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PREFACE

The purpose of Project 6.3-1 was to determine the adequacy of
items of protective equipment for use in radioactively contaminated
areas. The work at the test site was performed under the direction of
the author, who was Project Officer.

The report is a compilation of four individual reports covering
separate items of equipment,

- iii -
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AB3TRACT

Under conditions resulting from surface and underground detonations
of atomic bombs, tests were conducted on Chemical Corps impregnated and
unimpregnated protective clothing, Individual Protective Mask M9AI with
Mll Canister, Tank Collective Protector E26 and E22, and Protective
Ointment M5. Both impregnated and unimpregnated clothing were capable
of preventing contact between the skin and radioactive dusts. Unimpreg-
nated clothing demonstrated better contamination-decontamination charac-
teristics, but the secondary radiation from all clothing was negligible.
'Tbe protective cover was effective in preventing contamination of cloth-
ing. The M9Al mask with Mll canister furnished complete protection
against inhalation of radioactive dust. The filtering efficiencies of
the E26 tank collective protectors were found to be very high, and no
deficiencies were found in the unit. The filtering efficiencies 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.

- xi -
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GlAPTER 1

9PROTECTIVE CLOTHING

1.1 INTRQPII0

1,1.1 Ob.eotive

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

1.1.2 Hsoia
Dha ing the period between World War I and World War I1,

Chemical and Radiological Laboratories developed an impregnation process
for clothing to protect the wearer against war gases. A mixture of nineL parts of N,N'bis (2,4,6 Trichlorophenyl) dichlorourea and one part of
zinc oxide was developed to neutralize mustard gas. This compound, known
an XUO , is used as an impregnate in standard items of clothing issue to
produoe 3Chemical Corps protective clothing. The class I protecti'.i
uniform consists of standard helmet and gas mask and the following items
impregnated with XXOCC underclothing, socks, boots, gloves and coveralls.
Class 11 protective u2iform is the same as Cluss I except an unimpregnated E
undershirt may be worn. Glass III uniform is composed of the same items,
but none are impregnated.

The individual protective 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 increase 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 f Protective C1bJhn

The protective uniform should prevent radioactive dust from
contacting the skin, should be difficult to contaminate and easy to
decontaminate by simple laundering procedures. Another desirable property
in the protective clothing, not tested under this project, is protection
against the thermal effects of atomic bomb detonations. It is obvious
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that one protective uniform be used in chemical, bacteriological, and
radiological warfare.

1.2 W

1.2.1 Gjgthin qU & (Fig. 1.2)

At 2,000 feet downwind (400 north of east) from Ground Zero,
ten racks were set up for exposure of protective clothing to the surface
detonation. The following items of clothing were mounted on the rackss

1. Individual protective cover

2. Individual protective cover

3. Impregnated herringbone twill coverall

4. Impregnated herringbone twill coverall

5. Unimpregnated cotton sateen coverall

6. Unimpregnated cotton sateen coverall

7. 1.nimpregnated herringbone twill coverall

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

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

10. Impregnated cotton sateen coverall

All impregnated clothing contained 7 to 15% by
weight of XXCC 3 .

Six hours after the detonation, the clothing was collected
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 p4
distance of six inches, as the level of activity was above the range of
the Chemical Corps clothing monitor.

1.2.2 Clothirw in M2 AJ

During the surface detonation, clothing was exposed at the
five crewmen's positions within each of two M26 tanks. The tanks were
located 2,000 feet downwind, 150 east of south, from Ground Zero. The

-2 "I5
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front of one tank and the side of the other faced the blast. All crew
hatches were open.

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

1.2.3 Q Controlled Contmingtor1 2  (Fig. 1.3)

Five types of coveralls (see Table 1.5) were contaminated
uniformly in the QMO controlled contaminator, using dust collected near
the surface crater. Each batch was run for 10 minutes with 1/4 pound
radioactive dirt. The "shake-off" dirt was removed by an air blast and
collected in a bag filter. The laundering and drying of the coveralls
was accomplished in the Q0AG portable laundry unit, employing the standard
qMC laundering formula with General Aniline detergent. The same
laundering procedure was used for each batch. Monitoring of the cover-
alls was done before and after laundering at nine points.

1.2.4 Wornj I MU (rig. 1.4)
Men walking, crawling, and riding in armored vehicles passed

through the contaminated areas produced by both the surface and underground
detonations. 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 crawled 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
crawled ton yards in the 300 milliroentgen per hour zone.

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

1.3 TEST RESULTS

1.3.1 Clothin = R (Tables 1.1 and 1.2)

The results of the contamination of rack-mounted protective
clothing 2,000 feet from the surface detonation were as followss 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 contaminst-d
item, having a reading 0.37 mr/hr. The average permissible level of non-
taviination for clothingp presupposixig use throutout lifetime of wearer and
a largo safety factor, is 7 mr/hrS.

" 5-
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Fig. 1.4 Typical Chemical C,.rn ITnifarr Worn by Man in
Contaminated aroas after S3urface and Underground
N~uclear Detonations. (Note; L.9Al Protective
Mask)
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E I,"

500O0 10,000

(g C I OO IS URFACE SHOT 0
' FEET "' "

Fig. 1.5 Areas in which various teams of men wearing protective clothing
walked for one hour after H44 hours, and area of M26 Tank
operations. Direction of winds Northerly during detonation.

Walking Area 1 Stations 2, 8, 14, 20, 23, 27
2 It,7,13, 19P,25t44

3 ~3o 9s 159, 21, 24, 28
29, 33, 36, 39
5, 11, 17, 4, 10, 16, 22, 26, 46, 316 30, 349 37p 40

"7 6 12, 18, 42, 43, 45, 32
8 31, 38, 41

M26 Stationary Tanks exposed during detonation at Station 5.
M26 Tanks Itinerary after detonation% Station 5 north to point
800 feet east of ground zero, thence went to within 200 feet of
the crater and returning southward.

-8-
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4W4

Si( • UNDERGROUND SHOT

Fig. 1.6 Area in which teams of men wearing protective clothing
walked and crawled for • hour, on H+5 days; and itinerary
of V26 tanks and personnel carrier, TIEM. Direction of
Wind: Northerly during detonation.

Area in which protective clothing was worns Men walked from 10
mr/hr zone near Station 107 to 500 mrAuh 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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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)

Number Date of Ave. Contamina-
Aaslged Clothing Outergarment Measurement tion in mr/sr

to Coverall and/or Cover @ H 4 8 hra @ 6" corrected
Articae s for Background

1 Impregnated Cotton-Sateen 19 Nov 51 0.03* i ~w/cover_....

* 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 0.03

5___ Individua Protecti _ 19_Nov_51_0ii

5 Individual Protective Cover 12 19 Nov 51 0.03
6 Individual Protective Cover 1• 19 Nov_51 0.03 l

7 Latundered HBT 19 Nov 51 0.01

8 Laundered Cotton-Sateen 19 Nov 51 0.03

9 Laundered, Impregnated HBT 19 Nov 51 0.01

10 Cotton-Sateen 19 Nov 51 0.01

11 Tee-Shirt, Cotton 19 Nov 51 0.03
12 Boots 19 Nov 51 0.04

13 Helmet 19 Nov 51 0.37

* The clothing underneath the covers was uncontaminated.

-10-
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TABLE 1.2

Results of Contamination of Protective Clothing
on Raoks at 3000 Feet from Ground Zero on the NE
"Leg of the Surface Shot - (Exposed from H to

H 4 6 hours)

Number " AVG. Cntami-
Assigned Clothing Outergarment and/or Date of nation in mv

to Cover Measurement 6 a 60 corrected
Articles ,H 4 8 hours for backgroun

1 Laundered, Impregnated HBT 19 Nov 51 0.06

2 Impregnated HBT 19 Nov 51 0.10

3 Laundered Cotton-Sateen 19 Nov 51 0.06

4 Cotton-Sateen 19 Nov 51 0.05

5 Impregnated Cotton-Sateen 19 Nov 51 0.05

Laundered, Impregnated HBT
6 w/cover 19 Nov 51 0.05

* ~ Impregnated Cotton-Sateen"7 w/cover 19 Nov 51 m.6 i

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

11 Combat boots 19 Nov 51 0.07

12 Tee-Shirt, Cotton 19 Nov 51 0.03

13 Helmet 19 Nov 51 4.7

* The clothing underneath the covers was uncontaminated.

L1__._



PROJECT 6.3-1

below which no contamination is reqcuired even when presupposing a
continuing lifetime exposure and a large 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 clothing. 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. H1owever, the fact that the covers were manufactured in
1942 may have been responsible for the brittleness.

1.3.2 Cloth in _ TA (Tables 1.3 and 1.4)

The activities on the clothing in the two M26 stationary tanks
were lower than the activities of clothing exposed on racks. The average
contamination was o.,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 stationary tanks.

1.3.3 Clot hing Lr~Q"! Contaminator (Tables A.1 and A.2) .

The correction curve, Fig. 1.7, isa used to correct the
activities of the clothing from the contaminator to one hour after the
detonation. The resulting 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 ClothIn "fornJ g= (Tables 1.6, 1.7, 1.8, A.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 detonation, the maximum reading was 3.7 mr/hr. The men
who crawled received only 2 to 4 mr from their clothing while receiving
a total dosage of 1 to 2 roentgens, as measured by film badges which
recorded radiation from both the clothing and the ground.

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

Contamination of Coveralls Placed in Two
Statlonary 14-26 Tanks During the Surface Detonation

(Clothing Exposed from H to H + 6 hours)

PR-3 Meter Read-
ing in mr/hr a 6"
at H 4, 8 hr cor-

No. Type of Coverall Seat Comp't Tank No. rectd r back-

Laundered, Impreg- Comman-
1- nated HBT der Dpper 418 head-on 0.02

2 Laundered HBT Gunner Upper 418 head-on 0.01

Laundered, Impreg-
3 nated HBT Loader Upper 418 head-on 0.02

"4 Laundered HBT Driver Lower 418 head-aon 0.01

Laundered, Impreg- Asa't.
5 nated HBT Driver Lower 418 head-on 0.02

Laundered, Cotton- Comman-
6 Sateen der tUpper 424 side-on 0.01

Impregnated Cotton-
7 Sateen Gunner Upper 424 side-on 0.01

Impregnated Cotton-
SSateen Loader tUpper 424 side-on 0.00

9 Cotton-Sateen Driver Lower 424 side-on 0.01

10 Cotton-Sateen Im- Asstt

pregnated Driver Lower 424 side-on 0.00

1I
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TABLE 1.4

Contamination of Coveralls Norn by Crewmen in
Two Mobile Tanks After tho Surface Detonation

Ave. Reading on PR-
Survey Mater in
at 6" at H 4 26 hracorrected for back-

No. Type of Coverall Seat Compt Tank No. gound
Unimpregnated Cotton- Ass't.
S Sateen Driver Lower 418 0.0_Trnpre'gn-iEted Cotton-

2 Sateon Driver Lower 418 0.03

Impregnated Cotton- Comman-
3 Sateen der Upper 418 0.05

Unimpregnated Cotton-
4 Sateen Gunner Upper 418 0.03

Laundered, Unimoreg- Asa't.
5 nated HBT Driver Lower 424 0.03

Laundered, Impregna-
6 ted HBT Driver ower 424 0.03

Laundered, Impregna- "Omman-
7 ted HBT der Upper 424 0.01

8 Gloves (1,4, &5) 0.02

9 Gloves, Impregnated (2,3,6, &7) 0.03

10 Undershirts (1,4, &5) 0.00

Jndershirts,
11 Impregnated (2,3,6, &7 0.01

12 Drawers (1,4, &5) 0.01
Drawers,

13 Impregnated (2,3,6, W.7 0.01

14 Socks (1,4, 'c5) 0.00if

15 Socks, Impregnated (2, ,6, seT) 0.00

-14
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TALE 1.6

Contaminated Areas in Which Variousa =
Teams Walked for One Hour While Wearing
Protective Clothing after Surface Detonation

(See Fig. 1W5)

Distance Downwind from

Team No. Ground Zero Direction

1 2-11,000 ft N

2 11-20,000 ft NW

3 2-9,000 ft NE

4 14-50,000 ft N

5 2-14,000 ft E & SE

6 14-50,000 ft NE

7 2-8,000 ft NW & Sj

8 20-50x ftNNE

dew
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TABLE 1.7
Protective Clothing Worn After Surface Detonation
by Men Walking in Contaminated Areas (See Figs 1.5

and Table 1.6)

Total Num-
XerQSuits, Coveralls * .Team Numbers

7 Laundered HBT 1 3. 4. 5, 6, 7, & 8
1, 2p 3, 4, 5, 6,

8 Impregnated HBT 7 & 8

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

3 Cotton-Sateen 1, 3, & 6

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

TABLE 1.8

Protective Clothing Worn After Underground Detonation
(See Fig. 1.6)

Nuraber Coveralls Team

2 Laundered Herringbone Twill 1

6 Impregnated Herringbone Twin 1 and 2

2 Laundered, Impregnated HBT 1

2 Cotton Sateen I and 2

,8 Cotton Sateen, Impregnated 1 and 2

* Team 1 crawled and walked

• Team 2 walked only

- 18 -
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1.4 21-SIOII OF MULTS

The level of contamination of the clothing under the test conditions
was very low, indicating no hazard to the wearer. The fact that under-
clothing worn by the men crawling after the underground detonation was
still uncontaminated indicates that the clothing is adequate to prevent
contact between radioactive dust and the skin of the wearer. The
impregnated clothing, in general, retained more radioactive 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 099OLUSIQEJ

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

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

3. Cotton-sateen clothing has contamination-decontamination
characteristics superior to those of herringbone twill.

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

- 19 -
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NVALUTION 2E M 1A NDIV PROM. gAis

2.1 N UTO

The objective of this phase of Project 6.3 was to determine
the adequacy of the Chemical Corps Individual Protective Mask Mg9A3 to
protect the wearer from inhalation of radioactive dust resulting from
an atomic bomb detonation.

2.1.2 Historic

The M9A1 Protective Mask, Fig. 1.4, developed by Chemical
and Radiological Laboratories during the latter part of World War II,
was designed to protect the wearer against all known war gases and toxic
aerosols. As standardized in May 1951., qbe mask consists of a medium
weight rubber face-form with 151 canister' attached to the face-piece.
The Mll canister contains a paper particulate filter and an activated
charcoal (ABC) filter in series. The mask is held tightly against the
face by a head harness. Previous to this test, the M9Al mask had been
found suitable for protection against chemical and bacteriological
agents.

2.2 ERIJUNT4J LROCSDI

The apparatus for determining the overall radiometric efficiency
of the mask consisted of a molded rubber nose-piece with a cotton-wad
filter (Fig. 2.1). The periphery of the nose-piece was sealed to the
volunteer wearer's face with adhesive tape. The mask was worn in the IS.
usual antner 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 described in
Chapter 1. After the wearers returned from the tests, the cotton wad@ were
counted to determine their radioactivity.
2.3 TWT W&TO

No radioactivity was found on the cotton wade returned from the
surface shot when counted 25 hours after the detonation. Five U11
canisters from masks worn by personnel who entered the contaminated areag
for a period of 1/2 hour approximately 3-1/2 hours after the underground

- 20 -
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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 DISUSSIO 9Z MU]LTS2.4

Since no measurable amout of radioaotivity reaohed the ootton wad
of the test nose-piece, it may be assumed that the filtering efficiency
of the mask unit approached 100% under the low-oontamination conditions
of the surface shot.

The radiation from the Ull 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 N

1. The M9L* Protective Mask was adequate to prevent inhalation of
radioactive particles under the conditions of the test.

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

2.6 RUGOM MNDAXTION

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

"22-
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TABLE 2.1

Radioactivity Collected in VII Caniaters by Men Walking in
Contaminated Area While Wearing M9A1 Protective Mukm, for
One-Half Hour (3A-4 Hours After the Underground Detonation)

Radioactivity
mc @ H 4 1 hr Radioactivity

Canihter Sample for 2" diameter me O K 4 1 hr
Number fuer eanll ........... fa • L ana

18 1 4.38 x 10-2

18 2 3.60 x 10-2

18 3 5.68 x 10-2

18 Average 4Z35 x 10-2 1.12

41 1 6.94 x 10-2

41 2 9.95 x 10-2

41 3_ 8.69 x 10-2
.I A L.rag2 8.53 x K14_ 2.10

46 1 15.2 x 1O-2

46 2 16.1 x IO-2

3 9.91 x 10-2
Avere .... 13.7 x 10- 3*37

50 1 24.4 x 10"2

50 2 14.1 x 10-2

50 3 24.8 x 10-2

50- ... eragn A x !k! 5.20

52 1 13.2 x 10-2

52 2 5.95 x 10-2

52 3 21.4 x 10-2

52 Average 13.5 z 10-2 ,3.33

- 23 -
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3.1 Z= _J

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
rrm the inhialation of r.odioactive particleL while operatinK
in an area contaminated by detonation of an atomic bomb.

During the late stages of World War IT# the Chemical and
Radiological Laboratories developed a device, the Tank Collective
Protector Z22, for the protection of tank crews against chemical warfare
agents. Further developmental work has produced the Model H26. This
three man protector consists of one Air Purifier E2 and a Tank Mask
E56-MlOA1-E20 for each man.

The principal parts of the air purifier are a blower, a
centrifugal separator, and replaceable paper and charcoal filter units.
The purifier operates on 24 volt direct current and delivers approximately
12 cubic 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 is equipped
with a lip microphone connected to the tank communication system. Wire
reinforced rubber tubing connects the mask and the air purifier through
a MiOhI canister in a carrier worn by the crew member. The system is
designed so that the crewman can quickly disconnect the tubing and use
the mask and canister as an individual protector when emergency
abandonment of the tank is necessary.

The Tank Collective Protector E22, predecessor to the E26, I
is similar to the 326 in basic design. The E22 is larger in overall
dimensions and is not equipped with the individual MIQkl canisters for
separate use in evacuation. During the planning stage of Project 6.3, P
the 126 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.

24



PROJECT 6.3-1

3,2 EPERflENTAL PROCEDUR

3.2.1 TPt o Collective Prs A=n&mo Imhlacla
(Figures 3.1 and 3.2)

During the surface and underground detonations, two 126
tanks, in which B26 collective protectors were installed, were expoaed.
At the underground detonation, a TISMi personnel carrier equipped with
an E26 protector was exposed.

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

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

Shortly after each detonation, the effluent air filter
samples were removed to the laboratory on the test site for counting of
radioactivity. The influent particulate filters from the air purifier
and the MIOAI canisters were transported to the Army Chemical Center,
Maryland, where radioactivities were determined and calculations were
made. •-

3 Tak CollectI Protector 2

One type of apparatus (Fig. 3.3), used in determining filter
efficiencies of the E22 tank collective protectors consisted of an
adapter, a filter pack made up of one layer of Chemical 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 cfmn, while the capacity of the collective protector was 18 -
19 cft. The excess air passed through the vents in the adapter. Three
collective protectors were tested with this type apparatus at 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 radioactivity in the effluent of the collective protector. A
filter sampler similar to the first apparatus was included in this type
sampler. A separate Geiger-Mueller tube and electronic circuit were

-25 -I
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ITI

Fig. 3.1 Three M~an, E26 Tank Collective Protector (Air Purifier)
Evaluated in Stationary and Mobile N126 Tanks and TlIAl
Personnel Carrier During the Surface and Underground
Detonations. A. Carrier for Protective Mask. B3. Tank
Protective Mask, E59. C. M10 Canister. D. E26 Tank
Collective Protector. E. Test Filter, Chemical Corps
Ty-pe 6.

