,00
Impregnated Boots 0.04
Holmets 0,02
Gas Mask, M9AL ) B 0.06
Clothing of Tesm #6
#1 Laundered HBT Coverall .00
Cotton Gloves .01 _
Cotton Undershirt 0,00
Cotton Druwers 0,01 .
Cotton Sooks 0,00
Boote 0.01
Helmet 0,03
Gas Mask, MIAL 0,03
" Impregnated HBT Coverall 0,00
Impregnated Co%ton Gloves 0,00

T
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APPENDIX A
Table A.3 (Cont'd) ’
Ave, Headings on PR-3 |
Man Clothing of Team #6 Survey Meter at 6" .
=t , @ H £ 26 houry | 3
) Impregnated Cotton Undershirt 0,00
Imprgsgutod Cotton Drawers 0,01
Impregnated Cotton Sooks 0,08
Inpregnated Boots 0.04
Holmet 0,06 i
Gas Musk, M9Al 0.08
s Leundered Impregnated HBT Coveral! 0.02 .
Impregnated Cotton Gloves 0,08 é
Impregauated Cotton Undershirt ] 0,01 é
_Impregnated Cotton Drawers 0,01 ) E
Inp_r_.@gbod Cotton Sooks 0.02 E
Ispregnated Boots 0,08 ;
Eolmet , 0,03 4
Gas Mask, M9Al 0,04
o 4 Cotton-Sateen Coverall 0.06 ?
‘ Cotton Gloves , 0.0l
Cotton Undershirt 0.00
Cotton Drawers 0.00 )
Cotton Sooks ) 0.00 B
Boots Q.02. |
- LY -
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APPENDIX A

Table A.3 (Cont'd)

FROJECT 6,3~1

Ave, Readings on PR-3
Man Clothing of Teanm #6 Survey Meter at 6"
, 8l [ [}
. Cont'd
r‘_ﬁ Holmot 0,02
Gas Mask, MOALl 0.04
Clothing of Team #7
#1 Laundered HBT Coverall 0.03
Cotton Gloves 0,0
Cotten Undershirt 0.01
Cotton Drawers 0.00
Cotton Sooks 0,00
N Boots (not measured) -
Holmet (not messured) -
Gas Mask, MOAl (not measured) -
B # Impregnated HBT Coverall 0,00
Lmpregnated Cottcn Gloves 0.01
Impregnated Cotton Undershirt 0.00
Impregnated Cotton Drawers 0.00
Impregnatoatgotton Socks 0.00
. Impregnated Bosts 0.00
Holmet 0,00
| Gas Mask, MPAL 0,08 i
#3 Laundered Imprg;gn.tod HBT Coverall 0,00
* Cotton Gloves . 0,00
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APFENDIX A
Table A,3 (Cont'd)

Ave, Readings on PR-3
Man Clothing of Team #7 Survey Meter at 6"
7 @ H £ 26 hours
Cont'd v
§3 Cotton Undershirt . _ Q.01
Cotton Drawers 0,00
Cotton Sooks , 0.00
Boots 0,00
Holmet, . 0.00
Gas Mask, M9Al 0,03
Clothing of Team #8
N . Laundered HBT Coverall 0,00
Cotton Glovesn ) Q.00
| Cotten Undershirt o —
Cotton Drawers _ 0,01 )
Cotton Sookg 0,08
Boots ) 0.08
Helmet: 0,07
Gas Mask, MOAL - 0.04
#2 Improgogated HBT Coversll 0,00
re Cotten Gloves 0,08 :
‘ Impregnated Cotton Undershirt 0,00 .
 Twrecated Cotton Drawers S '
Inpregnated Gotton Sooks 0,00
Impregnated Boots 0,21 :

ﬁ%-
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. Teble A.3 (Cont'd)
Ave, Roadings on PR-5
Man Clothing of Team #8 Survey Meter at 8"
® , @ H £ 26 hours
Cont'd
Gas Mask, MOAL , , 0404
3 Leundered Impregnated HBT Coverall 0,00
Impregnated Cotton Gloves 0.07
Impregnated Cotton Undershirt 0.00
Impregnated Cotton Drawers ] 7 0,00
Impregnated Cotton Socks 7 0.04
Impregnated Boots 0.4
Holuwet 0,08
Gas Mask, MOAl 0,01
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APPENDIX A

TABLE A.4 (See Pig, 1.6)

Contamination of Protective Clothing Worn by Men Walking in
1 Contaminated Ares of Underground Shot

¢ Ave, Reading PR=3 Survey i
i No, Meter at 6" @ H ¢ 124 lus
‘e Men Performance Article of Clothing ocorrected for background
~Impregnated Gotton-
3 Valked, Crawled | Sateen Coverall 2,60 mr/hr
L " Impregnated Cotton Gloves 3.70
" " Impregnated Cotton
Underghirts ___ 0,00
" . Impregnated Cotton
Dramera 0,00
‘ " Impregnated Cotton Socks 0.12
" " Impregnated Boots 2.50
. . Holmet . 0.23 -
. ) " " Gas Maak, MOAL 0.37
' ¢
! 1 " " Uhimp;?gnated otton 0.0 B
n " Cotton Gloves 0,70 f
" n Cotton Undershird 0.04 i
" " Cotton Drawers 0,10 4
" " Cotton Socks 0.17 |
" " Boots 0.70 '
" "o Holmet 0.20
. o Gas Mask, 941 0425
Inpregnated HBT ;
4 . * Coeerg;ls 2:94
. ‘ Impregnated Cotton
Glovea 2n% ]
" . %ﬁ regnatad Cotton  a0a s

- 48 <
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APPENDIX A
. TABLE 4.4 (Cont'd)

Contamination of Protective Clothing Worn by Men Walking in
Contaminated Area of Underground Shot

* Yo Ave, Reuding PR-3 Surviy
. Meter at 6" @ H ¢ 124 hrs
Men Performance | Article of Glothing sorrected for b‘:kgxﬁung
’ Inpregnated Gotbon '
4 | Walked, Crawled | prerecs 0,00 mr/hr
. " Impregnated Socks 0.00
" L Impregnated Boots 2,00
" " Helmeta o 0,20
) . ] " . Gas Mask, M9A1 0045
1 " " Laundered HBT
L Coverall 0.60
g " " Cotton Gloves 0.80
" v Cotton Undershirts 0.00
_— " " Cotton Drawers 0.00
" " Cotton Sochs 0.00
" " | Boots 1,00
n " Helmets 0.30
o " Gas Mask, MOAl 0,20
Impregnated Cotton-
5 . Sa eegncoverallsf 0,28
iy Impregnated Cotton
) " " Gloves i 0.56
Impregnated Cotton
" " Undershirts 0.00 _
- " " Impregnated Cotton
Drawers 0,00
" " Tmpregnated Cotton
A Socks 0.05 ,
. . H " Impregnated Boots ] 0,53 {
- 49 - \
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APPENDIX A
TABLE 4.4 (Cont'd)

Contaminntion of Proteotive Clothing Worn by Men Walking in
Contaminated Area of Underground 3hot

O A M -4

— - Ave, Neading PR=3 Survey 4
No. Meter at 6" @ H 4 124 huw 1
Men Performance | Article of Clothing ecorrected for background 1

5 Walked, Crawled | Helmete 0.12 mr/hr ‘E

" " Gas Maske, M9AL 0.09 %
" " Cotton-Sateen §
1 Coverall , 0.23 :
" " Cotton Gloves 0.80 4
£
" " Cotton Undershirts - 0.00 . ‘*
" " Cotton Drawers 0,00
" " Cotton Socks 0.00 )
" " Boots . - 0.50 ) 7
" " Helmet 0,10 -
" " Gas Mask, M9Al 0.00 é
— Impregnated HBT
4 Walking Coveralls 0043 4
Impregnated Cotton 3
" Gloves 0,62 ¢
regnated Gotton
" gergﬂ irts OQOO %
Impregnated Cotton
" 0,00 4
mpregnated Cotton e
" Socks 0.01 r}
" Impregnated Boots 0,65 “ 3
" Holmets o 0.17 ;
" . 1Gas Magks, MOAL _ 0,17
1 " HBT Coverall, ‘ !
Laundered 0,30
- 50 « k
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APPENDIX A
TABLE A.4 (Cont'd)

[ ' Contamination of Protective Clothing Worn by Men Walking in
i . Contaminated Area of Underground Shot ]
Ave, Reading PR~3 Survey
No. Meter at 6" @ H $ 124 h 1
Men Performance Article of Clothing ocorrected for background ¢
1 Walking Cotton Gloves 0.20 mr/hr @
" Cotton Undershirt 0.00 z
, , _ - ¢
" ¥
! Cotton Drawers 0.00
) Cotton Socks 0,00 g
" Boots 0.77 i

" Helmets , 0,10

« Gas Mask, MOAL 0.30

!
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APPENDIX B
TABLE B.4

Radiation Hazard Results of E-26 Tank Collective
Protectors in #18, M-26 Tank During Underground
Detonation

Point of Measurement Tank No.

18

Radlomotivity** in counts per
minute @ H 4 1 hour

Turret Hull
#L44, #49

Aerotech End

Surface | 6" Away

Surface [6" Away

746 x 1061280 x 106 652 x 1dapzé x 108

| Aerotech End w/o Baffle Plate 3110 562 3110 777
Intake side (4 slots) 1201 209 | 3470 | 244
Side opposite inteke 592 179.8 735 204
Wids sides 812 219 940 244
End w/3-hose connections 484 123.3 735 204
Particulate Filter Inlet 11,400 2,86Q 13,100 3,260
Particulate Filter Effluent £,280 2,070 9,320 {2,330
Charcoal Filter Inlet * 37.5 28.0 11,43 | 6.44
Charcoal Filter Effluent * 95,3 60.8 155 7345

*

After radicactive dust was wiped from charcoal holder, readings

on charcoal filter were the same a: background,.

L

As meagured by Tracerlab Laboretory Monitor.
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APTONDIX R

TARLE W4

Radlation Hasard Rasaudltan of =20 Tank Colluative Protoectora
in #24, M=26 Tank During Undargrotnd
De tonation

S P —

Radioactivity®® in counta per
minute @ H § 1 hoar

D e i

Point of Meamaurement Tank No.

W 0 Py

Turret Hull
e e e A #46 L
| Surfacp 16" Awny Surtace Qi_ﬁ\_w_@ 4

| agruteoh Bnd 06 x 200 1207 x 108 a7 x 300510 300 :
_aorotooh kind w/o Maffle Plate | 3,910 | 577 2,140 m

Intuke alde (4 slota) 7R ] 137, CATT ] 1ML
[ 81do_opposite intake B 530 119.¢ 7 111,6
| Widn aldes de 040 145.1 A04 1 1A

=Hoge Comeotton ¥nd 4 {g}?___jﬂ___'-’-]l 7 1860 1 111K
_Partioulate Filter Tnlut 10,600 | 2,660 4,170 |1,
| sartioulate ¥idier Erfluent 7,170 | 3,49 7,440 | 1,470
| Gharqonl “A\lter Inlot # a2 - Q,1 -
L Chiarecul Filter Kffluent * 162,6 eeeLarat e

*  After radloncitive duat wan vamoved from aharaeal holdaer, roadingn
on aharooal Ctor wora the aame un baok prreound,

#0 An mensurad by Teacavteb Leboratory Monttor,

!
i
A
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APPENDIX B
TABLE B,.6
Radiation Hazard Results of E-26 Tank Collectiva

Protector in TL8El Personnel Carrier During
Underground Detonation

Point of Measurement Radioactivity*#* counts per minute
@ Hl hour - #50 Troop Compartment |
) Surface 6" Away |
Aerotech End 884, x 10° 178.7 x 10°
herotech End w/o Baffle Plate 4220 422
. Intake Side (4 slots) 1420 7 249
Side opposite intake 615 130.7
N Wide Sides 1173 7 229
3-Hose connection end 442 159.5
Particulate Filter Inlet 10,960 2,760
Particulate Filter Effluent 7,680 1,825
Charcoal Filter Inlet * 50,0 36,4
Charcoal Filter Effiuent * 863 50,0

*  After radiocactive dust was wiped from Charcoal holder, readings
on Charcoal were the same as background,

. ** An measured with Tracerlab Laboratory Monitor,
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APPENDIX E
TABLE B.7

Filter Efficlencies of E-22 Tank Collective Protectors
at 4,000 Feat Downwind from the Surface Detonutlon

Station | Direction from Counts per Minute Filter
umber Ground Zero @ H ¢ 24 hours Efficisncy
Influent Effluent in Per Cent

A B 100 (x=%*g)

13 NW Jammed 541,800 oo

14 N 106,630 12,153  89.77

15 NE 48,530 551 98,88
TABLY B.8

Instantaneous Radlometric Effluent Readings of ©-22 Tank

Collective Protector at Station 35,

20,000 Feet NNE and

Downwind from Surface Detonation

Time that Partliculate Cloud was Over Station #35 was 13 Minutes

Counts per Minute
Fgggrime of Reading Effluent Back ground Difference
H ¢ 90 minutes 470 LAt 26
H ¢ 91 minutes 340 330 10
H ¢ 93 minutes 25 234 27
1 ¢ 94 minutes 264, 240~ 2/
H ¢ 95 mlinutes PYA 420 35
Ave, R4 C.P.M.
See Table 3.1
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PREFACE

This report covers work conducted under Operation JANGLE Project
643, "Evaluation of Protective Equipment", John R. Hendrickson, Project
Officer. The work at the test site was coordinated and conducted under
the direction of the author,

The cooperation of many Chemical Corps individuals, too numerous
to mention by name, assigned to the above projects contributed to the
accomplishments of the obJectives of thls study. In addition, an Ordnance
Test Team, directed by Captain David W. Ammstrong and My, Norman Arnold,
Ballistics Research Laboratories, Aberdeen Proving Ground, Maryland, and
an Army Field Forces Board No. 2 Test Team, directed by Lt. Col. John S.
Sandiland, provided the necessary suppert in the operation of the M26
tanks and the Personnel Carrier, T18El. Each group provided many valuable
suggestions and direction to the author. The assistance of Pfc¢ John
Sweeney was particularly valuable to the author in carrylng out the in-
stallation of test apparatus and the tank collective protectors in the
vehicles.
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ABSTRACT

The objective of this investipation was to assess the inhalation
hazard to armored vehicles crews during the exposure to an underground
and surface detonation of an atomic weapon and during operation, follow-
ing the detonation, of the armored vehicles within the contaminated area
resulting fram fall-out.

Two types of armured vehicles were employed 1ln this study, two
Medium Tanks, M26, and one Personnel Carrier, T18El, Pilot Model No, 5.
During the surface shot only the two tanks were exposed 2000 £t in an up=-
wind direction from ground zero and operatea to within approximately one-
tenth mile of ground zero. No contaminated area was traversed during this
operation since the fall-ocut was restricted to a long narrow corridor in
the downwind direction.

During the underground shot all three vehicles wers exposed at
2000 £t in a downwind direction in an area contaminated to a level of
approximately 550 roentgens/hr at Hehr + 1/2 hr. One tank was exposed
head-on, with hatches open, one tank side-on with hatches closed, and the
Personnel Carrier, head~on with the commander?s and criver!s hatches opens
Following the shot at H-hr + 50 hr, after decontamination, the vehicles
were operated with one tank leading with hatches open, and the other vehi-
cles following with hatches closed, up to and beyond the crater lip and
retumm,

During both exposure of the vehicles during the underground shot
and operation through the contaminated area the airborne activity exceeded
by a larpe degree the maximum allowable concentrations sstablished by the
Department of Defense and the U. S. Atomic Energy Commission for lifetime
exposure. Preliminary to this operation a study was made to develop a
basis for short=time exposure to airborne activity without exceeding the
maximum allowable concentrations retained within the body. This study is
appended to this report. The activity level wmeasured exceeded the standards
for eight hour exposure by a factor of 10 to 380.

There is thus a potential respiratory hazard during the initial
2, hour period to armored vehicle crews not wearing protective masks. The
degree of this hazard cannot be firmly established due to the lack of de-
finitive medical data on the result of this exposure, However, adequate
protection can be provided to armored vehicle crews through the use of
protective masks, and/or, tank collective protectors, and their use in
similar situations is recommended.
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It is furvher recommended that results of this study be applied
to the development of the overall hazard only after adequate conslder-
ation for the external dose to which personnel would simultaneously be
exposed.




CHAPTER 1

INTRODUCTION

l.1 OBJECTIVE

ThHe obJective of this investigation was to assess the inhalation
hazard associated with (1) oxposure of armored vehicles to an under~
ground and surface detonation of atomic weapons, and (2) operation of
armored vehicles through areas contaminated with fission products ree-
sulting from fall-out from such detonations.

1.2 AUTHORITY

: The study on armored vehicles was conducted under Operation

JANGLE Project 6.3, MEvaluation of Protective Equipmeni®. The personnel
carrier was included in accordance with lst Indorsement, GL/FL/6L171,
dated 2l October 1951, fram Office, AG/S, Gh, Department of Army, to
Chief Chemical Officer, D/A, on basic letter from Office, Chief of Army
Field Forces, Fort Monroe, Virginia, subject: "Atomlc Weapons Effects
Testingh,

le3 HISTORICAL

Previous atomic weapons test, with the exception of Test Baker

at Operation CGROSSROADS were detonated as low alr drops or detonated on
towers. Thus, they were essentially of the non-contaminating iype of
burst since a major fraction of the fission product activity rose with
the cloud and was diluted in the atmosphere. On 5 June 1950 the Joint
Chiefs of Staff directed that underground and surface tests of naminal
(20-30 kiloton) atomic weapons be conducted. As a result the Department
of Defenge through the Armed Forces Special Weapons Project established
Operation WINDSTORM to be conducted on Amchitka in the Aleutian Islandse
Subsequently, this operation was cancelled because of unfavorable test
conditions of weather and terrain., The test were then rescheduled as

Operatidn JANGLE for conduct with scaled atomic weapons, of approximately

1.25 kiloton yield, at the Nevada Proving Ground, U. S. Atomic Energy

Commission, Mercury, Nevada. The surface test was detonated on 19 November

[

1951,
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1.4  THEORETICAL

The maximum permissible concentrations of radioactive Isotopes in
air have been established by the U. S. Atomic Energy Commission as
standards for_the control of radioactive materials in laboratories using
such isotopesl>2, Thesc concentrations are stipulated to constitute no
hazard to personnel engaged in isotope work on a lifetime basis,

No standards are available for guidance of military operations

in contaminated areass It is a logical assumption that such operations
are conducted with consideration of the hazards of such operations and
acceptable risks will be taken where necessary for the accomplishment of
the migsion. Thus, such operations should only be conducted after assess-
ment of the potentlal hazard and with adequate consideration of the risk.
In military operations in contaminated arsas it is expected that exposures
will not be gulded by standards established on the basis of lifetime ex-
posure kut rather on one-time, or at best a few, exposures to the hazard.

