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recommendation, or favoring by the United States Government or any 
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ffiSlMCT 

The oVCT'-all objectives of this project encompassed testing th® 
suitability of staoiard and special laundering methods and standard/ 
eqnipment for field decontamination of clothingi evaluating the contam" 
inability and decontaminability of selected fabrics! arai testing of 
Mrperimental clctiiing monitoring instruments® 

Garments and fateics cont^inated by controlled methcds were used 
during the operation for testing the equipment and evaluatl^ fabrics 
awi formttlae« 

Standarf Att^ latmdOTing methods and ©quipment, incl'oaing wooden 
wasliersj were effective for decontaminating clothing in the fieM» 

A decoataminating laimdry foranjla eaploying citric acid msA tar­
taric acid followai by either an organic or inorganic chelating agaat 
results in a M.#er degree of decontaainatioa than other formula© 
tested* ̂  The staMard Quartermastar Corps mobile field latiMry formula 
r©sialt«i in satiefaotory decontamination with the type of soil and 
activity encounter©! and the coat of supplies is approxiaately one« 
tenth as juch as the special fomula©# Woolen garments ani fabric 
swatch^^econtaminated by laundering as readily as cotton or sytjithetic 
fabrics* 

'¥ 
Clothing fflonitoring instruaeats/ tmier development by th® Signal 

Corpsjs appear suitable for monitoring clothing under field conditions 
to determine the degree of contamination both before and after proses-
eing« 

xi 



CHAPTER 1 

IMRODUOTIOM 

1»1 aBJEGTIl/ES 

The objectives of this project weres 

1» To test the suitability of decontamination laundering formulae 
developed 'during (deration GREEfflOISE for the removal of contaminants 
resulting from surface and sub-stirfac© atomic explosions* 

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

3* To evaluate the susceptibility of selected materials to contaa-
ination and to determine their subsequent decontaminability» 

4.« To compare the clothing eontanination resulting from surface 
and sub̂ -surface bursts with that previously encotmter©! after tower shots. 

5» To field test esiperlmental clothing monitoring instinamentse 

1«2 ^ I ^ I C t t M S O T O 

Initial work on this project was conducted at Oak Ridge National 
laboratory in the summsr of 1950» This phase of the work was concerned 
primarily with braining of personnel in the handling^ monitoring^ and 
decontaminating of radioactlvely contaminated clothing^ and the develop­
ment of a satisfactory form-ola for decontaminating clothing which had 
been artifically contaminated by immersion in dilute iodine dissolver 
solution*.-'• 

Since the Oak Ridge phase of the project was concerned with cloth­
ing which had been contaminate by dipping into a solution^ a second 
phase was conducted to check restdts on clo-ttiing which had become con­
taminated by other means* This second phase was conducted at Dugway Pro­
ving Groundj Utahj in September3, 1950» A study was made there of the 
effectiveness of the formula developed at Oak Ridge upon clothing con­
taminated by RW-type contaminants® 

^laundering Decontamination Test Conducted at Ctek Ridge National 
laboratory. Research and Development Division, Office of the Quarter-
Master General^ Washington 25? D, C»j Chapter IIIj B» 

1 



PROJECT 6,7 

The third phase of the project took place at Eniwetok ^lere the 
training and data from the first two phases were tested under field 
conditions on contamination resulting from actual bomb bursts.^ The 
tests conduet«3 in Operation dffiBIilO!̂  permittoi the developnent of a 
promising field decontamination laundering formula^ but inadequate 
contsminate materials were available to pemnit its full evaluation and 
further simplification^ or the investigation of possible substitutions 
of less critical supplies* 

1,3 BASIC THECBY: 

Contamination of clothing is caused by the deposition of radio* 
active partlcialate matter on^ in^ or around the fibers and yarns of the 
fabrics* The degree to Alch the particles penetrate into the fabric 
and yams 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 -Aich 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 anulslflcation a M 
suspension^ and/or conversion of radioactive contaminants into soluble 
compounds and their removal in solution* 

Operation GBEENHOIEB, Project 6.9, Part II, 
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CHAPTER 2 

EgpiPfffiOT, IMSTRUMEMATIOW» AMD MATERIALS 

2 a LATIMDRr EQIgBElCT 

The laundry equipment tised in this project consisted of two basic 
tjrpes encounter^ in military and commercial laundries* 

2.1«1 Quartgrmaster Corps Mobile Field Laundry, 10"Ton Yan Type 

A Quffl'termaster Corps mobile field laundry unit (Pig« 2»l)y 
a standard World War II type, iras used for all decontamination studies.^ 
The unit consisted of a lO-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 petcock 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 minimise contamination* 

2»1»2 Wooden Washer 

In addition, a 36 x 36 incn wooden washer (Fig» 2»2) was 
usai to decontaminate eight loads of clothing. This ̂ ras a standard 
commercial washer* Hot and cold water connections were made from the 
mobile laundry imit to the wooden washer which was plac»i adjacent to 
the 10-ton laundry trailer* 

2«2 CLOTHIIIG MONITORIWG INSTRTOilElfrS 

Six instruments, as describe below, were evaluated for us© as 
clothing monitors and the experimental items were compared with standard 
survey meters# 

•̂ Operating Instructions and Parts Mst. Mobile Laundry Unit<, 
W"950-QIi-3270, War Department TM 10-351? 21 Sept, 1942 

3 
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rk -'^ >^% 
/0 

Fig* 2*1 Qaartermaster Corps Mobile 
Field Lavuadry, 10-Ton Van Type 

Fig* 2*2 A 36 X 36 inch Wooden Washer 

2 Mil I 3 M I 3 M f l 
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2»2#1 Chemical Corps Clothiag Checker (Experimental) 

The Chemical Corps Clothing Checker (Fig» 2«3) consists of 
a wooden box mth a hingai lid» The dimensions of the top of the box 
are 27 x ̂  inches. Mounted within the lower portion of the box are 
five, 12-inch, thin wall©! GM tubes •Aose 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» H I tubes are protected by l6-mesh 
copper screen® This clothing checker was operated in conjunction with 
a Berkeley Model Z)00 Scaler® Counting was accomplished with the lid 
clos-ed» 

Fig« 2.3 Chemical Corps Clothing Checker 

^TGIR 6Q6.y .,,Badl.QlQgicfllJlliath±a,g-MQni±OE^ Technical Command, Army 
Chfflnical Center, Maryland, 27 lovember 1951» 
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^*2.2 iodifirf Chemical Corps Checker (Experimental) 

The toiifiei Chaiical Corps Checker (Pig^ 2% 4) consists of 
the bottom half of the Cieiiical Corps Clothing Checker described in para­
graph 2.2.1. The board to which •Uie five tubes are momitoi is adjustable 
from one to eight inches below the screen. These adjustaents are accomp­
lish^ by meaas of a screw at each of two sides. The ttftes were operated 
at a distance of six inches below the screen dicing the test# This 
checker was also usrt in conjunction with a Berkeley Model ̂ 100 Scaler* 

lodifirf Chanical Corps Checker 

2»2#3 Signal Corps Table Top laundry Monitor (Experimental) 

port upon which eight halogen type tubes are Bounted* These tubes are 
placrf to give the best geometric results for a sotirce placrf at any 
point on the table top. Ihen comparing readings with other type moni» 
tors, a Berkeley fciel ̂ 00 Scaler was anployed to recorf counts* A 
count rat© meter w s «iployM when the instrument nas used for more 
rapid measuraaent of garment activity* 

l«*»li;il^l^illf|MJ 
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Si©»l Corps Table Top toundry fcnitor 

2»2»A Si^ial Corps &ianning Arm touMry Monitor (ExperimeBtal) 

The Signal Corps Scanning Arm Laundry lonitor (Fig* 2»6) 
consists of a table top of ©xpaMrf metal 54 laches long by 34 inches 
wide supports, by foitt legs. Three halogen type tubes are mounted in a 
carrier along the width of the instroaent underneath the ea^aMrf aatal 
top* The tube assembly is motor powerrf and moves from one end of the 
device to the other at a constant rate of sperf,; the tubes being con­
nected to a Berkeley *rf.el J^OO Scaler* Cotmting begins -Aen the ti&© 
assembly starts its traverse and stops when th© tubes reach th© opposite 
end of the device. 

2«2.5 Radiac mtm froa Eadiac Set - A W / H ) R 271 

This instrment has a halogen-fill«i, mica end-wlMow tube 
for detection of beta-gamaa activity from 0 to 5#0 im/im. The beta win«-
dow has a thickness of 3 to 4 mg/cin̂ . The instrument is a military port­
able Geiger-fceller detector. It is rectangular in shape (9 l/4 x 5 3/l6 
X 4 1/2 inches) and weighs 10^2 po'aMs# The probe is equipprf with, a 

^^^^^^^S 
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beta s M e M #jich. may be moved aside when measuring beta and gamma radi­
ations together. ClotMng aonitoring with this meter ̂ s accomplished by 
placing the clotMng flat on a table and passing the end-window of the 
probe over the ffanaent at a constant hei^t of six inches® Activity was 
record«i in mr^w beta-gamaa. * 

The 27A was not usrf. priaarily as an e^erimental clothing 
checker, but "was usrf as a guide in detenaining the activity level in 
contaminatai clotMjig. Its use was necessitated by clothing tolerance 
information -Aich states that th© tolerance is based on an end-window 
tube held six inches over the garment* 

Fig, 2.6 Si^al Corps Scanning Mm Laundry Ifonitor 

2#2^6 Portable Geiger-Maeller Survey Meter - A l ^ R T-2A 

fMs inatriment has a glass Gl tube for detection of beta-
gamma activity froa 0 to 50,0 or/hp. Beta indication is by means of a 
perforata shield sromA the side of the tiibe# The beta window has a 
thickness of 30 Bg/cm^. Bie instrument is a military, portable Gelger-
lueller detector usai chiefly for training. It is rectangular in shape 
(10 X 6 X 7 inches) a M weighs 9*3 pounds. Monitoring of clothing idth 
this instrmient was accomplished in the same tiamier as with th© 27A and 
its use was also Bade necessary by tolerance specifications® 

î 
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2*3 UQUID COMTAHCEMiTIOW COTOTIMG DE¥IGE 

For the measuremeat of the activity of the laundry solutions a 
device CFig# 2.7) was built using a single Geiger-lfaeller tube connects 
to a Berkeley Model 2000 Scaler^ A Yictoreen 1B85 ttyrode HtmlnuB 
Counter Tube and a ft-acerlab TGC-5, Geiger Counter Tube, were both uarf 
in this process, fijual volunes of solution saaples were drawn and 
countrf in every case# 

Fig. 2.7 Mquid Contamination Cotmting Device 

2«4 FILM 

Double aaulsion X-iay film, 14 x 17 inches, was placrf, in X-ray 
e:Q)osure holders and position^ over contaminated garments and swatches 
for photographing the distribution of contamination, Filn, X-ray type K, 
Eastman Kodak Co., Code #5135 ami holder. X-ray exposure. General Electric 
catalog #B0019F, size 24 x 17 inches were used for this purpose 

2»5 COMTROUED COfflAMMATIOH TIBBim 

The drying tonbler from a air-portable, skid mounted, laundry tanit 
was modified for deliberately contaminating test items (Fig« 2»8)e A 

"'-'.V^-tii&M-n-
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sheet metal duct was connected fraa the blower ©Aaust to the top of th© 
tumbler and connectai to another fan placed on top of the machine* Test 
items were load«i into the rotating ttmbler cylinder with a weighed 
amount of contaminated soil* The circulating fans then providai continu" 
ous recirculation of air and dust throughout the entire system* An ex­
haust bag was provided to collect the excess contaminant upon completion 
of each contaminating process* 

Figi, 2.8 Controllrf Contamination Timblep 

Standard and special clothing items as listrf in Table 2»1 were 
available for conduct of the controll^ test on contamination and decon­
tamination® 

Special swatches were made for the fabric evaluation operation of 
the test# Each of the siratches was similar to a pillowcase® The 
finished dimensions of the pillowcase were 22 x 26 inches* The case was 
seamai on three sides with a non-raveling seam and the open end was the 
selvedge edge of the fabric® In all oases except the rayon fabric^ the 
face of the fabric was on the outside* The back of the rayon fabric was 
on the outside* The swatches which were testai are listed with their 
code letters in Table 2#2# 
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PROJECT 6.7 

ttirty suits each of herringbone twill clothing and field clothing 
were issued to personnel of Project 6«2 for wear in the ''land Reclamation 
Progpam*" 

1 number of Rpoject 6»3-l test garments worn by persons entering 
th® shot area were decontaninated and returned to that project for their 
evaluation* (See report of Project 6»3-l for details and results*) 

2«7 CffERATIWG SlffPLIES 

The following detergents and chemicals were used dtarlng the decon-
tmjination operation! 