-26-
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used to measure and record the instantaneous background at each station.
Three of the Instantaneous recording units were used at 20,.000 teet from
Ground Zero.

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

3.3 = B

3.3.1 Ink C Protetors U6 I& dhie

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

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

Efficiency a 100 d/m1 + d/m2 4 d/ui3 .o.. d/,. (3.1)

where d/m is the counting rat'e of activity collected corrected to
identical geometry conditions. This formula holds true only in the event
that the penetration of the last layer is negligible. The efficiency of
the UIOA canister, as previously evaluated, is high enough that this
assumption is reasonable , The amount of dust retained between the
particulate filter and the canister is negligible also. Therefore,
Formula 3.1 above can be simplified tot

Efficiency : 100 A .A (3.2)A4 B

where A a total corrected activity on particulate filter

where B c total corrected activity on MIQAl canister

The values of total corrected activity on the influent
particulate filter are given in Table B.2. The total corrected activities
of the MJOA1 canisters are given in Table B.3. The efficiencies, given

S- ~30-
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in Table B.1 are well over 99.9%o The radiatiom ,as measured by a
Traoerlab laboratory monitor, from the components of the three collective
protectors are given in Tables B.4, B.54, and B.6.

3.3.2 lank Collective Proteaat W. EI&ILM Mowj

The filter efficiencies of the E22 tank protectors 4,000
feet downwind from the surface detonation are given in Table B.7. The
influent concentration at one station was not determined because 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
efficiency 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
the electronic recorders went off scales and at the other station, the
paper on the electronin recorder slipped, causing unreliable readings.

3.4 219YW 9 ROMIS

The indicated high radiometric filtering efficiency of the particulate
filter in the E26 Collective Protector, coupled with the high efficiency
of the Mi1A1 Canister, indicates that the E26 Protector is quite satisfactory
for protection of vehicle crews against the inhalation and ingestion of
radioactive 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 efficiencies for the E22 tank collective 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
instantaneous recording and filter pack apparatus provide adequate means
of determining the filtering efficiencies of devices similar to the tank
collective protector.

4I

3.5 CONCLUSIONS

1. The E26 Tank Collective Protector furnishes adequate protection
apiarm the I*dalstien of radiosctive dust resulting from
the detonation of an atomic bomb.

2. The instantaneous recording method and the filter pack method are
both satisfactory means of determining filtering efliciencies of devices

A similar to the tank collective protector.

-31-



ffiOJET 6.3-1

TA=LS 3.1

Calculation of Filter Effioiency of E22 Tank Collective
Proteotor at Station 35, 20,000 ft NM and Downwind from

Surface Detonation

I Average Reading* of Instantaneous Effluent (Hfl hr) ....... 24 CPM

2. Time that Particulate Cloud was Over Station 35 ....... 13 minutes

3. Volume of Effluent Air Seen by GH Tube ................. 0.5 cuft.

4. Geometry of GM Tube ....................................... 50 %

5. Rate of Flow of Air Past GM Tube ........................ 9.0 CPU

6. Activity of Influent Filter Paper Uorreoted for Time,
Geometry, Flow and Background ............. ... o. 14.13 x l05 CPM

% Filter Efficiency 100 ILA xI9

14.13 x 105 + (.4) (2)(

99.09%

* See Table B.8, Appendix B

-32
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4.1 INTRUODCIN

4.1.1 Obioctiv

The object of this phase of Project 6,3 was to compare the
contaminability of aluminum panels coated with M5 Protective Ointment
with the contaminability of bare panels when exposed to the surface and
underground detonations of atomic bombs, in order to obtain information
relative to the contaminability of skin coated with M5 ointment,

4.1.2 H±i±zosnc

The M5 Protective Ointment, a chloramide, was developed as
an aid in the protection and decontamination of skin exposed to vesicant
chemical warfare agents, particularly the mustard gases,

4.2 Z RNT PROCEDUR

The samples for this test consisted of 2-1/2" x 3" plates of 18
gage aluminum. At each station, one horizontal and one vertical 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 T1SEI 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 radioactivity
was measured by a Geiger-Mueller tube and scaler. The activities were
calculated to H + 1 hour, using the decay factors of Figure 1.1.

4.3 = WUT

The results of radioactivity measurements on the panels mounted on
the armored vehicles show that in every case, the corrected activity of
the corresponding uncoated control panel.

- 33-
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The greatest contamination was found at 30,000 feet downwind from
Ground Zero, in the path of the greatest radioactive fall-out. This
contamination was 60 mioroouries per square centimeter at H 4 1 hour
on the horiontal panel. The lightest contamination was found on the
upwind panels.

4.4 Z R
As the ointment on the aluminum panels was quito viscous due to

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

1. Ointaent-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 U5 Protective Ointment.

34
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APPENDIX A

Tablo A.3 (So. Fig. 1.6)

Contamination of Proteotiver Clothing Worn by Man Walking One
Hour in Contaminated Areas of Surfaoe Shot at 9 / 6 hoours

Are. Readings on PR-3
Man Clothing of Team #1 Survey Meter at 6"

(See Fig. B.I.ll) 0 H / 26 hours

#1 Laundered HBT Coverall 0.16 U/hr

Gloves, Cotton 1.38

Undershirt, Cotton 0.01

Drawers, Cotton 0.01

Socks, Cotton 004

Boots 1.09

Helast, Steel 0.18

Gas Mask, NPA1 0.23

, Impregnated EST Coverall 0.30

Gloves, Cotton, Impregnated 0.88

Undershirt, Cotton, lproeawated. 0.04

Drawers, Cotton, Upregnated 0.00

Sooks, Cotton, Impregnated 0.M3

Boots,. Impre ,ted 0o02

Helet 0.17

Gas Mask, VAl 0.32
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APPRDIZ A

Table A.3 (Conted)

Ave. Riadings on PE-3
man Clothing of Team # Survey Mater at 6"

(See Fig. B.1.1l) *-/-26 hours

05 Cotton-Sateen Coverall

Gloves, Cotton 0,47

Undershirtp, Cotton 0.01

Drawers, Cotton 0.01

Sooks, Cotton O.O0

.Boots 0 60

Helomt 0.17

Gas Mask, WAl 0.22

Clothinx of Team

I1 ampregnatod EBT Coverall 0.29

Impregnated Gloves, Cotton ooz.
Impregnated Cotton Undershirt 0.03

Impregnated Cotton Drawers 002

Imprenated Socks, Cotton 0100

Impregnated Boots 0.04

Holm1t 0.17

Gas Mask. AI1 0.07

l Laundered, Impregnated RET Coverall 0.22

Cotton, Imprenated Gloves 0.02

3 8-
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APPENDIX A

Table A.3

Ave. Readings on PA-3
Iku Clothing of Team #2 Survey Motor at 6S

(See Fit, B.0111) 4H I 26 hours
Cont'd
42 , otton, amremaled Undershirt 0.03

Cotton, Impregnated Drawers 0.03

Cotton. Irenatod Books 0.03

Boots, Imprognated 0.04

Helt 0.17

Gos mask (mot worn)

ClothisK of Team

#1 Laundered, W .. 0.03

Cotton Gloves 0000

Cotton Undershirt 0.00

Cotton Drawers 0.00

Cotton Sooks 0.00

Boots 0.04

Helmet 0.004

Gas Mask9• 1U . 0.05

02 Impregnated HOT Coverall 0.01

Impregnated Cotton Gloves 0.08

Imprepnated Cotton Undershirt 0.000

Impregnated Cotton Drawers 0.00

Impregnated Cotton Sooks 0.00
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APPENDIX A

Table A.3 (Couttd)

Ave. Readings on PR-3

man Clothing of Team #S Survey Meter at 6"
M H Ri 26 hours

#2 lRpreenated Boots 0.07

elimet 0.03

Gas Mask, 1AI 0.05

- 5/ Laundered, Impregnated EBT Coverall 0.00

Zmprognatod Cotton Gloves 0.04

Lmprenated Cotton Undershirt 0.00

- r,;,eratod Cotton Drawers 0.00

Iuprepnated Cotton Sooks 0.01

Impregnated Boots 0.03

elt O 0.01

Gas Mask, 99A1 0.04

SCotton-Sateen Coverall 0.02

Cotton Gloves 0.04

Cotton Undershirt 0.01

Cotton Drawnrs 0.00

Cotton Sooks 00

Boots 0.04

Helmt 0.03

Gas Mask, WAl4 0,05

S- 1hO -
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APPENDIX A

Table A.3 (Cont'd)

rve. Readings On FR-3
man Clothing of Team #4 Survey Meter at 6'

0 Nt j 26 hours_

#A Laundered HBT Coverall o

Cotton Gloves *3

Cotton Undergah-rt 0.0

Cotton Drawers 0.01

Cotton Sooks 0.*01

Boots 2.31

Htelmet 0.08

Gas Mask 0*11

#2 proeiiated HBT Coverall 0.07'

Impregnated Cotton Glodershrt

imrpregated Cotton Glve.p~r 0.98

Laundered, Cotton EDra Coerrl 0.28-

4pregnikted Cotton Gloves 08

rep~~~~ated-- CotnUdrsit00
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APPENDIX A

Table A.3 (Cont'd)

man Olothing of Team #4 Survey Motor at 0"0 9 ý 235 hours

CCttraawD ,

Imregatod Cotton S ooks 0.01

BIoronts d Boats 1,80.00

Helmt 0.08

Gas Masks, IAl (.3e

Clothing of %eam #6

#1 Laundered HBT Coverall 0.00

Cott ed C Gloves 0.03

Cotton Undershirt 0.01

Cotton Dravot, 0.00

Cotton Sokks 0.00

Boots 0.00

Helmet 0.00

Gaes Mask. roll (not anasursd)

f Imp~regnated HlBT Coverall 0.00

I•regnatod Cotton Gloves 0.03

Impregnated Cotton Undershirt O00W

' Inplrejnatod Cotton Dramorl.0

Impregnated Cotton Socks 0100

lmWreguated Boots 0.04

42• jJ
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APPEnDIX A

Table A.3 (Wont'd)

Ave. Readings on PR-3
Man Clothing of Team 46 Survey Meter at 8*

aI Hi 26 hours
contda
#2 Helmet 0,02

Gos Mask 0.04

S Laundered Impregnated SBT Coverall 0.01

Impregnstud Cotton Gloves 0.04

Impregnated Cotton Undershirt 0.00

Impregnated Cotton Drawers 0.01

Impregnated Cotton Sooku 0.00

IWregnated Boots 0.04

Helmets 0Q.02

Gas Mask, M9AI 0.05

ClothinA of Team #6

#1 Laundered 11T Coverall C.00

Cotton Gloves 0.01

Cotton Undershirt 0900

Cotton Drawers 9,9.01

Cotton S-Sp k 0.00

Helmet 010

"Gan Mask, MRAI 0.03

#2 Ipregnated HBT Coverall 0.00

Impregnated Cotton Gloves 0.00

!4
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APPEN~DIX A

Table A.3 (Conttd)

Jhn Clothing of Team # Survey Mter at 6"

Contld X L2 or

2 2Imrnat d Cotton Undershirt 0.00

Impreonated Cotton Drawers 0.01

Impregnated Cotton Soaks O.O3

Impregnated Boots 0.04

Helmet 0.06

Gas Mask, 10AI 0.05

#3 Laund6red Impregnated HBT Coveral? 0.02

S.... . . r s s n a t e d C o t t o n G l o v e s 0 . •0 . . . .. j

.Iregnated Cotton Undershirt 0.01

Impreinated Cotton Drawers 0

rn ated Cotton Sooks 0.02

Impregnated Boots 0.06

Eelt 0.03

Ges Mask, M9A1 0.04

SCotton-Sateen Coverall 0.05

Cotton Gloves 0.01

Cotton Undershirt 0.00

Cotton Drawers 0.00

Cotton Books 0.00

Boots _ _ __
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APPEDIX A

Table A.3 (Cont'd)
Are. Readinge on PR-3-

Man Clothing of Team #6• Survey Motor at 60

• _ , • s Z 2e hours .

as Mask, NVAI 010.4

ClothinR of Team f7

#1 Laundered HBT Coverall 0.03

Cotton Gloves 0.11

Cotton Undershirt 0.01

Cotton Drawers 0.00

Cotton Sooks 0100

Boots (not measured) -

Helmet (not measured) -

Gas Mask, IgAA (not measured) -

Impregnated HBT Coverall 0.00

Impregnated Cottco Gloves 0.01

Impregnated Cotton Undershirt 0.00

I•pregnated Cotton Drawers 0100

Impregnated Cotton Sooks 0.00

iaregnated Bolts 0.00

Helmet 0,00

Gas Mask, MeAl 0.03

SL5 Laundered ptoed HBT Coverall 0.00

Cotton Gloves 0.00
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APPENUDX A

Table A.3 (Cout'd)

Van lotkn~ f Tem ~Ave. Readings on PR-I
1kn lothng o Tea #7Survey Meter at 8"

6 H ( 28 hours

#3 Coto Udeshr

Cotton Drawer@00

Cotton Socks.00

HE.1ot Q.00

Clothiny of Team i#8

j ~ Laundered HBT Coverall 0.00

Cotton Gloves 0.00

Cotton Drawers 00*01

Cotton Sooks 0,*02

Helmet 0.07-

Gas Mask, HgA1 0.04

Iumroggated HBT Covrall- 0.00,

Iuproxnated Cotton Undershirt 0.100-

Xmnrsaated Cott=n Drawers Or.9492

Imnregkated "attn Books 0.00 -

LMreziiated Bootp 01*21
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APPSIDIX A

Table A.3 (Cont'd)

-- . -- • w Ave . Readin s on PR-3
man Clothing of Team 40• Survey *eter at G*

S•~~ HA 26Z hours ..

S•• Helmet 0.08

# Laundered Iipregnated HBT Coverall 0.00

.,, rego6ated Cottotn Glovos 0.07

Inupromnate.d Cotton Undershirt 0.00

Ipregnated Cotton Drawers 0100

Impregnated Cotton Socks 0.04

I.proenated Boots 0.14

Helmt 0,08

Ga~s Mask, 9,l 0,01

i4
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APPENDIX A

TABLE A.4 (See Fig. 1.6)

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

Ave. Reading PR-3 Survey
No. Meter at 6" @ H 4 124 his

K Men Performance Article of Clothing corrected for background
Impregna ted Coton-

3 Walked, Crawled Sateen Coverall 2.60 mr/hr

I N Impregnated Cotton Gloves 3.70

SImpregnated Cotton
Undershirts 0.00

0 e Impregnated Cotton
Drawers 0.00

- e Impregnated Cotton Socks 0.12

"" Impregnated Boots 2.50

* * Helmet 0.23

., Gas Mask, M9AI 0.37
1 " ", ~Unimpregnated Cotton

_ _. Sateen 0.60-
"_Cotton Gloves 0.70

"__ Cotton Undershirt 0.04

"Cotton Drawers 0.10

" Cotton Socks 0.17

" " Boots 0.70

"* " Helmet 0.20

a " Gas Mask, t9A.l1 0.25

S, Impregnated HBT
4 ...... ___ Coveralls 2,94

Impregnated Cotton
- - Gloves 2.90t ___________________ Im re nted Cotton

lrn
4a
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APPENDIX A

TAME A.4 (Cont'd)

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

Ave. Reading PR-3 Survey
No. Meter at 6* 0 H + 124 bra
Men Performance Article of Clothing corrected for baokground

Impregnated Cotton
4 Walked, Crawled Drawers 0.00 r/hr

s U Impregnated Socks 0.00

U Impregnated Boots 2.00

""" Helmets 0.20

"Gas Mask, M9AI 0.45

Laundered HBT
_......_Coverall O.60

"____ " Cotton Gloves. 0.80

" U Cotton Undershirts 0,00

"Cotton Drawers 0.00

"Cotton Socks 0,00

"" Boots 1.00

" Helmets 0.30

" " Gas Mask Mg9Al 0.20

Im regnated Cotton-
5 _ _ Sateet Coveralls 0.28

Impregnated Cotton. .Gloves 0.56

* * Impregnated Cotton
Undershirts 0.00
-Impregnated Cotton
Drawers 0.00

S'Impregnated Cotton
,__ . _Socks ,0.05

"" Impregnated Boots 0.53

- 9-
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APPE.NDIX A

TABLE A.4 (Cont'd)

Contamination of Proteotive Clothing Worn by Men Walking in
Contaminated Area of Underground ahot

Ave. Reading PR-3 Surwy
No. Meter at 6" a H 4 124hrs
Men Performance Article of Clothing corrected for background

5 Walked, Crawled Helmets 0.1.2 mr/hr

"Gas Masks, M9AI 0.09

Cotton-Sateen"Coverall 0.23

"Cotton Gloves 0.80

"Cotton Undershirts 0.00

" " Cotton Drawers 0.00

"Cotton Socks 0.00

"Boots 0.50

"I " Helmet 0.10

"Gas Mask, M9A1 0.00

Impregnated HBT4 Walking Coveralls .4
, Impregnated Cotton

Gloves 0.62
Impreg.nated lotton•--

_ Unaershrrts 0.00
Impregnated Cottou

4 Drawers O.0
Impregnated Cotton

"4 Socks 0.01

" Impregnated Boots 0.65

"_Helmets 0.17

"_�___ Gas Masks. M9Al _0.17
* HBT Coverall,

Laundered 0.30- 50 -

ira,
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APPENDIX A

TABLE A,4 (Conttd)

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

S...... Ave. Readhtig PR-3) SurveyNo. Meter at 60 0 H + 124 hn

Men Performance Article of Clothing corrected for background

1 Walking Cotton Gloves 0.20 mr/hr

"0 Cotton Undershirt 0.00

"_ Cotton Drawers 0.00

"0 Cotton Socks 0.00

" Boots 0.77

"Helmets 0.10

Gas_ Mask, M_&_ 0.30

!liD,
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APPEFJDIX B
-A

TAM-S 1.4

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

Detonation

Radioactivity** in counts per
minute V H 4 1 hour

Point of Measurement Tank No.

Turret 
Hull

Surface 6" Away Surface 6" Away

Aerotech End 746 x 106 280 x 106 652 x 1d6 326 x 20
- -

Aerote oh End w/o Baffle Plate 3110 562 3110 777

Intake side (4 slots) 1201 209 1470 244

Side opposite intake 592 179,8 735 204

Wide sides 812 219 940 244

End w/3-hose connections 484 123.3 735 2-01-

Particulate Filter Inlet :1I,400 2,860 13,100 3,260

Particulate Filter Effluent e,280 2,070 9,320 )2330

Charcoal Filter Inlet * 37.5 28.0 11.43 6.44

Charcoal Filter Effluent * 95.3 60.8 155 73.5

* After radioactive dust was wiped from charcoal holder, readings
on charcoal filter were the same a, background.

• * As measured by Tracerlab Laborg.tory 'Monitor.

- 5



14%udiation 11nmard Iaaul ts of 1)'-26 'rank Coi]]ujtivorLtIvt~a

11ukitvaiMtIv tty** in colultt por
m~inntAi o III O~

PIvt of Mosmirmenet Tanik No.