A study was made prior to Operation JANGLE to provide such a
basis for military exposure. The calculations of Hunter and Ballou were
used to furnish individual and total beta activities for fission products
at various times betwsen 1 hr and 1 yr after detonation,. Then the con-
centration in air necessary to cause the deposition and retention of the
maximum permissible amounts of Sr90 was calculated for several times after
detonation, and for various exposure times, Each of the other fission
products considered hazardous was then compared at several times to Sr90
on the basis of relative activity and toxicity. The possibility that
"oad actorst might appear as decay products of active material already in
the body was considered. Then estimates were made of their radio-toxicity
relative to 8r90, This relative value was called the "Sr90 equivalent®,
The concentrations necessary to cause retention of 1 5r90 equivalent at
various times were calculated and a graph prepared showing maximum per-
missible concenirations of fission products from 1 hr to 1 yr after deto-
nation for various exposure times. This study results in the development
of a much higher maximum permissible concentration than those set for
long term exposurel,

LHandbook of Atomic Weapons for Medical Officers, Prepared by Armed Forces
Special Weapons Project, Department of Army Handbock 8<1l, June 195l.

23ubcammittee on Internal Dose of the National Committee on Radiation
Protection, "Maximum Permissible Concentrations of Radioilsotopes in the
Alr, water, and in the Human Body®. (1951)

3CHLIR 6l "Maximum Allowable Concentration of Fission Products in the Air
a3 & Function of Exposure Time and Time After DetonationN,
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This study was further oxtended with modifications of the as-
sumptions, refinement of the calculations, and considescation of the
plutoniwm hazard., This study developed even higher concontrations than
the inltial studyh. The reports are included as Appendices A end B.

I‘CRLH 81 "Maximum Allowable Concentration of Fission Products in the
Alr as a Function of Exposure Time and Time After Detonation {Continued)®,
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CHAPIER 2 "

EXPERIMENTAL

2.1  INSTRUMENTATION

To determine the airborne activity in the vehicles, and on the
exterior of the vehicles, & Chemlcal Corps filter sampler was used, This
device samples approximately one cfm of air through a 100 sq cm sheet of
Chemical Corps Type 6 filter material backed up with two sheets uf Chemilcal
Corps Type 5 filter material for support., This unit is shown in Fig. 2.1.

The units were operated for one hour starting at five minutes prior to the
shot.

2,2 VEHICLES

2e241 M"26 Tank

The filter sampler was installed in the bow between the '
driver and asgistant driver, in the turret ahead of the loader's seat, and
on the outside fender of the tank. These installations are shown in Figs
202, and ?ig. 2436

E

T T T T

2.2.2 Personnel Carrier TLOEL

The filter sampler was located in the crew compartment only
in this vehicle,

2,3 RBXPOSURE POSITION OF VEHICLES

2.3.1 During Shot

During the surface shot the two medium tanks, M26, were
located 2000 ft, 150 east of south, fram ground zero. One tank was located
head-on, and one side-on, to ground zeros This location was upwind of the
area of contamination and little, if any, significant fall-out occurred at .
the location of the vehicles.

e e e e T T Y

The principle evaluation for the purposes of this report

vas conducted on the underground shot. Th¢ three vehicles were located at .
2000 £t fram ground zero in the fall-out direction. This area was contaminated
-4ﬁ
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Fige 242 Chemical Corps Filter Samp.er Installations on M26 Tanks X
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to a level of 550 rventgens/hr at H-hr + 1/2 lw., One tank was located
head-on, one tank side-on, and the Personnel Carrier, TL8El, Pilot Model
No. 5, was located head-on to ground sero. The hatches were open on the
head~on ‘tank, closed on *the side-on tank and the commanderts and driverts
hatches open on the Personnel Carricr, 1181,

24342 Areas of QOperation Following Shots

The routes of operation of the vehicles through the con-
taminated area created by the two shots are shown in Fige 2,4, The route
shown for the surface shot was traversed at H-hr + 25 hrs, and the route
shown for the underground shot was traversed at H-hr + 50 hrs, On the
underground shot, the M=26 Tank L2L~S was the lead vehicle, hatches open,

followed by the M-26 tank L18-S and the Personnel Carrier, TL8El, hatches
closed,

Fig. 2.3 Chemical Corpas Filter Sampler Installalion in M26 Tank

KL,
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A —
GROUND ZERO/ {

3 T 300' 600

TANK ROUTE FOLLOWING SURFACE DETONATION

®

0 800' 1000
[ |

GROUND ZERO__ _NA-

ARMORED VEHICLE ROUTE FOLLOWING UNDERGROUKD DETONATION

Fig. 2.4 Areas of Uperation of Vehicles in Contaminated Areas
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CHAPTER 3

RESULTS

3.1 AIRBORNE ACTIVITY LEVEL IN VEHICLES DURING UNDERGROUND SHOT

The data on airborne beta activity level in vehicles are glven in
Table 3.1, The samples were taken for 55 minutes following the shot and
the counting data were arbitrarily corrected toc H-hr + 1 hr by means of
the decay equation for gross fission products, A = A, t™P, where the decay
exponent was taken as 1.8, This was the experimentally determined value
on the samples. Activity levels collected by the samples varied randarly
with location within tho vehicles fram 0.17 to 0.u45 millicuries per liter

of air. The following averaged concentrations were obtained for the three
vehlclest

Vehicle Millicuries/Liter
M26 Tank - Hatches Glosed 023
M26 Tank - Hatchas Open 0.27
T.8EL Personnel Carrier 0.28

3.2 AIRBORNE ACTIVITY LEVEL IN VEHICLES DURING IEST RUN FOLLOWING THE
UNTERGROUND SHOT

The data shown in Table 3.2 were obtained during the test run follow-
ing the underground shot through the contaminated area to the crater lip
and beyond, and return, as shown in Fig. 2.3.

T e
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.
TABLE 3,1
v Airborne Activity level In Armored Vehicles

{2 wm—a

Vehicle Location Activity [Sampling|Sanpling Activity/Litaq
Time Volume
(me) (min) { (1/min){ (mc/liter)
N-26 Tank Turret 12,2 &0 1,23 0.17
Lek-s
M-26 Tank Hull 2l.2 60 1.08 0633
L2h-s
M=26 Tank Qutside 110 &0 0,95 0.19
Lol-s
Pm/erage Concentration o o o o o o o o 6 6 06 06 ¢ ¢ 0 00 ¢ o 0.23
M=26 Tank Turret 3046 €0 1.12 OeliS
L18-5%
M=26 Tank Hull 13.0 €0 1.23 0.18
;18-85
M-26 Tank Out side 1L.0 60 1,28 0.18
[1.8-g#
JAverage Conicentratlion o« o« o o s o ¢ 0 0 ¢ ¢ ¢ 6 ¢ ¢ 0 0 0 @ 0.27
Personnel Carrier| Personnel 1944 €0 1,15 0.28
T1.8EL Comptt

*Hatches Open
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TABLE 3.2

Airborne Activity Level During Armored Vellcle Test Run®

Comp 1t

[ _ P -~ ralnke
Vehicle Location | Activity SamplingiSampling Pctivity/Liter
Time Volume
{me) (min) | (3/min) { (me/liter)
M=26 Tank Turret 2.63 23 l.12 0.102
L18-8
M=26 Tank Hull 1.0 23 1.23 0.035
L418=8
M=26 Tank Outside 0,12 23 1.28 0.00L
L18-8
Average Concentration « o « o o o o s ¢ ¢ ¢ o ¢ ¢ o o o s o 0,068
M~26 Tank Turret Ol 48 23 l.23 0.017
Lel-s
M=26 Tank Hull 9.0 23 1,08 04362
u2k-8
M=26 Tank Qutside l.2 23 0e95 0,055
L2h-8
Average Concentration « ¢ o o ¢ s o ¢ ¢ o ¢ o 0 ¢ 6 3 0 ¢ o 0.18
Porsonnel Carrier|Persennel 1.0 23 1.15 0.038
T.8EL

“Mpaé Tank L2l4-~$ was the lead vehisle, hatches open, followed by the
M-26 Tank 18-S, and the Personnel Carrier, TL8ELl, hatches closed.

e
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CHAPTER L

DISCUSSION

Lel  VARIATION OF AIRBORNE ACTIVITY

It is considered significant that the airborne activity does not
appear to vary markedly with the operational condition of the tanks; that
is, whether the vehicle hatches are open or closed during the period of
exposure, Thls 1s clearly indicated by the data given in Section 3.1,

It was further indicated immediately after removal of the sampling papers
from the test samplers when the papers were monitored by survey meters at
H-hr + 70 hrs before shipment to the Army Chemical Center for detalled
analysise. 'The measured activity on the papers at that time varied from

7 to 35 mr/hr at 6 in. from the samplesa

During the test run through the contaminated area following the
underground shot it is to be noted that there was no significant difference
in activity in the lead vehicle as opposed to the two following "buttoned-
up" vehicles, with ventilating system operating. This is strong indication
that the major portion of the airborne material within the vehicle was a
secondary aerosol created from conbamination within the velicle itself.

L2  FACTORS AFFECTING APPLICATION OF DATA

Before applying the results of this investigation to an assessment
of inhalation hazard associated with airborne radioactive material to
armored vehicle personnel three additional factors should be considered.
First it should be emphasized that no effort was made to limit the spectrum
of particle size sampled by the filter samplers to that which is in the
specific size range for lung retention. The particle size for retention
has an upper limit of 10 microns, and more probably 3 micronse. Data de-
veloped by Operation JANGLE Project 2.5a, Airborne Cloud Studies, indicate
that less than 10 per cent of the total airborne activity is in the in-
halation hazard size range of 0,5 to 5.0 microns®.

Second, the protective measures available to personnel must be
considered. The gas mask, or more specifically for armored vehicle crews,

SLetter to, Office of the Director, Effects Test, c¢/o Technical Operations
Squadron (Prov), Washington 13, DeC., from CO, Qnl C Chemical and Radio-
logical Laboratories, Army Chemical Center, Md., dated 18 April 1952.

- 11 -
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% the Tank Collective Protector, E?€, has an extremely high efficiency for
E the removal of gross fisslon product contaminant asgoclated with the cloud
and base surge created by an underground detonation“, The averapge pene-

tration of these units by radioactive particles was measured at 0,018 per
cent, that is, 1.8 parts in 10,000 pass through the tank collective pro=

tector filter unit.

Third, the time of exposure nust be considered. For short-term
exposure, if one accepts the assumptions as outlined in Appendices A and
B which provide the basls for calculation of short-temrm exposure to gross
fission products, 8 hr exposure 1o 0.1 to 0.0035 microcuries per liter of
gross fission products can be tolerated during the period of H + 1 hr to
H + 1 day. This time of exposure was the shortest considered in the
analysis and, since tank crews generally could be expected to be exposed
for even shorter periods than 8 hrs during operations within contaminated
areas, they could tolerate slightly higher levels of airborne contamination.

FACTCRS BY WHICH MEASURED AIRBORNE CONCENTRATICN EZXCBED MAXTMUM
ATLOWABLE CONCENTRATIONS

The concentrations givea in Table 3.1 and 3.2, allowing for the 10

per cent size range factor, exceed the maximun allowable concentrations

given in Appendices A and B, as given in Table L.l. ;
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TABLE L1
Factors by which Measured Airborne Concentration Exceed *
Maximum Allowable Concentrations
Tine of | Maximum actor Dy wWhich
Exposure Allowable Measured Concentration| Measured value
Concentration Maximam 1 Mindmum exceeds Max.
pe/l pe/1 pe/l Allowable Conc.
(for 8 hr Exposure)l aximum Minimum
H+ 24 he 0.,0035 0.252 0.03L 72 10 ]
H+ 1 hr 0.1 28. 3.8 280 38 E
[
;

OMEvaluation of Protective Equipment%, Operation Jangle Project 643, John
R. Hendrickson, Ammy Chemical Center, Maryland. -
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Lo EVALUATION OF THE POTENTIAL HAZARD

Thus, unprotected personnel would be cxposed to concentrations ex-
ceeding the maximwn allowable concentration for § hr exposure by a factor
of 10 to 280, and there is thus a requirement for tank persomnel to wear
protective masks when operating within contaminated areas. Such protective
masks would probably be worn for comfort purposes under any conditions, if
available, under dusty conditions such as were encountered at the Nevada
Proving Ground.

Wearing protective masks, with a penetration of 2 parts in 10,000,
and considering that 10 per cent of the activity is in the respiratory
size range, the concentrations inhaled are well below the maximum allowable
concentraiion for eight hour exposure as outlined in Appendices A and B,
There thus appears to be little hazard to tank crews wearing protective
maskse

Without more definitive respiratory retention data, and the results
of such exposure, it is not possible to determine the magnituds of the
hazard to unprotected personnel. By comparison of the measured activity
levels with U, S. Abomic Energy Comiission and military standards for
maximwn permissible concentrations of radioactive ilsotopes in the air for
lifetime exposures (which offer substantial safety factors), and by com-
parison with the short-term exposure limits for negligible hazard, there
is an exposure problem to avoid all hazard. However, the degree of the
hazard present in exposure which exceeds the maximua allowable concentrations
has not been established to date and therefore the magniBude of the exposure
to unprotected tank personnel canneot be firmly established.
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CHAPTER 5

CONCLUSIONS AND RECQMMENDATIONS

5.1  CONCLUSIONS

l. Based on the data developed by this study there is a potential
respiratory hazard during the initial 2l hr period to armored vehicle
crews not wearing protective masks from the airborne fission product
activily associated with the base surge and during the operation of
armored vehicles through contaminated areas.

2. Satisfactory respiratory protection can be provided to
armored vehicle crews operating in contaminated areas through the use of
protective masks, and/or, tank collective protectorss

5.2  RECOMMENDATIONS

. In developing the overall personnel hazard it is recommended
that the results of these studies be applied only after adequate con-
gideration for the external dose to which personnel would alsv be exposed.

2. It is recommended that protective masks, and/or tank collective
protectors, be used in situations similar to that presented by the Oper-
ation JANGLE tests.

3. It is recommended that these data be estrapolated to the con-
dition encountered during detonations of nominal or operational atomic
weapons. .
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APPENDIX A

MAXIMUM ALLOWABLE CONCENTRATIONS OF FISSION PRODUCTS IN THE AIR
AS A FUNCTION OF EXPOSURE TIME AND TIME AFTER DETONATION

and

APPENDIX B

MAXTMUM ALLOWABLE CONCENTRATIONS OF FISSION PRODUCTS IN THE AIR
AS A FUNCTION OF EXPOSURE TIME AND TIME AFTER DETONATION
( Continued)

by

ROBERT L. HARVEY
Lt, U. Se Navy

Radiological Division
Chemical Corps
Chemical and Radiological Laboratories
Army Chemical Center, Maryland
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PROJECT 6,3-2
APPENDIX A

HAXIMUM ALLOWABLE CONCENTRATIONS OF FISSION PRODUCTS IN THE AIR
AS A FUNCTION OF EXPOSURE TLiE AND TLIE AFTSR DETORATION —

Al INTRODUCTION

During the planning of a decontamination project at the Radiolog~
ical Division, Chemical and Radiclogical Laboratory, Army Chemical Center,
Md., it was observed that the procedures to be employed might cause the
formation of secondary aerosols, and that these might well pose an in-
ternal health hazard. Provision was then made to make beta activity
determinations in microcuries per liter of air in the vicinity of the ex-
posed personnel. It was then observed that the determination would be of
little value unless there were some criterion for determining whother or
not the measured activity were actually an hazard, Unfortunately, the
figures in the literature, some of which were listed in Table A.l, were
all set for steady state conditions, that is to say, for continual ex-
posures for long periods of time. These figures it was felt might well
be unrealistic for shorteterm exposures, that is to say, that permissible
concentrations might be higher.

A.2 OBJECTIVE

It was decided that to be of genuine utility to the military a
graph would have to be prepared with maximum permmissible fission product
concentration in microcuries per liter of air as the ordinate and time
after detonation of an atomic bomb as the abscissa, showing a family of
curves corresponding to given lengths of exposure time,

A.3  METHOD OF ATTACK

It was first asggmed that the activities resulting fram the slow-
neutron fission of U252, as reported by iunter and Ballou (6), were close

enough to those arising from fast fission to serve as a guide for the con-
tributions of the nuclides under consideration. Then the furthgr assumption
was made that any airborne fission product mixture would have the same
composition,.

sr?0 was selected as the base, or reference activity since it is
the most persistent, though not the most serivus hazard (1), (}), (L), ¢5),
(7), (8), after having been metabolized into the hwnan body. Not only that,
but during the period of time under consideration, its activity could be

- 16 -




PROJECT 6.3-2

TADLE All

iagdmun Permissible Concentrations of Various Blaments
in the Atwosphere for Continual Bxposure

Eiement $-v Act. in uc Ble @ Act, in Qc/l ﬁefﬁ Remarks

I, sr, Ba 107k Pu 3 x10-8 1 |Alpha exposure
for an 8=hr day;
6-day weex for

1 yr
Fission 2 x 107 Pu le5 x 10~7 2]continual ex-
Product posure
I, Sr, Ba 10-L Pu 3 x10-8 3)Alpha exposure

pe.26{for an 8-hr day,
6~day week for

. ) 1l yr
Long-1ived 10-5 (Pu) 3 x 108 ]
beta~gamnia a P36
eritter
I 3 x 106 Pu 2 x 109 L {Continual ex-
pe«T1l| posure
Beta or 10-6 Pu 2  x10-9 5lContinual ex-
gamna posure
ernitter

considered constants WMow it is iknown that the standard man breathes 10
cuente of air during an 8-hr working period, and a total of 20 cusme of
alr during a 2L~hr period which includes an 8~hr working period (8).

The maximum permissible amount of Sr?0 in the human body is 1 microcurie
(hg. If the asswiption is then made that 25 per cent of the airborne
Sr90 which is breathed in (L), (5) is retained permanently, the maximum
permissible amounts of this nuclide in the atmosphere may be calculated,
Twenty=-five per cent retention, of course, is too high an estimate by a
factor of four, as reported by ICRP (L), and neglects biological decay.

The calculation is as follows:

Let ¥ = the nunber of liters of air breathed in during the
time in question, and

Z = maximum permissible amount of 5r90 retained in the
body (1 microcurie), then to determine
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X = naximun pemiissible concantration of $r?0 in
wderocurics per litor of air bicavhed during the
tdme in quostion

Formula Al.l
Z2 = (X¥) x 20

Table A2 shows several valacs of X.

TABLE Al2

Concentration of Sr?0 in air necessary to cause retention in the
hunan body of 1 microvurie (or 2 nbcrocuries of 5r7¥-wWO, since they are
pvarent and daughter in stable equilibrium) during the following periods
of time, based ca the abgorpbtion and permanent retention of 25 per cent of
the activity.