Citric Acid (coomercial cryetals) . * » » # « 84. lbs* 
Tartaric ^ i d (oomnercial crystals)* » « » « « 18 lbs» 
H3TA (tetra sMium'salt of ethylene-diainine» 

tetra-acetic acid) « » » » # » » » » 4-5 lbs» 
O K B H C Acid (technical crystals)« » « » » # « 15 lbs» 
iMundrj Sffm (mixbure of a|ual parts of sodium-

ailico-flouride and sodium-acid-
flouride * « « « * • , » » « 2 0 lbe» 

Armour Detergent » ® ® « ® » » » » ® # » 2 3 lb®* 
Ghaiical Compositioni 

Eenex 45*0^ 
Carboaqymethyl 

Cellulose 4» 5% 
Wm 50»5$C 

General Aniline and Film Detergent » » » « 5 lbs» 
ChoHical Composition! 

Intarox (non-ionic) 20»0^ 
Borax ^#C^ 
Carb03Qnnethyl 

Cellulose 3»0% 
Sodium Sulfate 2 6 e ^ 
Tamol 1»D^ 

Sodium Hexameta-phosphate e 8 ® » » » » » « 8 lbs» 

2«8 MTEB 

Watw used in the lauMry was taken from the normal water supply 
at Indian Springs M r Force Base* In analysis of a ample of this ismter, 
drawi in Septeaber, 1951f aade by the U* S» Bureau of Standaidsj is 
given in Table 2»3 
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Tmm 2»3 

later Inalysi© 

Calciiam Hardness (as CaCOj) » 
lagnesiun! Hardness (as CaCO^) # 
Alkalinity (as HGCb). ® # » 
Chloride (as 01) » » # * • 
Scd-fate (as SO^) ® ® # « » 

» , 131 ppl 
„ e 118 ppm 
® » 387 ppe 
® « U ppm 
» 9 38 ppo 
e 9 19 ppa 
Mot detected 
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CHAPTER 3 

EYILTJATIOI m M13HDRY MIJIPffiNf AHD METHCDS 

3*1 QPm^TIOWAL PR0CEDT3RES 

la evaluating lauMiy equipiaent and materials for their suitability 
a M effectiveness for clothing dacontarainatlon^ fabrics and clothing were 
first contaainated by controll^ methods^ then decontarainatrf* The ef­
ficiency of the operation was then detewninM by use of the Bonitoring 
instrtnnents describai in Chapter 2» 

3#1«1 Controlled Contamination Froc«liire 

Contaminate soil t^en feoK n@ar the aiffface shot gero 
point was siftrf through a 16 mesh screen to obtain as uniform a contami" 
nant as practicable® 

Ipprojdmately 2) pounds of dry clothing or swatches were 
put into the contaminating tumbler and one pound of sift^ contaminated 
soil was introduce into the system^ Is th© clothes were tumbled^ the 
contaainant iras circulate through the clothing for five minutes* An 
^laust duct was then opened while the machine continued to run for five 
Blntrtes, tima eadiaTOting loose dust into a cloth collecting bag» 

3»1®2 lauatey Formula Evaluation 

The laundry formula evaluation phase consisted of testing 
two general type foraulae and modifications of these formulae by the sub™ 
stltution of sttH>lies» The two general type foimulae are given in Table 

Six apecial 60 pound loads of trousers were deliberately 
contaminated as oiitlin«i in paragraph 3«1»1 aboves Each of the loads 
was identical, consisting of 30 carded cotton sateen trousersy 16 nylon 
trouserst and 16 rayon trousers* These loada were numbered one through 
8ix# After each load was contaminataij it was monitored with the Table 
Top laundry Ifcnitor and -then decontaminated with the process as indicatedi 

Load Io« D^ontamination Process 

1# lobile field formula (Armour Detergent) 
2# Mjbile field formula (General Aniline Detergent) 
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toad Mo,# Dee ontMiination ft'ooesa 

3« FoMula 771 
4s Formula 771 - Tartaric Icid mK for Citric Acid 
5. Formula 771 - (laPC^)^ s«h« for HJTA 
6# Formula 771 •̂  Laundiô  Sour sub* for Citeic Acid 

ft-eliminary tests conducts using the contaminating tumbler 
indicated that one pound of th© sifted dirt per oae-third of a lauirfry 
load results in an adequate level of cont^iination^ for ©valuation 

TJBEE 3 a 

Decontaminating laundry PormulAe 

Step 

1. 
2. 
3«-
A. 
5* 
6. 

1. 
2* 
3« 
4« 
5. 
€. 
7. 
8. 

Operation Water tovel 
(in) 

Temperature 
Op 

Tim© 
(min) 

Supplies 

STiSDJKD QUilTEHMlSTffi MCBIIE FIEIB FQRMUM'^ 

S^a 
â s 
Siris 
Einse 
Rinse 
Rinse 

â s 
Icid 
Icid 
ia)Tl 
EDTl 
Rinse 
linse 
Sour 

5 
5 
5 
8 
8 
8 

6 
12 
12 
8 
8 
12 
12 
12 

90-100 
130 
140 
140 
120 
100 

FQEMTJM 771 

90-100 
140 
340 
140 
140 
I4D 
1» 
Tap 

5 
5 
5 
3 
3 
3 

5 
5 
5 
5 
5 
3 
3 
5 

6 oz» Detergent 
3 ©̂ » Detergent 
2 oz* Detergent 
Ion© 
lone 
lone 

6 te» Armour Det® 
4 lbs. Citric icid 
2 lbs» Citric Icid 
1 1/2 lb8« EDTl* 
1 lb IDTA* 
lone 
loa© 
1 02* Sour 

*Tetra sodiua salt of ethylene-di^ine-tetra-acetic acid« 

Source, War Department Technical Bulletin 10«.352«-2̂  dtd 26 Feb» 
ruary 1946} however FM 10«-16 ̂ Quartemaster L a u M ^ Company Seaimobile^ 
Department of the Amy dtd June 1950 has eliminated the third sMs in the 
above formula® The three suds formula has been tested durii^ previous 
tests and results have indicated that three suds are ittperative« 
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PROJECT 6,7 
purposes® Hierefore, the first cycle of six laturiry foraulaej lAtich 
will b© referrrf to a "l" laundry runSf "was contaminated using one pouM 
of oontaninated dust to approximately 20 pooads of clotting« 

Due to th© rapid rate of decay of the contaminated soil col­
lected on the first day folloMug the surface shot^ it was necessaiy to 
double the amount of contaminant the second time the six laundry loads 
were contaminated ("B" laundry runs)# ils©^ the order of processing the 
numbered loads iras revacg^. 

For the third cycle of the laundry fornrula ©valuation 
phase (*C* laundry runs) contamination was accomplished by using one 
pouM of contaninated dust per 20 pounds of garMents. This new dirt was 
collectai ftom nearer the surface shot crater on the third day follo'wiiig 
the shot and producai th© highest level of clothing contamination of the 
three cytjleŝ  The processing orfer of this third cycle was as followsi 
Jsm^ry loads ntmber 3,4f5?2^1| a M 6# 

In order to obtain a more complete ©valuation of the effect 
of th© laundry supplies, one laundry run was made to determine the amount 
of contamination that wouM be reaovei by clear ̂ t ^ * alone* To accoB-
plish this^ formula 77A -was used coaplete with regawi to running time, 
tffliperature, and •water levelf but no supplies were added* Thusj it was 
possible to credit the laundry aupplies with only the amount of decon-
tamiMition actiaally acconplished by their use® 

The monitoring of each garment before and after each decoo" 
taainating process provided a means of evaluating the over-all efficlaacy 
of the :^ocess® H I loads were ranonitored immediately after dec0ntaffli«» 
nation. The complete time span for monitoring^ lauirierinĝ  a M raaoni» 
toring was approximately t'wo hours^ therefore no corrections were made 
for the decay occurring during ihe time required for processing* 

In order to evaluate each step of a particular formula^ a 
4'̂ oimce sample of "Uie w a ^ ^ter solution was '^thdrawn from the washer 
at the Old of each step of each formula* A special peteock installed 
near the bottom of the washer facilitated the withdrawal of these samples. 
.tft« the saaples ftom each step of a formula were collects ̂ the activ­
ity of a controlled amount of each (approx* 4'"02®) was counted by means 
of the special solution activity ccwnter described in paragraph 2#3« 
ttese readings in counts per minute were corrected for background before 
being recordM® Sine© each s t ^ ia a particular laurdry formula con-
tainai different wiounts of waste imter, it was necessary to adjust the 
counts per minute recorded^ as the sane amount of sample was withdrawa 
each time® Bas«i on the aaount of water ia the washer filled to 8 inches 
versus th© amount for the various washer levels encountered^ the solu­
tion activities recorded were corrects to correspoM to the concentra­
tion of activity Aich would have been present had each step had an 8 
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±mh later level# tt© resulting data gave an indication of the percent 
©f th© activity -teansfar^l ftaa the clothing t© th© wash solution 
during eaei step of each formula® 

One tt pouM load of ^easy IffiT fatigue trousers^ pre­
viously worn by aechanica at Fort lee, firginias> motor pool^ was cwitaml-
natM io the controllM contaainating device® ttese trousers had been 
worn by motor airii shop Mechanics f©r a pericd of one work w e ^ and wer© 
quite soil«i by ^ease and shop dirt. This load of clothing was 4«©©tt-
tMiinatrt ^ t h Fonncda 771* 

To iavestigate the a e ^ for a special lauMry deconta^-» 
nation for«ulag fifteen pair of lad-^afe coveralls worn in the uMer-
grouM shot area by aonitoro and scientific personnel were procagsed# 
This processing consists of monitoring with the Table Top laundry 
lonitorj then ordinary laianderlng with the mobile field formula mA re^ 
aonltoringis 

3»1»>3 Decay og Contamination and of Washing Solution Waste Water 

Four controlled contaminate swmtehes (two before lauida?-
ing and two afto") were set aside after the surface shot for decay 
studies* Also one pair of Had-Saf© covaralls worn on uiider^ound shot 
plus on® day were set aside for decay sttrf.i@s® Readings were taken 
periodically meaeiffing both beta-ganma and gamma activity with the Table 
Top laundry Monitor* 

During the laundry formula ©valuation phaae^ decay r«M<-
iags were tak^ on the naste ^ter from oae run of the mobile field 
formula and one run of foTtmlB, 771^ This was aceMiplish«i by irit!^**^ 
lag an aliquot .sample firom each step of the laundry formula a M coabin-
ing all samples in order to get th© over-all decay rate of the activity 
removed by each formula® 

3«1®4 Soitability of fbt^m lasher 

Tio 75 pouM loads of mixrf types of trousers (cotton 
aateea^ cotton fleM^ nylon^ aid rayon) were set aside for i^ooessing in 
the wortea washer* These loads of trousers were oontamiaated in th© coBf 
trolled cont^aation tunbler as outlined in Paragraph 3*l«lf aonitorrfg 
and then launder^ in the •wooden washer® Prior to and after @aeh lamrier-
ing| the interior of the washer was Monitor^ with an ll/PDR-T"2i hand 
Borvej 61 Meter to determine the arfcent of washer oontoiinations Each 
of the two loads were processed with th© aobile field formula and were 
then recontaffiinatî # Before and aftef laundering^ 15 pair ©f trousers 
from each load were monitored on the Table Top laundry Monitop to provii® 
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a measure of the effectiveness of decontamination® After being recon-
taminatedj the two loads were each processed with formula 77A» This en­
tire procrfure was then repeat®!j, making a total of eight laundry loads 
processed with the wooden washer* 

UJ>©n determination of the extent of contamination ©f the 
machine at the completion of th© eight runs? decontamination was per-
formM by running the imsher unload «a but containing a solution of hot 
water and oxalic acid» Then pressure hosing idth a solution of ethyl-
ene-diamine-tetra-acetic acid follow^ with a clear water rinse also 
applied by hose# The washer was monitored before aM. after each of the 
foregoing baths to detemiine th© degree of decontamination accoapliah^# 