24#46 #47

Aggtech Ktnd 406 x 106207 x10(' 178 x. 106 -1 x10'

Int~aku aide .(4 sloto) 748 137.5 577 1,9

Widapidtt -640 -10'.1 464 1h

Ji ~ iCi!oot~ln Rnd 417 `11 186ý0 Ili 5

___ 121 4,170 -pII-

Fitor Kf1h'nt 77 50 7,440 1,4,70

IUa 1,run 1(,2.6

j Ator ved 11ot.1v xv~i t1 Was romoivtid Ntvwm Lohttroo holdir. t,alnt

*~ Az' nt1u1ki~it ' 'n~vi5~ 'r I.~y !1",n ttW*
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APPENDIX B

TAME B.6

Radiation Hazard Results of E-26 Tank Collective
Protector in Tl$E1 Personnel CarTier During

Underground Detonation

Point of Measurement Radioactivity"* counts per minute

0 H+l hour - #50 Troop Compartment

Surfaoe 6" Away

Aeroteoh End 884 x 106 178.7 x 106

Aerotech Snd w/o Baffle Plate 4220 422

Intake Side (4 slots) 1420 249

Side opposite intake 615 130.7

Wide Sides 1173 219

3-Hose connection end 442 !59.5

Particulate Filter Inlet .0,960 -.2,760

Particulate Filter Effluent 7,680 1,825

Charcoal Filter Inlet.* 3. 50. 364

Charcoal Filter Effluent * 863 50.0

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

• * As measured with Tracerlab Laboratory Monitor.

A57

S.• 'up.
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APPSNDLU B

TABLE B.?

Filter Efficiencies of 9-22 Tank Collective Protectors
at 4,000 Feet Downwind from the Surface Detonatiotu

Station Direction from Counts per Minute Filter
Number Ground Zero @ H + 24 hours Efficiency

Influent Effluent in Per Cent

A • 100

13N Jammed 541,80O

14 N 106,630 12,153 89.77

15 NE 48,530 551 98.88

TABLU B.8

Instantaneous Radiometric Effluent Readings of E-22 Tank
Collective Protector at Station 35, 20,000 Feet NN0 and-

Downwind from Surface Detonation

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

Counts ne' Minute
Time of Readinig Effluent Background Difference

H 4 90 minutes 470 444 26
H 4 91 minutes 340 330 10
H 4 93 minutos 315 288 27
It 1 94 minutes 264 240- 24
H 4 95 minutes 445 420 35

Ave. 24 C.P.M.

See Table 3.1
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1 Qh. hemlal Oorsn Book of StJndards (Edition of 15 November 1951)
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PREFACE

This report covers work conducted under Operation JANGLE Project
6.3, "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 this study. In addition, an Ordnance
Test Team, directed by Captain David W. Armstrong and MI. 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 support 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 carrying out the In-
stallation of test apparatus and the tank collective protectors in the
vehicles.

PRMCRDIzGc PAGE &,ANK . •O
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ABSTRACT

The objecLive of this investigation was to assess the inhalation
hazard to armored vehicles crews during the exq)osure 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 from fall-out.

Two types of armored vehicles were employed in this study, two
Mediutn TanIs, M26, and one Personnel Carrier, T18E1, Pilot Model No. 5.
During the surface shot only the two tanks were exposed 2000 ft 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-out was restricted to a long narrow corridor in
the downwind direction.

During the underground shot all three vehicles were exposed at
2000 ft in a downwind direction in an area contaminated to a level of
approximately 550 roentgens/hr at H-hr + 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 driverls hatches open.
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
return.

During both exposure of the vehicles during the underground shot
and operation through the contaminated area the airborne activity exceeded
by a large degree the maxim•dm allowable concentrations established 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 mueasured exceeded the standards
for eight hour exposure by a factor of 10 to 380.

There is thus a potential respiratory hazard during the initial
2h 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.

dix
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It is further recommended that results of this study be applied
to the development of the overall hazard only after adequate consider-
ation for the external dose to which personnel would simultaneously beexposed.

1
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CHAPTER 1

INOUTCOCTION

1.1 OBJECTIVE

The objective of this investigation was to assess the inhalation
hazard associated with (1) exposure 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 re-
sulting from fall-out from such detonations.

1.2 AUTHORITY

The study on armored vehicles was conducted under Operation
JANGLE Project 6.3, 'Evaluation of Protective Equipment". The personnel
carrier was included in accordance with 1st Indorsement, G4/F4/64171,
dated 24 October 1951, from Office, AC/S, G4, Department of Army, to
Chief Chemical Officer, D/A, on basic letter from Office, Chief of Army
Field Forces, Fort Monroe, Virginia, subject: "Atomic Weapons Effects
Testing".

1.3 HISTORICAL

Previous atomic weapons test, with the exception of Test Baker
at Operation dCRSSROADS were detonated as low air drops or detonated on
towers. Thus, they were essentially of the non-contaminating type 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 nominal
(20-30 kiloton) atomic weapons be conducted. As a result the Department
of Defense through the Armed Forces Special Weapons Project established
Operation WINDSTORM to be conducted on Amchitka in the Aleutian Islands.
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 V
1951.
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1.4 THEORETICAL

The maximum permissible concentrations of radioactive isotopes in
air have been established by the U. Se Atomic Energy Commission as
standards for the control of radioactive materials in laboratories using
such isotopes 1 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 areas. 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 mission. Thusi such operations sho'xld only be conducted after assess-
ment of the potential hazard and with adequate consideration of the risk.
In military operations in contaminated areas it is expected that exposures
will not be guided by standards established on the basis of lifetime ex-
posure but rather on one-tine, 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 between I 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 8r 90 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 Sr 9 0

on the basis of relative activity and toxicity. The possibility that
"Itbad actors" might appear as decay products of active material already in
the body was considered. Then estimates were made of their radio-toxicity
relative to Sr9O. This relative value was called the "3r 90 equivalent".
The concentrations necessary to cause retention of 1 Sr9o equivalent at
various times were calculated and a graph prepared showing maximum per-
missible concentrations of fission products from I 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 exposure 3 .

1 Haudbook of Atomic Weapons for Medical Officers, Prepared by Armed Forces
Special Weapons Project, Department of Army Handbook 8-11, June 1951.

2 8abemsittee on Internal Dose of the National Coamittee on Radiation
Protection, 5Maximum Permissible Concentrations of Radioisotopes in the
Air, water, and in the Human Bodym, (1951)

3C•IR 64 NMaxm Allovable Concentration of Fission Products in the Air
as a Function of Exposure Time and Time After Detonation".

-2 -
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This study was furthur oxtended with modifications of the as-
sumptions, refinement of the calculations, and cunsidetation of the
plutoniwu hazard. This study devulopod even higher concontrations than
the initial study). The rep~orts are included as V0pendices A and B.

ICRLII 81 "Maximum Allowable Concentration of Fission Products in the

Air as a Function of Exposure Time and Time After Detonation (Continuod)N.



CHAPTER 2

EXPERINENTAL

2.1 INSTRtJMNTATION

To determine the airborne activity in the vehicles, and on the
exterior of the vehicles, a Chemrical 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 Chemical
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

2.2.1 M-26 Tank

The filter sampler was installed in the bow between the
driver and assistant driver, in the turret ahead of the loader's seat, and
on the outside fender of the tank. These installations are shown in Fig&
2.2, and ?ig. 2.3.

2.2.2 Personnel Carrier TI8E1

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

2.3 EX1POSURE 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, from ground zero. One tank was located
head-on, and one side-on, to ground. zero. This location was upwind of the
area of contamination and little, if any, significant fall-out occurred at
the location of the vehicles.

The principle evaluation for the purposes of this report
was conducted on the underground shot. Thq three vehicles were located at
2000 ft frxo ground zero in the fall-out direction. This area was contaminated

-- 4
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Fig. 2.1 Chemical Corps Filter Sampler

Fig. 2.2 Chemical. Corps Filter Samp;ler Installations on i26 Tanaks

anj
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to a level of 550 roentgens/hr at 11-hir + 1/2 hr•. Qiu tank was located
head-on, one tank side-on, and the Personnel Carrier, TL8El, Pilot Model
No. 5, was located head-on to ground zero. The hatches were open on the
head-on tank, closed on the side-on tank and the coimmander's and driver's
hatches open on the Persoilnel Carrier, TI8EI.

2.3.2 Areas of Operation Following Shots

The routes of operation of the vehicles through the con-
taminated area created by the two shots are shown in Fig. 2.4. The route it
shown for the surface shot was traversed at H-hr + 25 lhrs, and the route
shown for the underground shot was traversed at H-hr + 50 hra. On the
underground shot, the M-26 Tank 424-S was the lead vehicle, hatches open,
followed by the M-26 tank 418-S and the Personnel Carrier, T18El, hatches
closed.

S.!
"J. 1 4

Y*. 2.3 Chemical Corps Filter Sampler Installation in M26 Tank

-
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GROUND ZERO

TANK ROUTE FOLLOWING SURFACE DETONATION

O 500' Io00'

GROUND ZERO__

ARMORED VEHICLE ROUTE FOLLOWING UNDERGROUKD DETONATION

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

RESULTS

3.1 ADRBORNE ACTIVITY LEVEL IN VEHICLES DURING UNDERGROUXD SHOT

The data on airborne beta activity level in vehicles are given in
Table 3.1. The samples were taken for 55 minutes following the shot and
the counting data were arbitrarily corrected to H-hr + 1 hr by means of
the decay equation for gross fission products, A - Aot-np where the decay
exponent was taken as 1.48. This was the experimentally determined value
on the samples. Activity levels collected by the samples varied randomly
with location within the vehicles from 0.17 to 0.45 millicuries per liter
of air. The following averaged concentrations were obtained for the three
vehicles:

Vehicle Millicurie s/Liter

M26 Tank - Hatches Closed 0.23

M26 Tank - Hatches Open 0.27

T18EI Per sonnel Carrier O .28

3.2 AMOIENE ACTIVITY LEVEL IN VEHICLES DURING TEST RUN FOLLOWING THE
~~~ SRT - -____

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.

8I
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TABLE 3.1

Airborne Activity Level In Armored Vehicles

Vehicle Location Activity Sampling Sampling Activity/Liter
Time Volume

(mc) (mrin) (1/min) (mc/liter)

M-26 Tank Turret 12.2 60 1.23 0.17
424-s

M-26 Tank Hull 21.2 60 1.08 0.33
42h-s

M-26 Tank Outside 11.0 60 0.95 0.19

424-s

4verage Concentration . . . . . . . . . . . . . . . . . . . . 0.23

M-26 Tank Tutret 30.6 60 1.12 0.45
hi4--s*

M--26 Tank Hull 13.0 60 1.23 0.18418-s*

M-26 Tank Outside 14.0 60 1.28 0.18
418-3*

kverage Concentration . .... . . . . . . . . • . . • • • • 0.27

Prsonnel Carrier1 Personnel I 19.4 60 1.15 0.28
T18EI Comptt

*Hatches Open

P9
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TABLE 3.2

Airborne Activity Level During Armored Vebicle Test Run*

Vehicle Location Activity Sampling Sampling Activity/Liter
Time Volume

(mc) (min) (1/min) (mc/liter)

M-26 Tank Turret 2.63 23 1.12 0.102
418-s

M-26 Tank Hull 1.0 23 1.23 0.035
4148-S

M-26 Tank Outside 0.12 23 1.28 o.o04
418-s

Average Concentration . . . . . . . . . . .. . .. . . o.o68

M-26 Tank Turret 0.48 23 1.23 0.017
1424-s

M-26 Tank Hun 9.0 23 1.08 0.362
424-s

M-26 Tank Outside 1.2 23 0.95 0.055

424-s

Average Concentration . . . 0 , . . . . . . . . . . . . . . 0.18

Prsonnel Carrier Personnel 1.00 23 1.15 0.038

T18MJ CoMpItI

*M-26 Tank 424-S was the lead vehicle, hatches open, followed by the

M-26 Tank 418W-5, and the Personnel Carrier, TI8El, hatches closed.

-10-
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CHAPTER h
A

DISCUSSION

4.1 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. This is 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 detailed
analysis. The measured activity on the papers at that time varied from
7 to 35 mr/hr at 6 in. from the sampleso

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 contamination within the vehtcle itself.

h.2 FACTORS AFFECTING APPLICATION OF DATA K

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 aize 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 microns. 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 micron;5 .

Second, the protective measures available to personnel must be

considered. The gas mask, or more specifically for armored vehicle crews,

5Letter to, Office of the Director, Effects Test, c/o Technical Operations

Squadron (Prov), Washington 13, D.C., from GO, OnJ C Chemical and Radio-
logical Laboratories, Army Chemical Center, Md., dated 18 April 1952.



4-,
PROMTCT 6.3-2

the Tank Collective Protector, E?6, has an extremeily high efficiency for
the removal of gross fission product contaminant as sociated with the cloud 4
and base surge created by an underground detonation°. The average 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 must be considered. For short-term
exposure, if one accepts the assumptions as outlined in Appendices A and
B which provide the basis for calculation of short-term exposure to gross
fission products, 8 hr exposure to 0.1 to 0.0035 microcuries per liter of
gross fission products can be tolerated during the period of H + 1 hr to
H + I 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.

4.3 FACTORS BY WHICH MEASURED AIRBORNE CONCENTRMTION EXCEED MAX]',lJM
AVLOWEA•"-C CO-N•TR&TIONS

The concentrations given in Table 3.1 and 3.2, allowing for the 10
per cent size range factor, exceed the maximut allowable concentrations
given in Appendices A and B, as given in Table 4.1.

TABLE 4.1

Factors by which Measured Airborne Concentration Exceed
Maximum Allowable Concentrations

Time of Maximum Factor by which
Exposure Allowable Measured Concentration Measured value

Concentration Maximum Minimum exceeds Max.
c//l 40/l | c/l Allowable Conc.

(for 8 hr Exposure)l xmm iiu

H + 24 hr 0.0035 0.252 0.03. 72 10

H + 1 hr 0.1 28. 3.8 280 38

iAppendicee A and B .

6 "Evaluation of Protective Equipment", Operation Jangle Project 6.3, John
R. Hendrickson, Army Chemical Center, Maryland.

-IIIII'
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h.4 EVALUATION OF TiH POTENTIAI, HAZA!D

Thus, unprotected personnel would be ex)osed to concentrations ex-
ceedinrg the maximLu allowable concentration for L` hr exposure by a factor
of 10 to 280, and there is thus a requirement for tank personnel 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 1OjOO0,
and consideriLng that 10 per (ent of the activity is in the respiratory
size range, the concentrations inhaled are well below the maximum allowable
concentrajion for eight hour exposure as outlined in Appendices A and B.
There thus appears to be little hazard to tank crews wearing protective
masks.

Without more definitive respiratory retention data, and the results
of such exposure, it is not possible to determine the magnitude of the
hazard to unprotected personnel. By comparison of the measured activity
levels with U. S. Atomic Energy Commission and military standards for
maximiu permissible concentrations of radioactive isotopes in thae 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 maxbdu' allowable concentrations
has not been established to date and therefore the magnifl.de of the exposure
to unprotected tank personnel cannot be firmly established.

Fs
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CHAPTER 5

CONCLUSIONS AND RCaMNDATIONS

5.1 CONCLUSIONS

1. Based on the data developed by this study there is a potential
respiratory hazard during the initial. 24 hr period to armored veFiMil
crews not wearing protective masks from the airborne fission product
activity& ssociated with the base surge and daring the operation of
armored vehicles- through contaminated areas.

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

5.2 HEcm ENakTioNs

I. In developing the overall personnel hazard it is recommended
that the results of these studies be applied only after adequate con-
sideration for the external dose to which personnel would also 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 extrapolated to the con-
dition encountered during detonations uf nominal or operational atomic
weapons. *

-14-
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APPENDIX A

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

and

APPENDIX B

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

(Continued)

by

ROBERT L. HARVEY
Lt, U. S. Navy

Radiological Division
Chemical Corps

Chemical and Radiological Laboratories
Army Chemical Center, Maryland
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APP~NXDIX A

IAKXIMU14 ALLOWA3LE CONCENTRATIONIS OF FISSIONJ Pr•ODUCTS IN THE .knR
AS A FU14CMTIOH OF EPSR r~~ FuiD~01TO

A.1 INTRODUCTION

During the planning of a decontamination project at the Radiolor-
ical Division, Chemical and Radiological Laboratory, Army Chemical Center,
Md., it was observed that the procedures to be employed migh, 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 whi ther 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 short-term exposures, that is to say, that penriissible
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 nimwu permissible 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 assued that the activities resulting from the slow-
neutron fission of U23-# as reported by Hunter and Ballou (6), wiere close
enough to those arising from fast fission to serve as a guide for the con-
tributions of the nuclides under consideration. Then the further assumption
was made that any airborne fission product mixture would have the same
composition.

Sr90 was selected as the base, or reference activity since it is
the most persistent, though not the most serious hazard (1), (3), (4), (5),
(7), (8), after having been metabolized into the human body. Not only that,
but during the period of time under consideration, its activity' could be

- 16 -



PRO3'EC 6.3-2

SAMILE A.l

iua~rnma. PerPlerissible Concentrations of Vau'ious Eimronts
in the Atmosphere for Continual Exposure

Ki_;ent ..- v Act. in c7T Kl. a in 4c/1 -Af -'

I, Sr, Ba 10-4 Pu 3 x 10-8 1 Alpha ex-posure
for an 8-hr day
6-day week for
lyr

Fission 2 x 10-7 Pu 1. x 10-9 2 Continual ex-
Product p osure

I, Sr, Ba 10-. Pu 3 x 10-8 3 Alpha exposure
p.26 for an 8-hr day

6-day week for
lyr

Long-lived 10-5 (Pu) 3 x 10"8 3--------
beta-gaxnma a p.86
emitter

I 3 x 1C- 6  1u 2 x 10-9 4 Continual ex-
1P.7 1  osure

Beta or 10-6 Pu 2 x 10-9 5 Continual ex-
gamna posure
emitter

considered constant. Wlow it is known that the standard nan breathes 10
cu.ri. of air during an 8-hr working period, and a total of 20 cu.m. of
air during a 24-hr period which includes an 8-hr working period (8).
The maximum permissible amount of Sr 9 0 in the human body is 1 ".icrocurie
(h). If the assuimption is then nade that 25 per cent of the airborne
Sr90 which is breathed in (4), (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 (4), and neglects biological decay.

The calculation is as follows-

Let Y the number of liters of air breathed in during the
time in question, and

Z maximum perntissible amount of Sr 9 0 retained in the
body- (1 microcurie), then to determine

17I



PROJEXT 6.3-2 ' Pible concontration of Srgo i
X YmaxdJnum erd B

ýaicrocuriCs 1 Or liter o: air b'rcaltihd durinL- ,he
tire in quoe3tionr

Foniula A.1~f

Z = x.25

Table A.2 shows several values of X.

TABLE A. 2

Concentration of Sr 2 O in air necessary to cause retention in .the
hiaan body of 1 nticrovurio (or 2 nii~crocuriej o.L- Sr)O-t)O, since they are
parent and daughter in stable equilibrita,) during the L'ollow•ing periods
of tbie, based on the absorption and permanent retention of 25 per cent of
the activity.

Time of Exposare Conccntration
___ ___ ___ ___ ___ ___ jC/--it'er

8-hr work day - .' zo0-4_

2h-hr including an 8- 2 x lo-h
hr work day

7 days including an 8- 2.3 x 10"5
hr work day each day

Now having evaluated the maximum pen uissible concentrations of Sr 9 0

in the air for several exposure tines, the gross fission product activity
required to provide such concentrations was calculated (see the sample
calculation at the bottom of Table A.3). The figures in Table A.3 were
plotted on Figs. A.l and A.2. Tius lodoing at Figs. A.1 and A.2, we can
enter the graph at any time, from 1 hr to 1 yr after detonation, and find
the gross fission product activity vihich, if tie assumptions be sound, will
cause the deposition and retention of no nore than 1 lo of the Sr9 O in the
body. For example, if it is desired to enter a contaminated area 10 lius
after detonation and to stay for 8-hrs, take t:e abscissa as 10 + 8 hrs, or
18-hrs, run a vertical line up to the 0-hr line, and frcm the point of in-
tersection, read the maxiimt pernmissible concentration, at the left margin,
of 34 Wcl. Ei2..teen hours was used as the entry figure, since the total
beta activity decays appreciably during the period, but the Sr 9O activity
does not. It is further noted that although the curves in Fig. A.2 tail
downwind, it is expected that they will level ofl (see p. 73 of ref. 6) "
toward a partial asymptote.

- 18 -
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It is Pla~in, however, that SOO9 ic; not the on:Ly,, hazardous fiss16n
produc'V. Ilmowilton (7) indicatos th-at, sovr~ral muinbors of the rarre oarth
group) are itndood dosorvi-n!, ofP con oLderaticoi. Those cansider'ed signifi-
can-L are listed in Table A.-, iach of' thcso nuclicims was evaluated as
havinjZ associated 11azards which vlere oo nmany -multiple3s of Sr 90 ., on the
basis of' equal activities - than that associabod with r9 0 .

To arrive at these relative values the folloving factbors were
considered: (a) maximwumn per;missiLe9 concentra-tion of each nuclide in
the body (5) (see second colurani, Table A.h) and (b) relative activities
at various times. The ratios of the various significant fission product
activities uoer roughly estinL,-atod by the author by using- Hiunter and
Ballouts plots oIL activity (6). It then followed -that at a Lgiven tliie
so many equivaeonb Sr90 actL.ivi"ies existedi in the p~rescnce of 1 uni4t of
actual Sr90 activit'y. There~fore the gross ffi.sion product activities
listed in Table A.3 wore divided bay the total Sr 90 equivalents existing
at each time, and' the results were plotted in Figs. A.3 and A-4. Thus,
a plot of the mna.ý6inum~ permiissible gross fission product activity vs. t~i;Te
after detonation for various tinmes of exposure was achiýeved, It is well
-to emiphasize that accord~in to tho assw.imtions drawrn Here, the ma.-_j-x',
deposition and retcntiomi is, 1 4,1 of equaivalent Sr90 activity.

A.5 Do ;SCUS IOM

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

For sim-,plification the activity of Sr
90 was considered constant.

This is essentially so during the period in question (6) The assumiption

'that 25 per cent of all material inhaled is abosorbed and rebained perraanently)
as previously observed, was a high estimate and presents the worst possible

picture (4,,) in addition particle size distribution has not been con-

sidered at all) nor has the accumualation of mjater-ial in the lungs. Thus it

is highly questionable whether the body -will have an equivalent of' 1 Ilec of

Sr90) activity at any tin-ie under the ;stated conditions.

It will be noted further that the asswumptilons regarding sr 90 hnave

been applied to all the other elements considered in Table A.14. The Sr 90

euivalents - or weighting factors - for each nuclide were arrived at by con-

siderig ther ma~djqum permissibla concentration in the body, terrltv

activity to that of Sr 90 at gfiven- times.

Iodline was included as the only nonbone3 seeker, inasmuch as it was

determined that a hazard would. develop in the th-Y-roid befLore it existed in

the 'bone, because of rapiditY Of U)Ptaic (the hazard to the restj of the body
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TABLE A.3

Maximum Permissible Fission Product Concentration

Time after Sr 9 0 Act. as % Gross fission product beta activity in
detonation of total beta Ac/1 required to cause retention of I

activity(a) jic of sr 9 O in the human body during the
following exposure times

(6) (6) 8-hr. work day 24-hr(b) 7 days(b)

1 hr 4.35 x 10-5 920. 46o. 66.

3.5 hr 1.82 x 1o-4 220. 110. 16.

.12 hr 7.11 x 10-4 0.56 0.28 3.,

24 hr 1.55 x 10-3 26. 13.0 1.8

2 days 3.50 x 1o-3 11.5 5.65 0.81

4 days 8.0 x 10-3 5.0 2.6 0.37

7 days 1.5 x 10-2 2.7 1.35 0.2

14 days 3.2 x 10-2 1.25 0.63 0.099

28 days 7.7 x 10-2 0.52 0.26 0.04

105 days 2.86 x 10-1 0.14 0.07 0.01

210 days 7.3 x 10-1 0.055 0.028 0.004

1 yr 1.96 0.020 0.01 0.001

(a)These figures were adjusted slightly to give smiooth curves.

(b)Each 24-hr period includes an 8-hr working period.

SAatLE CALCUTaTION

At 1 hr Hunter and Ballou (6) give the Sr 90 activity as 4.35 x 10-5
per cent of the total beta activity. From Table A.2 the concentration of
SrOO in the air necessary to cause the deposition and retention of 1 4c at
the end of an 8-hr work day is 4 x lO-4 ýc/1. Thereforet

x 100 920 4c/1

- 20-
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Fig. A.1 Maximumi Permissible Concentrations of Fission Products in
t4-he Air -1 hr to 1000 hr (So that not more than 1 micro-
curie of Sr 90 is retained in the body)r
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w&LE A.5

Maximum Penrissible Fission Product Concentrations

Time after Sr90  Gross fission product beta activity in
detonation Equivalents(a) 4c/l required to cause retention of 1

Sr90 equivalent in the body during the
following exposure times(b)

8-hr work day. 2 7 days (c)

1 hr 5 x 105 1.84 x 10-3 9.2 x i 0 "h 1.31 x l0"4

3.5 hr 5.5 x lO5 4.0 x 10-4 2.o x lo-4 2.86 x lO-5

12 hr 4.65 x: o5 1.2 x lO-4 6 x 10-5 8.6 x lO-6

24 hr 3.24 x 105 8.0 x 10-5 4 x 10- 5 5.7 x 10-6

2 days 1.8 x lo5 6.4 x 10-5 3.2 x lO-5 4.6 x Io-6

4 days 9 x 104 5.5 x 1o-5 2.75 x n0- 5  3.93 x 10-6

7 days 5.6 x 10 4 5.3 x 10-5 2.65 x 1o-5 3.78 x 10-6

14 days 2.4 x 104 5.2 x 10-5 2.60 x 10-5 3.72 X 10-6

28 days 1 c 10x • 5.2 x 10-5 2.6 x 10-5 3.72 x 1o-6

105 days 2.7 x 103 5.3 x i0-5 2.65 x 1o-5 3.78 x 10-6

210 days 9.65 x 102 5.4 x i0-5 2.7 x i1-5 3.86 x 10-6

1 yr 3.6 x 102 5.6 x 1o-5 2.8 x i-5 1 4.0 X 10- 6

(a)These figures were taken from the last row of figures on Table A*4

and were adjusted to give a smooth set of curves.

(b)The figures in these three columns were deternined by dividing the
figures in the corresponding columns of Table A.3 by the respective
numbers of Sr 9 0 equivalents (the last row of figures in Table A.4).
The quotients were plotted and adjusted to give a smooth curve.

(C)ndludes an 8-hr work day.

1W4
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was conridcrud noglirible in clparison). To be more explicit, Table A.3
shows f" .oeveral times, the niuber of miltiples of the ma;,'ixii • crus mi ssible
quar•Ltity of iodine present when the maydi.u-,n permissible concentration of
Sr-O or onn Sr eqtivalont is present. Thus, the totnal SrO equivalents vas
set high enough so that iodine could at no time present a hazard.

FinallyU, it will. be noted in Fig. A.b: that a trend upward is in-
dicatcd, cor.riiencilg at 28 days after detonation. ThiLs trend is not un-
reasonable, if the a-hr curve i. Fin. A.L is considered. It is noted from
11WAtr and Liallou activity nIot- that all the naclidez considered exccpt
sr 9 0 -19 0 1 pn!T47, and qclhh-.PrlU' decay below I per cent of thle total activity
within 2 yr. Ceihh-PrlU; reach their peak activity at 1.5 yr, pm. h7 at 5 yr.
It follows therefore, that as the more hazardous nuclides decay, the 8-hnr
curve 43]. ±.end to rise toward th-- fi,,re given in Table A*! for maximn.i
permissible concentration in air of Sr9O for an 8-hr day.

A.5 -Su-krARY

An attempt has been made to evaluate the inhalation hazard associated
with fission products based on Sr 9 0 equivalents of the various "bad actors".
This has led to construction of graphs relating the mai mrrlu' permissible con-
centration of fission product in air to tiz.e after detonation for e•osuare
tuies of 8 ,hr, 2h hr, and 7 day's.

-00'-in
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APPENDIX B1

N'MP4RUI AILOWA1•1 E C0,! ETRITNLo6 OF FISSION PRODUCTS IN THE AIR
AS A MRJi-TION-O BFXURDUTEI 1 T 1 AND INB AF~TERDTOITYO-

U "1 INTROMMJCTIO0

Gomm•nt received by the author has indicated that the conditions
assumed to exist in the proparation of reference (1) were unnecessarily
pessimistic, and that much hig:her maximum porrUissible concentrations could
be realized if les conservative, albeit equally supportable, assumptions
were made. In addition it was indicated that thie possibility of a plutonium
hazard should not have been neglected. This paper thon is an attempt to
satisfy that criticism. In addition, the evaluation of the hazards of the
various nuclides considered, relative to Sr 9 0 , or their ,Sr 9 0 equivalents",
(1) has been done in considerably more detail.

AitTough it has not been deemed necessary to repeat some of the
detail in reference (1), it has been considered necessary to restate the
basic assuaptions, and the calculations presented so that to preserve con-
tinuity the reader would not be required to refer continually to reference

B932 ASURPTIONS

"The assumptions, briefly stated, are as follows:

(a) The relative activities of fission products resulting from
fast fission are essentially the same as those reported for slow neutron
fission of U235 (2).

(b) The activity of Sr9O is constant from 1 har to 1 yr after
fast fission, and is in stable equilibriur. with y90 (2).

(c, The maximum permissible amount of sr 9 0 in the human body
is I microcurie (3). This presupposes that I microcurie of Y9O is also
present. KLso, when 1 microcurie of Sr 9 O exists in the human body, no more
than .3r/week will be delivered to the man site of deposition, which$ in this
instance, is the skeleton. This dose rate may not be exceeded since the
factor of safety associated with it may be very low (4).

(d) For Sr 9 0 in air, 25 per cent of the inhaled amount is
absorbed, and 25 per cent of the absorbed amount is retained permanently (3).*

*Assumption modified from that in ref. (1).



PROJMUT 6.3-2
All nuclides discussed in this paper are considercd to bohave shnilarly
with the exception of 1131 and pu239.

(e) All particles in a fission product mixture arc considered
to be of snall enoutgh size for thorn to reach the alveolar space and there
to enter the blooa stream) or the lymphatic system.

(f) The maxinum pcrm ssiblo concentration in the body of a
parent-daughter pair such as Zr95-Cb9O is considered to be the sine as that
of the parent alone.o44

(g) The standard man breathes 10 cun., or 10•41.) of' air during
an 8-hr working perLod and 20 cu.m., or 2 x 1041., of air during a 24-hr
day which includes an 8-h-r working period (4).

(h) With the exception of iodine (3), the bone seeking elements
are considered to be the most serious radioactive hazards.

(i) The maximum permissible maount of 1131 in the body is .3 ILc,
100 per cent of airborne 1131 can bu inhaled and 20 per cent is retained
permanently (3).

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

(aa) The fissionable material is Pu 2 3 9 .

(bb) Fission efficiency is one per cent.

(cc) The unfissioned 5a239 is uniformly mixed with the
fir-sion products.

(dd) 100 per cent of the unfissioned Ru2 3 9 in the air may
be inhaled.

(ee) 100 per cent of the inhaled Pu 23 9 is absorbed and re-

tained perrmanently (3).

(ff) U235 is not considered a radioactive hazard at all (5).

B,3 ICALCUIATIOWS

The foregoing assumptions comprised all those necessary to compute
the relative hazards of the fission products to Sr9O.

*Exoept for Sr9Q-!90 o

-30-
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First Steo

Yhe concenitrations of Sr90 in tho air necessary to cause the
absornTion and rotontion oC 1 2.-irocurie were calculated (see Table 1.I)
from the follolting formula:

X = Z/z Y : x 1 .25 x 1l.25
Where X = Conc. of Sr9 0 in jc/l of air,

Y - Liters of inhaled air, and

Z = 1 p.c of Sr9 0 the maxdrmmt permissible concentration
of Sr 90 in the body.

Concentrations in the Air Nocessary for Retention in the Human
Body of 1 Vlicrocurie of Sr90 (or 2 rdcrocuries of Sr9 O-YgO) Based on 100
per cent nhhalation, 25 per cent Absorption of the "<aterial Thhaled, and
25 per ceirt Retention or the Absorbod Eaterial.

Period of Expostwe Conc. of Sr 9 0 in p4c/1 of air

8-hr work day 1.6 x 10-3

2i,-hrsz x 10-4

7-days" 1.1h x 10"4

Second Steo

It was then possible to calculate the concentrations of fission
products necessary to cause the retention of 1 nicrocurie of Sr9 0 during
three exqposure periods.

Smiple Calculation

Hunter and Ballou (2) report the Sr9 O activity as h.35 x 10-
per cent of the gross fission product beta activity at 1-hz after fission.