. B
Time of Exposure Cencentration
pc/iiter

8-hr work day L x:0~b
2li=hr including an 8- 2  x 10-u
hr work day

7 days including an U= 2.3 x 1075
hr work day each day

Now having evaluated tiie maximum permissivle concentrations of sr90
in the air for several exposure times, the gross fission product activity
required to provide such concentrations was calculated (see the sample
calculation at the bottom of Table Ae3). The figures in Table A.3 were
plotted on Figs. A«l and A.2. Thus lodking at Figs. A.l and A.2, we can
enter the graph at any time, from 1 hr to 1 y» after detonation, and find
the gross fission product activity which, I1f the assumptions be sound, will
cause the deposition and retention of no more than 1 pc of the SrY0 in the
body. For example, if it is desired to enter a contaminated area 10 hrs
after detonation and to stay for 8=hrs, take tie abscissa as 10 + 8 hrs, or
18~hrs, run a vertical line up to the U-hr line, and fram the point of in-
tersection, read the maximum permissible concentration, at the left margin,
of 34 pc/le Eighteen howrs was used as the ontry figure, since the total
beta activity decays appreciably during the period, but the Sro0 activity
does not. It is further noted that although the curves in Fige A.2 tail
downwind, it is expected that they will level oft (see p. 73 of ref. 6)
toward a partial asymptote.
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It is plain, however, that 3r99 i not the only hazardous fission
producie lHanilton (7) indizates that geveral members of the rare earth
groun are indeed dascrving of consideraticon. Those congidersd gignifi-
cant are listed in Table AJle Bach of these nuclides was evaluated as
having associated hazards which were so many multiples of Sr90, on the
basls of equal activities ~ than that associatod with sr990,

To arrive at these relative values the following factors were
considered: (a) maximum peramissiole concentration of each nuclide in
the body (5) (see second colwan, Tavle A.4) and (b) relative activities
at various times. The ratios of the various significant fission product
activities were roughly estimated by the author by using Hunter and
Ballouts plots of activity (&)e It then followed that at a given time
so many equivalent Sr90 activities existed in the presence of 1 unit of
actual Sr90 activity. Thercfore the gross fission product activities
listed in Table A.3 wore divided by tie total sr99 equivalents existing
at each time, and the results were plotted in Figse. A.3 and Adie  Thus,
a plot of the maximua pernissible zross fission product activity vse. time
after detonation for various btimes of exposurc was achieved, It is well
to emphasize that according to the assuptions drawn here, the maximui
deposition and retention is 1 pc of equivalent sr90 activity.

4.5  DISCUSSION

It is recognized that this whole report is largely qualitative
in nature and is therefore subject to modification. Several of the
questionable aspects of this report will be discussed here by way of ampli-
fication.,

For simplification the activity of sr99 was considered constant,
mis is essentially so during the period in question (6)s The assurmption
‘that 25 per cent of all material inhaled is absorbed and revained permapently,
as previously observed, was & high estimate and p?esegts phe worsﬁ possible
picture (i,5,7)s In addition particle size distribution nas nct been con-
gidered at all, nor has the acc nalation 9f material in Fneﬁlungs.\ Thus %t
is highly questionable whether the body'w%ll haye‘an equivalent of*1l uc o
sr90 activity at any time under the stated conditions.

Tt will be noted further that the asswipbions regarding sr90 ngve
been applied to all the other elements considered in Table A.hf cii"net g cone
equivalents - or weighting factors - for each.nuc}iae_we?e arr;ye a 1y*'.
sidering their maxirum permissipla concentration in the dody, thelr relatvive
activity to that of Sr90 at given times.

Todine was included as the only nonbone seeker, inagnuch as it wasg

determined that a hazard would develop in the thyroid beﬁore 1E eflfﬁedbtg
the bbn; because of rapidity of uptake (the hazard to the resv of the y
3

- 19 -

SN VP iy PR o SN

T

T

Ty LTI




”‘!“‘HW

-4
PROJECT 6.3-2
TABLE Ae3
Maxdimun Permissible Fission Product Concentration &
Time after { Sr90 Act. as % Gross fission product beta activity in
detonation{ of total bgta pe/l required to cause retention of 1
activity(a we of 5r90 in the human body during the -
| following exposure times )
(6) (6) 8-hr, work day | 2h=hr(b) |7 days(P)
1hr o35 x 205 920. 460, 66,
3.5 hp 1.82 x 1074 220, 110, 16.
12 hr 7,11 x 10-U 0.56 0.2 3¢
2l hr 1.55 x 103 26, 13,0 1.8
2 days 3450 x 10™3 11.5 5.65 0481
L days 8.0 x 10-3 5.0 246 0437
7 days 1.5 x 102 2.7 1.35 0.2 é
14 days 3.2 x 1072 1425 0.63 06099
28 days 7¢7 x 1072 0452 0e26 0404
105 days 2,86 x 10~ Ol 0.07 0.01
210 days 7¢e3 x10~1 0.055 0.028 0.00L
1y 1.96 0,020 0401 0,001 3
(e) N i
8)Thege figures were adjusted slightly to give amooth curves. }
b

(b)Each 24-hr period includes an B=hr working period.
. SAMPLE CALCULATION

T o

At 1 hr Hunter and Ballou (6) give the S§r90 activity as L.35 x 10~5
per cent of the total beta activity. From Table A.2 the concentration of

8r90 in the air necessary to cause the deposition and retention of 1 pc at
the end of an 8-hr work day is I x 104 ue/le Therefore:

%%9:_1‘.__.; X 100 = 920 ue/l )
435 x 10-
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Maximun Permissible Concentrations of Fission Products in
he Air = 1 hr to 1000 hr (So that not more than 1 micro-
curie of Sr% is retained in the body)
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TABLE A.5
Maximum Permissible Fission Product Concentrations

Time after sr90 Gross fission product beta activity in
detonation Eqpivalents(a) ue/l required to cause retention of 1

5r90 equivaient in the bod¥ during the
following exposure times(P

8-hr work day| eh-hr (¢)| 7 days (e)

TS T
1 hr 5 x 10° 184 x 1073 |9.2 x 2074 ] 1.3 x 207k
345 hr 5.5 x 105 b0 x 107k |2.0 x 10°L]| 2.86 x 10-5
12 hr Le65 x 105 1.2 x10°b {6  x10-5[8.6 x 10-6
24 hr 302l x 105 8,0 x10°5 [  x10"5|5.7 x210-6
2 days 1.8 x 105 6ot x 10-5 [3.2 x 10°5 | L6 x 10=6
hdays | 9  x10b 5.5 x 105 |2.,75 x 20-5 | 3.93 x 10~6
7 days | 5.6 x 104 5.3 x 1075 |2465 x 10~5 | 3.78 x 10~€ ‘
1l days 2.5, x 10b 5.2 x 10~5 2460 x 105 | 3.72 x 10=6
28 days 1 xi104 o) 5,2 x10-5 2.6 x 10-5 | 3.72 x 10-6 *
105 days 2.7 x 103 5.3 x 20-5 {2.65 x 105 | 3.78 x 10~6
210 days 9465 x 102 SJi x 10-5 {247 x 10-5 { 3.86 x 10-¢

1lyr 3.6 x 102 8.6 x 105 |2.8 x 10~5 |L.0 x 10-¢

(a)These figures were taken from the last row of figures on Table Al
and were adjusted to glve a smooth set of curves.

(b)The figures in these three columns were determined by dividing the
figures in the corresponding columns of Table A«3 by thc respective
numbers of Sr90 equivalents (the last row of figures in Table AJl). ¢
The quotients were plotted and adjusted to give a smooth curve.

(¢) Indludes an 8<hr work day.
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vas congidered neglipible in comparison)s To be umore oxplicit, Table Al3
shous f = goveral times, the number of multiples of thie masdmwa venad ssivle
quantity of lodine preseni when the masdmun permissivle concentration of
~'0 or one Sr equivalent is presents Thus, the total Sr90 equivalents was
set juph enouzh so that ilodine coulcd at no time present a nazard.

Finally, it will be noted in Fime All: that a trend upward ic ine
dicated, commencit; at 20 days after detonations This trend is not une
reasonaple, if' the d=hr curve in Fige Al 1s considercds It is noted from
hunter and Ballou activity plots that all the nuclides congldered except
5r90-v99, Pnll7, ana Colllipribil decay below 1 por cent of the total activity
within 2 yr. Cellili-prlll reach their peak activity at 1.5 yr, Pnil? at 5 yr,
It follows therefore, that as the more hazardous nuclides decay, the 8-nr
curve will *tend to rise toward ti: fisure pgiven in Table Aol for maximum
nermissible concentration in air of &r90 for an S=hr day.

A5 SUMHARY

An attempl has been made to evaluate the inhalation hazard associated
with fission procucts tased on 8r90 equivalents of the various "cad actors",
This has led to construction of graphs relating the mascimyn permissisle cone
centration of fission product in air to time after detonation for exposure
times of 8 hr, 2u hr, and 7 days.
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FROJECT 6,3-2
APPENDIX I

- MAXTAUH ALLCVARTE CORCENIRATIONS OF FISSION PRODUCTS IN THE AIR
AS A FUNCTION OF EXPOSURS T4 AND TIME AFTER DETONATION
{Continied)

Bel  INTRODUCTIOHN

- Corment roceived by tho author has indicaled that the conditions
agsumed to oxlst in the proparation of refercnce (1) were unnocessarily
pessimistic, and that much hipher maxdmum permissible concentrations could
be roalized il less conservative, albeit cqually supportable, assumptions
were made. In addition it was indicated that the possibility of a plutonium
hazard should not have beon neglecteds This paper thon is an attempt to
satisfy that criticisme In addition, the evaluation of tho hazards of the
various nuclides considered, relative to Sr90, or their "Sr90 equivalents",
(1) has been done in congiderably more dotaill,

Altrough it has not been deenmed necessary to repeat same of the
detail in reference (1), it has been considered necessary to restate the
basic assumptions, and the calculations presented so that to preserve con-
tinuity the recader would not be required to refer continually to reference

(1)

Be2  ASSUMPTIONS
Tho assumptiong, briefly stated, are as follows:

(a) The relative activities of fission products resulting from
fagt {isslon are essentially tho same as those reported for slow neutron
fission of U235 (2),

(b) The activity of 8r90 is constant from 1 hr to 1 yr after
fast fission, and is in stable equilibriw. with YO (2).

(¢ The maximun permissible amount of Sr90 in the human body
is 1 microcurie (3)s This presupposes that 1 microcurie of Y0 is also
. pregent. .A130, when 1 microcurie of Sr90 exists in the human body, no more
than .3r/week will be delivered to the man site of deposition, which, in thia
instance, is the skeleton, This dose rate may not be excleded since the
factor of safety associated with it may be very low (k).

MG ® o s ) G

(d) For Sr90 in air, 25 per cent of the inhaled amount is
absorbed, and 25 per cent of the absorbed amount is retalned permanently (3)*

T T

¥Assumption modified from that in ref. (1). i
- 29 - '
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All nuclides discussod in this paper arc considered to behave similarly
with the exception of I131 and Pu239.

(e) All particles in a rission product mixture arce considercd
to be of amall enough size for them to reach tho alveolar space and there
to enter the blooa stream, or the lymphalic systecri.

(£) The maximum perpdssible concentration in the body of a
parent-daughter pair such as Zr92-Cb9% ig considered to bo the same as thauv
of the parent alone,**

I

(z) The standard man breathes 10 CUpite OF 10M., of air during
an B-hr working period, and 20 cu.me, or 2 x 10'l., 0f air during a 2h-ur
day which includes an ony working period (L).

(h) With the exception of iodine (3), the bone seeking elements
are consldered to be the most serious radiocactive hazardse

T T TR e T

fi. -0 RN

(i) The maximum Eermissible anount of I13l in the body is 3 uc,
100 per cent of airborne I13l can be inhaled and 20 per ceni is retained
permanently (3).

(§) For the purpose of this paper, the followins assumptions
are considered to apply to the fissionable material:

(aa) The fissionable material is Pu?3?,
(bb) Fission efficiency is one per cente

(cc) The unfissioned Pu239 is wniformly mixed with the
firsion products.

(dd) 100 per cent of the wnfissioned Pu23Y in the air may
be inhaled,

(ee) 100 per cent of the inhaled Pu239 1s absorbed and re-
tained pernanently (3).

(££) U235 is not considercd a radicactive hazard at all (5)e

Bs3  CALCULATIONS

The foregoing assumptions comprised all those necesaary to compute
the relative hazards of the fission products to $r?0,

Mg xcept for SrdQ-y90,
- 30 ~
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rirst Step
The concentrations of SrY0 in the alr necessary to cause the
abgsorption and retention of 1 microcurie were calcwlated (sce Table Bal)
Trom the following formular

. X = 4/Y x 1/.25 x 1/e25

{

where X Conce of 8270 in pe/l of air,

Y = Litvers of inhaled alr, and
Z2 = 1 uc of 5r99, the maximwa permissible concentration
of 8r90 in the body.
TARLE Bll
Concentrations in the Alr Necessary for Retention in the Human
Body of 1 Microcurie of $r990 (or 2 microcuries of §r?0-Y90) Baged on 100

per cent Inhalation, 25 per cent Absorption of the MNaterial Inhaled, and
25 per cenrt Revention of the Absorbed lMateriai,

y ,
Period of Exposwe | Conce of 5r%0 in pc/l of air
8~hr worl day 1.6 x 1073
Zli=hrs™ 8 x10-h
7-days™ 1.1k x 104
)

Second Step

It was then possible to calculate the concentrations of fission

products necessary to cause the retention of 1 microcurie of 5r20 during
three exposure periods.

Samnle Salculation

Hunter and Ballou (2) report the $r90 activity as Le35 x 1075 )
per cent or the gross fission product beta activity at 1l-hr after fission. ]
Froa Table Bel the 8190 concentration in the air necessary to cause the
absorption and retention of 1 uc by the end of an 8-hr work day is 1.6 x 103

*Ihcludes Shir worlt period for each 2h-hr periode

i - ~
3 t




Lt

g

I u.a,|...| | R

PROJECT 6,3=2

uc/l. Therefore, the gross fission product activity required to provide
such a concentration 18 found as follows:

T

1e6 x 10°3/h.35 x 1075 x 100 = 3680 e/l

In the light of the foregoing, Table B.2 is self-explanatory.

™BLE B.2
Maxdimunm Permissible Fission Product Concentrations

1 2 7 3 L 5
Time after | sr90 Act. as Gross fission product beta activity
detonation| # of total beta] in ue/l required to cause retention
activity of 1 uc of SrP0 in the human body
, during the following exposure times
(2) (2) 8-hr work day |2L-hrs (8)[ 7 days (8)
1 hr Le35 x 105 3680, 18L0. 2624
3.5 hrs | 1.82 x 10-b 880 bo | 62.8 :
12 hrs 6456 x 10~k 2lky 122 17.4
2l hrs 1.55 x 10~3 103 5145 7435 -
2 days | 3.86 x 103 L1.5 2047 2496
4 days | 8.8 x 10-3 18.2 9ol 1.30
7 days | 1,52 x 10-2 1045 5425 .75
lh days 2096 X 10"2 S-h 207 o39
28 days | 5.95 x 10=2 2469 1.35 «193
105 days | 2.67 x 10-1 «60 W30 1 03
210 days | 7.3 x210-1 022 A1 <0157 .

(a)Each 2h-hr period includes an 8-hr working period.
-32 -
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Third Step
- Having calculated the gross figsion 8roduct beta activity

necessary to cause the retention of 1 uc of §r90 during three periods of
exposure at various times after detonation, the corresponding activities
of the nuclides considered hazardous (see Table B.3) were determined (2)e
Each of these nuclides was considered to have an associated hazard which,
for equal activities, is certaln multiples of S»90 hazard, determined on
the basis of maximum permissible concentrationse This number wag then
multiplied by the ratio of the activity of the nuclide to the activity of
8r90 present in the fission product mixture. The resulting figure was
called the "5r90 equivalent®. ' '

Sample Calculation

At lehr the Srf0 activity is L35 x 10~5 per cent of the gross
fisslon product beta actdvity, and the total beta activity of Zr?5-@95
6 x 10=3 per cent of the gross fission product beta activity.

6o x 10"3/Le35 x 1075 = 137

Now the maximum 5pem.;',m’sibla concentration or Sr90 in the body is 1 pc, and
that of the Zr95-Cb95 pair, 3 e (L). The toxdcity of Zr95-95 to 8r90
is therefore 1/.3. .Con quentlg; thers exist 137 x 1.0/¢3 = 460 %gr90

equivalents® of Zr95-ch9% at 1 hr. Table B.3 was constructed in this way,

dne might inquire at this point about the effect of the presence
of YO which is in stable equilibrium with Sr90. If the YO activity is
considered as essentially that of Sr90, tgen the 8r90 activity ie effectively
doubled, ac the relative activity of Zr95-cu95 is halved. But the maximum
permissible concentration of Y90 must be added to that of Sr%0, which is then
effectively doubled, Thus while the activity of Zr95-(b95 relative to Sr90
(plus the Y90 increment) is halved, its relative to:d.gity is doubled. The
net vesu% is that there is no difference if Zr95-cb9> is campared to Sr¥0
or to Sr¥0-yJ0,

Do IR, A

BTN e ™ 0 % R

SE

ey

T o

Fourth Step

The "8r90 equivalents" in Table B.3 were divided into the
corresponding figures in columns 3, L, 5 of Table Be2s The resilts were
tabulated in Table Bslie Thus Table B.l is a campilation of the fission
product concentrations necessary to cause the retention of 1 miorocurie of
fequivalent Sr?0% activity at various times after an atamic bamb detonation

. for three different times of exposure.

Pifth Step

Now finally it is necessary to calculate the effect of Pul39,
The calculations of Hunter and Ballou (2) are hased on the simultaneous

- 33 -
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TABLE B.l

Maximum Permissible Fission Product Concentrations

Time after ' Sr90 Cross fission product beta activity
detonation | Bquivalents¥ | in pc/l required to cause retention
of 1 uc of "equivalent® Sr90 in tbe
body during the following expoagure
timeg¥¥
: 8=hr work day|2L-hrs**t |7 days**¥
1l hr 36,600 +10 05 «0072
3.5 hrs L9, 400 .0178 +0089 00127
12 hrs 47,800 0051 .00255 .00036
2l hrs 29,400 .0035 .00175 .00025
2 dayse| 16,000 .0026 »0013 .000185
Ly days 9,100 0020 001 .0001.Y
7 days 6,550 0016 .0008 .00011
1L days 4,320 .00125 .00062 .000098
28 days 2,690 »00100 »00050 «000072
105 days 835 .00072 »00036 »000052
210 days 366 .00060 »00030 »0000L3
1lyr 150 +000540 .00026 000037
|

*These figures were taken from the last row of figures in Table
Be3, and were adjusted to give a smooth set of curves.

e figures -in thése three columns were' determined-by' -divdding:> theaid
figures in the corresponding columns of Table B.2, by the correspond-
ing nmumber of "Sr90 equivalents".

" “ ”i 'u'\‘ e
***Includes an 8-hr work day each 2h hrse. . .
Al teatmetiin oW BA

NOTE: Thé autho" has felt free to adjust’ the figures ln‘%hls ‘thbhe - Utp

T 16 'get a’Hmooth'curve, since it is reasonable-to €xpect that sl

100 per Cent inhalatlon will nbt occur, Teeasdett s bodyocds
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1

Activity Helt 2 L0 digintesrations per mimite
The activity of Sryv is 2.7 x Jl diginterrations per winute.