3®li»5 Transfer of Coataiainatlon 

Foisr imcontffliinated gaxmeatSf two pair each of field and 
carded sateen. trousffl'S, were plac^ in th© isasher with each load of con-
taninat©! clothing processed during the foramla evaluation phase« These 
test trousers were aonitorrf after being processed with the hot loads to 
Indicate the anount of contamination transferred to uncontMsinated cloth­
ing liien it is processed with contaaiinated items* 

3«1®6 Inhalation Hazard to toundry Monitoring Personnel 

M r sfflaples were taken inside the aonitoring tait to 
evaluate the health hazard from inhaling radioactive dust while handling 
contaminate clothing. The air aaaples were taken by representatives 
froB the Radiological Safety Group* Th© air sampling instrument was 
operated adjacent to the laundry monitoring device #iere th© air isould 
be fche aost highly contaminat«i® 

3»2 HBULTS 

lesults of the ©vaLi^tiim of laundry ̂ ulpaeat and aethods are 
incli^ai in the folloidng paragraphs* 

3»2®1 Laiadry Formula Evaluation 

Table 3#2 shows the effectiveness of the six laundry form­
ulae bas^ on the percent of contamination removed as measured by the 
Table Top Lauoiry Ifonitor® These figures represent the over-all average 
of a loM 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 
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TABS 3*2 

Evaluation of Decontamination Formula 

StaMard PieM 
(Armour) 
StaMard PieM 
(General Aniline) 
77A 
(ALone) 
771 
(with (MaP03)6 
771 
(with Tartar ic) 
771 
(with Sour) 
771 
( l a t e r CMy) 

"A* 
lauMry Runs 

Dafiontarain? 
10^ c/m 

Before 

21.1 

23.3 

14*3 

U^5 

16*1 

14*2 

After 

3.7 

3*9 

1«5 

1«6 

1.2 

0«7 

» — . 

t i o n 

Percent 

82«6 

83«2 

89.6 

B%0 

92»5 

95«3 

latmdry Huns 
Decontanination 

_ _ j _ _ _ _ _ 
Before 

12«0 

9.4 

9a 

12,4 

9*9 

13«0 

After 

2a 

1*9 

la 

13 

0«6 

1,6 

™ ^ 

Percent 

82.8 

80«2 

88«3 

89.9 

93«5 

88,0 

ItQM 

LauMry Rims 
Decontamioatlon ._ 

_ _ j . ^ ^ - _ _ 

Before 

» 7 « 6 

a3*o 

234«0 

239«7 

257*8 

69,5 

Aftffl-

62.8 

47*7 

27 a 

36«0 

3 3 a 

65«5 

24«5 

Pereent 

78.2 

77«0 

87*3 

84.6 

86.2 

74«6 

64«7 
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laundering^ it -was possible to evaluate the relative amount of activity 
removed diaring each step of any laundry formulae (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
cess® Is the amount of activity preaent is reduced after each step^ the 
figures representing percent removal are based on the coatanination re<-
Kov^ by each step relative to the amount preaent at the beginning of 
that 8t©p» (Table 3.3)# 

The "l" lauairy nms were made t^ of new garments and it 
aay be seen froa the analysis of th© percent of activity r^ioved in the 
first stria that the average was 43®3 percent aa compared to an average of 
32,9 percent for the first stds in the "̂B** and "̂C*̂  runs® Th© tendency 
for a greater imoant of activity to be removed from new fabric continues 
through the first few sb&psg then appears to decrease^ so that the over­
all decontamination produced is about the saae for both new and used 
fabrics* Apparently, the new fabric additives that are readily soluble^ 
are remov«i early in the first lauaierings but this has little effect on 
th© total decontamination* 

In order to bettOT- evaluate th© decontamination formulae, 
oofflparlson was made by oonsidwing laundered gawients of the •'B̂  and "O** 
runs only® These two groups of laundry runs represent both high and low 
degrees of contaaination® 

The order of efficiency of the six laundry formulae tested^ 
based upon the percent decontamination of the average ̂ B** and "̂ Ĝ  runs^ 
is preBsnted graphically in figure 3»1« 

1 method of comparing formula efficiency is by use of the 
^Indices of Washing Efficiency^ fr«i the following equations 

Index of Washing Efficiency • 

^.Xi4i^K§lJ]LaSSl.zX^S22Sl.feLj22) /o i\ 

The index of naahing efficiency is eqml to one-tenth of 
the percentage removal of the contamination which is not removoi by water 
alone. The maxiawm index of efficiency possible is 10^ in which case all 
©r practically all of the contamination is removed from the oloth» If 

1# B« Carlson and William P» leumans The Removal of Pranitm Goia" 
pounds froa Cloth. Iftiiversity of Rochester^ Technical Information Div.^ 
(KB, W c Eidge, Tennessee^ p 7» 
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TABES 3»3 

ttficiency of Bach Step of Laundry Formula 

Step 

1* 
2» 
3* 
4 . 
5. 
6. 

1. 
2. 
3« 
4« 
5« 
6. 

1. 
2« 
3» 
4» 
5« 
6« 
7« 
8, 

Operation toundry Runs 

KPMDIRD FTKT,1) FORMllLi (ARMOM DETERCffiffl) 

Sois 
Scds 
Stds 
Rinse 
l i n s e 
Rinse 

n^m 

Al.o^ 
2 9 a 
» » 8 
23»7 
2) ,0 
13*8 

m'Qn 

31M 
31«0 
27«7 
26.7 
19«5 
14«5 

STANDARD FIEH) FORWM (GEHEIAL ANILIB) 

Sids 
Suds 
SiMs 
Rinse 
Rinse 
Riase 

SuSs 
Ci t r i c 
C i t r i c 
EDTA 
H>TA 
Rinse 
Rinse 
U n s e 

ngn 

mM 
36»2 
28«8 
19.5 
16«6 

7.2 

HBH 

35a^ 
34»5 
27»0 
19«5 
13»4 

8*3 

FfflM'UM 77A 

Kit 

i^M 
41»5 
19»8 

. 26,5 
24*2 
21*4 
6«5 
2,5 

Hgn 

28«9^ 
27,8 
16«7 
15«7 
16«8 
22*4 
24»7 
29«7 

SQU 

31M 
«7,4 
24«S 
a., 5 
15.3 
12»0 

MQm 

32»3^ 
^ • 2 
25»2 
18«3 
13«7 
10«2 

tQH 

3 3 « ^ 
33«9 
19«5 
16«5 
» » 0 
24«7 
19,9 
11«3 

This Table is Continued on lext Page 
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Tmm 3»3 (ContM) 

Efficloicy of Each Step of LauMry Formula 

Step d e r a t i o n 

1. 
2» 
3« 
4 . 
5. 
6« 
7. 
B. 

1. 
2« 
3 . 
4 . 
5* 
6. 
7 . 
8 . 

1. 
2* 
3 . 
4« 
5« 
6« 
7 , 
8. 

Si^s 
Ci t r i c 
Ci t r ic 
(laP03)6 
( I a l%)6 
Einse 
l i n s e 
U n s e 

laundry Runs 

FCKIULI 77A id th (laPq3)6 

®A^ 

41«5^ 
39«3 
27,3 
24.7 
M»5 
16,5 
14«3 

2«8 

Hgt 

35*0^ 
30*3 
14«4 
23»7 
38,0 
29,6 
15»8 
7»0 

PcaRWM 77A with TJRTARIC ACID 

St^a 
Tartar ic 
Tar tar ic 
msA 
mri 
tins© 
Rinse 
Sour 

Svds 
Sour 
Sour 
EDTA 
EDTA 
Blase 
Mnse 
Sour 

8tl« 

mM 
52»3 
23«5 
21«4 
28.8 
Z7*5 
9»8 
3«7 

»B® 

36,5^ 
45«0 
23*0 
27»6 
38«8 
26»4 
13«4 
14«5 

FQRMULi 77A with SOIE 

n^n 

U>3% 
40«8 
22,7 
34«9 
40*3 
37*2 
24«6 

ngs 

» » 9 ^ 
24*5 
15*3 
17*2 
34«0 
33«4 
20*5 
7,5 

KQH 

3 3 . ^ 
28,5 
16.4 
17,8 
18,3 
21.7 
19*2 
9*3 

nQ« 

36M 
31.9 
19,8 
15*3 
19*7 
24*3 
14»9 
10*1 

«c« 

30*9% 
19*5 
11*6 
14«3 
16*0 
16*1 
9*8 
5.0 

This Table is continued on lext Page 
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HIOJECT 6.7 

TABtt 3*3 (Coated) 
Efficiency of & c h Step of lauMry Pornula 

Step Operatioa 

i 

1* Rinse 
2» lias© 
3* liase 
4* Riase 
5* Hinse 
6* linse 
7* Einse 
8, Rinse 

launi^ Iwas 

•^mmm. 771 mth miiR RINSK 

' 

nQm 

77*3% 
1S*9 
11«6 
10«8 
9*9 
7*3 
4.9 
6*7 

th© decontaminating agent had reoovai no acre contaalaatloa than did 
•wat«r alone^ the ini^ of Hashing efficioicy -psuld be aero® Mso^ if the 
agent would result in less decontaiiMitioB than watw alone^ the iad«: ©f 
washing efficiency would be between •»! and -10* The relative ®ff@©ti'fB'" 
nes8 ©f the various formmlaQ testrf, as evaluatwi by this method^ is 
shonn in Table 3*4 

TiBB 3*4 

IMex of Washing E f f i c i ^ c y 

Foraula 

Standard Field 
(teaour) 
Standard FieM 
(Gea« Aniline) 
771 
(Hon©) 
771 
(with (fcP%)6 
771 
(with Tartaric) 
77A 
(wiW. Sour) 

laundry Run 
"A" 

5 

5 

7 

7 

8 

9 

tB» 

5 

4 

7 

7 

8 

7 

0 
MQM 

4 

3 

6 

6 

6 

3 
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PROJECT 6,7 

The 60-pouMi load of ̂ easy, cotton^ herringbone twill 
trousers were containinat«i to an average level of 102 thoi^and counts 
per minute per gannent as measured by the Table Top laundry Monitor® De-
contaainatioa by use of Formula 774 reducM the level of activity to an 
average of 8000 coimts* This represents 92 percent decontamination 
achieve on greasy trousers* 

The 15 pairs of lad-Safe coveralls which had becoma coa^ 
taminat«i by being -worn near the underground, shot on uMerground plus ©n© 
and underground plus two days were decontamiaat@d by lauoiering with th@ 
fflobil© field fonaula* The average decontamittation resulting ftom this 
procedure was over 90 percait» 

3.2.2 Dwaz ^ M f c ^ H S feMS 

Surface Shots Decay readings were taken on nylon and 
rayon swatches before and after laundering* These swatches were contaai" 
natM Tilth dirt which had been pickei up from near the surface shot on 
aurfac© shot plus six days* Since the decay slope for nylon and rayon 
were the sane} i#e* -1,3> only the curve for nylon has been given in 
figure 3*2 to show the relationship between laundered and unlaundered 
fabrics* ttese ci»ves represent beta-gamma activity only* 

Ibderground Shot: Fi^ire 3#3 shows the beta-garamaj and 
gamma decay for one pair of lad-Safe coveralls worn in the underground 
shot area on uadergrouM plus one day* 

Figure 3*4 Aows the beta-gamia decay rate for an aliquot 
sample of water froa the first p>oup of lauMry evaluation runs® tee 
ciffve represents the decay rate for the wast© Tiatsr froa the mobile 
field formula with Amour detergeat and the other cm*ve represents the 
decay rate for the waste water froa the formula 77A# The slope for each 
is approximately -1#7, 

The scaler count for gaments contaminate following both 
the surface and the uMerground shots was reduc»i by approximately 90 
percent when an aloninuia Beta shield was plac^ between the tubes and the 
garment on the Table Top Laundry Ifonitor. 