Frc- Table B.1 the Sr 9 0 concentration in the air necessary to cause the
absorption and retention of 1 ýtc by the end of an 8-hr work day is 1.6 x 1o-3

lhcludes 8-hr work period for each 24-hr period.

- 31 -
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g.c/l. Therefore, the gross fission-product activity required to provide
such a concentration is found as follows:

1.6 x 10- 3/4.35 x lO-5 x 100 - 3680 pc/l

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

UaLE B.2

Maximum Permissible Fission Product Concentrations

1 2 3 4 5

Time after Sr90 Act. as Gross fission product beta activity
detonation % of total beta in 4c/l required to cause retention

activity of 1 jtc of Sr90 in the human body
during the following exposure times

(2) (2) 8-hr work day 24-hrs (a) 7 days (a)
. hr 4.35 x i0-5 3680. 184 0. 262.

3.5 hrs 1.82 x io-4 880 440 62.8

12 hrs 6.56 x 10-4 244 122 17.4

24 lrs 1.55 x 1o-3 103 51.5 7.35

2 days 3.86 x 10-3  41.5 20.7 2.96

4 days 8.8 x 10-3 18.2 9.1 1.30

7 days 1.52 x 10-2 10.5 5.25 .75

14 days 2.96 x 10-2 5.4 2.7 .39

28 days 5.95 x 10-2 2.69 1.35 .193

105 days 2.67 x 10-1 .60 .30 .043

210 days 7.3 x 10-1 .22 .oi .0157

1.96 .08L .0o4l .00585

(a)Each 24-hr'period includes an 8-hr working period.
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Third §Lep

Having calculated the gross fission product beta activity
necessary to cause the retention of 1 kc of 5r9U 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).Each of these nuclides was considered to have an associated hazard which,
for equal activities, is certain multiples of Sr 90 hazard, determined on
the basis of maximun permissible concentrations. This number was then
multiplied by the ratio of the activity of the nuclide to the activity of
er9O present in the fission product mixture. The resulting figure was
called the "r9 0 equivalent".

Samle Calculation

At 1-hr the sr 90 activity in 4.35 x lO-5 per cent of t e grase
fission product beta activity, and the total beta activity of Zr9 5-Cb95 -
6 x io-3 per cent of the gross fission product beta activity.

6. x i0-3/4.35 x l0"5 - 137

Now the maximumpeermssible concentration or SrOO in the body is 1 W. and
that of the Zr95-Cb95 pair, 3 xc (4). The toxicity of Zr95-Cb95 to sr 9 O
is therefore 11.3. Conn quentl., there exist 137 x 1.01.3 - 460 "30r0
Sequivalents" of Zr9 -LYP at 1 hr. Table B.3 was constructed in this wayn

Dne might inquire at this point about the effect of the presene
of 19O which is in stable equilibrium with er9 O. If the 190 activity is
considered as essentially that of Sr90, ten te Or9  activity is effectively
doubled, aud the relative activity of Zr9 5-Cbb9! in halved. But the maximum r
permissible concentration of Y9o must be added to that of Sr 9O, 'which is then
effectively doubled. Thus while the activity of Zr95-qb95 relative to Sr90
(plus the 190 increment) is halved, its relative toxigity is doubled. The
net re 9 is that there is no difference if Zr9-Cb95 is compared to Sr9Oor to srgO- 0.

Fourth Step

The eSr 9 o equivalents" in Table B.3 were divided Into the
corresponding figures in columns 3, 4, 5 of Table B.2. The reslts were
tabulated in Table Be.h Thus Table B.4 is a compilation of the fission
product concentrations necessary to cause the retention of I microcurie of
"equivalent S 90 N activity at various times after an atomic bomb detonation
for three different times of exposure.

Fifth Step.

Now finally it is necessary to calculate the effect of pu 239 .
The calculations of Hunter and Ballou (2) are based on the siiultmneous

____________________________
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TABLE B.4

Maximum Permissible Fission Product Concentrations

Time after Sr 90  Gross fission product beta activity
detonation Equivalents* in Lc/l reWired to cause retention

of I ftc of "equivalent" Sr 9 0 i:n ti,'
body during the following emqoeure
time s*
8-hr work day 24-hrs- 7 days*

I hr 36, 0 .10.05 0072
3.5 hrs 9.9,hOO .0178 .0089 .00127
12 hrs 47,800 .o051 .00255 .00036
24 hrs 29, hOO .0035 .00175 .00025
2 days* 16,000 .0026 .0013 .000185
4 days 9,100 .0020 .001 .O0014
7 days 6,550 .0016 .0008 .00011

14 days 4,320 .00125 .00062 .000098
28 days 2,690 .00100 .00050 .000072

105 days 835 .00072 .00036 .000052
210 days 366 .00060 .00030 .000043

1 yr 150 .000540 .00026 .000037

*These figures were taken from the last row of figures in Table

B.3, and were adjusted to give a smooth set of curves.

"*The figures, in these three columns were; deten Lned-,by ,dividinig theq IJ
figures in the corresponding columns of Table B.2, by the correspond-
ing number of "Sr90 equivalents".

***Includes an 8-hr work day each 24 hrs.

SNOTEi ThW'a thor has kelt free to adjust the figaifr '"in1 this ̀ -ti!LD'P UP
S"---- t6'*et a'4ooth currve, since it is reasoflable % thb "'4J

100 per -ent inhalation will nhbt occur, '* ' ; bodo

Best Available Copy . . ., . Ir.,,- _ o,I-



firs .ot'• or" 10j,000 ,LOM",o < 01' U' •, I" C t i , a ;t,• i !u P " l : .'•, ;. t
t• e c ,• 2c xLlat:'Lo n ut' t~h e: u &'i<.udi L t'• - . i. t Vi, i b :i_ , t. l &I• . fl~t:hF , ' lm, . •,•v ,! "

fisa,01on t•Ilo c,1Cy of I ývr reW' (T I'I> •!.s• ll '

The rtesidviriJ Pii Lct~vi I cal kclý,lCn io;

Li/: : .)!. .: Ii i,'-,',

The'ref ore.

Ac,: ivity p i, ,L

X. A')" < .)' : ].. V / .. .... x: "

J-4. s !'/ :
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The activity of Gr9 J is 2.7 :xL.gr:•ti u t v: t
The ratio of pL, 2 39 ctivitLy to t,haL of 5i,±0 j, Theýe'e.z 2. r.ý ,
peruissible concentration in: tli.c body :;. ) . 'I ) 'u ':3
e;uv.,ent" of r.1 2 39 is 2 x 1/.0U! ( . . ' E I th Wi :. ( ',t I
pL,2 3 9 wrhich is absorbed awl ratnlr&1 -,r,.j:;-', i." f, .,r ,,-. ,
thw2 per cent. of 2 per ceo,- ct .. r
mnutiplied by . or 1.6. 'uhs .... cfivo. SrY. -,ui .. Ir -" of
Pu2239 is 103.

The fifuxe nrw Ie cons:iL; 'cV z,,r, di, te the ic. -D, O,

ali--- .7 at i '.oar aftcr detonationx--- -i.Y? Z O Cqnivil (¾
99 aQi rmain ne ihangede A brlegp G1i-nee ýhen at Table Lý3 silque t~hat

the PN~3 hawad b§§@mW§ dpi4fio-mt, it 105 4dy@ &ft~rM0R

D#4~ DWUD8ZON

As was stresmed in the preoeding report (1), thie study is lar.grly
qwai4tative, annd consequently subject to modifications It should be noted
that this report h• b served simply to reduce the estimated percentage of
absorbed anrd retained 80r9 for a gtven concentration in the air, to refine
the calculations of the percent activity of fission products at various

times, and to consider the plutonium hazard.

*For Iodine it is 20 per cent . Best Available Copy

:lun-&
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1131 was included as a chock in the discussion because of its low
maximum, permissible concentration, and its high percentage of absorption
of the body (3).

It will be noted that the contribution of pu239 to the internal
hazard has not been considered in the construction of figures B.1 and B.2.
It must be emphasized therefore that after 1 year the curves will tend to
approach asymptotes hiich are about 100 times the magnitude of the figures
in Table B.1. This is obvious since pu 239 is about 50 times as hazardous
as Sr9O for e-qual activities.

In closing, some of the questionable aspects of this report Uill be
noted briefly. Particle size distribution (5), as an added safety factor,
has only been considered roughly, and then only to smooth the curves.
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 material accumulated in the lungs. The computation of such a
dose is beyond the scope of this paper.

B*5 5I1OIARY

A graph of the madnium permissible concentrations of fission productf
as a function of t~ie of e>posure and time after detonation has been pre-
pared using Sr 90 as a basis for comparison for several fission products
and plutonium.

- 37 -
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ABSTRACT

The over-all objectives of this project enconpassed testing the
suitability of standard and special laundering methods and standard
equipment for field decontamination of clothing; evaluating the contam-
inability and decontaminability of selected fabricsj and testing of
experimental clothing monitoring instruments.

Garments and fabrics contaminated by controlled methods were used
during the operation for testing the equipment and evaluating fabrics
and formulae.

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

A decontaminating laundry formula employing citric acid and tar-
taric acid followed by either an organic or inorganic ohelating agent
results in a higher degree of decontamination than other formulae
tested. The standard Quartormaster Corps mobile field laundry formula
resulted in satisfactory decontamination with the type of soil and
activity encountered and the cost of supplies in approximately one-
tenth as much as the special formulae. Woolen garments and fabric
swatches decontaminated by laundering as readily as cotton or synthetic
fabrics*

Clothing monitoring instrumentm, under development by the Signal
Corps, appear suitable for monitoring clothing under field conditions
to determine the degree of contamination both before and after proces-sing.

xi
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CHAPTER 1

INTRODUCTION

1.1 Ma. CTIVS

The objectives of this project were:

1. To test the suitability of decontamination laundering formulas
developed during Operation MIEENHOUSE for the removal of contaminants
resulting from surface and sub-surface atomic explosions.

2. To test the suitability of a wooden laundry washer for clothing
decontamination.

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

4. 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 HIT Q BACKGROUND

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 radioactively con..aminated clothing, and the develop-
ment of a satisfactory formula for decontaminating clothing which had
been artifioally 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
phase 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. A study was made there of the
effectiveness of the formula developed at Oak Ridge upon clothing con-
taminated by RE-type contaminants.

1 Laundering Decontamination Test Conducted at Oak Ridge National
LaboratgrX Research and Development Division, Office of the Quarter-
master General, Washington 25, D. C., Chapter III, B.

1
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The third phase of the project took place at Eniwotok where the
training and data from the first two phases were tested under field
conditions on contamination resulting from actual bomb bursts.2 The
tests conducted in Operation Q NHOLM permitted the development of a
promising field decontamination laundering formula, but inadequate
oontaminated materials were available to permit its full evaluation and
further simplification, or the investigation of possible substitutions
of lees critical supplies.

1.3 UMTI

Contamination of clothing is caused by the deposition of radio-
active particulate matter on, in, or around the fibers and yarns of the
fabrics. The degree to which the particlea penetrate into the fabric
and yaerns will depend upon the surface characteristics of the fabric,
the closeness of weave, the twist of the yarns, and the nature and
physical characteristics of the fibers. The adhesion of the contaminat-
Ing materials will depend, to some extent, on the chemical nature of the
fibers and upon special finishes which may have been applied to the
fibers and fabrics.

Decontamination of the clothing by laundry methods presents the
problem of removal of the particulate matter by emulsification and
suspension, and/or conversion of radioactive contaminants into soluble
compounds and their removhl in solution.

1-1fthi43 AiA (CiQthing Ard Peursnvnel 1)Annnin~tMi ?niji em

Operation GMENHO1LE, Project 6.9, Part XI.

I.
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0HAPTER 2

2.1 L__•_-R .

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

2.1.1 g a MAobile oE"•l d , 10-Ton 3%n v

A Quartermaster Corps mobile field laundry unit (Fig. 2.1),
a standard World War II type, was used for all decontamination studies.1
The unit consisted of a 10-ton semi-trailer type van equipped with stan-
dard corrosion resistant machinery, including a 30 x 30 inch stainless
steel washer rated at 60 pounds per load. A petcook had been installed
In the bottom of the washer shell in order to withdraw samples of solu-
tions without interrupting the operation. The van was fitted with a
vinyl floor covering to minimize contamination.

2.1.2 •A_••n Eashe

In addition, a 36 x 36 inch wooden washer (Fig. 2*2) was
used to decontaminate 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
tho l0-ton laundry trailer.

2.2 CLOTHIN MONITORING IM ZT

Six instruments, as described below, were evaluated for use as
clothing monitors and the experimental ittma were compared with standard
survey meters.

loerating Instruotions and Parts last, Mobile L a i t

W..950-QM-3270, War Department TM 10-351, 21 Sept. 19423d
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Fig. 2.1 Qaartornastmr Corps Mobile
Field laundry,, 10-Ton Van Type

Fig. 2.2 A 36 z 36 inch Wooden Washer

vm
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2.2.1 Chemical Corps Clothing Checker (Enurirlental) 2

The Chemical Corps 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 also mounted in the lid, but their position is such
that, when the lid is closed, the long axes of' the tubes in the lid are
perpendicular to those in the box. All tubes are protected by 16-mesh
cop.)er screen. This clothing checker was operated in conjunction with
a Berkeley Model 2000 Scaler. Counting was accomplished with the lid
closed.

Fig. 2.3 Chemical Corps Clothing Checker

2 TCrTR 6106. RndinlngiaaRl r.nthing mani± Technical Command, Army
Chemical Center, Maryland, 27 November 1951.

•' •'5
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2.2.2 Modified Chlcal Corps hecker (Experimental)

The Modified Chemical Corps Checker (Fig. 2o4) consists of
the bottom half of the Chemical Corps Clothing Checker described in pars-
graph 2.2.1. The board 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 a 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.

.'•

Fig. 2.4 Modified Chemical Corps Checker

2.2.3 Sigaal Corps Table • L Monitor (Exerimental)

The Signal Corps Table Top Laundry Monitor consists of a "
table top of exphnded metal 54 inches long by 34 inches wide supported
by four legs. Beneath the expanded metal top io 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-
tore, a Berkeley Model 2000 Scaler was employed to record counts. A
count rate meter was employed when the instrumient was used for more
rapid measurement of garment activity.

S_-6
•1 . .... . . . ... . • ,• -r : t"- • :• 2" • •-7
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Fig. 2.5 Signal Corps Table Top Laundry Monitor

2.2.4 S Corps S Arm 14 Monitor (3x&erimental) I-

The Signal Corps Scanning Arm laundry Monitor (Fig. 2.6)
consists of a table top of expanded metal 54 inches long by 34 inches
wide supoorted by four legs. Three halogen type tubea 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 speed; the tubes buing con-
nected to a Berkeley Model 2000 Scaler. Counting begins when the tube
assembly starts its traverse and stops when the tubes reach the opposite
and of the device.

2.2.5 Radiac M from Wise Let - AN/FDR 27A

This instrument has a halogen-filled, mica end-window tube
for detection of beta-gzmia activitX from 0 to 5*0 mr/hr. The beta win-
dow has a thickness of 3 to 4 mg/cm4. The instrument is a military port-
able Geiger-Mueller 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

It,
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beta shield which may be movod aside when measuring beta and gamma radi-
stions together. Clothing monitoring with this meter was accomplished by
placing the clothing flat on a table and passing the end-window of the
probe over the garment at a constant height of six inches. Activity was
recorded in mr/hr beta-gamma.

The 27A was not used primarily as an experimental clothing
checker, but was used as a guiae in determining the activity level in
contaminated clothing. Its use was necessitated by clothing tolerance
information which statis that the tolerance is based on an end-window
tube held six inches over the garment.

Fig. 2.6 Signal Corps Scanning Arm Laundry Monitor

2.2.6 Portable Geiger-Mueller Survey Meter - AN/PDR T-?A

This instrument has a glass G',M tube for detection of beta-
gamma activity from 0 to 50.0 mr/hr. Beta indication is by means of a
perforated shield argrui the side of the tube. The beta window has a
thickness of 30 mg/cm2 . The instrument is s 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 accomplished in the same manner as with the 27A and
its use was also made necessary by tolerance specifications.



2.3 LIUI QON-TAý1JNATI N Co INTýL NG D1NVI CE

For tho mossiuroinatilt of' Llit) aticvity of' Lho Inundry solutions a
device (Fig. 2.7) wziq built11 is~ing a :31inglo Golgor-Wioleor tube connected
to a Berkeley Model 2000) 3calor. A Victoroon 11385 Thiyrocxo Altuninum
Counter Tube and a Tractritib TGC-5, Goigor Counter Txibt, woro both used
in this process. Equal voltumes at' solution saminiii woro drawnl and
counted in every case.

Fig. 2.7 Liquid Contind tint on Counting Device

2.4 EILM

Double emuiLsion X-iiky filIm, 14, x 17 inchies, wns platced In X-raiy
exposure lioldeiro mid pos-itionted ovor con t.iinin I n te garments and swatches
for photo graph i ng tlio di st~r ibut Ion of' cont-ailmInt on. Film, X-ray type K,
Eastman Kodak Co., Code 111l1311 min holdor, X-ray oxposuro, CyenoraA Electric
catalog #E0019F, si~zx 14, x 1.7 Arncliu, wort used for U0,9 purpxso

2.5; COTO d CQOTAMLý NA'iON U,11bEP

The drying tmmblob t-ro 1ito~ a Ir-pir Lab I o, nkld moun ttd , lauindry unit
wans mod rI. od f'or d*lI~bsmt(a LelY con ~twim 1iti 1 ti1. o. t. I uis 2. k) . A

Best Available Copy



M0M=CT 6.7

TABLE 2.1

Clothing for Controlled Contaminr.bion

Trousers, nylon, Oxford, 5 oz., a) . . . . . 112 pair
Trousers, rayon, satin lining, 5.5 oz., blue . , . 112 pair
Trousers, carded cotton sateen, 8.5 oz., OD 7. . . 254 pair
Trousers, field, cotton sateen, 9 oz., . . . . . 34 pair
Trousers, wool serge, 18 oz., a 33 • .* • 24 pair
Shirts, field, woo], 16 oz., OGl8. . . . . . 27 each
Trousers, HBT, (greasy) . . . . . . . . . . 35 pair

TABLE 2.2

Fabric Swatches for Controlled Contamination

Number
Code Type of Swatohes

A Cloth, votton, 9 oz., sateen, dyed
(,ntreated) - Control 31

B Cloth, colton, 9 oz., sateen, dyed
(elean AP Base)* 31

C Cloth, cotton, 9 oz., sateen, dyed,
(Norane) * 31

D Cloth, cotton, 9 oz., sateen dye.
(Aluminum, cosp and wax)* 31

E Cloth, cotton, 9 oz., sateen, dyed
(Parm 0)* 29

F Cloth, cotton, 9 oz., sateen, dyed
(.Treated with Inorganic Pigments)* 31

G Cloth, cotton, 9 oz., sateen, dyed
(Treated with Inorganic Pigments, Permel)* 31

*Water Repellent Finishes

H Cloth, wool serge, 18 oz., CD 33 39
J Cloth, wool, shirting, 16 ox., OG 108 39
K Cloth, nylon, Oxdford, 5 oz., OD 100
L Cloths rayon, satin lining, 5.5 oz., blue

(viscose) 100
M Cloth, cotton, HBT, OD 7 100
N Cloth, cotton, carded sateen, 8.5 oz., CD 7 98

IIW
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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
Prbogram.*

A number of Project 6.3-1 test garments worn by persons entering
the shot area were decontaminated and returned to that project for their
evaluation. (See report of Project 6.3-1 for details and results.)

:4.7 of=N MIE

The following detergents and chemicals were used during the deoon-
tamination operations

Citric Acid (commercial crystals) , . . . . . 84 lbs.
Tartaric Acid (commercial crystals). . . . . . b5 lbs.
WDTA (tetra sodium salt of ethylene-diamine-

tetra-acetic acid) a . . . . a a * e 45 lbs.
Oxalio Acid (technical cryrstals), a # *. * * 15 lbs.
Laundry Sour (mixture of aqual parts of sodium-

silico-flouride and sodium-acid-
flouride . . . .v . . . . .@ 2O lbs.

Armour Detergent . . . . . . a . . 0. . 23 1be.
Chemioal Gomposition:

Renez 45.0%
Carbo.nmethyl

cellul ose 4.5%
Urea 50.5%

General Aniline and Film Detergent . . . . 5 lbs.
Chemical Composition:

Antarox (non-ionic) 20.0%
Borax 50.0%
Oarboxrmethyl

Cellulose 3.0%
Sodium Sulfate 26.0%
Tamol 1.0%

Sodium HexRmeta-phosphate . . . . . , . 8 lbs.

2.8 WAT

Water used in the launary was taken from 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. 8, Bureau of Standards, is
given In Table 2.3
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TABIX 2.3

Water Analysis

Calcium Hardness (au CaO0) .•• 131 0pm

Magnesium Hardness (as Ca8O3). • • •118 ppm
Alkalinity (a. HOO 3)..... . 387 ppm
Chloride (asCl). . . . . . 11 ppm
Sulfate (as SO4 ) . . . o ° . . • 38 ppn
Sediment . . . . . . . 19ppm
002 Lot detected

13



CHAPTE 3

ELYtIATION m S eAlO 2 Lam mup A =
3.1 01IA OA

In evaluating laundry equipment and materials for their suitability
and effectiveness for clothing decontamination, fabrics and clothing were
first contaminated by controlled methods, then decontaminated. The of-
ficienoy of the operation was then determined by use of the monitoring
instruments described in Chapter 2.

3.1.1 Controlled Contaxlnation Procedure

Contaminated soil taken 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 system. As the clothes were tumbled, the
contaminant was circulated through the clothing for five minutes. An
exhaust duct was then opened while the machine continued to run for five
minutes, thus exhausting loose dust into a cloth collecting bag.

3.1.2 a Formu Evaluation

The laimdry formula evaluation phase consisted of testing
two general type formulae and modifications of these formulae by the sub-
stitution of supplies. The two general type formulae are given in Table
3•1.

Six special 60 pound loads of trousers were deliberately
contaminated as outlined in paragraph 3.1.1 above. Bach of the loads
was identical, consisting of 30 carded cotton sateen trousers, 16 nylon
trousers, and 16 rayon trousers. These loads were numbered one through
six. 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 ji Process

1. Mobile field formula (Armour Detergent)
2. Mobile field formula (General Aniline Detergent)

14
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3. Formula 77A
4. Formula 77A - Tartaric Acid subs for Citric Acid
5. Formula 77Ak (NaP-O)6 sub, for XDTA
6. Formula 77A - Laundry Bour sub, for Citric Acid

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

TABLE 3.1

Decontaminating laundry Formulae

Step Operation Water Level Temperature Time Supplies-(in) OF (min)

STANDARD QUARTERASTER MOBILE FIELD FOR•UUl

1. Ss 5 90-100 5 6 oz. Detergent
2. S&ds 5 230 5 3 os. Detergent
3o. Bids 5 140 5 2 oz. Detergent
4. Rinse 8 140 3 None
5. Rinse 8 2 3 None
6. Rinse 8 100 3 None

, ORMUL 77A

1. Suds 6 90-100 5 6 0. Armour Det*
2. Acid 12 140 5 4 lbs. Citric Acid
3. Acid 12 140 5 2 lbs. Citric Aci