The ratio of Pu<’9 activity to that of Sr%0 is therefore 2, The mawimun
pernissible concentration in the body of PuidY is W03 po (). e 9590
equivalent® of Pu239 is 2 x 1/.031 = Oliete  tue the norvion of inhaicd
Pu?39 which is nboorbed arn?d retoined porcancrntiyc o dn
than 25 per cent .

multiplied by 10/

10 ner cent” rablier

of 25 per cent, or (.7 !
5e25, or ls€. Thus the effochive "SrYU equivaleoni® of

o i Tl :
) Le thoreoforse Chlt mugt

nor e £

R The figure may be congsicered conshont dut Lo the lons holf=lifc
of Pucs?. Thus, the ngrd0 equivelentsh of the Clcoicn producis becors
smaller--~ Llu5.7 at 1 yoar after detonabticn~-- wnile tie 'Srd0 cquivalceny!
of Pu2§9 remaing unenangeds A brief glenee then el Yable Be3 shows that

the Pu239 haward beeemes signifisant at 105 days after fissien.

B.l4  DIBOUBBION

As was strepesd in the precsding report (1), this study ia largerly
qualitative, and oonsequently subjeot to modification, It should be noted
that this report has served simply to reduce tho estimated psroentage of
abgorbed and retained Sry0 for a given concentration in the air, to refine

the caloulations of the percent activity of fission products at various
times, and to consider the plutonium hazard.

*Por Todine it is 20 per cent (3).
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1131 was included as a check in the discussion becausc of its low
maximum permissible concentration, and its hipgh percentage of absorption
of the body (3)e

It will be noted that the contribution of Pu239 to the internal
hazard has not been consldered in the construction of figures Bel and Be2e
It must be emphasized therefore that after 1 year the curves will tend to
approach asymptotes which are about 100 times the magnitude of the figures
in Table Bele 'This is obviour since Pu239 is about 50 times as hazardous
as Sr90 for equal activities.

In closing, some of the questionable aspects of this report will be
noted briefly. Particle size distribution (555 s as an added safety factor,
has only been considered roughly, and then only to smooth the cwrves.
Neither the chemical nor physical state has been mentioned. Of course, the
factor which may serve to upset all these calculations may be the dose re-
ceived from matarial accumulated in the lungs. The computation of such a
dose is beyond the scope of this paper,

Be5  SUMMARY

A graph of the maximum permissible concentrations of fission products
as a function of tiwme of exposure and time after detonation has been pre-
pared using Sr90 as a basis for comparison for several fission products
and plutonium.
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ABSTRACT

The over=-all objectives of this project encumpassed testing the
suitability of stendard and specisl laundering methods and standard
equipment for field decontamination of clothing; evaluating the contam~
inability and decontaminability of selected fabrics; and testing of
experimental clothing monitoring instruments,

Garments and fabriocs conteminated by controlled methods were used

during the operation for teating the equipment and evaluating fabrics
axd formulae,

Standard Army laundering methods and equipment, ineluding wooden
washers, were effective for decontaminating clothing in the field,

A decontaminating laundry formula employing citric acid and tar-
taric acid fecllowed by either an organic or inorganic chelating agent
results in & higher degree of decontamination than other formulae
tested. The astandard Quartormaster Corps mobile field laundry formula
rosulted in satisfactory decontamination with the type of soil and
activity encountered and the cost of supplies is epproximately one=
tenth ag much as the speclal formulae. Woolem garments and fabric

swatches decontaminated by laundering as readily as cotton or synthetic
fabrics,

Clothing monitoring instruments, under development by the Signal
Corps, appear sultable for monitoring clothing under field conditions
to determine the degree of contaminstion both before and after proces-
sing.
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CHAPTER 1

INTRODUCTION
l.1 OBJECTI

The objectives of this project were:

1. To test the sultabllity of decontaminaetion laundering formulae
developed during Operation GREENHOUSE for the removal of contaminants
resulting from surface and sub-surface atomic explosions.

2, To test the sultability of a wooden laundry washer for elothing
decontanination,

3. To evaluate the susceptibility of selected materisls to contam-
ination and to determine their subsequent decontaminability,

4e To compare the clothing contamination resulting from surface
and sub-surface bursts with that previously encountered after tower shots.

5« To field test experimental clothing monitoring instruments,

1.2  HISTORICAL BAGKGROUND

Initial work on this project was conducted at Oak Ridge National
Laboratory in the summer of 1950, This phase of the work was concerned
primarily with training of personnel in the handling, monitoring, and
decontaminating of radloactively conlaminated clothing, ard the develop-
ment of a satisfactory formula for decontaminating clothing which had
been artiiioally contaminated by immersion in dilute iodine dissolver
solution,

Since the Oak Ridge phase of the project was concerned with cloth-
ing which had been contaminated by dipping into a solution, a second
phage was conducted to check results on clothing which had become con=-
taminated by other means. This second phase was conducted at Dugway Pro-
ving Ground, Utah, in September, 1950. 4 study was made there of the
effectiveness of the formula developed at Oak Ridge upon clothing con-
taminated by RW-type sontaminants.

1Laundering Degontamination Teat Conducted at Osk Ridge National
Laboratory, Research and Development Division, Office of the Quarter-

master General, Washington 25, D. C,, Chapter III, B.
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The third phase of ths project took place at Eniwotok where the
training and data from the firast two phasea were tested under field
conditionms on contamination resulting from actual bomb bursts.~ The
tests conducted in Operation GREENHOUSE permitted the development of a
promising fieid decontamination laundering formula, but inadequate
contaminated materials were available to permit its full evaluation and
further simplification, or the investigation of possible substitutions

of less oritical suppliese

1.3 BASIC THEORY:

Contamination of clothing is caused by the deposition of radio-
active particulate mutter on, in, or around the fibera and yarns of the
fabrics. The degree to which the particles penetrate into the fabrio
and yarns will depend upon the surface characteristics of the fabric,
the cloaeness of weave, the twlst of the yarns, and the nature and
physical characteristics of the fivers. The adhesion of the contaminat-
ing materials will depend, to some extent, on the chemical naturs of the
fibers and upon speclal finishes which may have been applied to the
fiberas and fabrics.

Decontamination of the clothing by laundry methods presents the
problem of removal of the particulate matter by emulsification and
suspengion, and/br convergion of radioactive contaminants into soluble

compounds and their removal in sgolution,
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CHAPTER 2

EQUIPYENT, INSTRUMENTAIION, AND MAXERLALS

2.1  LAUNDRY EQUIPMENT

The laundry equipment used in this projeot consisted of two basic
types encountered in military and commercial laundries,

2.1,1 | Suartermagter Qorpg Mobile Field Layndry, 10-Ton Van Iype

A Quartermaster Corps mobile field laundry unit (Fig. 2,1),
a gtandard World War II type, was used for sll degcontamination studies.
The unit consisted of a 10-ton gemi-trailer 4{ype van equipped with stan-
dard corrosion resistant machinery, including a 30 x 30 inch stainless
ateel washer rated at €0 pounds per load, A petcock had been installed
in the bottom of the washer shell in order to withdraw samplea of solu~
tiona without interrupting the operation, The van was fitted with a
vinyl floor covering to minimize contamination,

2.1.2 Hoocden Waghex

In addition, a 36 x 36 inch wooden washer (Fig., 2.2) was
used to decontaminste eight loads of clothing. This was a standard
commercial washer, Hot and cold water connections were made from the
mobile laundry unit to the wooden washer which was placed adjacent to
the 10w-ton laundry trailer.

2.2 CLOTHING MONITORING INGTRUMENIS

Six ingtruments, as deascribed below, were evaluated for use as
eclothing monitors and the experimental it¢ms were compared with standard

survey metersg.

1 erating Ingtructiony and P Mobi s
W-950-QM=-3270, War Department TM 10-351, 21 Sept. 1942

3
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Fige 2.1 Quartermaster Corps lMobile
Pield Laundry, 10-Ton Van Type

R e S v T s e
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Fige 242 A 36 x 36 inch Wocden Washer
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2.2.1 Chemical Corpg Clothing Checker (Expurimental)?

The Chemical Corvs Clothing Checker (Fig. 2.3) consists of
a wooden box with a hinged lid. The dimensions of the top of the box
are 27 x 29 inches, Mounted within the lower portion of the box are
five, 12-inch, thin walled GM tubes whose active length is 7 inches.
Five GM tubes are algo mounted in the 1id, but their position is such
that, when the lid is cloged, the long axes of the tubes in the 1id are
perpendicular to those in the box, All tubes are protectsd by lé-megh
coper screen, This clothing checker was operated in conjunction with
a Berkeley Model 2000 Scaler. Counting was accomplished with the 1lid
closed,

Fig. 2.3 Chemical Corps Clothing Checker

%ICIR_6Qﬁ+_Badinlnglsal_ﬂlnxhing_Jnnitnx, Pechnical Command, Army
Chemical Center, Maryland, 27 November 1951,
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2,2,2 Modified Chemical Corps

Checker (Experimental)

The Modified Chemical Corps Checker (Fig, 2.4) conaista of
the bottom half of the Chemical Corps Clothing Checker described in parae
graph 2.2.1. The toard to which the five tubes are mounted is adjustable
from one to eight inches below the screen. These adjustments are accomp-
lished by means of & screw at each of two sides. The tubes were operated
at a distance of six inches below the screen during the test. This
checker was also used in conjunction with a Berkeley Model 2000 Scaler.

Fige 2.4 Modified Chemical Corps Checker

2.2.3 Signal Corpg Table Top Laundry Monitor (Experimental)

The 8S8ignal Corps Table Top Lesundry Monitor consists of a
table top of expanded metal 54 inches long by 34 inches wide supported
by four legs. Beneath the expanded metal top ig mounted a channel sup-
port upon which eight halogen type tubes are mounted, These tubes are
placed to give the best geometric results for a source placed at any
point on the table top. When comparing readings with other type moni-
tors, a Berkeley Model 2000 Scaler was employed to record counts. A

count rate meter was employed when the instrument was used for more
rapid messurement of garment activity.

)
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Fig- 2.5

Signal Corps Tsble Top Laundry Monitor

22,4 Signel Corpg Socanning Arm Laundry Monitor (Experimental)

The Signal Corps Scanning Arm Laundry Monitor (Fig. 2.6)
congists of a table top of expanded metal 54 inches long by 34 inches
wide supvorted by four legs. Three halogeon type tubes are mounted in a
carrier along the width of the instrument underneath the expanded metal
top. The tube assembly is motor powered and moves from one end of the
device to the other at a constant rate of apeed; the tubes buing con-
nected to a Berkeley Model 2000 Scaler. Counting begins when the tube

agsenbly starts its traverse and stops when the tubes reasch the opposite
end of the device.

2,2.5 Redlac Meter frcm Radiac Set - AN/FDR 274

This instrument has a halogen-filled, mica end-window tube
for detection of beta-ganna activit,

5 from O to 5,0 mr/hr. The beta wine
dow has a thickness of 3 to 4 mg/em<. The instrument is a military port-
able Geiger-Muscller detector,

It is rectangular in shape (9 1/4 x 5 3/16
x 4 1/2 inches) and weighs 10.2 pounds. The probe is equipped with a

7
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beta shield which may be moved aside when measuring beta and gamma radi- { 3
ationg together, Clothing monitoring with this meter was accomplished by ,
placing the clothing flat on & table and passing the end-window of the

probe over the garment at a constant height of six inches. Activity wus
recorded in mr/hr beta-gamma.

T

Lo i

The 274 was not used primarily as an experimental clothing
checker, but was used as a gulde in determining the activity level in
econtaminated clothing. Its use was necegsitated by clothing tolerance
information which states that the tolerance is based on an end-window
tube held six inches over the garment,

o ey — = —— e
P e o e 1% -~ 3

! Fig. 2.6 Signal Corps Scanning Arm Laundry Monitor

2.2,6 Portable Goiger-Mueller Survey Meter - AN/FDR T-

This instrument has a glass G tube for detection of beta- "
gamna activity from O to 50,0 mr/hr. Beta indication is by means of a
perforated shield around the side of the tube, The beta window has a
thickness of 30 mg/cm?. The instrument is = military, portable Geiger=-
Mueller detector used chiefly for training. It is rectangular in shape
(10 x 6 x 7 inches) and weighs 9.5 pounds. Monitoring of clothing with
this instrument was accoumplished in the same manner as with the 274 and
its use wag alsc made necessary by tolerance specifications.

&




FRed et 6,7

2.3  LIQUID CONTAMINATION COUNTING DEVICE

For tho moasuromont of Ltho activity of the laundry solutions a
device (Fig. 2.7) waus bhullt using a singlo Gelger-Mueller tube connected
to a Berkeley Modol 2000 Scalor. A Victorsen 1B85 Thyrodo Alwrinum
Counter Tube and a Tracerlab TGC-5, Gelgor Counter Tubo, wore both used
in this process. Equal volumes of solutlion samples wero drawn and

counted in every cage.

e e )
U T {

et S

Fige 2.7 Liquld Contamination Cecunting Device

2.4 FILM

Double emulsion X-1ay film, 14 x 17 Inches, was placed in X-ray
oexposure holdars and pogitioned over contaminated garments and swatches
for photographing the distribution of contamination. Film, X-ray type K,
Eastman Kodak Co., Codo #5135 and holder, X-ray exrosuro, Genoral Electric
catalog FEOO19F, atzo 14 x 17 Inchos wore ugod for this purpose

29  CONTHOLLKD CONTAMINATION TUMSLIR

The dryiug tLumblor trow a atr-portable, aktd mounted, laundry unit

was modifiod for deliborately contnmlinating tont ftoms (Fig, 2.8). A

Y]

‘ Best Available Copy
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TABLE 2,1
E]
Clothing for Controlled Contaminntion
. Trousers, nylon, Oxford, 5 oz, B . « » o 112 pair
Trousers, rayon, satin lining, 5,5 oz., blue o a o 32 pair
Trousera, carded cotton sateen, 8.5 0z., M 7. + + 254 pair
Trougers, field, cotton sateen, 9 0%.y « + + « & 34 pair
' Trousers, wool serge, 18 02., M 33, + + o o« o+ &4 pair
B Shirts, field, wool, 16 oz., OG 108, , o o+ o + 27 each
’ Trousera, HBT, (yeasy') s o 8 & 9+ o & e s » 35 Pﬂil' A
TABLE 2.2
‘ _ Fabric Swatches for Controlled Contamination i;
anber’*
Code 7 Type of Swatches ]
A Cloth, votton, 9 oz., sateen, dyed o
(untreated) - Control 31 [
B Cloth, coiton, 9 oz., sateen, dyed ;
(4elan AP Bage)¥* 31 L
. c Cloth, cotton, 9 oz,, sateen, dyed 0
{Norsane) ¥ 3l .
D Cloth, cotton, 9 nz., sateen dyel
(Aluninum, soap and wex)* 31
E Cloth, cotton, 9 oz., sateen, dyed F
(Parmel)* b
F Cloth, cotton, 9 oz., sateen, dyed L
‘freated with Inorganic Pigments)¥ 31 g
G Clotk, cotton, 9 o0z., sateen, dyed s
(Treated with Inorganic Pigments, Permel)* 31 L
*fater Repellent Finishes 1
H Cloth, wool serge, 18 oz., (O 33 39
J Cloth, wool, shirting, 16 oz., 0G 108 39
. X Cloth, nylon, Oxford, 5 oz., (D 100
L Cloth, rayon, satin lining, 5.5 oz., blue
(Viscoae) 100
M Cloth, cotton, HBT, D 7 100
» N Cloth, cotton, carded sateen, 8,5 oz,, M 7 98
11
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Thirty suits each of herringbone twill clothing and field clothing
were issued to personnel of Project 6.2 for wear in the "Land Reclamation
Program.*

A number of Projeot 6.3-1 test garments worn by persons entering
the shot area were decontaminated and retuwrned to that project for their
evaluation, (See report of Projest 6,3-=1 for details and results.)

<7  QPERAIING SUPPLIES

The followling detergents and chemicals were used during the decon-
tanination operation:

Citrio Acid (commercial orystals) e« o @ 84 1lba.
Tartario Acid (commercial cryatala) o o ¢« o 13 1ba,
EDTA (tetra sodium salt of ethyleno-diamino-

tatrn‘acetio acid) M . 'Y Y . » ° M 45 lbﬂ.

Oxalic Acid (technical cz«rstals). « e o 15 1bs,
Laundry Sowr (mixture of aqual parts of -odium-
sllico-flouride and sodium-acid-

flouride . » . . ¢ e . . s o 20 1b8.

Armour Detergent ., . e o o s v s e s o 2 lbae.
: Chemical Gompoaitionz

Renex 45608
Carboxymethyl

Celluloge 4o 5%
Trea 50, 5%

Geheral Aniline and Film Detergent « o+ .+ + 5 lbs.
Chemical Composition:

Anterox (non-ionic) 20,

Borax 50
Carboxymethyl

Cellulose 3

Sodium Sulfate 26,

Tamol 1

Sodiun Hexameta-vhosphate . o o ¢ o

2.8 WATER

Water uged in the laundry was taken frem the normal water supply
at Indian Springs Air Force Base. An analysis of a sample of this water,
drawn in September, 1951, made by the U. S. Bureau of Stemdards, is
given in Table 2.3

12
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t
TABLE 2.3
Water Analysis
e ———
Calcium Hardness (BB 03008) ¢ e 8 0 131 jo s
Magnesium Hardness (as CalO3). . . .+ 118 ppm
ukﬂlinity (aﬂ HCOB)O ™ . . . N . 387 PP
Chloride (a8 C1) «~ ¢« « o o o o o 11 ppm
Sulfata (QB 301‘) o o o o . . . . 38 PP
Sediment e e & o 8 & o & o 19 ppmn
€Oy Not detected




CHAPTER 3

EVALUATION OF LAUNDRY EQUIPMENT AND METHCDS
3.1 QOPERATTONAL PROCEDURES

In evaluating laundry equipment amd materisls for their sultsbility
and eff'ectiveness for clothing decontamination, fabrics and olothing were
Tirst contaminated by controlled methods, then decontaminsted. The efe
ficlency of the operation was then determined by use of the monitoring
instruments described in Chapter 2,

3.1.1 QGontrolled Contamination Procedure

Qontaminated soll teken from near the surface shot zero
point was sifted through a 16 mesh screen to obtain as uniform a contami-
nant as practicable.

Approximately 20 pounds of dry clothing or swatches were
put into the contaminating tumbler and one pound of sifted contaminated .
soil was Introduced into the aystem. Ap the clothes were tumbled, the
contaminant was circulated through the clothing for five minutes. 4n
exhaust duct was then opened whille the machine continued to run for five
minutes, thus exhausting loose dust into a ecloth collecting bag. .

. e
L e G TR O . N 5

3.1.2 Leundry Formyls Evalustion

The lammdry formula evaluation phase consisted of testing
two genersl type formulae and modifications of these formulae by the sub-
gtitution of supplies, The two general type formulae are given in Table
301.