3.2̂3 M»ili& ̂  IMffl * ^ 

The woMai washer was as effective when used for lau»iry 
decoatanination as the stainless steel washer^ using the same laundry 
foKBulae and processing the saae type gaments^ contaminated under the 
same coMitions* tt© avo-age percent deeontamination achieved by fotir 
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laundry runs with the wooden laaher and three laundry runs with the 
stainless steel washer for each of two laundry fonaula is shown in Table 
3*5« 

The wooden washer did not become contaminatoi to the erfcOT.t 
that it would be impractieal to use« The contamination did not continue 
to build up throughout the several runs* After the level of activity 
reachrf aHsroximately 10 mr/hr during the fourth laundry run̂  it raaain«i 
at this l0vel throtighout fota* more runs* These«-data are shonn in Table 
3*6, 

TABIE 3*5 

Coaparison of Decontamination Performoi 
in Steel aiA looden Washers 

(Sateen Ttousers) 

Type Washer 

Wooden Washer 

Stainless Steel 

Laundry Formu. 
lobile Field Formula 

(Armour) 

86»7^ 

80*1 

La 
77A 

89«4^ 

90*9 

TABU 3*6 

Activity in Wooden Waeher (mr/hr) 

Hun 10» 

1* 
2* 
3* 
4* 
5* 
6, 
7* 
8. 

Formula 

tobil® FieM 
labile Field 
771 
77A 
tebile Field 
Habile FieM 
77A 
77A 

Inside Washer 
(Highest leading) 

4«5 
5*0 
4.5 
11*0 
10,0 
10,0 
7,0 
10«0 

Waste Water 
Duap Value 

11«0 
11.0 
10*0 
12*0 
11,0 
12.0 
12.0 
11*0 
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Four potass of omLic acid w«re put into the washer and 
run for ten minutes in ten inches ©f water at 140°F» This did not Mate­
rially lower ttie activity of the laaher* ft'essure hosing with an or­
ganic chelating agent following the oxalic acid treatment brought the 
level of activity down only slightly* This was foll@w»J by a clear imter 
rinse to remove any of the decontaminating chaaicals utoich would tend t-o 
cause corrosion ©f the metal parts* 

3«2*4 ^ ^ ^ S of O ^ ^ m t i m 

Four tmcontaminat^ garments^ two pair each of field and 
earded aateen 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 pick^ up by the imeontaminated 
piiraent dm-ing the latraiering process® In no case did the activity of 
the earded sateen trousers exceed that of the contaminated earded sateen 
trousera Aen both were compared after lauMering* Transfer of contam­
ination resulted in the residual activity of imcontajninatai carded sateen 
fcrousars being in th© oziier of to to TO percent of the activity of the 
contaffliaat»i trousers« No field trousers were contaminatoi during the 
laundry formula evaluation phas©| however^ the two pair of unoontaminated 
field trousers iMch were lauaiered with each of these 18 laundry runs 
pick«i up considerable activity as compared to other type trousers^ In 
every ease, these fieM trotisers were more radioactive than Hm origii»l 
contaminated sateen trousers after lauMering* In comparing the two 
types of trousers tested for traasfer of contamination^ the field trou­
sers were in the order of two to toxsr tines as radioactive after launder­
ing as were the oardod sateen trousers* 

tti the second day following the surface shot during the 
period of tine ifean contaminated ^naents were being monitor^j the air 
saapling device indicated that the air in the vicinity of the clothing 
checker contained approximately 1«4 micro curies per cubic aeter* 

During the period between the second and the seventh day 
following th© surface shot the air was filtered ftom near the clothing 
aonitor for a total of 16,8 hours *ile contaminated garments were being 
aonitorei* fh© activity of this air averaged approxinately 0»8 micro 
curies per cubic meter® 
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3*3 ragc^iOT 

This discussion includes s ta t i s t i ca l evaluation of restilts as well 
as the implications that may result from considerations of econoi^ and 
availabil i ty of supplies and equipment® 

3«3a ^ ^ H ^ ^ i S lffi^^l£S 

The data concerning percent decontamination ̂ s evaluated 
for significance by use of the following fosanula for the ratio of the ©b» 
serv^ difference to the standard error of the differenc©»3 

— 5 ^1 - ^2 - ^2 - Xg (3*2) 

^1 - ^2 

X s Observed Difference 

q- - Standard error ©f the Difference 

X r Average POT'cent Decontamination 

SD s Standard Deviation 

1 r Humbo' of Samples 

There was no significant difference between Irmour Detergent 
and General Jntline Det«g©nt when usai for decontamination® In every 
ease the difference between results obtain«i with the Ifobile FieM Fonnula 
and Decontamination Formula 77A is significants 

In two cases the tise of tartaric acid was significantly 
better than citric acid #ien substitute for citric acid ia Formula 77A| 
in the third caee^ Aile the tartaric acid appear^ slightly more effi«» 
cientj the difference was not significant. There was ao much variation 
in the results obtained by the substitution of laundry sour for citric 
acid that no definite statement can be mad© as to its effectiveness* 

Due to th© large number of saaples in each laundry loadj 
the statistical significance of sone of th® data i»s greater than th« 
practical difference occurring as the resid.t of using different supplies® 

3croxton and Coiden, toiM-^ffiffiL^SMsMSSa P 319, 
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the only information available with regard to allowable degree of contam­
ination on clothing, is that published in D/I Piosphletj •̂ Handbook of 
Atomic Weapons for M^ical Officers* rtiich is quoted below#^ This 
tolerftnoe level is for peacetime^ industrial application a M includes a 
substantial factor of safety® 

For fission product contamination^ th© following are con­
sidered as limits for a 24-hoTH* working dayt 

a# Thin side-waU (M tube (30-40 mg/cm^ such as the 
ll/roR-5)-7 mr/hr IMicat^ beta plus ganma when 
neasurai with the tube parallel and not more "tiian 
6" from the eontamiaated surface® 

b# Thin eM wall GM tube (2-4 mg/cm^ 0uch as the 
MI/FDR-ZJ) "2 wa/bx indicated beta plus gBoma. with 
the thin window parallel and not over 6^ from the 
contaminatoi surface. 

It ia interesting to note that the personnel of this pro-* 
ject receive no information of ai^ clothing becoming radioactivelj con-" 
taalnated to a aeaeureable degree through wear following the surface 
shot® Hsoi aftOT the uMerground shot^ the total of seventeen eova'aU® 
obtainal w^e the result of screening approximately one-hiaMrad coverallt 
in an effort to obtain some ̂ ich were highly eontaminat«i# W these 
seventeen lad-Safe coveralls^ only four were contaminated above tolerance* 

The Bost highly contafflinat«i pair of ©overalls encountered 
was twice tolerance* If it is assoaed that the decay rate has a slope of 
-1«2 (log log scale), a garment which was twice tol^ance at 24 hours 
after the under^ouM shot^ would decay to below tolerance one day lat«r« 

The decay curves for the waste water solutions indicate 
that there ima no difference in the type of contaminant ranoved by the 
two laundiy formula©. 

Th© decay slope did not diffw Biat«*ially £r«» that en» 
counterai itrrlng (deration ®BlffiOlKf towever^ the reduction in scaler 
counts due to shielding with an aluminum shield was approximately 90 
percent ©n (deration JMGEE as coapared to approai^tely 80 percent at 
Operation ©BfflOIBS^ 

4D/A Pamphlet #8-11, Haaibook of Atomic Weapons for Medical 
Officers? 26 June 1951> P 44» 
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3«3.2 MMiMfe si ^Mm fcifeffi 
The wooden washer used during this test was a new washer 

axd. thus required a considerable amount of soaking before it would swell 
oafficiently to hold water« The wood appeared to have been eoat^ with 
a preservative finlshi therefor© th© cylinder and shell were cleaned by 
use of caustic soda aM oxalic aeid«5 

Th© wooden washer was as effective in decontaminating 
clothing as las the stainless steel iwsheri however, th© wood did accumu­
late contamination to a limitei «rt©nt 'rtiich was not easily r©moved# It 
may be that t'h© washer continued to swell during the first few laui^y 
rwns resulting in some contMiination becoming entrappai in the cracks* 
la any event the degree to which the wooden washer beeame contaminated 
is consider^ to be so low as not to present a problem® This nay not 
hold true for an old used washer® It is believed that a used wooden 
washer should be thoroughly ©leaned of soap acum prior to its being usrf 
for decontaminating radioaetively contaminated clothing# H s o fatty-
aeid soaps^ which jrecipitate in hard waterj should not be used in the 
decontaminating formula® 

3»3.3 ^ t e ^ M S £ 2 ^ to ̂ ^ ^ ^^.toiing toe^g^ 

The dry coMition of the contamination on clothing contan-
iaated in the tumbling device could be expected to create more of an in­
halation hazaM than garments contaminated by wear« Mtiaough there was 
an activity in the air of 1»4 microcurles per cubic meter, the monitor­
ing personnel were breathing this contaminatai air only during the time 
of nonitoring* If one breathed this air for eight hoursj his average 
for the day wooM be less than one-half mierocuri© per cubic meter of 
the total air ii:ti0.ed® Hthough contaminated garments should not be 
deliberately #iAen or handled in such a way as to create a dust hassard̂  
there appears to be no necessity for wearing duet respirators during th® 
aonitoring operation. 

5TM 10-354 Quartermaster Fix«i laiaadry Organiisatlon, Operatlonj a M 
EquipMent^ War Department Technical Manual^ Sept^nber 1947, p 78» 
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mm^ms^^ 

4.1 ^ ^ ^ m ^ ^ ^ 
fblB study eonsisted of an evaltmtioa of both ayntlietic aad aattt" 

r a l fabrics as vei l as speeJal fabrie fi.ai8li98 as to thsdx e^^^aratlT® 
•otttattiaability and dec^taainabil i ty 'oMer controlled conditions® 

4»1«1 Clothing CwtaiMinated Throggh Wear M Sn* Areag 

On swfaee shot plus two day»^ nia* persona wearing @©tt®n 
li«rriiigbMi9 twi l l clotMng entwed an area reading b@^®©n 80 and 150 
•r/te® These perscan wer© B,e*®r8 of Project 6#2 (l^id S»tlmmtlm) iM 
worked with buUdoaers aad road ^ad««» Upon ©«i|il«tien @f their nwk^ 
th» ^owp twii9d their cMtMag orer to ft-ojeet 6#7 and w»r« issaM 
eotton fi«M Jaetota aad fi.®M tronawa for the foU^dag day® Oa ««»» 
f&e* s h ^ plus tbre« days^ thm MA* persttia again «ater#d areas reading 
betiro^ W and 150 i r / h r doing wwk similar to that of tk@ pf9fic»s iaj» 
TMs elotMng was ala© twraed 0T«r t© Froiect 6®7 at th® and of th® day# 
lo furthw issmo of clothing was «ad« to pw'scan*! of Project 6®2# 

Persona©! of tooject 6«3 «i ter r t th« swfae® 0l»t a r « 
wearing their O'^ tes t clotMag. TMs elotMng was also •terasd ©¥«• t@ 
Projeet 6»7 far jrocesaing. 