4. EDTA 8 140 5 1 1/2 lbs. EDTA*
5. EDTA 8 140 5 1lb EDTA*
6. Rinse 12 140 3 None
7, Rinse 12 120 3 None
8. Sour 12 Tap 5 1 oz. Sour

*Tetra sodium salt of etbylene-diamine-tetra-aoetic acid*

1Source, War Department Technical Bulletin 10-352-2, dtd 26 Feb-
ruary 1946; however FM 10-16 MQuartermaster Laundry Company SedimobileN
Department of the Army dtd June 1950 has eliminated the third suds in the
above formula, The three suds formula has been tested during previous
tests 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 NAN laundry runs, was contaminated using one pound
of contaminated dust to approximately 20 pounds of clothing.

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
were contaminated ("B" laundry runs). Also, the order of processing the
numbered loads was reversed.

For the third cycle of the laundry formula evaluation
phase ("CN laundry runs) contamination was accomplished by using one
pound of contaminated dust per 20 pounds of garments. 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
three cycles. The processing order of this third cycle was as follows3
Laundry loads number 3,4,5,2,1, and 6.

In order to obtain a more complete evaluation of the effect
of the laundry supplies, one laundry run was made to determine ths amount
of contamination that would be removed by clear water alone. To acOom-
plish this, formula 77A was used complete with regard to running time,
temperatures 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 garment before and after each decon-
taminating process provided a means of evaluating the over-all efficiency
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 occurring during the time required for processing.

In order to evaluate each step of a particular formula, a
4-o=nce sample of the wash water solution wds 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 withdrawal of these samples.
After the samples from each step of a formula were collected, the activ-
ity of a controlled amount of each (approx. 4-oz.) was counted by means
of the special solution activity counter described in paragraph 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. Based on the amount of water in the washer filled to 8 inches
versus the amount for the various 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

16
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inch water level. The resulting data gave an indication of the percent
of the activity transferred from the clothing to the wash solution
during each step of each formula.

One 60 pound load of greasy HBT fatigue trousers, pro-
viously worn by mechanics at Fort Lee, Virginia, motor pool, was oontami-
nated in the controlled contaminating device. These trousers had been
worn by motor and shop mechanios forr a period of one worc 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 Had-Safe coveralls worn in the under-
ground shot area by monitors and scientific personnel were processed.
This processing consisted of monitoring with the Table Top Laundry
Monitor, then ordinaý_y laandering with the mobile field formula and re-
monitoring.

3.1.3 D 9S Contamination and of Washin• Solution Waste Water

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

During the laundry formula evaluatiov phase, decay read-
ings were taken on the waste water from one run of the mobile field
formula and one run of formula 7VA. 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 Suitability of Wooden Washer

Two 75 pound loads of mixed types of trousers (cotton
sateen, cotton field, nylon, and rayon) were set aside for processing in
the wooden washer. These loads of trousers were contaminated in the con-
trulled contamination tumbler as outlined in Paragraph 3.1.1, monitored,
and then laundered in the wooden washer. Prior to and after each 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 pair of trousers
from each load were monitored on the Table Top laundry Monitor to prrvide

17
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a measure of the effectiveness of decontamination. After being recon-
taminated, the two loads were each processed with formula 77A. This en-
tire procedure was then repeated, maki-ng 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 oxslio acid. Then pressure hosing with a solution of ethyl-
ene-dimmine-tetra-acetio acid followed with a clear water rinse also
applied by hose. The washer was monitored before and after each of the
foregoing baths to determine the degree of decontamination accomplished.

3.1#5 Trans-fr 2L 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 processoe with the hot loads to
indicate the amount of contamination transferred to uncontaminated cloth-
ing when it is processed with contaminated items.

3.1.6 Inhalation Hazard to Japdr Monitorinf Pronnel.

Air samples were taken inside the monitoring tent to
evaluate the health hazard from inhaling radioactive dust while handling
contaminated clothing. The air samples were taken by representitives
from the Radiological Safety Group. The air sampling instrument was
operated adjacent to the laundry monitoring device where the air would
be the most highly contaminated.

3.2 RW

Results of the eyaluatirn of laundry equipment and methods are
included in the following paragraphs.

3.2.1i For-mule Evaluatio

Table 3.2 shows the effectiveness of the six laundry form-
ialae based on the percent of contamination removed as measured by the
Table Top Laundry Monitor. These figures represent Lhe over-all average
of a load of 62 garments consisting of sateen, rayon, and nylon trousers.

In addition to the total percent decontamination for a
laundry run, as based on the measure of activity before and after

18r0
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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 sum of these corrected scaler counts for all steps of a formula were
considered to represent the activity removed by the complete laundry pro-
cesm. As the amount of activity present is reduced after each step, the
figures representing percent removal are 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 seen from the analysis 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" runs. The tendency
for a greater amount of activity to be removed from now fabric continue's

through the first few steps, then appears to decrease, so that the over-
all decontamination produced is about the sue for both new and used
fabrics. Apparently, the now fabric additives that are readily soluble,
are removed early in the first laundering, but this has little effect on
the total decontaminationo

In order to better evaluate the decontamination formulae,
comparison was made by considering laundered garments oi the "B" and "G"
runs only. These two groups of laundry runs represent both high and low
degrees of contamination.

The order of efficiency of the six laundry formulae tested,
based upon the percent decontamination of the average "B" and OC" runs,
is presented graphically in figure 3.1.

A method of comparing formula efficiency is by use of the
"0Indices of Washing Efficiency" from the following equation:

Index of Washing Efficiency w
10 X (N removed by agent - % removed by H9 0) 2

(100 - % removed by H20)

The index of washing efficiency is equal to one-t-,enth of
the percentage removal of the contamination which is not removed by water
alone. The maximum index of efficiency possible is 10, in which case all
or practically all of the contamination is removed from the cloth. If

2 A. B. Carlson and William F. Neuman, The Removal cf Uranium Con-

pounds from Cloth, University of Rochester, Technical Information Dive,
ORE, Oak Ridge, Tennessee, p 7. P

20 i



PROJECT 6.7

TA=LZ 3.3

Nftilsenoy of hoh Step of laundry Formula

Stop Operation Laundry Runs

STAVDARD FIELD FORMULA (AAROUR DETERGEn)

"AN NBN WNC

1. 0 41.0% 31.6% 31.8%
2. Si.ds 29.1 31.0 27,4 /
3. SMAN 20.8 27.7 24.8
4. Rinse 23.7 26.7 21.5
5. Rinse 20.0 19.5 15.3
6. Rinse 13,8 14,5 12.0

SADR FIEL FORMUA (GNRLAIIE

"AN NB% No*

1. "azi 40.6% 35.1% 32.3%
2. 3uds 36.2 34o5 28.2
3. Suds 28.8 27.0 25.2
4. Rinse 19.5 19.5 18.3
5. Rinse 16.6 13.4 13.7
6. Rinse 7&2 8.3 10.2

FaMWIU 77A

"AN "B" NCO

1. Sudse 44.6% 2.9% 33.2%
2. Citric 41.5 27.8 33.9
3. Citric 19.8 16,7 19.5
4. EDTA 26.5 15.7 16.5
5. EDTA 24.2 16.8 20.0
6. Rinse 21.4 22.4 24.7
7. Rinse 6.5 24.7 19.9
S. Rinse 2.5 29.7 11.3

This Table is Continued on Next Page
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TABrI 33.3 (Cont'd)

Efficiency of Each Step of Laundry Formula

Step Operation IAundry Ruts

aFu.Lu 77A vith (NaPO3) 6

1. s4a 1.5% 35.0% 33.2%
2. Citric 39.3 30.3 28.5
3. Citric 27.3 14.4 16.4
4. (NP03) 6  24.7 Z3.7 17.8
5. (MaXW3)6  1.5 38.0 18.3
6. Rinse 16.5 29.6 21.7
7. Rinse 14.3 15.8 19.2
8. Rinse 2.8 7.0 9.3

F•ALWJ 77A with TARTARIC ACXD

"An 'B* 'C'

1. Suds 47.7% 36.5% 36.0%
2. Tartaric 52.3 45.0 31.9
3. Tartaric 23.5 23.0 19.8
4. EDTA 21.4 27.6 15.3
5. EDTA 28.8 38.8 19.7
6. Rinse 27.5 26.4 24.3
7, Rinse 9.8 13.4 14.9
81 So3r 3.7 14.5 10.1

yMV"A 77A with SOUR

"A' *DC OC'

1. Siuth 4. 3% 29.9% 30.9%
2. Sour 40.8 24.5 19.5
3. Sour 22.7 15.3 11.6
4. WDTA 34.9 17.2 14.3
5. EDTA 40.3 34.0 16.0
6. Rinse 37.2 33.4 16.1
7. Rinse 24.6 20.5 9.8
8. Sour 7.5 5.0

This Table is continued on Next Page
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TABLX 3.3 (Gont 'd)

Effioiency of Each Step of Laundry Fo'nuas

Step Operation Lmundry Runs

FCFRfLA 77A with WATER RINSES

"An PB3 Now

1. RinP•- 27.3%
2. Rinse - - 18.9
3. Rinse -. - 11.6
4. Rinse - 10.8
5. Rinse - - 9.0
6. Rinse -- - 7.3
7. Rinse -- 49
a. Rinse -6.7

the decontaminating agent had removed no more contamination than did
water alone, the index of washing efficiency would be zero. Also, if the
agent would result in lees decontamination than watew alone, the index of
washing efficiency would be between -1 and -10. The relative offeotire-
nose of the various formulae tested, as evaluated by this method, Is
shown in Table 3.4

TAMA 3.4

Index of Washing Efficiency

Yo-muld Laundry Runs

Standard Field
(Armour) 5 5 4
Standard Fieo-
(Gan. Aniline) 5 4 3
77A

(Alone) 7 7 6
77A
(with (90aPC) 6 7 7 6
77A
(with Tartario) 8 8 6
77A
(with Sour) 9 7 3

I2
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mOJMCT 6.7

The 60-pound load of greasy, cotton, herringbone twill
trousers were contaminated to an average level of 102 thousand counts
per minute per garment ao measured by the Table Top Laundry Monitor. Do-
0ontamination by use of Formula 77A reduced the lovel o2 activity to an
average of 8003 counts. This represents 92 percent decontamination
achieved on greasy trousers.

The 15 pairs of Had-Safe coveralls which had become con-
taminated by being worn near the underground shot on underground plus one
and underground plus two days were decontaminated by laundering with the
mobile field formula. The average decontamination resulting from this
procedure was over 90 percent.

3.2.2 Rg~j. A~ Rete-Qammj 1atio

Srface Shot: Decay readings were taken on nylon and
rayon swatches before and after laundering. These swatches were oontwni-
rated 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 same; i.e. -1.3, only the curve for nylon hae been given in
figure 3.2 to show the relationship between laundered and unlaundered
fabrics. These curves represent beta-gamma activity only.

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

Figure 3.4 shows the beta-gamma decy rate for an aliquot
ample of water from the first group of laundry evaluation runs. One

curve represents the decay rate for the waste water from the uobils
field formula with Armour detergent and the other curve represents the
decay rate for the waste water from the formula 77A. The slope for each
is approximately -1.7.

The scaler count for garments contaminated followsng both
the surface and the underground shots was reduced by approxiuately 90
percent when an aluminum Beta shield was placed between the tubes and the
garment on the Table Top Laundry Monitor.

3.2.3 3uitability ý Wo-of WfýUher

The wooden washer was at- effective when used for laundry
decontamination as the stainless steel washer, using the suaie laandry
formulae and processing the same type garments, contaminated under the
same conditions. The average percent decontamination achieved by four

25
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PROJECT 6.7

laundry rans with the wooden washer and three laundry runs with the
stainless steel washer for each of two laundry formula in shown in Table
3.*5.

The wooden washer did not become contaminated to the extent
that it would be impractical to use. The contamination did not 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
at this level throughout four more runs. These data are shown iu Table
3.6.

TABLE 3.5

Comparison of Decontamination Performed
in Steel and Wooden Washers

(Sateen Trousers)

lAundr.• Fo"ul

Type Washer Mobile Field Formula 77A

Wooden Washer 86.7% 89.4%

Stainless Steel 80.1 90.9

TABLE 3.6

Activity in Wooden Washer (mr/hr)

Inside Washer Waste Water
Run No. Formula (Highest Reading) Dump Value

1i Mobile Field 4.5 1110
2. Mobile Field 5.0 11.0
3. 77A 4.5 10.0
4. 77A 11.0 12.0
5. Mobile Field 10.0 11.0
6. Mobile Field 30.0 12.0
7. 77A 7.0 12.0
8. 77A 10.0 11.0

29
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Fout pounds of oxalic acid were put into the washer and
run for ten minutes in ton inches of water at 1400F. This did not mate-
rially lower the activity of the washer. Pressure hosing with an or-
ganio chelating agent following the oxalic acid treatment brought the
level of aotivity down only slightly. This was followed by a clear water
rinse to remove any of the decontaminating chemicals which would tend to
cause corrosion of the metal parts.

3*.24 Transfer of Contamination

Four uncontaminated garments, two pair each of field and
carded sateen 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 picked 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:i 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
laundry formula ewluotion phase; however, the two pair of uncontaminated
field trousers which were laundered with each of these 18 laundry runs
picked up considerable activity as compared to other type trousers# In
every case, these field trousers were more radioactive than the original
contaminated sateen trousers after laundering. In comparing the two
types of trousers tested ror transfer of contamination, the field trou-
sers were in the order of two to four times as radioactive after launder-
ing as were the carded sateen trousers.

3.2.5 Inhalation Hazard to Laundry Monitoring Personnel

On the second day following the surface shot during the
period of time when contaminated garments were being monitored, the air
sampling device indicated that the air in the vicinity of the clothing
checker contained approximately 1.4 micro curies per cubic meter.

During the period between the second and the seventh day
following the surface shot the air was filtered from near the clothing
monitor 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.
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PROXCT 6.7

This discussion includes statistical evaluation of results as well
an the implications that may result from considerations of economq and
availability of supplies and equipment.

3.3.1 U-p Fom-a lyvalation

The data concerning percent decontamination was evaluated
for significance by nse of the following formula for the ratio of the ob-
served difference to the standard error of the difference. 3

X

-- x2

x .1 x21 S

X = Observed Difference

T- Standard error cf the Difference

x Average Percent Decontamination

SD : Standard Deviation
N : Number of Samples

There was no significant difference between Armour Detergent
and General Aniline Detergent when used for decontamination. In every
case the difference between results obtainud with the Mobile Field Formula
an• Decontamination Formula 77A is significant.

In two oases the use of tartario acld was significantly
better than citric acid when substituted for oitric acid in Formula 77A;
in the third casel while the tartaric acid appeared slightly more effi-
cient, the difference was not significant. There was so much variation
In the results obtained by the substitution of laundry sour for citric
acid that no definite statement can be made as to its effeotveaess.

Due to the large number of asamples in each laundry load,
the statistical significance of some of tho data was greater than the
practical difference occurring as the result of using different supplie.

3*roxton and (eoden, ARPliad General Statistics. p 319.
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For example, the first cycle of the formula evaluation (Runs *A") indi-
cated that there was no significant difference b6tween using the tetra
sodium salt of ethylene-diamine-acetic acid and sodium he-ameta-phos-
phate; however, for the second cycle (Rune NB") the sodium meta-phosphate
was significantly better and during the third cycle, (Runs NC") the
ethylene-diamino-tetra-acetic acid was significantly better. The practi-
cel 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 is a difference 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 should be given to the cost of performing a
laundry run before it in adopted for general use. A comparison of prices
is shown in Table 3.7. The price for detergent in based on the Ar
Pricing Guide for 1952. The price for the other chemicals is approxi-
mate and is based on commercial bulk purchase ecitimates.

TABLE 3.7

Cost of Supplies for One Run
of Each Laundry Formula

Formula 77A $3.55
Formula 71A with Tartaric Acid 4.45
Formula 77A with (NaPO3) 6  2.42
Formula 77A with Laundry Sour 2.37
Mobile Field Formula (Armour or General .20

Aniline Detergent)

Since atomic tesUs are conducted in the open and the person-
nel entering contaminated areas normally wear clean clothing, the question
arose as to the amount of decontamination that might be expected for
clothing 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 soil.

In evaluating the effectiveness of the decontamination pro-

ceas, consideration was also given to the need for such a process. The
degree of contamination encountered is discussed more fully in Chapter
TV, *Evaluation of Fabrics." It is, however, interesting to note that 4

3•H
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the only Information available with regard to allowable degree of contame-
ination on clothing, is that published in D/A Pamphlet, "Handbook of
Atomic Weapons for Medical Officers" which is quoted below. 4 This
tolerance level is for peacetime, industrial application and inoludes a
substantial factor of safety.

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

a. Thin side-wall GM tube (30-40 mg/cm2 such as the
AN/PDR-5)-7 mr/hr indicated beta plus gamma when
measured with the tube parallel and not more than
6" from the contaminated surface.

b. Thin end well GM tube (2-4 mg/cm2 such as the
AK/PDR-27)-2 mr/hr indicated beta plus gamma with
the thin window parallel and not over 6" from the
contaminated surface.

It is interesting to note that the personnel of this pro-
ject received no information of any clothing becoming radioactively con-
taminated to a measureable degree through wear following the surface
shot. Also, after the underground shot, the total of seventeen coveralls
obtained were the result of screening approximately one-hundred coveral3s
in an effort to obtain some which were higlly 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 a slope of
-1.2 (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 no difference in the type of contaminant removed by the 4
two laundry formulae.

The decay slope did not differ materially firm that an-
countered during Operation GREENHOUSE; however, the reduction in scaler Li
counts due to shielding with an aluminum shield was approximately 90
percent on Operation JANGLE as compared to approximately 80 percent at
Operation GREENHOt.

4 D/A Pamphlet #8-11, Handbook of Atomic Weapons for Medical
Officers, 26 June 1951, p 44. h,
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3.3.2 4tabSit of W ooean her

The wooden washer used during this test was a new washer
and thus required a considerable amount of soaking before it would swell
sufficiently to hold water. The wood appeared to have been coated with
a preservative finish, therefore the cylinder and shell were cleaned by
use of caustic soda and oxalic acid. 5

The wooden washer was as effective in decontaminating
clothing as was the stainless steel washer; however, the wood did accumu-
late contamination to a limited extent which was not easily removed. It
may be that the washer continued to swell during the first few laundry
runs resulting in some contamination becoming entrapped in the cracks.
In any event the degree to which the wooden washer became contaminated
in oonsidered to be so low as not to present a problem. This may not
hold true for an old used washer. It is believed that a used wooden
washer should be thoroughly cleaned of soap scmi prior to its being used
for decontaminating radioactively contaminated clothing. Also fatty-
acid soaps, which precipitate in hard water, should not be used in the
decontaminating formula.

3.3.3 Inhalation Hazard to Laundry Monitorini Personnel

The dry condition of the contamination on clothing centsa.-
lated in the tumbling device could be expected to create more of an in-
halation hazard than garments contaminated by wear. Although there was
an 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 microcurie per cubic meter of
the total air inhaled. Although contaminated garments should not be
deliberately shaken or handled in such a way as to create a dust hazard,
there appears to be no necessity for wearing dust respirators during the
monitoring operation.

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

3VA LATI OF A4 M=

4.1 PUAUTICAL PRO 1S I

This study consisted of an evaluation of both synthetic and natu-
ral fabrige as well as special fabric finishes an to their comparative
eontamniability and decontainability under controlled ronditions.

4.1,1 Clothing Contaminated Through Wear in shot kes

On surface shot plus two days, nine persons wearing cotton
herringbone twill clothing entered an area reading between 80 and 150
mr/hre These persons were members of Project 6.2 (Lad Reelamtion) ad
worked with bulldozers and road graders* Upon completion of their work,
the group turned their clothing ovar to Project 6#7 and were issued
cotton field jackets and field trousers for the followin daye on am

face shot plus three days, the nine persons again entered are..o reading
between 80 and 150 wr/hr doing work simaila tu that of the previous days
This clothing was also turned over to Project 6.7 at the end of the day*
No further issue of clothing was made to personnel of Project 6.2.e

Personnel of Project 6*3 entered the surface shot area
wearing their own test clothin&g This clothing was also turned over to