2 v 3 10 v

Six specisl 60 pound loads of trousers were deliberately
contaminated as outlined in paragraph 3,1l.1 above, Xach of ths loads
was identical, consiiting of 30 carded cotton sateen trousers, 16 nylon
trousers, and 16 ruyon trousers. Thesu loads were numbered one through
aix. After each load was contaminated, it was monitored with the Table
Top Laundry Monitor and then decontaminated with the process as indicated:

Load No, Decontaminat 1 Proceps
1, Mobile field formula (Armour Detergent) i
2. Mobile field formula (General Aniline Detergent) )

v
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lead No, Decontaxipation Progess

3. Formula 774

be Formula 77A = Tartaric Acid sub., for Citric Acid
5 Formula 77A - (NIP03)6 sub, for EDTA

6. Formula 77A = Leundry Sour sub, for Citric Acid

Preliminary tests conducted using the contaminating tumbler
indicated that one pound of the gifted dirt per one-third of a laundry
load resulted in an adequate level of contamination, for evaluation '

TABLE 3.1

Decontaminating Laundry Formulae

Step Operation Water lLevel Temperature Time Supplies
(in) Op (min)

STANDARD QUARTERMASTER MOBILE FIELD FGRMUIAJ'

1, Suis 5 90-100 5 6 oz, Detergent
2. Suds 5 130 5 3 oz, Detergent
3. Suds 5 140 5 2 og. Detergent
b Ringe 8 140 3 None
5. Rinse 8 120 3 None
6. Ringe 8 100 3 None

FORMULA 77A
1, Suds 6 90-100 5 6 Og. Armour Det,
2 Acid 12 149 5 4 lba. Citric Acid
3. Acid 12 140 5 2 lbs, Citric Ao
de EDTA 8 140 5 1 1/2 lvs. EDTA*
5. EDTA 8 140 5 1 1b EDTA
6. Ringe 12 146 3 None
7o Rinse 12 120 3 None
8. Sour 12 Tap 5 1 oz. Sour

#Tetra scdium salt of ethylene-diamine-tetra-acetic acid.

ISource, War Department Technical Bulletin 10-352-2, dtd 26 Feb.-
rusry 1946; however FM 10~16 *Quartermaster Laundry Company Semimobile®
Department of the Army dtd June 1950 mas eliminated the third suds in the
above formula. The three suds formula has been tested during previous
teats and results have indicated that three suds are imperative,

15
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purposes. Therefore, the first cycle of six laundry formulae, which

will be referred to a "A" laundry runs, was contaminated using one pound
of contaminated dust to epproximately 20 pounds of eclothing.

Due to the rapid rate of decay of the contaminated soil col-
lected on the first day following the surface shot, it was necessary to
double the amount of contaminant the second time the six laundry loads
wore contaminated ("B® leaundry runs). Also, the order of processing the
sumbered loads was reversed.

For the third cycle of the laundry formula evaluation
phase ("C* laundry runs) contamination was acocomplished by using cne
pound of contaminated dust per 20 pounds of garmentas. This new dirt was
collected from nearer the surface shot orater on the third day following
the shot and produced the highest level of clothing contamination of the
thres cycles. The processing order of this third cycle was as follows:
Laundry loads number 3,4,5,2,1, and 6,

In order to obtain & more complete evaluation of the effect
of the laundry supplies, one laundry run was made to determine the amount
of conitamination that would be removed by ¢lear water alone, To accom=
plish this, formulam 77A was used complete with regard to running time,
temperature, and water level; but no supplies were added. Thus, it was
possible to credit the laundry supplies with only the amount of decon-

tamination actually accomplished by their use,

The monitoring of each germent before and after each decon-
taninating process provided a means of evaluating the over-all efficlency
of the process. All loads were remonitored immediately after decontami=
nation, The complete time span for monitoring, laundering, and remoni-
toring was approximately two hours, therefore no corrections were made
for the decay ccowrring during the time required for processing.

In order to evaluate eaoch step of a particular formula, a
4=ounce sample of the wagh water solution wus withdrawn from the washer
at the end of each step of each formula. A special petcock installed
near the bottom of the washer facilitated the withdrawel of these samples.
AMter the samples from each step of a formula were collected, the activ-
ity of a controlled amount of each (approx. 4-0z.) was counted by means
of the special golution activity counter described in paragreph 2.3.
These readings in counts per minute were corrected for background before
being recorded, Since each step in a particular laundry formula con-
tained different amounts of waste water, it was necessary to adjust the
counts per minute recorded, as the same amount of sample was withdrawn
each time. Baged on the amount of weter in the washer filled t» 8 inches
versus the amount for the variocus washer levels encountered, the solu-
tion activities recorded were corrected to correspond to the concentra-
tion of activity which would have been present had each step had an 8
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FROJECT 6,7

inoch water level. The resulting data gave an indication of the percent
of the activity transferrel from the clothing to the wash solution
during each step of each formula,

One 60 pound load of greasy HBT fatigue trousers, pre-
viously worn by mechanics at Fort Lee, Virginia, motor pool, was contami-
nated in the controlled contaminating device, These trousers had been
worn by motor and shop mechanice for a perlod of one work week and were
quite soiled by grease and shop dirt, This load of clothing was decon~-
taminated with Formula 77A.

To investigate the need for a special laundry decontami-
nation formula, fifteen pair of Rad-Safe coveralls worn in the under-
ground shot area by monitors and scientific personnel were proceased,
This processing conaisted of monitoring with the Table Top Laundry
Monitor, then ordinary laundering with the mobile field formuls and re-
monitoring.

3.1¢3 Decay of Contamination and of Waghing Solution Wapte NWater

Four controlled contaminated swatches (two Lefore launder-
ing and two after) were set aside after the surface shot for decay
studies. Also one pair of Rad-Safe coveralls worn on underground shot
plus one day were set aside for decay studies., Reedings were taken
periodically measuring both beta-gamma and gamma activity with the Table
Top Laundry Monitor.

During the laundry formula evaluatior phase, decay read-
ings were taken on the waste water from one run of the mobile field
formula and cne run of formula 77A. This was accomplished by withdraw-
ing an aliquot sample from each step of the laundry formula and combin-
ing all samples in order to get the over-all decay rate of the activity
removed by each formula.

3.1.4  Sultability of Wooden Wagher

Two 75 pound loada of mixed types of trousers (cotton
sateen, cotton field, nylon, and rayon) were set aside for processing inm
thes wooden washer, These loads of trousers were contaminated in the con-
trulled contamination tumbler as outlined in Psragreph 3.1.1, monitored,
and then laundered in the wooden washer, Prior to and after sach launder-
ing, the interior of the washer was monitored with an AN/PDR-T-2A hand
survey GM meter to determine the extent of washer contamination. Each
of the two loads were processed with the mobile field formula and were
then recontaminated., Before and after laundering, 15 palr of trousers
from sach load were monitored on the Table Top Laundry Monitor to provide

17
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a measgure of the effeotiveness of decontamination, After being recon-
taminated, the two loads were each processed with formule 77A. This en~-
tire procedure wes then repeated, making a total of eight laundry loads
processed with the wooden washer.

“Upon determination of the extent of contamination of the
machine at the completion of the eight runs, decontamination was per-
formed by running the washer unloaded but containing a solution of hot
water and oxalic acid, Then pressuro hoasing with & solution of ethyl-
esne-diamine-tetra-acetic acid followed with a clear water rinse also
applied by hoge, The washer was monitored before and after each of the
foregoing baths to determine the degree of decontamination accomplished,

3.1.5 Irangfer of Contamination

four uncontaminated garments, two pair each of field and
carded sateen trousers, were placed in the washer with each load of con-
taminated clothing processed during the formula evaluation phase, These
test trousers were monitored after being processed with the hot loads to
indicate thoe amount of contamination transferred to uncontaminated eloth-
ing when it is processed with contamineted items.

3.1,6 Inhalation Hazard to Laundry Monitoring Personnel

Alr sanples were taken inside the monitoring teat to
evaluate the health hazard from inhaling radicactive dust while handling
contaminated clothing, The air samples were taken by representutives
from the Radiological Safety Group. The alr sampling instrument was
operated adjacent to the laundry monitoring device where the air would
be the most highly contaminated,

3.2 BESULIS

Results of the evaluatimn of laundry equipment ard methods are
inclmded in the following paragraphs.

3.2.1 Laundyy Formula Evaluation

Table 3.2 shows tho effectiveress of the six laundry furm=
ulae besed on the percent of contamination removed as measured by the
Table Top Laundry Monitor. These figures represent the over-sll average
of a load of 62 garmenta consisting of sateen, rayon, arnd nylon trousers.

In additlon to the total percent decontamination for a
laundry run, as based on the measure of activity Lefore and after
18
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laundering, it was possible to evaluate the relative amount of activity
removed during each step of any laundry formula. (See paragraph 3.1.2),
The sun of these corrected scaler counts for all steps of a formula were
considered to represent the activity removed by the complet¢ laundry pro=
ceps, As the amount of activity present is reduced after each atep, the
figures representing parcent removal arc based on the contamination re=
moved by each step relative to the amount present at the beginning of
that step., (Table 3.3).

The "A" laundry runs were made up of new garments and it
may be sesn from the analysia of the percent of activity removed in the
first suds that the average was 43.3 percent as compared to an average of
32,9 percent for the first suds in the "B" and *C" rung. The tendency
for a greater amount of activity to be removed from new fabric continues
through the first few stepa, then appears to decrease, so that the over-
all decontaminatlion produced is about the same for both new and used
fabrics. Apparently, the new fabric additives that are readily soluble,
are removed early in the first laundering, but this has little effect on
the total decontamination.

In order to better evaluste the decontamination formulae,
ocomparison was made by considering laundered garments of the YB® and ®"GW
runa only. Thess two groups of laundry runs represent both high and low
degrees of contamination.

The order of efficiency of the six lsundry formulae tested,
based upon the percent decontamination of the average "B" and "C" runs,
1s presented graphleally in figure 3.1l.

A method of comparing formula efficlency is by use of the
"Indices of Washing Efficiency® from the following equation:

Index of Washing Efficiency =

10X (% renoved by agent - % removed by H,0) 2
100 - % removed by H,0) (3.1)

The index of washing efficiency is equal to one-tenth of
the percentage ramoval of the contamination which is not removed by water
alone, The maximum index of efficisency poasible is 10, in which case all
or practically all of the contamination is removed from the cloth, If

2A. B. Carlson and William F., Neuman, The Removal cf Uranium Com-
poundg from Gloth, Univeraity of Rochester, Technlscal Information Div.,
ORE, Oak Ridge, Tennesses, p 7. B
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TABLE 3.3

Bfficiency of Each Stop of Laundry Formula

Step Operation Laundry Runa

STANDARD FIELD FORMULA (ARMOUR DETERGENT)

ll‘l .B. 'c'
lo SMB 41.0% 3106’ 31.8’
2. Suds 2.1 31- 0 2704
3. s‘ﬂﬂ 20. 8 2707 %o 8
4. Rinse 23.7 26,7 21.5
5. Rinse 2.0 19,5 15.3
6. l'linsa 13. 8 14. 5 1200
STANDARD FIELD FORMULA (GENERAL ANILINE)
"‘l npw uge
1. Suls 40.6% 35.1% 32,3%
2, Suds 36.2 3445 8.2
3. Suls 280 8 27,0 25,2
4+ Ringe 19,5 19,5 18. 3
5« Ringe 16.6 13.4 13,7
6, Rinse 72 8,3 10.2
FORMULA 77A
(U ngh  wge E
1. Suds bdoe 68 28,98 33.2% ‘
2, Citrie 41.5 27.8 33.9
3. Citric 19. 8 16. 7 19. 5
4e EDTA 26,5 15.7 16.5
5. EDTA e 2 16,8 20,0 1
6, Rinse 21.4 22.4 ! i
© 7. Rinse 6. 5 uo 7 19. 9
8, Ringe 2.5 29.7 1.3

This Table is Continued on Next Page
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PROJECT 6.7
TABIE 3.3 (Cont'd)
Efficiency of Each Step of Laundry Formuls

E
£
E

Step Operation Iaundry Runs

FORMULA 77A with (NaPO3)¢

LI L upw Lol
l. Suds 4—10 5% 35o0% 330%
2., Cltric 39.3 30.3 8.5
3. OCitrie 27.3 Uhed 16.4
4. (NBPOB)6 24.'7 2347 17.8
5. (NaPO3)g 18,5 38.0 18.3
6. Rinse 160 5 29, 6 21.7
7. Rinse 11043 15.8 19.2
80 Rinse 2 8 7.0 903

FORMULA 77A with TARTARIC ACTD

LY U wpe LTl ]
l, Suls 47.7% 36.5% 36.0%
2. Tartaric 52.3 45.0 31.9
3. Tartaric 23.5 23,0 19.8
4o EDTA 21.4 27.6 15.3
5. EDTA 28.8 38,8 9.7
6. Rinse 275 26,4 2he3
7. Rinse 9.8 13.4 1.9
8. 301'. 3.7 110-0 5 10. l

FORMULA 77A with SOUR

npm me Lol

1. Suds MOB% ”o% 30.9%
Fl 2. Sour 40.8 25 19.5
3. Sour 22.7 15.3 11.6
4. EDTA 34,9 17.2 14.3
5. EDTA 4.3 34.0 16,0
60 Rinsﬁ 37. 2 331 10- 160 1l
7. Rinse %6 20,5 9.8
8. Sour 745 5.0

This Table is continued on Next Page
22
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TABIE 3,3 (Cont'd)
<olency of Each Step of Laundry Formuls

Step Operation Laundry Runs

FORMULA 77A with WATER RINSES

naw .B. now
1. Ringe 27.3%
2. Rinse 18,9
3. Ringe ———— — 11,6
4. Ringe ) 10,8
5. Rinse e R 9.0
6. Ringe - 7.3
7. Rinse - - 4‘9
8. Ringe 6.7

the decontaminating agent had removed no more contamimation than did
water alone, ths index of washing efficiency would be zero, A4lso, if the
agent would regult in less decontamizmmtion than water alone, the imlex of
washing efficiency would be between ~1 and -10, The relative effestive~
ness of the various formulae tested, as evaluated by this method, is
shown in Table 3.4

TABLE 3.4
Index of Washing Efficlency

Formula Laundry Runs
n Ah Inl ngn

Standard Field
(Armour)
Standard Field
(Gen. Aniline)
774
(Alone)
KU

A
| (with (NaPO3)¢
‘| 774
g 1 (with Tartaric)
7T7A
(with Sour)

N e N N

[ I - SR e N Y]
w o O W
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PROJECT 6,7

The 60-pound load of greasy, cotton, herringbone twill
trousers were contaminated to an average level of 102 thousand counts
per ninute per garment ay meamured by the Table Top Laundry Nonitor, De=
soutamination by wse of Formula 77A reduced the level o2 activity to an
average of 8000 counts. This rupresents 92 percent decontemination
achieved on greasy trousera.

The 15 pairs of Rad-Safe coveralls which had become son-
taminated by being worn near the underground shot on underground plus one
axd wnderground plus two days were decontaminated by laundering with the
mobile field formula. The average decontaminatinn resulting from this
prooedure was over 90 percent,

3.2.2 Decay and Dete-Gemmg Ratio

Surface Shot: Decay readings were taken on nylon and
rayon swatches before and after laundering, These swatches were contumi-
nated with dirt which had been picked up from near the surface shot on
surface shot plus six days. Since the decay slope for nylon and rayon
were the mame; 1.8, ~1,3, only the curve for nylon hae Leen given in
figure 3.2 to show the relatinnghip between laundered and unlaunderal
fabrics, These curves represent beta-gamma activity only.

Underground Shot: Figure 3.3 shows the beta-gamma, and
gamma decay for oune pair of Rad-Safe coveralls worn in the underground
shot area on underground plus one day,

Figure 3.4 shows the beta-gamma decay rate for an aliquot
sample of water from the first group of laundry evaluation runs. One
carve repregents the decay rate for the waste water from the mobile
field formula with Armour detergent and the other curve represenis the

P S AT

decay rate for the waste water from the formula 77A. The slope for each
is approximately -1.7,
The scaler count for garments contaminated following both k
the surface and the umderground shots was reduced by approximately 90 'S
percent when an aluminum Beta shield was placed between the tubes and the *
garment on the Table Top Leundry Monitor. *;
¥

ol o B

3¢2,3  Sultabllity of Nooden Wauhep

The wooden washer was am effective when used for laundry
decontamination as the stainless steel washer, using the saue laandry
formulas and processing the game type garments, contaminated under the
game conditions. The average percent decontamination achieved by four

25
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laundry rans with the wooden washer and three laundry runs with the
stainless steel washer for each of two laundry formuls is showmn in Table
3.5‘ .

The wooden washer did not begome contaminated to the extent
that 1t would be impractical to use. The contamination did nol continue
to build up throughout the several runs. After the level of activity
reached approximately 10 mr/hr during the fourth laundry run, it remained
ot6thin level throughout four more runs. These data are shown in Table
3. L4

TABIE 3.5
Compariason of Decontamination Performed

in Stesl and Wooden Waghers
(8ateen Trousers)

— laundry Formule
Type Washer Mobile Field Formula TTA
(Armour)
Wooden Washer 86,74 89.4%
Stainless Steel 80.1 90,9
TABLE 3.6

Activity in Wooden Wagher (mr/hr)

Inside Washer Waste Water
Run No, Fornula (Highest Resding) Dump Value
1le Mobile Fleld he b 11,0
2. Moblle Field 5.0 11,0
3. TIA 4e5 10,0
be TIA 11,0 12,0
Se Moblle Field 10,0 11.0
6. Mobile Field 10,0 12,0
e TA 7.0 12,0
8, TIA 10,0 11,0
29
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Four pourds of oxalic acid were put into the washer and
run for ten minutes in ten inches of water at 140°F., This did not mate-
rially lower the aotivity of the washer. Preasure hosing with an or-
ganic ohelating agent following the oxamlic acid treatment brought the
level of aotivity down only mlightly. This was followed by a clear water
rinse to remove any of the decontaminating chemicels which would tend to
oause corrosion of the metal parts,

3.2,4 Trangfer of Contanination

Four wnoontaminated garments, two pair each of field and
| oarded gateen trousers, were placed in the washer with each of the 18
§ laundry runs during the formula evaluation phase of the work.

In every case, activity was plcked up by the uncontaminated
garment during the laundering process, In no case did the activity of
the carded sateen trousers exceed that of the contaminated carded sateen
trouser: when both were compared after laundering. Transfer of contam-
ination resulted in the residual activity of uncontaminated carded sateen
trousers being in the order of 60 to 70 percent of the activity of the
contaminated trousers. No field trousers were contaminated during the
lawxry formula evalustion phase; however, the two pair of uncontaminated
field trousera which were laundered with each of these 18 laundry runs
plcked up consideravle activity as compared to other type trousers, In
every case, these fleld trousers were more radiocactive than the original
contaninated sateen trousers after laundering, In comparing the two
typea of trousers tested for transfer of contamination, the field trou-
pors were in the order of two to four times asg radiocactive after launder-
ing as were the carded sateen trousers.