4»1«2 Siatehgi «r i C J g t t ^ CmtM^atM ^ C©ntrellad M@th©dt 

The fabrie swatches ^ tli« wooI«n sMrts aad tro«@«?s 
li»t©d in paragraph 2«6 wer* sobjeetsd to eoatroUM ecotaMaatioa as 
described in p a r a ^ a ^ 3»1«1® tt^ eoataMaaat «i©d ia th is eas© WM 
pictod •^ f f ^ th« Up of the water on swfa,c« shot plas six days® Jja 
iastaaees • * « • ^ » fabrie typ© dM aot caitaiii « i o ^ watehe* to aak® 
a 60 pouad laundry l©ad^ tw© •iMJar typ«« were ©<»bia«d ©r ©ttor ms^ 
t « r i a l was added to bring the wel# t T^ to 60 pounds & Th® rayon^ C@d« 
L̂  and aylo% CM« I , swatches wer» prooesstd togathsri aad tli« wool 
troiMer ^ t « r i a L , CM« i , aad Urn wool sMrting^ Cod® J , awateli®s wart 
processed together* & • -^ol^a sMr t i mi. trouMmra «®r« also t ^ l a ^ 
into a s i o ^ * iMd* Siae« tt« &iiri»«r of ^aA tjp® ef snatchy e@d® A 
th rong a^ mm rmMtlwlj aaaU^ •&•& of ttes« eod® typM « M boi l i ^ 
t© 60 pouM leads toy th« a d d i t i ^ t f « > t t ^ a a t o ^ trousws® 
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After coataaiaatiiig the e<»bia«d and bui l t up loada^ they 
w«r« aU ^n i to red on the Table Top laundry itonltor^ laundered with th® 
mobil« fi«M formula, and then reaoBitor«d» 

h*lm3 tediographs ^ Coatamiaation 

ladio^apte wer« taken of tw© stdts of coveralls which w©r@ 
worn l a th« e^taMnated area following th« mA^rffovxA shot* llso^ 
radio^aphe were t&hm of deliberately coataaiimted swatches both b®for» 
and after lAtmderiiig. Ty^ K, X-ray film was placed inside th© X-ray 
«posttr« hoMer and placed i a direct contaet with the contMinated 
j m t ^ i a l for the period of time necessary to p'odme© eaposra"®* Rr®-
liaiaary experimeiiting indicated that approximately 35 fflillir©@ntgei» of 
radiation (intensity being jwasured with lM/roE-T-2) would prodac® eott» 
siderable blactoning of tMs type of fila» 

In aaldag th« radiograph of eowraUs^ eight pieces of th® 
f iM ^ r e lasteaed t o a sheet of plywood in order to protid* coaiplet® 
coverage of th« coTtraUa* 

4-2 ^ms 
fbm r«attlts of the fabric etalaation phase of th« project together 

with radiographs ©f soa« eont^iinat«i aaterials are presented in th® 
toUming paragra^s* 

4«»2»1 Clettiag C«taM.nat9d ThroaA Wear M ^ Shot Aroa 

Tbm clothing worn by Project 6#2 per^oBnel was aot eoataa-
i n a t ^ to an. ©xfe«it discernible abo¥e back^otmd® 

tt© garment coataaiiiatiai resulting froa •war by Project 
6®3 ptroonnel after th© sarfaee shot was ••ry low^ less than 1 fflp/hr» 
for » eo^le t« report oa the l e t e l s ef e^taMnatioa eaeomiteredj r©f®-
reae« i s ^id« to th« report of Project 6«3» 

h*Z*2 Swatehee CoataM-aated b£ Goatrollqd ^thodg 

Th* 22 X 26 iJich piUowcas* type swatches -were divided in ­
to foir categories* Crfe le t t e r s 1 aad 6 represented a control grotap 
and six special finish«s# Cod» le t te rs H aM J were woolens. Cod© 
l e t t e r t I tM L were as»igaed to s^thet ies^ aid 0ai« le t te rs M aM I 
reja-esent^i cottons* Thes« codes l is t«d in Table 2#2 are t oo the r with 
a eag le t* deacriptioa of tlie fabries* 
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Th« contaffimability of ®aeh tjpe swatch and th« decontair* 
inability ©f each type ia percent remoTal ©f the eoBtaainant originally 
present i$ shown in Table 4»1 a M graphically ±si figure 4»1« 'SB.ch. 
figor® represents the average of the readings on a U siratehes of a giiwn 
type® Th« percent d©contafflinatioa represents the action of th® mobil® 
field fomula in ef@ry case® 

fABK 4*1 

Relative Contaainability and Decontamiaability of Fabrie Siratch®®. 

Code 

k 
B 
C 
D 
£ 
F 
G 

H 
J 

I 
L 

M 
1 

Ic t i f i ty 103 c/a 

Bofor© 
fauaderlng 

106^9 
150a 
I67i»4 
331.9 
145#5 
156#6 
126*4 

131«1 
140#4 

110*5 
95#4 

126#9 
125 #0 

After 
laundering 

2?«2 
35«7 

308,5 
34#6 
25#9 
50«4 
46«6 

15«5 
10«2 

0«5 
26«5 

42#2 
»i»6 

P@r cent 
Deeontaain&tioa 

IkM 
76 «2 
35«2 
73*8 
82«2 
67#a 
63 #1 

80«2 
92*7 

92«3 
72»2 

66*7 
^ « 5 

4»2#3 Clothiag Contaminated b£ Controlled M@thod® 

Th« 27 wool field shirts^ and 2h w^ol serge trousersj 
showed the following degrees of contamnability and deeontaminability® 
ill processed ndth the mobil® field formula^ as w@r@ the swateh©s# Data 
regarding these items are shonn in Tabl® 4#2® 
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FECIAL FINISHES W03LENS SYNTHETICS COTTOI© 

Eig« 4#1 Graph of ^ l a t i r e ContMdnability and Deeontamnability of Fabric Swatches 
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Woolens ft'oeessed idth llobile Fi@M Foiw^a 

Type 

Shir ts 

frottsers 

Act imty 1 ^ c/m 
Before 

laimdering 

261»1 

196^9 

After 
latandering 

32,9 

23 #2 

Per eeat 
Deccetamination 

BB.2 

For the purposes of fabric sttidŷ  an eTalttation was mad« 
©f th© data from the laundry foraalae ©valaation phase of the test that 
concerned eontamnability and decontaainability of aylon^ raycm^ and 
eotton sateen trouaers when processed with the aobil® fieM formola© 
These data were further broken dowi into new and laundered trcwsera® 
The level of activity in the dirt ̂ t h which the new trousers were ecm-
tamlaiated was mieh lower than that Td.th which the laundered tromsera 
wer« eontaioinated̂  hence they recelTed less contaalnationa These data 
are showi ia tables 4®3 and 4#4» 

Tmm 4»3 

lew ft'ousers Processed with Mobil© Fiold ForatLLa 

l u ^ e r 

32 
32 
60 

frottser Type 

ly l a i^ oxford^ 5 oz® 
toyon^ satin^ 5®5 o2# 
Cotton sateea^ 8«5 oz# 

Act iv i ty lO^ e/a 
B©for« 

laimdertog 

27^7 
^ • 3 

After 
lattndering 

1,9 
5 a 
3.6 

Per cent 
D«e©ntaffiinati« 

93 ^n 
74«5 
Sl«9 

Tmm 4.4 
tottndared Trousers Processed with Mobile Field Formola 

Hodser 

32 
32 
60 

Trouser Typ« 

lylon^ «ford^ 5 oz# 
layo% satiBg 5*5 o%» 
Cotton sateen^ 8»5 o%m 

l c t i ¥ i t y 1 ^ e/m 
Before 

laundering 

m^9 
ZllS 
266«2 

After 
lattnderiag 

2a,,7 
67*5 
67«3 

P®r ©Mt 
Dee ontaMjmtion 

84*4^ 
75*7 
74#7 
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Fwther fabric evaluation studies were imde on the cotton 
fieM and sateen trousers which were processed in th® wooden washer» 
This inelMed both new a M laimdered trottsera» Tabl® 4«5 giws the data 
t0P new trousers while Table 4®6 shows th& results for trousers laun­
dered three timea® 

TABLE 4#5 

lew Trousers Processed in the Wooden Washo? 

MWBbOT 

10 

Trower Type 

Cotton sateen^ 8#5 oz® 
Cotton, fieM^ 9 oz® 

Activity 103 e/m 
Before 

laundering 

102*5 
65«d 

After 
laundering 

19*0 

2ia 

Per cent 
DeeontaMnatlon 

67#9 

lauMered Trousers Processed in th® Wooden Washer 

Huobar 

10 
20 

Trouser Type 

Cotton sateen^ 8#5 oz«, 
Cotton̂  tieMg 9 m^. 

Activity ao3 e/m 

laundering 

98*4 
110.1 

After 
Laundering 

6.5 
15 «6 

Per cent 
DecontaMnation 

93 »5^ 

4«2«4 Badiogaphs of Contaiadnation 

K,gur© 4®2 i s a pictur® of th® distribution of ctmta»ina~ 
tion on a pair of AM coveralls which was worn In th® vicinity of the 
undw^ouM shot on the f i r s t day following this ahot« The film was 
exposed to the garment for one hour® Th® activity as measured with the 
AN/HJE-T-2A with the tub® held six inches frcm th® garmeiA was approxi­
mately Ifi » / h r over the waist area and approxiaately 30 im"/hr over th@ 
shoulder area# Motes The two whit® blotches ar® uMeveloped areas on 
th© filat. 

H.gnr« 4#3 i s a picture of th© distribution of cantaar 
ina t ia i ©a » pair of AK coveralls which was worn in th® vicinity ©f th@ 
undargrooM shot oa the second day following this shot® Th® film, was ex­
posed to th i s gar»nt for three hours. The activity as ^asured with 
the Al/HJE-f-2A with the tub© held six inches from the garB»nt was 
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t̂y-Sfeî ifeu-. *̂ .rWf 
^ X iiJ-l 

Fig, 4»2 Radiograph of Coveralls Worn in the Ifadergrovrnd 
Shot Area on Underground plus One Day 
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« ! r ^ 

Fig. 4.3 Badiograph of Coveralls Worn in the Underground 
Shot Area on Underground plus two Days 
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PROJECT 6,7 
appr©:riaately 30 nr/hr for the lAft kne® area^ ^ ar/hr for the right 
tee® 3X®a^ and 10 lar/hr in the chest and shoulder area» toe should keep 
in aind that the pictwe is a ndrror image ©f the garment® 

Figures 4®4 through 4®7 are th© results of exposing film 
t© contaMnat«i fabric swatches* Inforaation included with each figure 
indicate® the typo of fabric^ washed ©r unwashed material^ th® intensity 
of radiation as measured with the m. tube of th« Al/HIi-"T-2A held six 
inches from th© material^ and the length of time of fila eaposur®* 

4»3 DISCUglOI 

An eifflMnation of the data and observations regarding the suscep* 
tibility of various fabrics to contamination and decontasdnation as well 
as th® dispersion of contammation on the fabrics is presented in this 
sectica® 

4«3a Clothlnig Contafflinated Through Wear in the Shot Area 

The wearing of clothing in the surface shot area did not 
produce any amount of contaminated items* This was well demonstrated by 
Project 6®2 personnel who worked aa. bulMozers and road graders® Even 
with the trwiendous amount of dust generated^ their clothing showed n© 
e^tamination above bac^ound® As a result of this lack of contaa-
inatio% no atteaftt was made to evaluate th® fabrics put out ©n this 
wear phase of th© test® 

4#3«2 Swatches Contaminated bj Controlled fethods 

Th« testing of water repellent finishes originatad at 
^eratica OEEiHOUSE where water repellent field trousers appearM t© be 
acre susceptible t© contamnation and less so to decoitaMination than 
@th@r fabrie types. Oa ̂ ©ration JAMSfi th® •tarioas water repellent 
finishesj Codes B through G^ showed a ^eater piek?-ttp of contamiaatiai 
than the untreated control^ Code 1# 

Table 4»7 indicates th® relative order that the finishes 
caitribube to pick-up of coatafflinaticnt It is difficult t© say definitely 
that any one finish has greater susceptibility than another^ because th® 
method ©f controlled contaainatiai was a fieM method aad did aot permit 
complete control of all factors® Qae" imjor factor that eouM very easily 
have affected the dogro© of picfc-up of cc»taaiinatiai was the huaidity 
which couM aot be controlled, Mso thwe is no certainty that ©a© pound 
©f finely sifted dirt was enou^ to saturate the contents of the tiaiblerj 
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Contaainated Eayoa: Ai/PDE-T-2A - 6 iff/hr - Ekposed 6 hra* 

Decontaminated Eayon: M/raE-T-2i - 4»5 «/ ta* - ^posed 11 hrs* 

Fig« 4#4 tedio^aphs of fiayon Befor« aad After laundering* 
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Contaminated Nylon: AN/FDtR-T-2A - 6 nr/br - Exposed 6 hrso 

Decontaminated Nylon: AN/PDR-T-2A - 2»5 mr/iir - Exposed 9 hrs. 