Project 6.7 for procesoing.

4.1.2 §watches and Clothin& Contaminated U Controlled Methods

The fabric swatches and the woolen shirts and trousers
listed in paragraph 2.6 were subjected to controlled contamination an
described in paragraph 3el.l1 The contaminant used in this ease was V
picked up frou the lip of the crater on surface shot plus six dayse In
instances where one fabric type did not contain enough swatches to make
a 60 pound laundry load, two similar types were combined or other ma- -
terial was added to bring the weight up to 60 pounds. The rayon, Code
L, and nylon, Code K, swatches were processed togetherl and the wool
trouser material, Code H, and the wool shirting, Code Js swatehes were
processed togethere The woolen shirts and trousers were also combiaed
into a mingle load. Since the number of eash type of swateh, Cede A
through s, was relatively small, eash of these code types was built up
to 60 round loads by the addition of cotton sateen trouserse
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After contaminating the combined and bilt up loads, they
were all monitred on the Table Top laundry Monitor, laundered with the
mobile field formula, and then remonitored.

4.1.3 Radiographs of gontomination

Radiographs were taken of two suits of coveralls which were
worn in the contaminated area following the underground shot. Also,
radlographe 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 with the contaminated
material for the period of time necessary to produce exposure. Pre-
liminary ezporientiag indicated that approximately 35 millfroentgen. of
radiation (intensity being measured with AN/PDR-T-2) would produce con-
siderable blackening of this type of film.

In making the radiograph of coveralls, eight pieces of the
film were fastened to a sheet of plyvvod in order to provide complete
coverage of the coveralls*

4.2 USULTS

The results of the fabric evaluation phase of the project together
with radiograph* of some sontaminated materials are presented in the
following paragraphs.

4p.2.1 Clothin Contaminated Through Wear in the Shot Area
(Surface hMot)

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

The garment containation resulting from wear by Project
6.3 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 6.3.

4.2.2 Swatches Contaminated by Controlled Methods

The 22 x 26 inch 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 synthetics, and Code letters M and N
represented cottons. These codes listed in Table 2.2 are together with
a complete description of the fabrics.
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PROJECT 6.7

The oontaminability of sash type swatch and the decontam-
inability of each type in percent removal of tha contaminant originally
present ia shown in Table 4.1 and graphically in figure 4*.1. lah
figure represents the average of the readings on all swatches of a given
type* The percent decontamination represents the action of the mobile
field formula in every oae.

TABLE 4.1

Relative Contaminability and Decontaminability of Fabric Swatches.

Activity 103 c/a
Code Before After Per cent

IUundering Laundering Decontamination

106.9 27.2 74.6%
B 150.1 35.7 76.2
C 167*4 108.5 35.2
D 161.9 34.6 738

E 145.5 2509 82.2
F 156.6 50*4 6708
G 126o4 46.6 63 .1

H 131.1 15.5 88.2

1 140.4 10.2 92,7

K 110.5 8.5 92.3
L 95.4 26.5 72.2

M 126.9 42.2 66.7
N 125 .0 20.6 83.5

4.2.3 ClohnA Contaminated br Controlled 1I.thodo

The 27 wool field ehirts, and 24 wool serge trousers,
showed the following degrees of .ontaminabil-.ty and decontai•inability.
All prooessed with the mobile fild formula, as were the ewatcheso Data
regarding these items are shown In Table 4.2.
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PROJECT 6.7

TABLE 4•2

Woolens Processed vth Mobile Field Fornmla

Activity /
Type Before Alter Per cent

laundering Laundering Decontamiration

Shiirts 261e1 32.9 87o4%

Trousers 196.9 23.2 88.2

For the purposes of fabric study, an evaluation was made
of the data from the laundry formulae evaluation phase of the test that
concerned contaminability and deoontaminability of nylon, rayon. and
cotton sateen trousers when processed with the mobile field formula,
These d&ta were further broken down into new and laundered trousers*
The level of activity in the dirt with which the new trousers were oon-
taminated was much lower than that with which the laundered trousers
were contaminated, hencs they received less contaminationo These data
are shown in tables 4.3 and 4.4.

TABLE 4*.3

New Trousers Processed with Mobile Field Formula

-Aativitz 0
Number Trouser Type Before A fter Per cent

Laundering Laundering Decontaminatiou

32 Nylon, oxford, 5 oze 27.7 1.9 93%1$
32 RAyon, satin, 5.5 oz. 2D.3 5.1 74.5

60 Cotton sateen, 805 os. 20.1 3.6 81.9

TABLE A4o

Laundered Trousers Processed with Mobile Field Formula

Activity q0s/&__
Number Trouser Type Before After Per cent

Laundering Laundering Decontamination

32 Nylon, oxford, 5 oz. 183.9 28.7 84-4
32 Rayon, satin, 5.*5 oz. 277o8 67.5 75.7
60 Cotton sateen, 8.5 oz. 266.2 67.3 74.7
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Further fabric evaluation studies were made on the cotton
field and sateen trousers which were processed in the wooden washer.
This included both new and laundered trousers. Table 4.5 gives the data
for new trousers while Table 4o6 shows the results for trousers laun-
dered three times.

TABLE 4.5

New Trousers Processed in the Wooden Washer

I . etiityv 103 Q/m

Number Trouser Type Before After Per cent
Laundering Laundering Decontamination

10 Cotton sateen, 8.5 oz. 102.5 19,0 81.5%
20 Cotton, field, 9 ozo 65.8 21.1 6799

TABLE 446

Laundered Trousers Processed in the Wooden Washer

Activity a c/m
Nu~er Trouser Type Before After Per cent

LaunderingJ Laundering Decontamination

10 Cotton sateen, 8.5 oze 98,4 6.5 93&5%
20 Cotton, field, 9 oz# 10.1 15.,6 85.8

4e294 Radiographs of Contamination

Figure 4.2 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 shot. 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 40 mr/hr over the waist area and approximately 30 or/hr over the
shoulder area. Note: The two white blotches are undeveloped areas on
the film.

Figure 4*3 is a picture of the distribution of contami-

ination on a pair of ABC coveralls which was worn in the vicinity of the

underground shot on the second day following this shot. The film was ex-
posed to this garment for three hours. The activity as measured with

the AN/PDR-T-2A with the tube held six inches from the garment was
40



PROJECOT 6.7

IA

"Ire --

Fig* 4.2 Radiograph of Coveralls Worn in the Underground
Shot Area on Underground plus iOn Day
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Fig, 4.3 Radiograpb of Coveralls Worn in the Underground
Shot Area on Underground plus two Days
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PROJECT 6.
approxLmately 30 mr/lr fo the left knee area, 20 mr/N for the right
knee area, and 10 mr/hr in the chest and shoulder area. One should keep
in mind that the picture is a mirror imago of the garments

Figures 4-.4 through 4.7 are the results of exposing flm
to contaminated fabric swatches* Information included with each figure
indicates the type of fabric, washed or unwashed materials the intensity
of radiaticn as measured with the GM tube of the AN/PDR-T-PA hold six
inches from the material, and the length of time of film e.oseuroo

4.3 DISCUSSICU

An examination of the data and observotion, regarding the suscep-
tibility of various fabrics to contamination and decontamination as well
as the dispersion of contaminat.ion on th3 fabrics is presented in this
sectiona

4#3.1 Clothin Contaminated Through Wear in the Shot Area
(§rfc hot)

The wearing of clothing in tao surface shot area did not
produce any amount of contaminated items. This was well demonstrated by
Project 6.2 personnel who worked on bulldozers and road graders. Zven
with the tremendous amount of dust generated, their clothing showed nocontamination above background. As a resicat of this lack of contam-
ination, no attempt was made to evaluate the fabrics put out on this
wear phase of the test.

4*3*2 Swatches Contaminated by Controlled Methods
(Special Finishes)

The testing of water repellent finishes originated at
Operation GREUMOUSE where water repellent field trousers appeared to be
more susceptible to contamination and less so to decontamination than
other fabric types* On Operation JANGIS the various water repellent
finishes, Codes B through G. showed a greater pick-up of contamination
than the untreated controls Code A*

Table 4#7 indicates the relative order that the finishes
contribute 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 an" did not permit
complete control of all factors. One major factor that could very easily

have affected 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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Dcontaminated Nylon: AN/PDE-T-2k - 6* mr/br Exkposed 6 hr..
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Ccutaminated Sateens AN/PDR-T-2k - 12 mr/hr - Exposed 3 hr..

Decontamiinated, Sateen: AN/PFlR-T- -k 2 mr/hr - Excposed 12 hro.

Fig* 4*.6 Radiographs of Sateeni Before andht After la~urkdringo
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DContaninated HBT: WNPDR-T-2A, - 39 w r/hr Exposed 12 hre,

Fig*4@7Radograhs f HT BeoreandAfte Laideing
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thus limiting the opporttunity to determine the amount of contsaminaties
that would adhere to each type of fabric. One final point to be cmn-
sidered is the action inside the tumbler during the contamination pro-
coe@. The action of each swatch within the tumbler should have been the
same, but there is no way of knmwing that with one type of swatch, per-
hap, jthe action was radically different than for the other typee.
These points make it difficult to nay with certainty that any one fabric
type or finish is more or lesn susceptible to contamination than another.
However, from the table it appears that, of the special finishes, all of
which are more contaminable than the untreated control, Code C is more
susceptible to contamination than the other types. It is felt that no
other difference can be stated.

Table 4.7 also shows that in two cases, Codes B and Z,
the finishes decontaminated more than did the control; while in the other
oases, a lesser degree of decontamination was performed. However, the
difference above or below the control, Code A, in not great enough to
warrant particular interest except in the case of Code C. (Table 4.1)
Code C, decontaminated 35.2 per cent,, and compared to the control and
other finishes, appears to be undesirable as a finish for clothing which
may be radioactively contaminated. This is further borne out by the
fact that Code C a-lao appears to be more readily contaminable than un-
treated or other finishes.

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

The two synthetic 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
(92.*5 per cent for nylon and 72.2 per cent for rayon).

Cotton sateen and herringbone twill both picked up very
nearly the same atwunt of contamination. There is no explanation for
herringbone twill decontaminating only 66.7 per cent while the sateen
decontaminated 83.5 por cent. These fabrics wmre the same weight, color,,
and material. The only difference is probably one of those factors that
cannot be eliminated in a field test where rigid laboratory controls
cannot be applied.

!4
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Men 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, regardless
of fabric type. Second, the woolen fabrics do mot pick up any more con-
taoa1nation than cotton, and aside from the nylon, the woolens are as
readily decontaminated &a other fabrics. Third, the special LAnish,
Code C (dorane), is loss readily decontaminated than any of the fabrics
tested by a very large margin of difference.

4-.33 giothig Contnainated bv Controlled Ihthods
(ScaFinishes

The wool felt shirts appeared to pick up more contamiination
than did the wool serge trousers. However, they both decontaminated the
cans amount. It appears therefore that there is very little difference
between the two wools so far as contaminability and decontaminability
are ooncernede

The cotton and rayon trousers were very nearly alike in
both contaminability and decontaminaility, regardless of whether they
were new or laundered. The new nylon trousers were more susceptible to
contamination than either rayon or cotton; on the other hand, tke launr-
dered nylon trousers were much less susceptible to contaminatten than
either rayon or cotton. This difference between new and laundered nylon
trousers was further brought out in the decontamination; the now ones
decontaminated 93.1 per cent while the laundered decontaminated only
64.4 per cent. It is aoted that the three types of fabrics, cotton,
rayon, and nylon, regardless of whether now or laundered, showed approxi-
mately the same per cent decontamination as the corresponding fabric in
swatch form&

The new field trousers showed less susceptibility to con-
tamination than new sateen trousers. However, after both types had been
laundered, the field trousers showed slightly greater residual contam-
ination than the sateen trousers, 67.9 per cent decontamination for
field agaiust 8143 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 con-
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 is impossible to ascertain in
the field which finish is on any one pair of trousers. Therefore, any
test of field trousers from general stocks may vary greatly in the
results depending upon the number of trouser.- hich have been treated
with each of the finishes listed in Table 4.7. In this connection,
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since Code C falls considerably below all others insofar as qualities
desirable in connection with radioactive contamination are concerned, it
is believed that more extensive and specific teats my be in order.

4.3.4 Radiograph, of Contamination

Since the atudy of methods for decontamination ot clothing
began, there has been thn question of the general distribution pattern
of contamination one iight expect from a garmant 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 garnts after the surface shot, no radiographs were
made. Following the underground shot it was possible to expose fila to
two pair of coveralls. The film indicates that ýhere is a certain
amount of containation fairly uniformly spread over the garment, but in
additions one or two careless moves by an individual can result in a
concentration of Contamination at specific locationse

Figure 4,.2 indicates that the wearer of this garment used
both of his left pockets. Alao, it appears that he ma= hays rubbed
against somsobing or carried some contaminated article a.cross -the front
of hi. body below the waist.

Figure 4*3 clearly shows that the wearer of this garment
used his right breast pocket several tia.s, possibly he carried his
notebook or cigarettes there. Also, ho apparently was on his knees in
tho contaminated area.

In both figurees the outline of the masking tape is 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 disprove any point. 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 appeared. The
pictures before and after laundering are not of the same piece of fabric,
therefore comparison of change can only be made generallyo

in several cases with fabric swatches the exposure appears
concentrated at points, whereas the contamination on coveralls appears
as shaded. In considering this difference, one must remember that it
was possible for the film holder to make closer ccntact with the fabric
swatch than with the pair of coveralls, and it is possible that this
difference in distance could very well account for the differeace in
effectso
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EVALUATION Qf W)NIT•RIQM INSTRUIk&NTS

5,1 OMUITIONAL PROC"D

Observations were made by the operating personnel durizg operation
JAIMLM to determine the suitability of the various "xpeA imenal ,lothing
monitoring instruments for field use.

It was desirable to determine whether the scaler readings of the
mgltiple tube instruments increased proportionately as the activity in-
creased* Also, it was desired to know the comparative readings of the
various instruments at different levels of activity; especially at the
tolerance levels

A piece of cloth, 27 x 45 inches, was contaminated by sprinkling
sifted dust uniformly over the swatch and then spraying on plastic
adesiv to hold this cotaminated dust in place. After each addition of
enta-inant, readings were taken with the different experimental instru- F
Sontso

5.2 WUSt)LTS

These results include an evaluation of each instrument and a com-
parison of the relative readings of each instrument ',o ,.be Sigia•l Corps
Table Top Laundry Monitor in paragraph 5.2.o.

5.2.1 Chiemical Co~ Clothin Checker (&gerimental) Fnj)

Readinip with this instrument varied considerably duo to
the criticality of the geometric poltion of the garment with respect to
the tubes. Due to the large numer of Geigeir-4ueller tukes, i.e. ten
tubee, the maximum reliable capacity of the instrument was below the
point at which a garment would be classified as contaminated to an unsafe
level. There ie no satisfactory meaus of knowing if or when one of the
tubes ceases to function properly. Too much time and physical effort is
required to raise and lower the lid of the clothing checker.

b• . . ... = • . . . . . _ :_J • r. .. •. , " . •
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5.2.2 Modified Chemical Corps Checker a. u4
This instrument gave mcre consistant readings than did the

Chemical Corps Clothing Checkkr when the same garment was monitored
several times* This may be explained 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 tubes. By eliminat-
ing the top or lid part the problem of raising and lowering it was over-
came as well as permitting an increase in the maximul reliable range
with respect to the level of contaminationo The problem of not knowing
when the individual tube had reached the end of its life span was the
same as with the Chemical COrps Clothing Checker.

5.2.3 S Corps Table lop foitor (FUg J)

After a considerable amount of preliminary checking of
several experimental clothing monitors, it was decided to uas this in-
strueont for the laundry formla and fabric evaluation phases of the
operation. This instrument most nearly filled the requirements for
either a research type o.- a field type instrumnt. Although there was
no way of knowing when a tube ceased funationing, no difficulty was on-
sauntered with the tubes during the operation. These halogen type tubes
have an unlimited counting life, whereas the other G tubes are limited
to about 109 counts.

There were a few specific minor features about this in-
strument wbich can be improved from the standpoint of operating ef-
ficiency. However, the instrument is satisfactory for use as a research
type instrument and can be adapted to serve &a a field mscreeningu in- A
strument"

5.2.4 S C §c.RR, Ara r Monitor

This instrument was probably the most ingenions instz nt
tested; and, with the exception of a few mechanical difficulties, it
functioned qtuite well and is satisfactory as a research type instrumente
Ruwever, it was agreed that this instrument wad not a practical field
device because of the many mechanical parts.

5.2.5 Hadiae Moter from RadiAc Set ANIdPMI 27A and Portable
Ceiger-Mueller Surv eter / -

Although these hand survey instrumsnts were not intended
for clothing monitoring and are not satis factory for this purpose, two
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such msters were used during the test. Their use was necessary to cor-
relate Ihe tolerance for contaminated clothing; ice. 2 mr/hr with the
27A or 7 xr/hr with the T-2A, with the readings obtained on the experi-
mental clothing cheockers.

5.2.6 Comparison of Relative Readings Between Instruments

By uniformly spreading contaminated dust over a piece of
sloth, 27 x 45 inches, it was possible to control the contamination at
various levels. Thus, comparative readings of the various instruments
wag made possible. It was also possible to obtain the approximate in-
strumant readings that a garment would give when the garment was con-
taminated at the tolerance level. The term tolerance level is used in
this manuscript as described in paragraph 3.3.

As the Signal Corps Table Top Laundry Monitor was adopted
as the standard instrument for experimental use during this operation,
the graphic comparison of the relative instrument readings is made, in
each caso of this instrument. Coaparison of the relative readings of
the other instruments was made by using the readings of the Table Top
Laundry Monitor as a 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 radioactivity doubles,
the instrument readirg should double. Loss of efficiency 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 efficiency is within the mechanical functioning of the sealer.

If it may be assumed that the AN/PDR-T-2A and the AM/PM
27A are fairly reliable within the range indicated in figures 5.1 and
5.2 then it may be seen in those two figur - that the Table Top Laundry
Monitor is quite efficient. These two figures also clearly indicate
that the readings of the T-2A and the VA are in the ratio of 7 to 2.

The loss of efficiency in counting is plainly evident for
the Chesdcal Corps type instruments in figure 5.3. This condition does
not appear an pronounced as it actually is because the loss of counting
efficiency within the Table Top Laundry Monitor tends to straighten the
curve. Based on the results indicated in figures 5.1 and 5.2, the tol-
erance for clothing is approximately 203,000 a/m en the table top moni-
tar. In referring to figure 5.3, curve 1, it may be seen that 200,000
e/a on the Table Top Laundry Monitor is comparable to appruimatelj
700,000 c/o on the Chemical Corps Clothing Checker. As the mwudam
rated capacity of the Berkeley Decimal Scalar, Model 2000, is 600,000
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c/&, it is evident that the amaxmiu 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.

Measuremnts were made with the Signal Corps Table Top
instrument by taking the scaler readings in counts per minute and dial
readings from a count rate meter. Scaler readings were used in the
laundry formula and fabric evaluation phases* The count rate meter
readings were used in order to evaluate the desirability of using this
instrument 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
center 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 dosimeters were placed on a contaminated piece of cloth
for a period of four hours at each of several levels of contamination.
A graph of these dosimeter readings versus the Table T op instrument
readings are shown in figure 5.5.