3.2,5 Inhalation Hazard to Laundry Monitoring Persgonnel

On the second day following the surface shot durling the
period of time whan contaminated garments were belng monitored, the air
gamoling device indicated that the air in the vicinity of the clothing
checker contalned approximately l.4 micro curles per cubic meter.

During the perlod between the gecond and the seventh day
following the surface shot the air was filltered from near the clothing
aonitor for a total of 16.8 hours while contaminated garments were being
monitored, The activity of this air averaged approximately 0.8 micro
curies per cubic meter,

30
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3.3  DISGUIGION

This discussion includes statistical evalustion of resulis as well
ao the implications that may result from considerations of economy and
availability of supplies and equipment,

3.3.1 laundpy Formula Lvaluation
The data concerning percent decontesmination was evaluated

for significence by use of the following formula for the ratio of the ab-
served difference to the standard error of the difference,>

(3.3)

Obgerved Difference
Standard error cf the Difference
Average Percent Decontamination

RT-N
nw oo

Standard Deviation
Nunher of Samples

=8

it 0

There waa no significant difference between Armowr Detergent
and Geporal Aniline Detergent when usad for decontamination. In every
ocage the difference between results obtained with the Mobile Field Formula
and Decontamination Formula 77A is significant.

In two cases the use of tartaric acid was significantly
better thean citric ecid when substituted for cttric acid in Formula 7743
in the third case, while the tartavic acid appeared slightly more effi-
cient, the difference was not significant, There was so much variation
in the results obtained by the aubstitutlion of laundry sour for citric
acid that no definite statement cen be made as to its eflect!venssa.

Due to the large number of sauples in each laundry load,
the statistical significance of some of the data was greater than the
practical difference occurring &9 the result of using different supplies,

J6roxton and Cowden, 4pplied General Statimtics, p J19.
31
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For example, the first cycle of the formula evaluation (Runs "A") indi-
cated that there was no significant difference between using the tetra
sodiun salt of ethylens-diamine-acetic acid and sodium hexameta-phosge
phate; however, for the second cycle (Runs ¥B") the sodium mete-phosphate
was significantly better and during the third oycle, (Runs "C") the
ethylene-dianine-tetra-acetic acid was significantly better. The practi-
cal difference was only 1.6 percent in one case and 2,7 percent in the
other. Therefore, the results indicate that either of these two supplies
may be used with the same over-all results.

While there 1s a ¢ifference between the decontaminating
efficiency of the various laundry formulae, there is also a difference
in the cost of running each formula, For example, if two laundry formu~
lae meet the requirements of decontaminating clothing to a safe level,
then a matter of one being slightly more efficient is not too important.
Therefore, consideration ghould be given to the cost of performing a
laundry run before it is adopted for general use. A4 comparison of prices
is shown in Table 3.7. The price for detergent is based on the Army
Pricing Guide for 1952. The price for the other chemicels is approxi-
mate and is based on commercial bulk purchage esgtimates,

TABLE 3.7

Cogt of Supplies for Ore Run
of Each Laundry Formula

Formula 774 $3.55

Formula 77A with Tartaric Acid 4,45

Formula 77A with (N8P03)6 2,42

Formula 77A with Laundry Sour 2.37

Mobile Field Formula (Armour or General .20
Aniline Detergent)

Since atomic tesims are conducted in the open and the peraon-
nel entering contaminated areas normally wesr clean clothing, the question
arose as to the amount of decontamination that might be expected for
olotbing soiled with grease and grime, One load of contaminated greasy
clothing decontaminated quite well with Formula 77A and did not present
an additional problem because of grease and other soll,

In evaluating the effectiveness of the decontamination pro-
cens, consideration was also given to the need for such a process. The
degree of contamination encountered is discussed more fully in Chapter
1V, “Evaluation of Fabrics.® It is, bowever, interesting to note that

32
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the only information available with regard to allowable degree of contem~
ination on clothing, is that published in D/A Pamphlet, "Handbook of
Atonic Weapons for Medical Officers® which is quoted below.% This

tolerance level is for peacetime, industrial application and includes a
substantial factor of mafety,

For fission product contamination, the following are con-
sidered ag limits for a 24-hour working day:

a. Thin side-wall GM tube (30-40 mg/cm? such ms the
AN/PDR-5) =7 mr/hr indicated beta plus gauma when
measured with the tube parallel and not more than
6" from the contaminated surface,

b. Thin end wall GM tube (2=4 mg/cm® such as the
AN/FDR-27) -2 mr/hr indicated beta plus gamma with

the thin window perallel and not over 6" from the
contaminated surface.

It is interesting to note that the perscnnel of this pro-
ject received no information of any clothing becoming radioactively eon-
taminated to a meagureable degree through wear following the surfaece
shot, Also, after the underground shot, the total of seventeen coveralls
obtained ware the result of screening approximately one-hundred coveralls
in an effort to obtain some which were highly contaminated. Of these
seventeen Rad-Safe coveralls, only four were contaminated above tolerance.

The most highly contaminated pair of coveralls encountered
was twice tolerance, If it is assumed that the decay rate has s slope of
-l.2 (log log scale), a garment which was twice tolerance at 24 hours
after the underground shot, would decay to below tolerance one day later,

The decay curves for the waste water solutions indicate

that there was nmo difference in the type of contaminant removed by the
two laundry formulae.

The decay slope did not differ materially from that en-
countered during Operation GREENHOUSE; however, the reduction in scaler
counts due to shielding with an aluminum shield was approximately 90

percent on Operation JANGLE as compared to approximately 80 perceni at
Operation GREENHOUSE,

4p/A Pamphlet #8-11, Handbook of Atomic Weapons for Medical
Officers, 26 June 1951, p 44.
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3.3.2 Suitability of Wooden Wagher

The wooden washer used during this test was a new washer
and thus required a conaiderable amount of soaking before it would swell
sufficiently to hold water., The wood appeared to have been coated with
a pregervative finish, therefore the cylinder and shell were cleaned by
use of caustic soda and oxalic acid,?

The wooden washer was as effective in decontaminating
olothing as wag the stainless steel washer; however, the wood did aceumu-
late contamination to a limited extent which was not eassily removed. It
may be that the washer continued to swell during the first few laundry
rung resulting in some contamination becoming entrapped in the cracks.
In any event the degree to which the wooden washer becume contaminated
is congidered to be so low as not to present a problem, This may not
hold true for an old uged washer, It 1s believed that a used wooden
washer should be thoroughly cleaned of soap scun prior to its being used
for decontaminating radicactively conteminated clothing. Also fatty-
aoid socaps, which precipitate in hard water, should not be used in the
decontaminating formula.

3.3.3 Inhalation Hazard to Leundry Monitoring Personnsl

The dry condition of the contamination on clothing contam=
inated in the tumbling device could be expected to create more of an in-
halation bamard than garments contemineted by wear., Although there was
sn activity in the air of 1.4 microcuries per cubic meter, the monitor-
ing personnel were breathing this contaminated air only during the time
of monitoring., If one breathed this air for eight hours, his average
for the day would be less than one-half microourie per cubic meter of
the total air inhaled, Although contaminated garments should not be
deliberately sheken or handled in such a wsy as tc create a dust hazard,
there appears to be no necegsity for wearing dust respirators during the
monitoring operation,

5TM 10-354 Quartermaster Fixed Laundry Organization, Operation, and
Equipment, War Department Technical Maprual, September 1947, p 78.
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CHAPTER 4

EVALUATION OF FABRICS

kel QPERATIONAL PROCEDURES

This study eonsisted of an evaluation of both synthetic and natu-
ral fabrics as well as special fabric finishes as to their comparative
sontaminability and decontaminability under controlled conditionse

helsl Clothing Contaminated Through Wear in shet Areas

On surface shot plus two days, nine persons wearing eotton
herringbone twill clothing entered an area reading between 80 and 150
mr/hre Those persons were members of Project 6.2 (Land Reslamation) and
worked with bulldozers and road graderse Upon completion of their werk,
the group turned their eclothing over to Project 647 and were issued
cotton field jackets and field trousers for the following daye On swr
face shot plus three days, the nine persons again entered arers reading
between £0 and 150 mr/hr doing work similar tu that of the previous daye
This olothing was also turned over to Project 647 at the snd of the daye
No further issue of clothing was made to personnel of Project 6e2e

Personnel of Project 643 entered the surface shot area
wearing their own test clothinge This clothing was also turned over te
Projeet 647 for procossing,

Lele2 Swatches and Clothing Contaminated by Controlled Msthods

The fabris swatches and the woolen shirts and ireusers
listed in paragraph 246 were subjected to controlled centamination as
desoribed in paragraph 3,1.1« The contaminant wsed in this case waas
picked wup from the 1lip of the crater on surface shot plus six dayss In
instances where one fabric type did not contain enough swatehes to make
a 60 pound laundry load, two similar types wers comwbined or other ma-
terial was added to bring the weight up to 60 poundss The rayon, Code
L, and nylon, Code K, swatches wers processed together; and the wool
trouser material, Code H, and the wool shirting, Code J, swatshes were
processed together, The woolen shirts and trousers were also scmbined
into a single loade Since the nuwber of sach type of swateh, Code A
through G, was relatively amall, eash cf these code types was built wp
to 60 pound loads by the addition of cotton sateeam trousers.
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PROJECT 6,7
After contaminating the combined and built up loads, they

were all monitored on the Table Top laundry Menitor, laundered with the
mobile field formula, and then remonitored.

hele3 Radiographs of Contamination

Radiographs were taken of two suits of coveralls which were
worn in the contaminated area following the underground shot. Also,
radiographs were taken of deliberately contaminated swatches both before
and after laundering, Type K, X~ray film was placed inside the X~ray
exposure holder and placed in direct contact witih the contaminated
material for the perlod of time necessary to produce exposure, Pre=-
liminary experimenting indicated that approximately 35 milliroentgens cf
radistion (intensity being measured with AN/PDR-T-2) would produce con-
siderable blackening of this type of film,

In making the radiograph of coveralls, elght pieces of the
film wore fustened to a shaet of plywuod in order to provide complete
coverage of the coveralls.

Le2z RESULTS

The results of the fabrie evaluation phase of the project together
with radiographs of some contaminated materials are presented in the

following paragraphs.

he2el %lothing Contaminated Through Wear in the Shot Area
Surface Shot

The clothing worn by Project 6.2 personnel was not contam-
inated to an extent discernible above background.

The garment contamination resulting from wear by Project
643 personnel after the surface shot was very low, less than 1 mr/hr.
For a complete report on the levels of contamination encountered, refe-
rence is made to the report of Project 643,

he2:2 Swatches Contaminated by Controlled Methods

The 22 x 26 inech pillowcase type swatches were divided in-
to four categories. Code letters A and G represented a control group
and six special finishes. Code letters H and J were woolens. Code
letters K and L were assigned to syanthetice, and Code letters M and N
represented cottons. Thess codes listed in Table 2,2 are together with
a camplete description of the fabrics.
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PROJECT 6,7

The contaminability of vach type swatch and the decontam-
inability of each type in percent removal of tha contaminant originally
present is shown in Tabls 4.l and graphically in figure 4.l. BHach
figure represents the averags of the readings on all swatches of a given
types The percent decontamination represents the action of the mobile
field formula in every case.

TABLE 4.1
Relative Contaminability and Decontaminability of Fabric Swatches.

PN PG P

———
Activity 10° o/m
Code Belore After ‘Per cent
lsundering Laundering Decontamination
4 1069 2Te2 Th 6%
B 15061 3547 76 o2
C 1674t 108.5 3542
D 13109 31&06 73 08
E 14545 2549 8242
F 15646 506l 6748
G 12664 646 634l
H 131.1 1505 8842
J U Oely 10.2 92¢7
K 11045 Be5 9243
L 95els 2045 7242
M 12649 h2e2 6647
N 12540 2046 83 5

Le2e3 Clothing Contaminatwd by Controlled lethods

The 27 wool field shirts, and 24 wool sergs trousers,
showed the following degrees of zontaminability and decontaminabilitye
A1l processed with the mobile finld formuls, as were the swatches, Data
regarding these items are shown in Table 4.2.
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PROJECT 6,7

TABLE 4.2
Woolens Processed with Mobile Field Formmla
Activity 10°
Type Before After Per c¢ent
Laundering Laundering Decontamiration
Shirts 261.1 3249 87.4%
Trousers 19649 2342 8842

For the purposes of fabric study, an evaluation was made
of the data from the laundry formulae evsluation phase of the test that
concerned contaminability and decontaminability of nylon, rayon, and
ocotton sateen trousers when proceased with the mobile field formmla.
These dcta were further broken down into new and laundered trousers,
The level of activity in the dirt with which the new trousers were aon-
taminated was much lower than that with which the laundered trousers

were contaminated, hencs they received less contamination, These data
are showmn in tables 4.3 and L.

TABLE 4.3

New Trousers Processed with Moblle Field Formula

1|;ymu||iiiiII!\ﬂ|W||m|II|!!\Im|||H\|||\!IDIP‘fWﬂlI!'\'“‘!'ll'!!‘||"'|'|[!l"""'w""l"‘"‘"‘

Activity 103 o/m
Number Trouser Type Before Atter Per cent

Laundering | Launder Decontamination

32 Nylon, oxford, 5 oz 277 1.9 93418

32 Rayon, satin, 5.5 oze 20.3 5.1 Theb

& Cotton sateen, 845 oz, 2041 346 81.9
TABLE Le4

Laundered Trousera Processed with Mobile Field Formla

Activity 103 o/m
Number Trouser Type Before After Per cant
7 Laundering |laundering | Decontamination
32 Nylon, oxford, 5 oz. 18349 2867 8L 4%
32 Rayon, satin, 5.5 o%e 277.8 6745 757
60 Cotton sateen, 8.5 oz, 2662 6743 T
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FROJECT 6,7

Further fabric evaluation studles were made sn the cotton
field and sateen trousers which were procesmsed in the wooden washer.
This included both new and laundersd trousers. Table 4.5 gives the data
for new trousers while Table 4.6 shows the results for trousers laun-
dered three times

TABLE 445

New Trousers Procoaaod. in the Wooden Washer

1 o/
Number Trouser Type Before After Fer cent
Laundering | Laundering | Decontamination
10 | Cotton sateen, 845 oze | 10245 19,0 81.5%
20 | Cotton, field, 9 oze 65.8 21,1 6749
TABLE 4¢6

% Laundered Trousers Processed in the Wooden Washev

Activity &03 ¢/m

Nunb er Trouser Type Before After Por cent
Iaundering | Laundering | Decontamination

10 Cotton sateen, 845 oOze 984k 6e5 93 o5%
20 Cotton, field, 9 oze 1101 1546 8548

Le2els Radiographs of Contamination

Flgure L.2 is a picture of the distribution of contamina-
tion on a pair of AEC coveralls which was worn in the vicinity of the
underground shot on the first day following this shots The film was
exposed to the garment for one hour. The activity as measured with the
AN/PDR~T-2A with the tube held six inches from the garment was approxi-
mately 4O mr/hr over the waist area and approximately 30 mr/hr over the
shoulder area. Note: The two white blotches are undeveloped areas on

the film,

Flgure 4¢3 1s a picture of the distribution of contam-
ination on a pair of AKC coveralls which was worn in the vicinlty of the
underground shot on the second day following this shot. The film was ex-
posed to this garment for three hourse The activity as measured with
the AN/PDR-T-2A with the tube held eix inches from the garment was
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Fige 442 Radiograph of Coveralls Worn in the Underground
Shot Area on Underzround plus One Day
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Shot Area on Underground plus two Days

Fige 4.3 Radiograph of Coveralls Worn in the Underground
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PROJTCT 6.7
spproximately 30 m/hr for the left knee area, 20 mr/lr for the right

knee area, and 10 mr/hr in the chest and shoulder area, Ona should keep
in mind that the picture is a mirror lmage of the garment,.

Figures L.4 through 4.7 ars the results of sxposing film
to contaminated fabric swatches. Information included with each figure
indicates the type of fabrio, washed or unwashed material, the intensity
of radiation as measured with the GM tube of the AN/FDR-T-"A held six
inches from the material, and the length of time of film exposure.

4e3  DISCUSSION

An examination of the data and observatlions regarding the auscep=
tibility of various fabries to contamination and decontamination &s well

as the dispersion of sontamination on tha fabrics is presented in this
section,

4e3¢1 Clothing Contaminated Through Wear in the Shot Area
Surface Shot

The wearing of clothing in t.e surface shot area did not
produce any amount of contaminated items. This was well demonstrated by
Project 6,2 personnel who worked on bulldczers and road graders. Even
with the tremendous amount of dust generated, their clothing showed no
contamination above background. As a result of this lack of contam-

ination, no attempt was made to evaluate the fabrics put out on this
wear phase of the test.

Le3e2 Swatches Contaminated by Controlled Methods
(Special Flnishes)

The testing of water repellent finishes originated at
Oporation GREENHOUSE where water repellent flield trousers appeared to be
more susceptible to contamination and leas so to decontamination than
othar fabric types. On Operation JANGLE the various water repsllent

finishes, Codes B through G, showed a grester pick-up of contaminatiem
than the untreated control, Code A.

Table 4,7 indicates the relative order that the finishes
cntribute to pick-up of contaminations It is difficult to say definitely
that any one finish has greater susceptibility than another, because the
method of controlled contamination was a field method and did not permit
camplete control of all factors. One major factor that could very easily
have affeoted the degree of pick-up of contamination was the humidity
which could not be controlled. Also there is no certainty that one pound
of finely sifted dirt was enough to saturate the contents of the tumbler,
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PROJECT 6,7

Contaminated Rayon: AN/PDR-T-2A - 6 mr/hr - Exposed 6 hrs.

I . = Iy = " n 7 H
Decontaminated Rayon: AN/PDR-T=2A = L5 mr/hr - Exposed 11 hre.
Fig. L4 Radiographs of Rayon Before and After launderinge I
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PROJECT 6,7

Contaminated Nylon: AN/PDR-T-24 - 6 mr/hr — Bxposed 6 hrs.

L'
_*.

7

Decontaminated Nylont AN/PDR-T-2A = 2,5 mr/hr -~ Exposed 9 hrs.

Fige 4e5 Radiographs of Nylon Before and After laundeiinge
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Contaminated Sateens AN/PDR-T-24 - 12 mr/hr - Exposed 3 hrs.

Decontaminated Sateen: AN/PDR-T-2A - 2 mr/hr — Exposed 12 hrse
Fige 4e6 Radiographs of Sateen Before and After Laundering.
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PROJECT 6,7

thus limiting the opportunity to determine the amount of contamination
that would adhere to each typs of fabrie. Oue final point to be em-
sidered is the action inaside the tumbler during the contamination pro-
cess. The action of sach swatch within the tumbler should have been the
same, but there is no way of knowing that with one type of swateh, per—
baps, the action was radically different than for the other types.