Fig* 4*5 Radiographs of Nylon Before and After Lsimidering* 
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CcQtaainated Sateen: AX/PDR-T-Zk - 12 nr/hr - Exposed 3 hrs* 

Decontaminated Sateent AN/H1R-T-2A - 2 mr/hr - Exposed 12 hrs* 

Fig* 4*6 Radiographs of Sateen Before and After Laundering* 
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Contaffliaatei BT: m/mR-T^Zk - 9 » / h r - toposed 4 tes® 

Decontaaiaated IBT: l l / ^ - T - 2 i - 3»5 ^ h r -> fepoaed 12 hrs» 

Ilg® 4*7 ladiographs of B t Before and After toundering» 



Tmm 4«7 

Special Finish®® Bated M Order ©f Desirability 

Code 

A 

B 

C 

B 

E 

F 

Q 

Type 

Cloth^ eottcnj 9 o^«^ sateen^ dyed 
(untreated) - Control 
Gloth^ cotton^ 9 oz®# sateea^ dyed 
(Zelan AP Base) 
Clothg cottons 9 oa®a sateen^ dyed 
( loraae) 
Clothj eottofi^ 9 oz«j sateen^ dyed 
(ALuminiaj s « p m d wax) 
Clothj eotton^ 9 oa®g sa te« i j dyed 
(Permel) 
Clothj cottoni, 9 ©2«# s a t e ^ ^ dyed 
(Treated with Inorgaid© Pi@»nts) 
Cloth ̂  cotton^ 9 ©ii«# m&tmm.^ dyed 
(Treated witti Inorganic Pi^aents^ 
Perael) 

Loweat Muffibers Represent Ifost ^ s i r -
able Finishes tra^ & Standpoint ©ft 
Contaainabil i ty 

1 

5 

7 

3 

4 

6 

2 

^ 

Decontamiaability 

3 

2 

7 

4 

1 

5 

6 



tlma Halting th© opportunity t© deternlne the aaoimt of contaainatiea 
that wouM adhere to each type of fabric, toe final point to be e«m-
sidered is the action inside the tuabler dwing the c^taM-nation p?@-
cess» The action of each swatch within the tt^ler shouM have beaa tk« 
0aa«^ but there is no way of knowing that with ^ e type of swateh^ p®r-
hapa, the action waa radically different than for the other typ@i# 
These points oafce it difficult to say with certainty that ai^ oae fabri® 
typ« or fiaish is more or less susceptible to eontMiination than aa©th@r® 
However^ from th» table it appears that, of th« specie finishes^ a U ©f 
which ar& mcwe coataadnable than the uatreated control, C©d« C is acre 
Buseeptible to contaainatioii thaa the other types • It is felt that a© 
other difference eaa be statM« 

Table 4#7 als© shows that in two cases, Cod®a B and Ep 
the finishes decontaffltoated more than did the control} while ia th® ©th®r 
easesJ a lesser decree of iecontaaination was performed* Howevsr, th® 
differeae® above or below the control^ Cod# A^ ia not great ®n©ugh t© 
•warrant particular interest except in the case of Cod® C# (&.bl« 4#l) 
Code C^ deeoataainated 35*2 per cent^ and ©©mpared t© the ©©ntrol and 
other finishes^ appears to be imdesirable as a finish f©r elothiag rtiieh 
nay b« radioaetiTely eontaffliiiated* This is further bom© out by the 
faet that CMe C also appears to be more readily eaitaadnabl® than mn-
treated or other finishes* 

la eoaparing the two types of woolai swatehas^ 18 oz^ s@rg® 
and a 16 ô ® felt shirting, th© felt^ althaigh lighter thaa th® a©rg«^ 
had a^e nap and conseqnently picked up sli^tly m®r» eontaainatioa thim 
d M the smoother s#rg«» Th© felt shirtlag deemitaffliBated sli^tly aer® 
readily than did the serge trousers aaterial which say be attribmtabl® 
to the fact ttiat a felt has already been shrank a great deal aad p'obably 
will not shrittk anch more} especially siace th® laanderiag was doa© at 
less thaa 90%. Sine« the felt Material did aot shrink as naeh m th® 
s«rg« there was not as much ehance of its trapping eontwdnant la th® 
fibers aad yams as the shrialtage to©k plac«^ th«efor« peraittiag a 
greater degree of decontaaination. 

fh« two synthetic furies tested w®r« ray^ and nylen® 
tb9 nyloa appeared to pick mp a bit More coatmninatioa than the rayoa® 
Howeverj» the nylon decoatMiinated meh more readily toan did th© rayoa 
(92»5 per eeat for nylen md 72«2 per c«it for ray^)« 

C«ttoa sateea and herringbone twiU both picked up fery 
nearly the amm ai»iint of contaiiiiiatioa* There is no eajslanatioa for 
herringboa© twiU decontaainating only 66 •? p«* eeat whU© the sate^i 
i9c@ntaM.n.at©d i3*5 per cent® These fabrics mrB the saa* weighty ©©l©r^ 
a M i»terial» Th© only difference is probably one of those factors that 
eaimot b« ©liainated in a ^ e M test where rigid laborato'y e^trola 
eannot b© applied. 
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W.m, considering a l l the swatehos together^ ttoee faetors 
are apparent® Firs t , in geawal^ th© special water repelleat finishes 
ehow a greater degree of contaainability than the untreated^ regardless 
©f fabrie type* Second, the woolen fabries do a»t pick np &t^ aore con-
taMaation thaa cotton, and aside from the nylon, th® msoleas ar« aa 
readily decontaaiBated as other fabrics* Thirds the special Haish^ 
Cod« G (lor«ie), i s less readily decmtarf-oated than any of the fabric® 
tested by a very large aargia of difference® 

4»3»3 Clothing Gontaainated b j Soatrolled Ifethods 

The wool fe l t shir ts appeared to pick mp more c«,tMuLimti©ii 
than did th« wool serge trousers* lewever^ they both d©e©ntanjiBat©d th® 
sa«» aaount* I t appears therefor© that there i s v©ry l i t t l e diff®r@n®@ 
betweea the tw© wools so far as coat^iiaability aM decaitaainafeility 
ar« ©^cermei. 

The cotton a ^ rayoa trowers were t^ry aaarly alike ia 
both ©©ntaaiaatoility and decoatafflinability,t regfixilmm ©f wh@th®r t h ^ 
wers a«w or Maaderei* fh« new a y l ^ teowers wer* mart suse@ptibl® t© 
eontaainatioia thaa either rayoa or cottonj ©n th® other h ^ i ^ tk# lm»» 
d«r«d ^ l o a troaso's wer« oaeh less suseepti^lo to eontaalnaltal ^um 
•ither ray«. or c©ttm» This diffweae* betw©(M naw and laiaderM i^l@a 
tromaers was fBrthw brought ©«t ia th» decentaMnatdonj the avu ©B©i 
d«c«itaMaatei B « l p»r eeat rtiil* th© laanider«d deeoataffliiaated ©nly 
i4®4 per cent* I t i s noted that th« thre» typ«E of fabries^ eottoa^ 
ray©n.̂  aM nylon, regaril«»B ©f whether mww «r latmderei^ 8h^@d approxi-
^ t « l y the satt0 per eeat decontaiBlnatioa as th« ccrr«8p©niiBg fabrie i a 
•wateh fora# 

Th« nm t±9M tromsers showed 2»aa asectptibUity t@ 
taainatioa thaa new sateea trowers* Ioir»T«r^ after both types had beta 
laaM«r«d^ the fieM trousers showed sUgt t ly gr©at@r residuaL eoataa-
iaation thaa toe sateea trousers, 67«9 per eeat d^eoataainatioB for 
fi«M agaiast Sl»5 per cent for sateea* l h « both types wer® lauMered 
three t i aes , th« per eeat dseoataMnatioi of sateen troBsers r©s® t© 
93#5 p«r cant and fieM trousers to 85®8 P«i" e«nt# Tn neither iast^«e®^ 
aew Bor lawaderM, do th© field trousers appear to b© ttaacceptabl® ©oa-
pared t© sateea m. a basis of coBt^dM,bility aad deeontaBiiiiability* 
The «aattfaet«*er ©f fieM troBs«r« aay t reat th® fabric with on© ©f 
several water repelleat ttnishes> and i t i s i^ossibl® t® ascertain ±a 
th© fieM whieh finish i s on any aao pair of tromsera# Theref©r«^ my 
t es t of fieM trow era from gea«al stocks aay tary greatly ia the 
rosulta d«j«i^iBg upon th« na^er of trousers which haT« beea treated 
with eaeh of th« fiaishes l i s ted ia fabla 4®7# ^ this eonneetion^ 
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sine© Code C falls eonsidorably b»l^ all othws insofar as qaaliti®® 
desirable in cooneeti^ with radioactive coobanlaatloB are eonceniedj it 
ia beUeved that mor« exbensiYe and specific testa imy be la order® 

4#3.4 ^ f e ^ a f e of C ^ a M ^ b i m 

Sine* th« study of BWthods for d^caitaaiaatioa ©f clothiag 
begaiij there has been th© question of th# gm«ral dintribation patt«ra 
©f c^taaiiiatioa oae M ^ t e^se t from a gar^n t aetaally »oim i a a eoB** 
ta«inat«d area^ i«e , i s th© coataaiaatioa localized in speta^ or i s i t 
distribttted fa i r ly wniforaly ov«r the ©atire ^nasnfc? Bm t© th« la©k 
of eontaittiflated gar^nts after th© surfae* shot^ a© r-adiogpaphs ww® 
«ad©® FoUoidJig the •and«'^omnd shot i t was possibl® to expose film t@ 
two pair ©f cov«ralls# The fila indieates that thw© i s a @»rtaim 
affl©Bat of cont^BinatioB fair ly oniforMy apr«ad ©"f»r the gar^nt^ bmt in 
addition^ otm or two eareless aoves by an indi^idmal can result ia a 
eoneeatratiea of contomlnation at specifie locatioaa® 

Figar* 4»2 indicates Hmt the wearor of th i s gai^Ht B8®d 
both of his lef t pockets* Also, i t appears that ho may Mrm rubb®i 
against son*thing or carried seat eoBtaainatwi wiiiel© aeros® th© frcat 
©f his body below t l» waist© 

Figor* 4«3 clearly shows that th® wear«r of th is ^ x ^ E t 
used his r ight breast poetot aetBral tines^ possibly he c&rri®d MM 
notebook or cigar«ttes ther0» Also^ h« appar@nbly was «m his to@@s i a 
th© contamiBated area* 

Ik both fi^rmp the ortiline ©f the aasking tap® is q^t® 
©lear a t the bottom of eaeh of liie eoverall l«g0® 

M oiposing I l i a t© the different types of fabries that 
had bean cont«inat«d ia th© tuAling dewim^ i t was aot iB,t®M«d t© 
pr©T8 or disprove any point* Thm film was availabl* for ms® with gar-
:wnba eontaiaated by wearing aM i t was deeidM to wcpos* th« film t@ m 
twm ©f thost swatches to ee« how th© eaitaiiaatioB appsartd, Th® 
picttiras befor« md after laimde^ing are aot of tte S ^ B pi@c@ of fabrie^ 
tharefor© coi^arisoa of change can only be aeAm geiwrally® 

M sewra l eas»s with fabric watehes th« «acp©sttr@ app̂ M"® 
eaacentrated at points^ whereas th« eontaaiBati^ on coTsraHs app®ars * 
aa shaded® In considering this diffarence, on® aost reawaber that i t 
was possible f^r the fHa hoMer t© aake closer »n t ae t ^ t h tha fabrie 
swatch than "with the pair of covsraUa^ and i t i a possibl® that th is 
differene* in distanw could wry well accomt for th© differen©« im 
effects® 
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l̂ S^M S SlSffi ^ S ^ ^ 

5.1 ^^ao^sa^s 
Obserratioas were nad© by th« operating personaal daring operation 

JAKJlfi to determiae the smitability of the various «Q»ria@ntal clothiag 
^ a i t a r i a g i n s t r ^ n t s f®r fieM wsa® 

I t was desirabl© to determine •A.ether th« scaler reading® of th® 
iMltipl© tmb« instma^ats inereasei proportionately as ' the aetivity in"" 
ereaaei* Also^ i t was desired to kao» the com^ratiiB readings of th® 
•arioas instr«aents at differei* levels of aetlTityj ©sp@eiaUy at th® 
toleraaee l«v«l# 

A ^eee of cloth, 27 x 45 inches ̂  was cont^dnated by sprinkling 
Bift«d dttst naiforaOy oter th© swatch and then spraylBg on plastic 
adhesi-f© to hold this cmtamiaated dwt in place* After ©aoh addition ©f 
t^fcaMaaat, readings were taten with the different «peila®ntal instrw-
:»iits» 

5*2 BESOLTS 

Thes« p«»alts incliMe an efalnatiai ©f eaeh instrwEent and a eom-
parison of tiie relative readings of ®ach instrument to th© Signal Corps 
Table Top tawidiy fenitor in paragraph 5®2»6® 

5*2«1 Gheaieal Corps Clothini!: Checker (teperimental) (Fig# 2»3) 