When the Table Top Clothing Monitor registered 200,000
counts per minute (apprcinmately the established clothing tolerance
level) the pocket dosimeter was found to discharge at the rate of ap-
proximately 16 mr/hr, or approximately 0.4 Roentgen in a 24 hour period*
This is not considering the decay factor*

5*3 DISCUSSION

The Signal Corps Table Top laundry Monitor was equipped with a
count rate meter which permitted a more rapid monitoring of garments
than could be accomplished by taking a scaler count. This count rate
meter could be operated on either high or low range and chart.- were
provided for converting meter readings to the equivalent scaler readings
in counts per minute. On the low range the curve through points of
equivalent moter and scaler readings was not a straight line, therefore
it v.- necessary to convert all readings to scaler count before sub-
tracting the background. Also, the scaler count gave a more precise
count than was possible by reading the count-rate meter since each &rad-
uation on the meter dial represented from two to four thousand counts
per minute depending upon the degree of activity. Considering theme
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P factors, it was decided to Use only the scaler readings for ealuating
laundry formulae and fabrics.

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

A problem exists in the monitoring of different size garments*
For example, a pair of coveralls m1ilit be contaminated below toleranee
and a bootee several times tolerance, yet the bootee would indicate a
such lower reading on the clothing monitor than would the pair of cover-
eans, because of the difference in size and consequent total amount of
activity. A solution to this problem might be to establish three
separate tolerance levels when monitoring with this device, i.e., one
level for bootees and gloves, one level for trousers and shirts, and
another level for covwralls.

The Signal Corps provided a radioactive plastic sheet which proved
quite valuable in evaluatiug 'the instrumonts, The radioactive material
was of the strontitm 90-yttrium 90 pair which has a 25 year half life
and emits beta particles with a maximsm energy of 2.3 Mey. This

1' material was sandwiched between too vinylite sheets so that there was no
danger of personnel contamination from handling. The activity of this
sheet was 7 wr/hr at six inches as measured by a Nuclear Instrument
Company Survey Meter, Model 2610-A using a thin-walled beta-gamin Geiger
Tube.

This radioactive plastic sheet served as a check on the reproduc-
ibility of the instrument readings from time to time and also as a
tolerancw level calibration for the instrument. In checking the radio-
active plastic sheet it did not appear that 7 mr/hr with the side window
tube was comparable to 2 mr/hr with the end window tube ihen read with

the AW/PM-T-2A and AN/PRM 27A. The energies of the beta particles from
the plastic sheet were 0.6 and 2.3 Nov. as contrasted with the range of
enrgy levels from fission products encountered following a banb burste
In attempting to answer this preblem it was decided to conduet a subse-
quent experiment in which radioactivity resulting from a bomb burst was
builtup in layers on a cloth satch* Each time a layer was added, read-
lags were taken on all of the clething monitoring instrusemna, including
the hand survey meters at a distanee of six inches frem the eentamina-
t tLo and pocket dosimeters in contact with the swatch. This information
shewed the relative readings of the instruments at well as the discharge
rate of the pocket dosimeter and is an approximation of thu dosage that
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w034 be Ind•otod it the douimter were mom in a pooketp howeer, the
results obtained fnu te pocket dos:Lmtor readijAg aro ana7 indioativa*.

6.
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GILME~R 6

COCLUSIClS A F_ RCO••ATIONS

6.1 0 gCIMSIONS

The results of the teat of clothing decontaaunrtion procedures and
evaluation of laundry methods after a surface and underground atomic
bomb explouion lead to the concluuaioa that:

6.1.1 Bveluation of Launry Equipment and Methods

The hazard or clothing contamination following an under-
ground explosion is greater than that following either a surface or an
air burnt.

The Quarternaster Corps mobile field laundry formula (3
@%do) resulted in satisfactory decontamination of clothing contaminated
with the type of soil and activity present during the operation,

A more specific decontaminating laundry formula employing
citric cr tartaric acid followed by either an organic or inorganicchelatiag agent resulted in a higher degree of decontamination thanother foraulae tested.

The wooden laundr:' washer was found suitable for perform-
ing clothing decontamination and did Lot itself become excessively con-
taminatedo

Highly contaminated garments should be separated foma
those having little or no radioactivity prior to laundering.

The handling of contaminated garments and cloth swatches
presented no health hazard due to inhalation of contamination, which may
be shaken from articles before they are washed.

6.1,2 Xva~uatio of Fabrics

Tke water repellent finishes tested cauied fabric to pick
up mre centanivtiea than had it not been so treated. Further, this
test indieates that, Special Finishp Code C, is the least desirable
water repellent for elothing which may become radieactively contamirAted.
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The two woolen fabrics tested, 18 oz. serge and 16 oz.
felt *ahrting, are as acceptable# from the standpoint of contminabil ty
and deoomtaminability, as cotton or synthetic fabricas

Pockets of g-awnts worn in c outaminated areas are highly
talnerable to becoming contaminated.

6.1o3 Evaluation of Monitorinx Instruments

Aside from a few minor features, the Signal Corps Table
Top Landwry Monitor in satisfastory for use am a research type instru-
smit and also appears to be adaptable for use as a field screening in-
strumento

6.2 N•C LNEDATICNS

Based on Mhe resull, of the test program and the problems en-
countered during the teat# it is recomended that the Quartermaster
Corps, U. Se Army, be represented in future atomic and radiological war-
fare tests, and maintain close liaison 4ith the Radiological Safety
operation to the extent of ob3srving the efficiency of clothing decon-
tamination preoedures and field testing of clothing monitoring equipment.,

The Quartermaster Corps mobile field laundry formula with three
mods steps be adopted for vie in decontamination of clothing until it
has been shama that a greater problem of clothing decontamination exists
than appears at prosent.

The *tartermaster Corps radiological laboratory program molude
the testing of fabrics coated with water repellent finishes and their
effect on the contaminability and decotaminability of fabrics.

The developnt of a field type clothing monitoring instrument far
use of nobile field laundries be continued*
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RMSTER OF PROJE~CT 6,7 P]ERSONNEL

W*. Alfred H. Farthum. Jr.: Project Officer, AEC&R Liaison
Officer, Research and Development Division, Office of The Quartermaster
General. Major Parthum initiated the project proposal; supervised the
owr-all organization and planning of the project; received and edited
the test plan and final report; assisted in the uonduct of the test.

Lt. Coal, Donald C, Hughes: Assistant Project Officer. Colonel
Hughes was responsible for the direct supervision of decontaminationrP.
operations and radiological monitoring of test clothing and fabrics to
include preparation of reports. He also formulated basic plans for the
project.. He was the commanding officer of Detachment 7, 9135 TSU, Fort
Lee, Virginia, the unit to which the Quartermaster officers and enlisted
personnel were assigned for control and operational purposes.

MaJ. Howard Jamess 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.

We.* Robert B. Bennett: Administrative and Supply Officer. Major
Bennett supervised the administrative organization, maintenance of re-
cords and operating procedures pertaining to fiscal, supply, and manage-
mn&, functions; initiated purchase requests for special equipment; main-
tained project records; assisted project officers in laundry operation
and monitor instrumentation.

Capt* Joseph F. Nahan: Memorial Division, Office of The Quarter-
master Generale Captain Nahan worked closely with the Rad-Wafe 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 in a contasainated area. Capt. Nahan also
assisted in the clothing monitoring operations.

Cant. Jcha C. McWhorter, Jr.: Assistant Project Officer. Captain
Mheaorter supervised the controlled conta'mnation 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 assistes( in the analysis of the data and the preparation of
the report.
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Second Lt. William W. Goozee: Assistant Supply Officer.
Lieutenant Gooses supervised the receipt, storage, maintenance, in-
ventory, and issue of all supplies and equipment; supervised the packing$
crating, and marking of supplies; arranged vith the various transporta-
tion sections for shipments, and assisted in laundry and monitoring
operations.

XIS•. Glenn go 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 clothing monitoring operation.

X/SAt. Cecil Mc~aulley: Utilities Foreman,. Sergeant McCaulley
supervised and assisted in the installation and repair of plumbing ap-
paratus, electrical circuits and outlets. He assisted project officers
in the installation and operation of monitoring devices and other neces-
sary utilities. He also assisted in the clothing monitoring operation.

SFC Donald C. Algeier, Sr.: General Equipment Repairman.
Sergeat 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 respon-
sible for the contaminating of test clothing during the test. He also
assisted in the installation of monitoring and laundry equipment,

SF0 William H. McConnell: Laundry Supervisor. Sergeant McConnell
was directly responsible for the laundry operation and equipment. His
duties required that the laundry formulae being tested were controlled
precisely throughout the operation. He was also responsible for the
preparation of the equipment for movement, preparation of the schedule

of laundry trailer operations, and maintenance of the laundry equipment
and power unit.

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

Sat. David k. Arnold: Adnmiistrative Non-comaissioned officer.
Sergeant Arnold prepared and typed unit and project correspondence and
reports; posted and filed regulations, correspondence, project reports
and all similar material. He also coded material by subject matter and
maintained unit administrative records such as morning report, duty
roster, sick book, etc. and assisted in the insallation and operation of
monitoring devices and decontamination equipment.
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POJECT 6.7

Pwa Bart So Wtagt Chemical Statf Speoilit. Private Gorton
was t -ariFiy ausipgmed to Dta ont 7# 9135 T3U for duty during
JANGIL Operation. He is a graduate chemist and, during this operation,
he perfcrmd the chemical and radioactivity seasuremonts on the launry
waste water and solution samples. He also assisted in making the coa-
putatics. and plotting decay curves,

I
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Pl•DAC3

This ivestigation. was oonaucted to deternine the resistance of
GRB coated nylos fabric 30 gallos water tanks to the blast and tbhrml
effects of an a0tomic burst on the surface of the ground, and to oval-
uate U. 3. Army Water Purification Equipment, Diatonite, Pack (Via),
15 GPM, Set No. 2, for removing radioaotive contamination from water.

In addition, the potential problem of radioactive contamination
of field water ampplieos following a bAgbly contaminating atomic burst
on the surface or under the ground was investigated and Is reported
on herein.

Test installation. and operations were accomplished with the able
assistance of R/Sgt R. 9. Dean, Sgt 7. L. Ooblor, Opl 0. 9, Graham, and
Opl H. X, Griffin. Active cooperation and help in accomplisting this
investigation were given by the special Projects Branch of the Engineer
Researoh and Development laboratories, the Weapons Iffeots Division of
the Armed Poroes Special Weapons Project and the Sigmal Corps 3tgineer-
Ing laborator7, ladioaotivity counts wore made by C, L. Blair, X. 3.
Anderson, Pt0 Jo 1. Coleman, and P70 J. J. Drexer of the Signal Corps.
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ABSTRACT

An investigatioz was conducted under Project 6.8. Operation
JANGLI to determine the resistance of coated fabric vater tanks to the
blast and thermal effect of an atomic burst on the surface of the
grovnd, to evaluate a standard U. S. Army water purification unit for
removing radioactive oontamination from water and to determine if field
water ssppllos mea become contaminated following a surface or under-
ground burst.

U. 8, Arm 3W0 g~allon, GRS coated nylon fabric water tasks filled _

with water wore undamage• at a distance of 500 yards from ground zero

for a 1.2 KT atomic ground surface burst. Thus these tanks withstood
overpresuure as high as 5 psi and thermal flux of 20 cal/cm2 .

U. S. Army Water Purification, 3quipment, Diatomite Pack (Man),
15 GPM* Set No. 2, was found capable of removing 84.5 per cent of the
activity of a field water supply deliberately contaminated to greater
"than seven times the safe drinking tolerance.

A field water sup•y mar become contaminated to a significant
degree as a result of fall-out of radioactive material following a
surface or underground atomic burst if in a down-wind position from
the burst.

vii
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CHAPTER 1

FIELD WATER STORAGE TANKS

1.1 OPERATIONS

Four standard U. S. Army GHS 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, and 2030 yards (see Figure 1.1).
The tanucs 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. All tanks were 'U
placed on ground level and were not fortified or "dug in".

1.2 RESULTS

The tanks were essentially undamaged following the 1.2 KT atomic
burst on the surface of the ground. This detonation produced an over-
pressure of 5 psi and thermal flux of 20 cal/cm2 at a distance of 500
yards from ground zero. The top ccver sheet of the covered tank at
500 yards from ground zero was partially torn from the ring loops and
had dropped into the tank. The wood staves facing ground zero were
slighly charred. Figure 1.2 and Figure 1.3 show the undamaged con-
dition of the tanks located 500 yards from ground zero.

1.3 CONCLUSION

Standard U. S. ArnIY 3000 gallon GES coated rnlon 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/cm2 ).

,I
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CHAPTERI 2

FIELD WATER PURIFCATION EQUIPIMT

2.1 OPERATIMIS

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.

L'

2.1.1 Deliberate Contamination

Approximately 70 pounds of lip material taken from near b
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 settled. A radiac survey instrument read 20 r/hr
directly above the 70 pounds of lip material. After deliberate con-
tamination of the water, a radiac survey instrument read 100 mr/hr
directly above the tank.

2.1.2 Slurrying With Powdered Iron

Ten pounds of pnwdered .iron was placed in the bottom of a
500 gallon canvas tank, and the tank filled with contaminated water
from the 3000 gallon tank. After filling, which was accomplished in
twelve minutes, the 500 gallons of water was vigorously agitated for
18 minates by recirculating the water with the same pump used for
filling. The water was then allowed to settle for twenty minutes.

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 limestone and ferric chloride
(FeCI 3 . 6 H20) in the estimated amount of two pounds. This high dosage
of chemicals is considered to be practical for decontaminating purposes.
The floc foriaed was of excellent quantity and quality and settled well
during the twenty minate settling perioi allowed. The chemicals used
are not standard with the Water purification Equipment_ Diatomite, Pack

4
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i(Ian), 15 GPM, Set No. 2 but are expected to become standard with now
water purificttion equipment now being developed by the Corps of
Engineers. The conditions of this test did not permit the use of the
standard coagulants, ammonium alum and soda ash which would be expected
to produce similar results but require more trials for optimum results.

2.1.h Filtration

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

2.1.5 pH and Alkalinity

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 A1!alinity off Water Used in Evaluation of Water Purification
Process

Sample PH Alkalinity (total)

Contaminated Water 8.5 216

After Slurrying with 8.3 218
-owdered Iron

After Coagulation 6.5 112

After Diatomite Fil- 6.5 11O
tration

2.2 RESULTS

The radioactivity count of the water originally contaminated to
2.59 x 10-2 microturies per ml by addition of lip material from the
atomic surface burst was reduced by 84.5 per cent to )s.00 x l0- •ii-
crocuries per ml in the purified water. Complete data on radioactivity
measured at various stages in the purification process is showvn in
Tabe 2.2. Decay of sa:iles from the water purification process is
shown in Table 2.3.
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TABLE 2.2

Radioactivity Count in Water Samples frrnm Wqater Purification Process

Gro-5 Beta-Gamma Activity
Sample MicrocuRes per ml D/M/- 1

Contaminated Water:
Suspended Turbidity 1.7 4 x 10-2 38500
Disuolved 0.85 x 10-2 18820
Total 2.59 x 10-2 57320

After Slurrying with Pow- 0.86 x 10-2 19100
dered Iron (Filtrate from
laboratory filtration)

After Coagulation 3.81 x 10-3 8 45 0
(Filtrate from laboratory
filtration)

Purified Water after Diatomite 4.00 x 10-3 8880
Filtration

Note: Count corrected for background, coincidence, standard
factor, and to 100% geimetry.

6



PROJECT 6.8

TABLE 2.3

Decay of Samples from Water Purification Process

Hours after
Contamination Sample Gross Beta-Gamma
of Water in Activity
Tank D/M/mJ

5.92 Contaminated water 38500
(suspended turbidity
from laboratory f il-
tration)

30.75 " " 32870

45.20 M 27036

69.75 " 19630

6.62 Contaminated water 18820
(filtrate from labor-
atory filtration)

30.92 " " 9327

45.15 7589

69.87 " 5613

7.0 Purified Water 8880

30.87 "4472

45.20 3315

69.t6 " " 2204

Notes 1. Reservoir tank cantaminated 26 hours after detonation.
2. Count corrected for background, coincidence, standard

factor and to 100% geometry.

3ý No alpha count in any of the sampleb.

7I
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A neasure of the offiaim.q is terms of time for th sums of
toeontamination of water supplies as compared to gross &eoay Is shown
graphioal2y In Ligure 2.1. A prooceiasg with Mater Purification Equip-
meat Diatoaitel, Paek (Ma)# 15 OPM, Set No. 2, decontamtiatlon of water
was aocoplished In loes than two hours, whereas natural dssW of
radioaotivity of the oontamiateod water to the same level would have
taken con iderably in eOxc•• of three da"y.

2.Z i2 oWli2U

Although It was not the purpose of this evaluation to determine
whether or not this equipment eliminatesOll physiological bhaard. from
radiaotively contaminated. drinking water, it has been shows that the
equipment is entirely adequate for military field use when used by
competent and trainedo personnel.

It is recoinended that care be taken in operating purification
equipment in the field to prevent recoAt&aiXation Of the final purifled.
water*. ho purified water tak should be kept covered at all times.
and water" from the filter should be run to waste for a few minutes when
first starting operations.

)=
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CHAFTER 3

RADIOLOCICAL XONTA:INATION OF FIELD WATER SUPPLY

3.1 RADIOACTIVITY TOLIRANOES

The conclusions of a careful study of the levels of radioactLvity
permissable in drinking water made by Mr. W. F. Bale, Division of
BioloE7 and liedlcine, Atomic Enerey Comnmisslon, are summarized in
Table 3.1. These tolerances are considered to be very conservative
and contain a substantial factor of safety. They are based on the
ingestion of radioactive stronLiwm isotopes w:idch are among the most
pfysiologically damaging of all the radio isotopes.

TABLE 3.1

Proposed Emergency Levels for Beta-Gamma Activity in Drinking Water
In Period I,•rediately Following Bomb Blast (After Bale)

Time Water is Safe Low Acceptasble Risk
to be consumed MicrocuriesVml DIVE1 T!icrecuries/IK __/_/m

10 Days 3.5 x 10-3 7.7 x 103 9. x 10-2 2.x 1O5

One Month 1.1 x 10-3 2.6 x 103 3. X 10-2 7.x i0

Note: D/M/mi is disintegrations per minute per milliliter.

3.2 CONTAMINATION

No activity was found in the water contained in the five 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 radioactive
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 data were collected by Project 2.8, Operation
JANGLE, "Analysis of Test Site and Fall Out Materialt'. These data in-
dicated that the heaviest contamination took place 1/2 mile downwind frcon
ground zero where the fall-out was 37.50 grams per square foot with a
specific activity of 4.23 x lO 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 w A1t-'3 2 ) places this spec LIfic activity
at I.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 contami.nation in
a field water supply located one half mile downwind from gr und zero
would show 1.67 x lCb D/h/ml at detonation time plu: one hour. This
calculation is based on the assumption that 8 per cent of the fall out
material would dissolve or become suspended in the water. It is also
assumed that the water supply is . feet eep (the depth of water in a
3000 gallon tank). The figure 1.67 x IOC D/M/ml is above emergency
tolerance figures. Using the standard decay law for mixed fLssion
products it is calculated that the activity would decrease to the 10
day "acceptable risk" emer,_ency tolerance of 2. x 105 D/M/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.

TABLE 3.2

Summary of Computed Data-Contaminaticn of Water by 1.2 KT Underground
Burst

A

Hours after Contamination of Water r/hr
Detonation D/Wml (Due to Ground Contamination)

1.0 1.67 x l16 700

5.9 2. x 105  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 coated nylon fabric 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 ta ks located in a downwind direction from ground
zero.
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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 RECONNXSWATIONS

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

Standard operating procedures for instal3ation of field water
supp•y. points should provide for dispersal of the points crosswind to
the prevailing winds in the area at appropriate distances apart.

12
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