These points make it difficult to say with certainty that any one fabrie
type or finish is more or iess susceptible to contamination than another,
However, from the table it appears that, of the special finishes, all of
which are more contaminable than the unireated contrel, Coede C is more
susceptible to contamination than the other types. It is felt that no
other differsnce can be stated,

Table Le7 also shows that in iwo cases, Codes B and E,
the finishes decontuminated more than did the control; while in the other
cases, & lesser degree of decontamination was performed. However, the
difference above or below the control, Code A4, is not great enough to
warrant particulsr interest except in the case of Code C. (Table 4el)
Code C, decontaminated 35.2 per cent, and compared to the control amd
other finishes, appears to be undesirable as a finish for clothing whieh
may be radioactively contaminated., This is further borne out by the
fact that Code C also appears to be more readily contaminable than un~

treated or other finishes,

In comparing the two types of woolen swatches, 18 oze serge
and a 16 oz felt shirting, the felt, although lighter than the serge,
had more nap and consequently picked up slightly more contamination thun
did the smoother merge, The felt shirting decoataminated slightly more
readily than did the serge trousers material which may be atiributable
to the fact that a felt has already been shrunk a great deal and probably
will not shrink much more; especially since the leundering was done at
less than 90°F, Since the felt material did not shrink as much as the
serge there was not as much chanco of its trapping contaminant in the
fibers and yarns as the shrinkage took place, therefore permitting a
greater degree of decontamination.

The two aynthetic fabrics tested were rayon and nylon,
The nylon appeared to pick up a bit more contamination than the rayon.
However, the nylon decontaminated much more readily than did the rayon
(9245 per cent for nylon and 722 per cent for rayon).

Cotton sateen and herringbone twill both plckeda up very
nearly the same amount of contamination. There is no explanation for
herringbons twill decontaminating only 66.7 per cent while the sateen
decontaminated 83.5 per cent, These fabrics were the same weight, celor,
and materisl, The only difference is probably one of those factors that
cannot be eliminated in a field test where rigid laboravery controls
cannot be applied.
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PROJECT 6,7

When considering all the swatches together, three factors
are apparent, First, in general, the special water repellent finishes
show a greater degree of contaminability than the untreated, regsrdless
of fabric type., Second, the woolan fabrics do met pick up any more con-
tamination than cotton, and aside from the nylecn, the woolens are as
readily decontaminated as other fabrics, Third, the special finish,
Code C (Norane), is less readily decontaminated than any of the fabrics
tested by a very large margin of differencs,

4e303 glothigg ontaminated by Controlled Methods
Special Finishes =

The wool felt shirts appeared to pick up more contamination
than did the wool serge trousers. However, they both decontaminated the
eaws amount, It appears therefore that there is very littls difference
batwesn the two wools so far as contaminability and decontaminability
are goncerned,

The cotton and rayon trousers were very mnearly alike in
both contaminability and decontaminability, regardless of whether they
were gew or laundered, The new nylon trousers were more susceptible to
contaminatiou than elther rayon or cotton; on the cther hand, the laun-
dered nylon trousers were umch less susceptible to contaminatien thaa
either rayen or cottons, Thls difference between new and laundered mylon
trousers was further brought out in the decontamination; the new cnes
decontaminated 93.1 per cent while the laundered decontaminated only
8lLel por cent, It is aoted that the three types of fsbrics, cotton,
rayon, and nylon, regardless of whether new or laundered, showed approxi-
mately the same per cent decontamination as the corresponding fabric in
swateh forme

The new field trousers showed lsss susceptibility to con-
tamination than new sateen irousers. However, after both types had beea
laundered, the field trousers showed slightly greater residual contam-
ination than the sateen trousers, 67.9 per cent decontamination for
field against 8l.5 per cent for sateen, When both types were laundered
three times, the per cent decontamination of sateen trousers rose to
93,5 per cent and field trousers to 85.8 per cent, In neither instance,
new nor laundered, do the field trousers appear to be unacceptable com—
pared to sateen on a basis of contaminability and decontaminability.
The manufacturer of field trousers may treat the fabric with one of
several water repellent finishes, and it ia impossible to ascertain in
the field which finish is on any one pair of trouserss Therefore, any
test of fleld trousers fram general stocks may vary greatly in the
results depending upon the number of trousers =which have bean treated
with each of the finishes listed in Table 4e7. In this comnection,
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sirce Code C falls coansiderably below all others insofar as qualities
desirable in connection with radicactive contamination are concermed, it
is believed that more extensive and specific tests mey be in order.

he3s4 Radiographs of Contamingtion

Since the study of methods for decontamination of clothing
began, there has been tho question of the general distribution pattern
of contamination one wight expect from a garmont actually worn in a son~
taminated area, i.e. is the contamination localized in spoto, or is it
distributed fairly uniformly over the entire garment? Due to the lack
of contaminated garmsnts after the surface shot, ne radiographs were
mades Following the underground shot it was possible to expose filu teo
two pair of coveralls. The film indicates that ihere is a certain
amount of contanination fairly uniformly spread over the garment, but in

addition, one or two careless moves by an individual can result in a
concentration of eontamination at specific locations,

Pigure 4.2 indicates that the wearer of this garmeut uwsed
both of his left pockets. Also, it appears that he may have rubbed

against somstibing or carried some contaminated article across the front
of his body below the waist,

Flgure L3 clearly shows that the wearer of this garmsnt
used his right breast pocket several times, possibly he carried his

notebook or cigarettes there, Also, he apparantly was on his knees in
tho contaminated area,

In both figures, the outline of the masking tape ias quite
clear at the bottom of each of the coverall legs.

In exposing film to the different types of fabrics that
had been contaminated in the tumbling device, it was not intended to
prove or disprcve any pointe The film was available for use with gar-
ments contaminated by wearing and it was decided to expose the film to a
few of these swatches to see how the contamination appsared. The
pictures before and after laundering are not of the same piece of fabrie,
therefore comparison of change can only be made generally,

In several cases with fabric swatches the exposure appears
camocentrated at points, whereas the contamination on coveralls appsars
a8 shaded. In considering this difference, one must remember that it
was possible for the film holder to make closer ccntact with the fabries
swateh than with the pair of coveralls, and it is pcssible that this

difference in distance could very well account for the differeacs in
effect s,
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CHAPTER 5

KVALUATION OF MONITORING INSTRUMENTS

S5¢1 OPERATIONAL PHOCHDURK

Observations were made by the operating personinel duriig operation
JANGLE to determine the suitability of the various expe: imen.al -lothing
menitaring instruments for field use,

It was desirable to determine whether the scaler readings of the
mltiple tube instruments increased proportiounately as the activity in-
creased, Also, it was desired to know the comparative readings of the
various instruments at difforent levels of activity; especially at the
tolerance level,

A plece of cloth, 27 x 45 inches, wus contaminated by sprinkling
pifted dust uniformly over the swatch and then spraying on plastic
adhesive to hold this cocotaminated dust in place. After each addition of
sontaminant, readings were taken with the different experimental instru-
ment s,

5¢2  RESULIS

———

Thnese results include an evaluation o each inatrusent and a coor
parison of the relative readings of each instrument ‘o vhe Sighal Corps
Table Top Laundry Monitor in paragraph $.2.0.

5¢2.1 Cluemical Corps Clothing Checker (kxperimental) (Fig. 2.3)

Headings with this instrusent varied considerably due to
the criticality of the gecmetric position of the garment with respect to
the tubes. Due to the large nusber of Gelgar-Mielliser tutes, i.e. ten
tubes, tl» maximum reliable capacity of the instrument was below the
point at which a garment would be classified ss contaminated to an unsafe
level, There is no satisfactory means of knowing if or when one of the
tubes ceases to function properly., Too mich timo and physical effort is
required to raiee and lower the 1id of the clothing checker,
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PROJECT 6,7
5¢2¢2 Modified Chemlcal Corps Qhecker (Fige 2.4)

erﬁﬂ'mmmmmwwwmmmn|!mnmmwmummmwmw

This instrument gave mare consistant readings than did the
Chemical Corps Clothing Checker when the wame garment was monitored
soveral timess This may be oxplained by the fact that the tubes were
six inches from the garment and were not affected so greatly by the
geometric position of the garment with respect to the tubea. By eliminat-
ing the top oar 1id part the problem of raising and lowering it was over—
come an well as permitiing an increase in the maximum reliable range
with respect to the level of contamination. The problem of not knowing
when the individual tube had reached the end of its 1ife span was the
same as with the Chamical Corps Clothing Checker,

52,3 Signal Corps Table Top laundry Monitor (Fige 245)

After a considerable amount of preliminary cheeking of
several experimental clothing monitors, it was decided to use this in-
strument for the laundry formmla and fabric evaluation phases of the
operation, This instrument most nearly filled the requirements for
either a research type o a field type instrument. Although there was
no wmy of knowing when & tube ceased functioning, no difficulty was an-
eountered with the tubes during the operation. Thease halogen type tubes

i have an unlimited counting life, whereas the other GM tubes are limited
to about 107 countse

e ot e

I

There ware a fow gpecific minor features about this in-

N strument which can be improved from the standpoint of operating ef-
ficiency. However, the iustrument ls satisfactory for use as a research
type instrument and can be adapted to serve as a field Yecreening® in-
strument

i 0 I B i

—— .
H i

i

5.20h S84 Corps Sc Arm Laundry Monitor
(Experimental) (Fig. 2:8) i

il

This instrument was probably the most ingenious instrument
tested; and, with the exception of a few mechanical difficulties, it
functioned quite well and is satisfactory as a research type instrument,
However, it was agreed that this instrument was not a practical field
device because of the many mechanical parts,

o A
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5¢2¢5 Radiac Meter from Radiac Set AN/FDR 274 and Portable
Geiger-Mueller Survey Meter AN/PDR-T-24

sl

Although these hand survey ingtruments were not intended
for clothing monitoring and are not aatisfactory for this purpose, two
53
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such msters were usod during the test., Their use was necessary to cor-
relate the tolerance for contaminated clothing; i.e. 2 mr/hr with the
27A or 7 wr/hr with the T-2A, with the readings obtained ocu the experi-
mental clothing checkers,

5e2¢6 Comparison of Relative Readings Between Instruments

By uniformly smreading contaminated dust over a piece of
sloth, 27 x &5 inches, it was possible to control the contamination at
various levels, Thus, comparative readings of the various insiruments
was made possible. It was also possible to obtain the appraximate in-
strument readings that a garment would give when the garment was con-
taminated at the tolerance level, The term tolerance levol is used in
this manuseript as described in paragraph 3.3.

As the Signel Corps Table Top Laundry Monitor was adopted
as the gtandard instrument for experimental use during thle operaticn,
the graphic comparison of the relative lnstruwent readings is made, in
each cass of this instrusent. Comwparison of the relative readings of
the other instruments was made by using the readings of the Table Top
Iaundry Monitor as & standard,

A clothing monitoring instrument to be entirely efficient
should indicate readings that increase in a direct straight-line ratio
with an increase in radioactivity, i.e., if the radiocactivity doubles,
the instrument reading should double. Loss of efficlency in a multiple
tube type instrument may be caused by coincidence loss within the tubes
or by several tubes being activated at the same time, A third means of
loss of efficienecy is within the mechanical functioning of the scaler.

If it may be assumed that the AN/PDR-T-2A and the AN/PDR
27A are fairly reliable within the range indicated in figures 5.1 and
542 then it may be seen in these two figur '3 that the Table Top Laundry
Monitor is quite efficient., These two figures also clearly indicate
that the readings of the T-2A and the 27A are in the ratio of 7 to 2.

The lowss of effioiency in counting is plainly evident for
the Chexdcal Corps type instruments in figure 5.3. This coudition does
pet appear as pronounced as it actually is because the loss of couating
officiency within the Table Top Laundry Monitor tends to straighten the
carve. Based on the results indicated in figures 5.1 and 5.2, the tol-
erance for clothing is approximately 200,000 ¢/m on the table top moni-
tor., In referring to tigure 5.3, curve 1, it may be ssen that 200,000
¢/m on the Table Top Laundry Monitor is comparsble to approximately
700,000 c/m on the Chemical Corps Clething Cheeker. As the maxinmm
rated capacity of the Berksley Decimal Scalar, Model 2000, is 600,000
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¢/m, it is evident that the maximum capacity of the Chemical Corps
Clothing Checker is below the established tolerance for clothing.

As the curve in figure 5.4 is appraximately a straight
line, the counting efficiency of the Scanning Arm instrument is approxi-
mately the same as that of the Table Top instrument,

Measuremsnts were made with the Signal Corps Table Top
instrument by teking the scaler readings in counts per minute and dial
readings from & count rate meter. Scaler readings were used in the
laundry formula ard fabric evaluation phases. The count rate meter
readings were used in order to evaluate the desirability of using this
instrupent as a field instrument for screening clothing more rapidily.
The count rate meter was equipped with both a high range and a low range
scale. It appears, now, that one range scale would be adequate if the
conter of the range was equivalent to approximately 200,000 counts per
minute as measured by the scaler,

During this experiment it was decided to investigate the
amount of dosage one's pocket dosimeter would indicate if he had worn a
garment which was contaminated at various levels of activity. Two
Keleket pocket dosimsters were placed on a contaminated plece of cloth
for a period of four hours at each of several levels of contamination,
A graph of these doaimeter readings versus the Table Top instrument
readings are shown in figure 5.5.

When the Table Top Clothing Monitor registered 200,000
counta per minute (approximately the established clothing tolerance
level) the pocket dosimeter was found to discharge at the rate of ap-
proximately 1é mr/hr, or approximately O.4 Roentgen in a 24 hour periode
This is not considering the decay factor,

5.3  DISCUSSION

The Signal Corps Table Top laundry Monltor was equipped with a
count rate moter which permitted a more rapid monitoring of garments
than could be accamplished by taking a scaler count, This eount rate
moter could be operated on either high or low range and charte were
provided for converting meter readings to the equivalent scaler readings
in counts per minute, Ou the low range the curve through points of
squivalent meter and scaler readings was not a straight line, therefore
it w.3 necessary to convert all readings to scaler count before sub=
tracting ths background. Also, the scalsr count gave a more precise
sount than was possible by reading the count-rate mster since each grad-
unation on the meter dial represented from two to four thousand counts
por minute depending upon the degree of activity. Considering these
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factors, it was decided to use oanly the scale» readings for evaluating
laundry formulae and fabrics.

A field type clothing monitor should not require the use of a
scaler, but should be equipped with a count rate meter or similar device
to indicate whether garments are contaminated above or below a given
tolerance, It would be desirable to have an adjustable visual signal te
indicate when a prescribed tolerance was excesded,

A problem exists in the monitoring of different size garments.
For example, a pair of coveralls might be contaminated below tolerance
and a bootes ssveral times tolerance, yet the bootee would indicate a
much lower reading on the clothing monitor than would the pair of eover-
alls, because of the difference in size and consequent total amount of
asctivity. A solution to this problem might be to establish three
separite tolerance levels when monitoring with this device, 1.e., one
level for bootees and gloves, one level for trousers and shirts, and
another level for coveéralls. :

The Signal Corps provided a radicactive plastic sheet which proved
quite valuable in evaiuating the instruments, The radicactive material
was of the strontium 90-yttrium 97 pair which has & 25 year half life
and emits beta particles with a maxiwum energy of 2.3 Mev, This
material was sandwiched between two vinylite sheets so that there was no
danger of personnel contamination from handling., The activity of this
sheet was 7 mr/hr at eix inches as measured by a Nuclear Insirument
Company Survey Meter, Model 2610~A using a thin-walled beta-gamma Gelger
Tube.

This radicactive plastic sheet served as a check oh the reproduc~
ibility of the instrument readings from time to time and also as @
tolerance level calibration for the instrument. In checking the radio-
active plastic shest it did not appear that 7 mr/br with the side windew
tube was comparable to 2 mr/hr with the «nd window tube when read with
the AN/PDR~T-2A and AN/PDR 27A. The energiss of the beta particles from
the plastic sheet were 0,6 md 2.3 Mev, as contrasted with the range of
onergy levels from fissien products encountered following a bomb burst.
In attempting to anewer this preblem it was decided to condust a subse—
quext experiment in which radicsctiviiy resulting from a bomb burst was
builtup in layers on a cleth swatche Each time a layer was added, read-
ings were taken om all of the elething wonitoring instrusents, including
the hand survey msters at a distanse of six inches from the contamina-
tion, and pocket dosimeters in contact with the swatch. This information
showod the relative readings of the instruments as well as the discharge
rate of the pocket dosimster and is an approximstion of the dosage that
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would be indicated 1if the dosimeter were worn in a pooket, however, the .
results obtained from the pockel dosimeter readings are only indicative, P
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CHAPTER 6

CONCI.USI(NQ ;_u_@_ RECOMEENDATIONg
6.1  CONCLUSIONS '

The results of the test of clothing decontamination procedures and
oevaluation of laundry methods after a surface and underground atomic
bomd explosion lead to the conclusions that:

6,1.1 Evaluation of Laundry Equipment and Methods

The hazard of clothing contamination following an under-

ground explosion is greater than that following either a surface or an
air burst.

The Quartermster Corps mobile field laundry formula (3 X
swds) resulted in satisfactory decontamination of clothing contaminated
] with the type of soil and activity present during the operatian,

A more specific decontaminating laundry formula employing
eltric a tartaric acid followed by vither an arganic or inarganic

chelating agent resulted in a higher degree of decontamination than
other formmlae tested.

The wooden lsundry washer was found suitable faor perform—
ing clothing decontamination and did Lot itself becoms excessively con-

.m.m‘mmmmmmmmm mmﬁ #

taminated, ""

Highly contaminated garments should be separated from ﬁ

those having little or no radicactivity prior to laundering. 1

W

The hanciling of contaminated garments amd cloth swatches ®

presentsd no health hazard due to inhalation of contamination, which may
be shaken from articles before they are washed,.

b

Ty 3

4 6e242 Evaluation of Fabrics

kb

The water repellent finishes tested caused fabric to pick E
W more contamimation than had it not been so trested. Further, this -
t test indicates that, Special Fiuish, Code C, is the least desirable

water repellent for slothing which may become radicactively contamxinated. i
63 )




PROJECT 6,7

The two woolen fabrics tested, 18 oz. mserge and 16 oz.
folt shirting, are as ssceptable, from the standpoint of conteminability
and descentaminability, as cotton or synthetic fabrics.

Pockets of garments worn in contaminated areas are highly
valnerable to becoming contaminated,

* 6.1.3 Evaluation of Monitoring Instruments

Aside from a few minor features, the Signal Corps Table
Top Laundry lMonitor is satisfactory for use as a ressarch type instru-

ment and also appears to be adaptable for use as a field soreening in-
strument .

6e2 RECOMMENDATIONS

Based on the results of the test program and the problems en-
countersd during the test, it is recommended that the Quurtermaster
Corps, Us S. Army, be represented in future atomic and radioclogical war-
fare tests, and maintain close liaison with the Radiological Safety
operation to the extent of obasrving the efficiency of c¢lothing decan-
tamination preecedures and field testing of clothing monitoring equipment.

The Quartermaster Corps mebile field laundry formmla with three
sude steps be adopted for uwse in decontamination of clothing watil it

has been shown that a greater problem of clothing decontamination exists
than appears at present,

The Quartermaster Corps radiological laboratory program includes
the testing of fabrics coated with water repellent finishes and their
effect on the contaminability and decontaminability of fabries,

The development of a fieold type clothing monitoring instrument for
use of mobile field laundries be contiomed.
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BOSTER OF PROJECT 647 PERSONNEL

Mal, Alfred He Parthum, Jre: Project Officer, AECXR Liaison
Officer, Research and Development Division, Ofiice of The Quartermaster
General,

Major Parthum initiated the project proposal; supervised the
over-all organization and planning of the project; received and edited
the test plan and final report; assisted in the vonduct of the test.