Eeadin^ with this iastruaent taried considerably dM® t© 
the c r i t i ca l i ty of th© ^Mietr ic position ©f th© garment with respeet t© 
the tubes* Bae to the large mi^er of Geiger-ttieller twbes^ i,®« tan 
tubes I t l» fflaxi«»a reliable capacity of tt© instr«aent was below th® 
^ i a t a t which a garmmt woiild be G a s i f i e d as eontMdimted to an unsaf® 
levtl® There i s no satisfactory aeana of taioidng i f or -rtiea one of th® 
tmb0» eeases to fanction p'operly* Too amch tia© BBA phyBieal effort i s 
r®qttir«d to raise and lower the l id ©f the elotMng eh®ck®r# 

r.i 

52 



HIOJECT 6.7 

5»?»2 Modifltd ChcHdeal Corps Gheekg (Fig. 2*k) 

This iB8"toia»at gave aa*® consiatant readiags thaa did th® 
Ch®«ieal Corps ClotMng Checker A«n tha saae garaeat ims aonitor®d 
soTwal tia«s» This my be eaplain^d by the fact that th® t*«a ww® 
six laches f » a the gar^A aai were not aff#et«d so greatly by th® 
geoaatric positton ©f the garaeat with respect to the tub®®* By ®liainat«. 
ing the top ae Md part the problem of raioiag and lowriag i t was ©v9r-
c«ae as well as p®iwlttiag aa iacread® i a th® ^ i ^ « ^ reliabl© raag® 
with reapect to the leval of c©nt^iinatioB» Th® j ^ o b l ^ of aot ^ w i a g 
wh«i the iadiTiiwil t A e haA reached the end ©f i t s lif® span -was th® 
sa»» as with th® Chemical Cwps Clothing Checker* 

5»2»3 Sigpal Corps fable Top lanMry loniter CRg# 2»5) 

After a coasiderabl® aaotmt of ^©Urnnary dieekiag of 
0«wral e^er iaental clothiag Monitors, i t was d«cid©d to us® th i s i a -
atra^nfc fm the laBndry feraola and fabrie ®faluatioa phaa®® ©f th® 
operatioa. This in.str««ei* moat newly f i l led the r e q u i r ^ a b s f « 
s i thw a restareh typ« op a &mM typ® instr«^ait» Hthom^ th«r® wa® 
a© way of toioiing wh«B a t * » c«as®d feactioBing^ no difficulty was ®ii-
©OQBtered with the tiA«s daring th® op®r&tioa# Thea® halogaa tjp® tab@s 
have an mnliaitM eountiag lif®^ wber«as tiie othw S tabes w® l i a i t e i 
to ab«,t 109 cowits* 

Th«® w«« a few specific MJIOT featttres about th i s in?" 
strument which eaa b« iaprovod froa th» standpolat of operating ©f-
ficieaey. loireTer, ths iMtrummt is satisfactory for as® as a r@s@arrfi 
type lastPttaent aM can b« adapted to serve as a fi©M ^scre©niag« ia™ 
str^Mert^* 

This iBs t r^ant was probably "tt© most iageaiow i i i s t r«»at 
tested! «d^ with the exeeptioa of a few m9chanical difficulties^ i t 
functioned qalte weH aM is satisfactory m a r@s©areh type instrtta»nt# 
Iflwever^ i t was agreed that this instraaeiA was not a practical fi@M 
defies b^atjs* of the ^my i»eh«Qical parts* 

5»2»5 Badiac Meter f^oa Radiae Set AM/HB 27A md Portabl® 
Gaigw-ttaeller Starrer Met» Ai7^pY-2A 

Although ttes© hmd siffvey i n s t r ^ n t s w®r« not iat®»i®d 
for clothing monitorittg and are B©t satisfactory for t h i s parpos®^ tw© 
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unek ^ t e r a wer© msei dwing the t«st« Their w* was a«e«s«ary to cor-
r»lAt« th« tolerance for contaaiiiatM elothingj ! • • • 2 «' / te ' iri.th th® 
27A or 7 ^ h r with the T-2A, with th« raadin^ obtained m. thi« ©xperi-
««i ta l clothiag ek«etops» 

5*2»6 C^gwi^ M ^ M M ^ ^ ^ M H « fei^^*« 
By uniformly a^eadiag eoat^iiaa.tei dmst mnr a pi©©® of 

ol©ti, 27 X 45 inchts, i t was possible to ceatrol th© eimt«iinatioa at 
•ariow i«i«ls» Ttaa, e^para t i te r«Miiig8 ©f the tapioms i^ t raa0n t s 
was «ad« p « s i b l » . I t was a l » p©ssibl« to * t a t o the aj^raxiHat* i a -
• t « ^ n t r e a i i n p that a gmmnt T » ^ i gif» * • » th© garamt wis eoa-
taiaimt«d at the toleranc© 1«¥«1« Th© t«r« t©l«aac« leT©l i» used ia 
this ^tt»seript as described in paragraph 3»3» 

M t l» Signal Corp Tabl» Top laaairy fcaitor was adopt®i 
m the «taM«i. iaetr^anfc for «p»pi*9ftt^ i s* dmriag Uiis operatioa^ 
th« g p a ^ e e « p a e i s « of th« relatitw iwtrai^tt t raadiags i s aad®^ in 
•aeh eas# ef this i n s t r ^ w t , C©^«*i8©a of th« r«latif« r sad in^ of 
th« other instruaents wa.a m.i.m by w 3 ^ tt« reading ©f t l» fable Top 
txm^j fciitor as a strndttd. 

i clothing M ^ t w i a g ias t rw^at to b« entirely ®ffici®nt 
»h©tf4 ia i ica ts readings that iaerema* i a a direet s t r a i ^ t - U a e rat io 
idth «, iaer«as0 ia rMioae t i t l ty , ! • • • , i f th© radioactivity dottblM^ 
th« iwtna .ea t readii^ shomli iombla® tow of ef ficieaey i s a mtiltipl® 
tttb« typ9 i n s t n ^ n t may b« earned by c©ineid«ne« loss M,thto the tmb@g 
or by • • w r a l t * » 8 b o i ^ aetiTat»d a t ttit same tlj»« A third meaas ©f 
1©88 of ©ffieiency is *itfaia the aechanical f toct i«iBg ©f •a» sealw® 

If i t my be aseimed that th« l l /P«-T-21 md the M/mm 
27A are fair ly rel iable withia th© r a n ^ iadieated in figw«s 5*1 and 
5*2 ti«m i t Hay b© a««a la ttos© -ta© figoreo that th© Tabl» T©p Laimdry 
^«i t©r i s tttite •ff ieient . Thw« t»o figures al«o el«arly iadicate 
that th« readings of the T-21 M i th» 27A » • i a th© ra t i ^ of 7 t© 2» 

tt« loss ©1 •ffici«aey in comttog i s pMinly etldeat for 
•Ui» Ch«irf.cal Corps type i n s t n ^ n t s i n figir* 5*3« IMA eonditioa d©«s 
aot appear as ^^onae td a» i t a e t a ^ l y i s b«e*tt»« th* 1©8S of conatiag 
•£fl.ei«aey witMa the Tabl» Top I^oiadry l t a i t * r t«M« t© •traightea th® 
e^'m* BaaM on the restilt» iniicat«d i a figarw 5»1 and 5®2, th« t©l» 
•rme« f or elotMng ia approximately 2C»,0<» e/m m tt* table t©p aMi-
t « « M r«£©rriBg to figar* 5,3, emm 1, i t a ^ %• s««n that 200̂ C»O 
e/m m. t to Table Top M»dry *ri.t©p i s c©a^rabl« t* a p ^ « i l ^ t « l y 
f W , a » e/m ^ the CheMeal C«p« C1*M:^ Ctoekw. A» th« ^ a i « « i 
pat»d capaeity of th« B«rk«l«y l e c i ^ Scaler, » i « l ^00^ i» ^m^Om 
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e/m^ i t i s eTii«at that the ^alH«» e a ^ e i t y of th« Ch^dcal Corps 
Clothing Checker i s b»loir th* ©stablislitd toleraac© fa* clotMiig® 

Is th* c«rw iji tigmm 5.4 is ai^r«lM,t«ly a s t r a i ^ t 
liB«, th« cooating sf ttcieney of tli« Scaimiag Arm inatrwwat i s appr^d.-
matoly th« saae as that of the Tabl* Top i a a t m ^ r t * 

^ a s a r e ^ n t s were ^ d « Mth the S i ^ a l Corps Tabl« Top 
isBtramsnt by taking the scaler reading la couats per adaat© aad dial 
readings froa a count rate meter# Sealw readings were asei i a th® 
latiMry formila aM fabric e-raliiation phaaeo* Th« conat rat« meter 
readings were wed in order to ©vallate ttio desirabil i ty of wing this 
lastruiwnt as a fi«M i a s t n ^ n t ftr screeuiiig clothiag aor© rapidily® 
Th© eo«nt rate aster was •quipped with both a M.# r a a ^ aad a l©w raag® 
scale® I t appear8J nam, that earn raage seal* wouM b» ad«q,«ate i f tk@ 
center of the rai^« wa« «qiiiTal©at to appr-oxiaately 200,000 eouats per 
»iBtit« as nsastired by the scalw* 

DurS^ this experiaeat i t was decided to iarestig&t® th® 
a^jmit of dosag* m«'s i»cl»t dos i^ te r woali indieat© i f k« had wora % 
garaeufe wMch was contaMaated at varioms levels of actitity® Two 
Itleket poeket dos i^ te rs were placed <» a caataai^t«d ^ec@ of d.®tt 
for a period of fomr hours at eaeh of setBral levels of coataMimtion® 
A g r a ^ of these dos i^ te r readings versus the Tab]* Top instma^at 
readings are shown in figtir© 5»5» 

men the &bl« Top ClotMng fcnitor r«gist«r«d 200,00) 
eoimts ^ r minttte (apprcaiaately the astablisMed clotMag toleranc® 
level) the pocket dosiaetar i»as fo«ad t© discharge a t the rate of ap»-
p*^dmately 16 ^/br, or appr^iaately 0®4 loentgen ia a 24 hoar period* 
This is not eonsidering th« d«cay factor* 

5»3 DlSCPSSICi 

The S i ^ a l Corps Table Top laundry fcaltor *as aqoipped with a 
eount rate aeter which pei»itted a mors rap.d Meattoring of gar]»nti 
thaa eoaM b© a c c ^ M s h e i by taking a scaler eo«Bt» TMs eouat rat® 
aster co-old be operated oa either high OP low raage and diarts wer® 
prefided f « coHferting » t e r raadings to th« equivalent »eal«r r«adiag® 
i a eoimts ^ r fldntite. fti the low range th© enrfe thro^li poiata ©f 
eqoivalent ^ t e r &iA scaler readings was not & s t r a i ^ lia®^ therefor® 
i t was neeessary to convert aU readings to »ealer eowit before anb^ 
tracting the back^otmd. Alsoj the acmler count gar© a aor* p*@eis® 
cottob tlma was possible by reading 'ttie eo^ t - ra t« ^ t « r ainc© •aeh ^®d-
n a t i ^ on ttie meter dial represented froa two to foar thoasaM e©fflits 
per aia'ate dependi% upon the degra© of actitity® Conaidtriag th®!® 
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mOJECT 6^7 

factors, i t was decided to tts« oaly the sealer readingB f©r ©TaMatiag 
lamMiy foraolae aM fabric«» 

i f i e l i type clothing ^ n i t o r sMoald aot r«qiiir« thm as® ©£ a 
-* sealer, but shoaM be eq«i^e i witli a c o ^ t rat© a»t«r ©r s ini lar €«rie« 

to indicate Aether garme^s are contaaiaatei abow or belew a g lwa 
tolerMice» I t would be desirable to haw an. aijwtabl® Tiaaal aigaal t@ 
iMieate when a prescribed toleranca was 9xce«d«i« 

1 problem exists i a the monitoring of different sia® ffxmtntBm 
For wamplt, a pair of eoTeralls aight b« eoHtaffliaa,tei b«low toleraa®* 
aad a boote© sewral t iaas tol«rMic«, y»t the boot»» woald IMicat® a 
wich lower reading on the clothing Kjaitor tMaa woaM tM« pair ©f cotwr-
a l i a , fe^caas* of tbm difference in 8ia» aad e©ii»«<i«eHfe to ta l aaoant of 
aeti idtyt i solmti« t© tM.s prolil«« a i ^ t be to astabHsh thr»« 
separate tolerane« levels * e n aoaitoriBg with th is device^ i®«», ©ae 
leTel for bootaes aid gXevwB, ©ae l«f«l for trousers and sMrbs^ and 
Miother l«Tel f©r cof»rall»* 