Lty Col, Donald C. Hughes: Assistant Project Officer. Colonel
Hughes was responsible for the direct supervision of decontamination
operations and radiological monitoring of test clothing and fabries to
include preparation of reports. He also formulated basic plans for the
project, He was the cammanding officer of Detachment 7, 9135 TSU, Fort
1pe, Virginia, the unit to which the Quartermaster officers and enlisted
persannel were assigned for control and operational purposesv.

Maj. Howard James: Assistant Project Officer. Major James was
responsible for the immediate supervision of the chemical and radio-
logical analysis of the laundry solutions during the decontamination
process. He supervised the monitoring operation, recording of data, and
computation of results,

Following the work at the site, Major James
directed the analysis of data and the preparation of the report.

Maj. Robert B, Bennett: Administrative and Supply Officer. Major
Bermmett supervised the administrative organization, maintenance of re~
cords and operating procedures pertaining to fiscal, supply, and manage-
ment functions; initiated purchase requests for special equipment; main-~

tained project records; assisted project officers in luundry operation
and monitor instrumentation.

gapt. Joseph F. Nahan: Memorial Division, Office of The Quarter-
master General. Captain Nahan worked closely with the Rad-Safe change
house in the study of personnel and clothing contamination problems.
This study provided information relative to the contamination hazard re-
sulting from wearing garments ir a contauinated area. Capt. Nahan also
assisted in the clothing monitoring operationse

Capts Jchn C. McWhorter, Jr.: Assistant Project Officer, Captain
MeWhorter supsrvised the controlled contamination of the test material,
He assisted in supervising the monitoring operation, recording of data,
and computation of results. Following the work at the site, Captain
McWhorter assistec in the analysie of the data and the preparation of
the roport.
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Segond Lte William W. Goozee: Assistamt Supply Officer.
lieutenant Goouee superviged the receipt, storage, maintenance, in-
ventory, and issue of all supplies and equipment; supervised the packing,
crating, and marking of supplies; arranged with the various transporta-

tion sections for shipments, and assisted in laundry and monitoring
operations.

M/Sgt+ Glenn E, Michael: Laundry Supervisor. Sergeant Michael
operated as the unit First Sergeant, He assisted in supervising and
operating the laundry decontamination operation, He also assisted in
the elothing monitoring operations

M/Sgt. Cecil McCaulley: Utilities Foremans Sergeant McCaulley
supervised and assisted in the installation and repair of plumbing ap-
paratus, electrical circuits and outletss He assisted project officers
in the installation and operation of monitoring devices and other neces~
sary utilities. He also assisted in the clothing monitoring operatione

SFC Donald Ce Allgeier, Sr.: General Equipment Repairman,
Sergeant Allgeier installed, adjusted, and maintained the unit machinery
and vehicles, He converted a laundry tumbler into the valuable con-
trolled contaminating device used during the operation and was respan-
sible for the contaminating of test clothing during the test. He also
asgisted in the installation of monitoring and laundry equipment,

SFC William H, McConnell: Laundry Supervisor. Sergeant McConnell
wag directly responsible for the laundry operation and equipment., Hias
duties required that the laundry formulae being tested were controlled
precisely throughout the operation. He was also responsibls for the
preparation of the equipment for movement, preparation of the schedule

of laundry trailer operatione, and maintenance of the laundry equipment
and power unit,

SFC Donald J. Petri: Laundry and Bath Supervisor and Instructors.
Sergeant Petri was temporarily assigned to Detachment 7, 9135 TSU for
duty during JANGLE Operatims His primary duty is an instructor in the
Quartermaster Demonstration Unit. This operation permitted him to be-
come familiar with the Quartermaster decontamination of personnel and
clothinge Sergeant Petri assisted in the clothing monitoring operations.

Sgt. David Me Arnocld: Administrative Non-commissioned officer.
Sergeant Arnold prepared and typed unit and project correspondence and
reports; poated and filed regulations, correspondence, project reports !
and all simllar material, He also coded material by subject matter and
maintained unit administrative records such as morning report, duty
roster, sick book, ete. and assisted in the insallation and operation of t
monitoring devices and decontamination equipment,
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P ort tons Chemical Staff Specialist. Private Gorton
was temporarily assigned to Detachment 7, 9135 T3U for duty during
JANGLE Operation. He is a graduate chemist and, during this operation,
he perfarmed the chemical and radioactivity measuremsnts on the la

undry
wasts water and solutimn samples, He also assisted in making the com

putations and plotting decay curves,
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PREFACE

This investigation was conducted to determine the resistunce of
GRS coated nylom fadric 3000 gallom water tanks to the blast and thermal
effects of mn atomic burst on the surface of ths ground, and to eval-
uate U. 5. Arzy Water Purification Equipment, Diatomite, Pack (Man),
15 GPM, Set No. 2, for removing radiocactive coatanimation from water.

In addition, the potemtial problem of radloactive contamination
of field water supplies following a highly contamizating atomic burst

on the surface or under the ground was lnvestigated and 1s reported
on herein,

Test installations and operatioms were accomplished with the able
sasigtance of N/Sgt R. H. Dean, Sgt F. L. Cobler, Cpl C. B. Graham, and
Cpl H. N. Griffin. Active cooperaticn and help im accomplishing this

investigation were given by the Speclal Projects Branch of the Zugineer :
Research and Development ladoratories, the Weapons Effects Diviaioa of :
the Armed Forces Special Weapoms Project and the Signal Corps Engineer- ‘
ing Isboratory. Hadioactivity counts were made by C. 1. Blair, E. 3. i
Aodersor, F¥C J. B, Coleman, and FF0 J. J., Drexler of the Signal Corps. :
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PROJECT 6.8

ABSTRACT

An investigatioa was conducted under Project 6.8, Operation
JANGLE to determine the resistance of coated fabric water tanks to the
blast and thermal effect of an atomic burst on the surface of the
growand, to evaluate a standard U, S. Army water purification wnit for
removing radiocactive contamination from water and to determine 1f fleld

water supplies may become contaminated following a surface or under-
ground burst,

U. 8. Army 3000 gallom GRS coated ayloa fabric water tamks filled
with water were undamsged at a distance of 6500 yards from ground zero
for a 1,2 KT atomlc groaad surface burst. Thus these tamks withstood
overpressure as high as 5 pel and thermal flux of 20 cal/caZ.

Dl

T

U. S. Army Water Purificatiom Bquipment, Diamtomite Pack (Man),
15 GPN, Set ¥o. 2, was found capable of removing B4.5 per ceant of the

; activity of a field water supply delibderately contamimated to greater
. than seven times the safe driakimg toleraunces.

il il

— . O e
W o s e Al T vau’”lﬂ!m‘m‘:ﬂh&‘uh il 285 s o

A £ield water supply mey become contaximated to a sigaificaant
degree as a result of fall-out of radlomctive material following a

surface or wunderground atomic burst if im a down~-wind position from
the burst.
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CHAPTER 1

FIELD WATER STORAGE TANKS

l.l1  OPSRATIONS

Four standard U. S. Army GRS coated nylon fabric, 3000 gallon
water tanks were placed on a line 500 East of North from ground zero
at distances of 500, 925, 1500, amd 2030 yards (see Figure 1l.1).

The tangs were filled with local drinking water (from 500 foot wells
at Frenchman Flat) and left uncovered. In addition, one covered
3000 gallon tank was installed at the 500 yard site. 4ll tanks were
placed on ground level and were not fortified or "dug in".

1.2 RESULTS

The tanks were essentially undamaged following the 1.2 XT atomic
burst on the surface af the ground. This detonation produced an over-
pressure of 5 psi and thermal flux of 20 cal/cr? at a distance of 500
yards from ground zero. The top ccver sheet of the covered tark at
500 yards from grourd zero was partially torn from the ring loops and
had dropped into the tank. The wood staves facing grourd zero were
slighly charred, Flgure l.2 and Figure 1.3 show the undamaged con-
dition of the tanks located 500 yards from ground zero.

1.3  CONCLUSION

Standard U, S. Army 3000 gallon GRS coated nylon fabric water
tanks filled with water can withstand a 1.2 KT atomic surface burst
at distances of 500 yards or more from ground zero without damage
(overpressure 5 psi, thermal flux 20 cal/em? ),
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¥ig. 1.1 Nap~layout of Water Tanks for Jangle 6.8 (Nevada Test Site)
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Fig. 1.2 Post Shot Photograph of Tanks at 500 Yards From Ground Zero,
(Cuver Sheet on Tank on the Right Partially Tora From Rimg

loops.)

Fig. 1.3 Post Shot Photograph of Side of Tank Facing Zero at 500
Yards., (Note Sagebrush Blown Behind Stave While Tank was
Distorted During Psak Overpressure Period)
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CHAPTER 2

FIELD YATER PURIFICATION EQUIRMENT

2.1  OPERATICNS

In orde* to evaluate the Water Purification Equipment, Diatomite
Pack (Man), 15 GPM, Set No. 2, it was necessary to deliberately con-
taminate a supply of water, This contaminated water supply was pur-
ified by a procedure consisting of slurrying with powdered iron,
coagulating with ferric chloride and limestone, and filtering with
diatomite. In addition, data on the decay of the radioactivity of the
contaminated water was secured for comparison purposes.

2.1.1 Deliberate Contamination

Approximately 70 pounds of lip material taken from near
ground zero 26 hours after the atomic surface burst was added to 3000
gallons of water in the test tank at 925 yards from ground zero,
agitated, and setiled. A radiac survey instrument read 20 r/hr N
directly above the 70 pounds of lip materiale After deliberate con- \
tamination of the water, a radlac survey instrument read 100 mr/hr

directly above the tank.
'

TR A

e

2.1.2 Slurrying With Powdered Iron

500 gallon canvas tank, and the tank filled with contaminated water

from the 3000 gallon tank, After filling, which was accomplished in

twelve mimites, the 500 gallons of water was vigorously agitated for ,
18 mimtes by recirculating the water with the sams pump used for y
filling. The water was then allowed to settle for twenty minutes. ¢

Ten pourds of pswdered iron was placed in the bottom of a ;

2.1.3 Coagulation

Approximately 450 gallons of the supernatant from the 500
gallon canvas tank was pumped into another 500 gallon tank and treated )
with one pound five ounces of pulverized limestcne and ferric chloride
(Fe013 + 6 Ho0) in the estimated amount of two pounds. This high dosage
of chémicals is considered to be practical for decontaminating purposes,
The floc forued was of excellent quantity and quality and settled well ¥
during the twenty mimite settling period allowed. The chemicals used *
are not standard with the Water purification Equipment, Diatomite, Pack

4
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(Man), 15 OPM, Set No. 2 but are expected to become standard with new
water purific.tion equipment now being developed by the Corps of
Engineers. The conditions of thls test did not permit the use of the
standard coagulants, ammonium alum and soda ash which would be expucted
to produce similar results but require more trials far optimum results.

2.1.4 Filtration

After settling, the supernatant was filtered through the
diatomite filter in accordance with standard practice. The elements
were precoated with six owwes of standard diatomite and a body feed
dosage of four ounces wa3s employed.

2,1.5 pH and Alkslinity

The pH and alkalinity of the water at various stages in
the purification process is shown in Table 2.1.

TABLE 2.1
The pH and Alhalinity of “Water Used in BEvaluation of Water Purification
Process
Sample PH Alkalinity (total)

Contaminated Water 8.5 216
After Slurrying with 8.3 218

rowdered Iron
After Coagulation 6.5 112
After Diatomite Fil- 6.5 110

tration

2.2  RFSULTS

The radioactivity caunt of the water originally contaminated to
2,59 x 102 misrozuries per ml by addition of lip material from_the
atomic surface burst was reduced by 8.5 per cent to 1,00 x 1073 mi-
crocuries per ml in the purified water. Complete data on radioactivity
measured at various stages in the purification process is shown in

Table 2,2, Decay of sa.ples from the water purification process is
shown in Table 2.3.
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PROJECT 6.8
TAMLE 2.2
Radiocactivity Count in Water Samples from Water Purification Process
f
[ Gross Beta-Gamma Activily
Samplq ) Microcuries per ml D/M/ML
Contaminated Water:
Suspended Turbidity 1.7h x 1072 38500
Disuolved 0.85 x 1072 18820
Total 2.59 x 1072 57320
After Slurrying with Pow- 0.8 x 102 19100
dered Iron (Filtrate from
laboratory filtration)
After Coagulation 3.81 x 1073 8L450 3
(Filtrate from laboratory :
filtration) y
) ;
Purified Water after Diatomite| L.00 x 10™3 8880
Mltration
Note: Count corrected for background, coincidence, standard
factor, and to 1008 gemetry.,
}
!
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TBLE 2.3

Daecay of Samples from Water Purification Process

i

Houra after
Contamination Sample Groas Beta-0Oamma
of Water in Activity
Tank D/M/ml
592 Contaminated water 38500
(suspended turbidity
from laboratory fil-
tration)
30.7% " " 32870
L5.20 " " 27036
69.75 " " 19630
6.62 Contaminated water 18820
(filtrate from labor-
atory filtration)

\ 30.92 " " 9327
L5.15 " " 7589
69,87 " " 5613

7.0 Purified Water 8880
30.87 " " Lh72
L5.20 " " 3315
69 . '(6 n [ 220&

7

m5"

Notes: 1. Reservoir tank contaminated 26 hours after detonation.

{ 2. Count corrected for background, coincidence, standard
factor and to 1004 geometry.

3~ No alpha count in any of the samples.




= e

PROJ‘EC'I‘ 6.8

A measure of the efficiency ia terms of time for thic means of
decontanination of water suppliec as compared to gross decay is shown
graphically ia Tigure 2,1, 3By processing with Yater Purifiocation Equip-
nent Diatomite, Pusk (Man), 16 GPM, Set No, 2, decontamination of water
vas accomplished in less than two hours, vhersas matural decay of 14
radioactivity of the contaminated water to the same level would have
taken considerably in excess of three days.

2.3 QQNCLUSIONG

Although it was not the purpose of this evaluation to determine
whether or mot this squipment eliminates all physiological hazard from
radioactively contaminated drinking wvater, it has been showa that the
equipment 1s entirely adequate for xilitary fiesld use when used by
competent and trained persommel.

It 1s recommended that care be taken in operating purification
equipment in the fleld to preveat recontaminstion of the final purified
vater. The purified water tank should be kept covered at all times,
and vater from the filter should be rua to waste for a few minutes when
first starsing operations.
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CHAFTER 3

RADIOLOCICAL CONTAMINATION OF FIELD WATER SUFPLY

3ol  RADIOACTIVITY TOLERANGES

The conclusions of a careful study of the levels of radiocactivity
permissable ip drinking water made by Mr. W, F. Bale, Division of
Biology and ledicine, Atomic Energy Commisslon, are sumarized in
Table 3.1. These tolerances are cornsidered to be very conservative
and contain a substantliul factcr of safety. They are based on the
ingestion of radiocactive strontium isotopes waich are among the most
physiolugically damaging of all the radio isotopes.

TASLE 3.1

Proposed Emergency levels for Beta-Gamma Activity in Drinking Water
In Period Imnediately Following Bomb Blast (After Bale)

Time Water is Safe Low Acceptable Risk
t0 be consumed Microcuries/ml | D/V/ml Ficraocurles/ml [D/M/ml

10 Days 3.5 x 1003 7.7 x 103 9. x 102 |o.x 105
One Month 1.1 x 10  R.6 x 100 | 3.x102  |7.x 10k

Note: D/M/mL is disintegrations per mirute per milliliter.

3.2 CONTAMINATION

. No activity was found in the water contained in the flve tanks
exposed to the 1.2 KT surface burst. This was due to the fact that
the tanks were not in the direct path of the fall-out of radiocactive
material. Contamination would undoubtedly have occurred had the tanks
been placed downwind from ground zero.

No water tanks were set out for the underground burst. However, !
certain ground contamination d ata were collected by Project 2.8, Cperation
JANGLE, "Analysis of Test Site and Fall Out Malerial®, These data in-
dicated that the heaviest contamination took place 1/2 mile downwind fram
grourd zero where the fall~out was 37.50 grams per square foot with a ]
specific activity of L4.23 x 10° disintegrations per second per gram at

10
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detonation time plus 28 days, Extrapolation by means of the mixed

fission product decay law (A = Alt']"?) places this speclfic activity
at 1,05 x 109 disintegraticns per second per gram at detonation time
plus one hour. Sieve size data of the material indicated that 8 per

cent consisted of silt or clay particles less than 0.05 mm in
diameter.

From these data a calculation of the degree of contumination in
a field water supply located one half mile downwind fram gr.-umnd zero
would show 1,67 x 105 D/M/ml at detonation time plus one hour. This

calculation is based on the assumption that 8 per cent of the fall out

material would dissoclve or become suspended in the water.

assumed that the water supply is | feet deep (the depth of water in a
3000 gallon tank), The figure 1,67 x 10° D/¥/ml is above emergency
tolerance flgures. Using the stardard decay law for mixed fission
products it is calculated that the activity would decrecase to the 10
day "acceptable risk" emergency tolerance of 2. x 105 D/W/ml in 5.9
hours. It would require 88.0 hours to decrease to the 10 day "safe"
emergency tolerance of 7.7 x 103 D/M/ml. These data are summarized in

Table 3.2 which also contains external dosage data obtained from the
preliminary Jangle report.

It is also

TABLE 3.2
Summary of Computed Data-Contamination of Water by 1.2 KT Underground
Burst
Hours after Contamination of Water r/hr
Detonation D/M/ml (Due to Ground Contamination)
1.0 1.67 x 1 700
5.9 2. x10® 83
(acceptable risk)
88.0 7.7 x 103 (safe) 32

Notes Above data for 1/2 mile downwind from ground zero.

3.3 CONCLUSIONS

Army field water supplies in GRS couted nylon fabrie 3000 gallon
water tanks may be contaminated to a significant level following a
surface or underground atomic burst at distances at which the tanks are
undamaged, Contamination will occur as a result of fall-out of radio-

active material into taks located in a downwind direction from ground
zZ6ero.
11
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Such a water supply located in an area contaminated to a level
of 83 r/hr or greater following an atomic burst would be unsafe for
drinking purposes until analysis for radioactivity proved otherwise.

3.4  RECOMMENDATIONS

L

A sultable instrument for field use for measuring radioactivity
in drinking water supplies should be developed for uwse by field troops.

Standard operating procedures for installation of field water
supply points should provide for dispersal of the points crosswind to
the prevailing winds in the area at appropriate distances apart.

‘.‘,|:‘II,.-||1,||\!!,'mm|,5-||N.‘|;;||||\|||:m||||\III\IIII||l\:||mnn!!ul|;|nlul\|m||!|n.u..|l|wu|m'nnu.:m' o -+
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