Th« S i ^ a l Cerpa p-ovided a radioactit© plastic sheet whi@& prov^i 
quit® d i s ab l e ia ©Talwatiag "ttie i n s t r a ^ a t s . Th« radioaetii^ mater ia 
was of the s t ront im ^-ybtrima 90 pair Aich has a 25 y^ar half lif® 
and ettits beta particles with a aaxi«MM mumgj- ©f 2®3 * • • tti» 
• a t w i a l was saniwicliid betwe« two ^ ^ l i t e sheets s© that '^@re was a@ 
iang^r rf personnel e e a t a m i ^ t i ^ f r ^ ihaadliag» Th« aeti 'fity ©f tkig 
•he»t *as 7 « / h r a t six laches as ^ a s ^ e d b j a Imelear lastrajaeHb 
Ceapaay SarT«j Meter, fciel 24lO^A aaiag a thin-mUsd b«to-gM«^ G@ig« 

This radioaetire plast ic ahmet s«rr«d aa a eheek •00. tk« r«prodi»-
iMMty of th« i n s t n a m t readiaga £ r ^ t3«« to t iaa Mid also as t 
tolwawte level eaMbratioa for tli« ins t r t t^n t , to eheekljig th# radi®-» 
actif* plastie sheet i t did not appear t t o t 7 M / ^ with tb« aid® wiaiw 
t A « was c o a ^ A l e to 2 ^ / t e witM tM» «Bd wlnd^ tib« Aea r®ad with 
th« il/!W.-T-2i and l l / l « 27i» » • tttergtot ©f th« beta partiel@8 £r©m 
t i e plast ic sheet wer« 0«6 md 2*3 Ifc^^ aa eaitraat«d mtM th« range rf 
• ^ r g y lef«l« tr^m l isaioa prodaets eaeonatered follewiag a fec^ b«r®t# 
M a t t e ^ t i a g t o ^mmr t h i i pr*lem i t waa d««iii#d to e ^ a e t a a*89-
t««it ^pe r i a« i t in wMeh r iAeac t iT i t j r^atiltiag f » a a b o * bwat ^ s 
b t t i l t ^ i n l ^ e r s oa a el©tk «a td i» fceM t l ^ • layer * M M4®dg r@*dr 
lagii wr« takea ®a a n •£ tk« elathi i^ ^Bi t©ri% iastramemts^ iaelaiiag 
tb« haM, awmj ^ t e r s at a i i » t « ^ ©f »ix iachsa tt«m th» c©ata«iaa-
tiott, and poeket dosimeters in eoattst with th» «wateh# TM» iaferM.ti©a 
• i w M tt* re la t i f» reaM^B of tk» i a s t r a^n t s as w«ll as %h» iiachapg® 
rate ©£ th« poetofe d©«i^t»r aad i s m. apprexl^tiea of thm d©sag® ttai.t 
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w@mM h® lMieat@i i f th® d©siBi@t@r w@r@ wora ia a p©©k®t; h&mr®Tg th@ 
r®smlts ©btaintd from t l» poek©t dosimetsr reaiiiigs ar t «Ly in^i©atiT@, 
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ClAPfER 6 

^•1 0«CCTSIOMS 

Th« rsstiltg of tli« t es t of clotbing deeontamaation proc®dvr®B and 
evalmatioa of la iMry methods after a smrfae* and tmdergrooad atomie 
b e * exp les i^ l«ad t© tbe eeaclmsimo thats 

The hazard of elotMug eontaMaatioa follo-^jog aa ander-
groHnd »xpl©8ioa i s greater tkan that f o U a d ^ either a sarfac® or an 
a i r burst® 

Th« QwarterimBter Corps mobile f iaM laomdry foraiala (3 
eads) rtsBlted ia aatis factory decontaaiaation of clotMag eontaainated 
with the type of so i l aad a c t i r i t y present doriag the operati©a® 

1 M0re specific deecmtamiiiatiiig laandry f«"mala ej^loying 
c i t r i c «• ta r ta r ic acid followed by either an org«iic ©r inorgaaic 
Aelatiag agent resulted in a h i ^ e r de^ee of decontaaiaatioa than 
other f e r u l a e tast«d® 

TM« wooden lamadry washer was foBod suitable for perforar 
ing elothiag decoataadimtioii and did not i t s e l f beeo^ ttscassively eoa-
taainated. 

Highly contaminated ^ r ^ n t s sfao^ld be separated fi?©« 
thwe haflng l i t t l e or no radioact i t i ty prior to lawaderlng® 

fh© handMng of contaainated gmsmnts aM eloth iwatehea 
P'eseated no health hazard due to inhalatioa ©f contamumtioaj ^ i c h aay 
b« shateB from art icles before t h ^ are wasbed* 

6*3-2 ^ ^ ^ of I^MM 

Tk« water repelleat fi-aishes tested eaased f A r i e t© piek 
mp mm eeat««iaatioa t toa Mad i t »©t beea so treated* Forther^ thia 
teat iadieat ts tha t . Special KaisM^ Coi» Ĉ  U tko least desirable 
wat«r repeUent f w clotWag whiei ^ y becMiS ra i i©aet i« ly @«taaiaat@d« 
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The two woolea fabrics tested^ M oz» serge mk4. 16 ®̂ « 
fe l t a^lrtii^^ are as aeeept^le^ ^ o a the ataodpoiat ©f ewtaaiaabil i ty 
BM deeeffita^mbiUtj^ as e©tt©m or syntbetie fabrics» 

Peotets of gaxamntB w©r& M eeatafldoated areas are highly 
fsMerable te beeimiag e@BtttBiaat«ri[« 

• 6*1.3 U ^ ^ ^ of ^ ^ l « ^ £ ^ ^ ^ ^ 

Aside fr©« a few Minor feattres^ the S i ^ a l Cer^p Kbl® 
T ^ L a ^ f j l9Bit« ' i s satisfactory f«r -ose as a researeb type ittstru-
^A aai aLao ap^ars to b© adaptable tm use aii a HeM sereeidBg in-

4#2 MCW^MkTmS 

Baitd oa the resal ts of tbe t M t p^gram aad tb® jvobleffii 
eoia'torei fcriag the test^ i t i s r®@o«i@ad«d tbat the (^ar-toraaster 
QevpB^ 1« S* iawf fe» represented ia fmtw® at©«ie ^ d rMi©l@gieal war-
far t testB^ aad oaiataiB elM« Ualsoa id.tb tb® Badiologleal Safety 
^ • r a t i m t§ tbe « t e a t of ob®er?iag the efUcieaey ©f elothiag deeea-
taMaatioii preeedwea a ^ field testing ©f eletbiBg a@Bit©riag ©qmi^mta 

tt@ ^lar termi ter Cerpa «»bil® fleM lamdry f©r«la idtb three 
t«i0 iteps b« adopted f w m® i a deeoataadMatim @f detbiog l a t i l i t 
has been ehiom. tha t a 9>«ater p^^lem ®f elothiag ie@»,taKl&ati®n exists 
than a^ears at p>eseBt« 

tt« Qoar t e^s t e r Qmp$ radiologieal lA®rata'y pr®graa inelodet 
tk® testiag ©f fabrict e» t ed ^ t h water repellent fiMshes aad their 
effeet ©a the eoataaiaability aad deeaatsaiBAfeiility ©f febries® 

&@ d e w l e ^ a t ef a fieM type elethJag aeiiitoriag i a s t r i i ^a t for 
ef »>bil« HeM laandriea be eoati«@4» 
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Second Lt» W i U i ^ ! • Goozees Issistant Supply Officer* 
Lieutea^A' ' ' 'GSei '"s^^^5S~th^Teceiptj storage^ nainteaanee^ in ­
ventory, and issue of a l l si^plies and equipment| supervised the packing^ 
crating, md marMMg of suppliesj arranged l i t h the various transporta­
t ion sections f « shipments^ and aasiated ia laundry and aonitoring 
operations* 

y^Sgt# Glwm E« M.chael: Latmdry Supervisor» Sergeant Michael 
operated m til© unit First Sergeant» He assisted in supervising and 
operating the laundry decontamiaatiai operation^ He also assisted la 
the elothing i^ni twing operation* 

M/Sgt# Cecil McCaalleyi Ut i l i t ies For«an# Sergeant McCaulley 
superfised and assisted in ihe instal lat ion and repair of pliunbing ap» 
paratttB^ e lec t r ica l circuits and outlets® He assisted project officers 
in the instal lat ion and operation of aaaitoring devices and other neces­
sary mtilitiea® He also assisted in the clothing monitcring operation© 

SFC Donald C» AH^eier^ Sr«i General Equipment Hepairman. 
Sergeait Allgeier installed^ adjusted^ and maintained the unit machinery 
and vehicles* l e coiverted a laundry tuiijler into the valuable eon?" 
trolled contaminating device used during the operation and waa respon-
Bible for the contaminating of tes t elothing during the test® He also 
assisted in t l» instal la t ion of monitoring aad laundry equipment® 

Sro TiHiaa Ht MeCmnellt laundry Supervisor® Sergeant leConnell 
was directly responsible for the laundry operation and. ©qui|ffle«t* His 
duties requir«i that the laundry foroulae being tested were controlled 
precisely throughout the oj»ration# He was also responsible for the 
p-eparatioa of the equipaent for aove^nt^ preparation of the schaitJl® 
of laundry t r a i l e r operations, and maintananc® of the laundry equi^ent 
and power ifflxt# 

SFG Donald J> Pet r i : lamidry aad Bath Supervisor and lastruetore 
Sergeant Petri ^ s tMporarily assigned to Detachment 7? 9135 fSO for 
duty during JMGLE ^eratimik His p r i ^ y duty i s an instructor in th@ 
Qaarfcer^ster Demonstration Unit® This operation permLtted him t© b@» 
covm faMliar with the ^arberaaster deeontaiainatiai of personnel and 
elothiag* Sergeant Petri assisted in the clothing aonitoring operations© 

Sgt# Da-»ld M» irnoM: Administrative lon-coaaissioned officer* 
Sergeant AmoM |r©pared and typed unit and projeet correspondence and 
rtportsj posted aM filed regulations^ correaporaienc©^ project reports 
and a U s ia i la r m.ter ial . He also coded material by sdsject ^matter and 
aaintal^ed 'oait administrative records such as morning report^ duty 
roster , sick book^ ete , aad assisted in th« insallation axd operatim of 
iBonitoring devices and decontaadnation equipent® 
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PFC B®rt S« Gortons Chemical Staff Specialist* Privat® G«rtm 
^as t®i^©rarily assigned to Detachment 7$ 9135 TSU for duty during 
JAIGLE Operations H@ i s a graduate eheaist and^ during t h i s operation^ 
h@ p@rforaed the ch©M.©al md radioactivity a@asw?e»nts ©n th@ laundry 
waste iiat@r and soluticm aaniî ®s» H@ also assisted in oaking th@ eo»» 
putati€»® aad plotting d@cay eurv©®® 

• 
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Carl8«, 1^ ! • aM WJliaa F* i@iM«^ tt2JagM„^„.a^a 
^ E e ^ t . ^ « J M h ^ . . . ^ ^ , fciwraity ©f mckmUr^ T®ch-
aiea l ^ ^ o r m t i ^ Bivlsioaj 9 £ j Oak la.dg@^ T«an@si§@@« 

Qi*rt«rm«t«r Osatral^ W*0hiagfc®a 25» D» C«| lf51» 
i^'^M^ 

£i.^gs»si.^£^al£l^# 

Cr«*ia , I*»d«iek E« lad CmA^mg ftiffl.®y J*#. toDli®d Sewral 
Stat lat ieg. R'tnti®* l a l l , I« T* IfkZ, 
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BI§fBIB0fI9 

fh® Qaarfeemasttr fitaastals B®paxta®at ®f tli® 
D, @« ISSIs M®J» l l f r s i . H« FarttoB 

Weapon fes t Seports O-roi^. fIS 
tisxpluB in f liCE for Ml. 
Bmplm i a f ISSE for i f iSF 
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