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ABSTRACT

la the event of a future world conflict, it is not only

possiole, but probable, that nuclear weapons -ill be ised

It is imperative, therefore, that the U. S. sy stablish

defensive measures uf all types against nuclear attack.

The assigned responsibilities of the Corps of Fr.nL73ers in

the field of water supply and sanitation require that special

consideration be given to the problems associated with the

-ontanination of water supplies. It is mandatory that pota-

ble ard uncontaminated water be furnished Arjy troops for

drinking, washing, culinary, bathing, laundering, and de-

hydrated-food-reconstitution purposes. To meet this require-

ment, the Corps oi Engineers has corducted a continuing

research program through the years to 'determine effectlvc

methods of decontaminating water contaminated wit!. :xa~il -

active materials. It was the purpose of thit .Audy to

W: extend the state-of-the-art to areas of uncertainty, or to

areas in which little, if any, dnta were available. In

particular., the objectives of Project 7.17 were to stud,

g(1) the solubility of radioactive debris in wter, (2)

emergency methods of removing radioactive materials fromnI *water, (3) field mthods of deterrinirg the concentration
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of radioactive material water, and (4) a squad type

universil CBR method of water nation.

From the results obtained under -hs tvd

Concluded-thatr - -----

The solubility of radioactive debris increased with

a decrease in pH and an increase in temperature, bat the

change was nut significant in the pH and te~arat-e vari-

ations for normal drinking water suppies. )

The solubility of radioactive debris was not

markedly affected by contact time. Increases in solubility

with time were alleviated by Lit- ee in contamination

through radioactive- decV-y

{3) The solubility of radioactive debris was signif-

icant enough to require water demineralizaticn to produce

drinking water within the acceptable one year and one month

drinking water tolerance levels.

--."4) Radioactive debris from surface detonations can be

colloidal and remain in suspension in water fcr eytir-ed

periods of time and be readily transported to tneam

water souce.~

5 Emergency tpe water purification methods such hs

/ filtration through clay and paper, batch coagulation,

.1itration through a cellulose filter disc, and moldad

6
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fill z> candiles effectively reduced radioactive co ntaiinants

to horc range (less than 30 day) drinking water tolerance

lev4ls., Hig:her removals of activity (approachinig 100 per-

cen) w re ained by the addition or an ion '.xchange

pro eos as a post- atment to the above methods.

6. The standard I. 4- 1/PDR-27Jfu Radiacmr.ter and the

COIT700 meter can be used sati ctorily in t-1- f7R&d to

quaitatively determine whether Hate up.ls are zbove

or below the dr Inking water tolerance 1ev - s Pr-4 tno assist

water point operation relative to adqay f.4 operating

7
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PREFJAE

This study was sponsored jointly by the Defense Atomic

Support agency and the U. S. Ax" Corps of -Nineer-.

Financing was accomplished under Corps of Enxyln-rs project

8n5-05-oo, task 8bi5-05-001-07, "Removal of CBA rontami-

nants from Water"; and also by Office of Civil efense

project 3103C, "Use of Clay materials for Emergency De-

contamination of Water Supplies."

The analysis of the water used in all tests was fur-

nished by the U. S.. Geological Survey.
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CHAPTER 1

INTRODUCTION

4.8 OBJECTIVES

The objectives of Project 7.17 were: (I) to st-'iy the

effect of pH, temperature, and tme of con+t-t --;,n the sol-

ubility of radioactive bomb debris in water; (2) to rialuate

proposed emergency methods of removing radioactl-.'' materials

from water; (3) to evaluate Army and Civil Defense field

type nmthods of determining the concentration of radioactive

materials in water; and (4) to evaluate a proposed Army

squad type general CBR decor.tamination method for reroving

radioactivity from water.

1.2 BACM(ROUITD

The assigned responsibilities of the T. S. Army Corps

of Engineers in the field of water suopply and sandiation re-

quire that special consideration be given to thir ,,zontami-

nation problems asswiated wth the use of i-ce weanns.

It is mandatory that potable and ;xncontaminated water bn

furnish-.d in the field' for drinking, .Ahing, culinary,

bathing, laundering, and dehydrated-food-recontitutin

purposes. To meet this requirement, the Corps of EngineersF'established Research and Development Projbect "R*%oval -'f

OFICIAL USE ONLY
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CPR Contaminants from Water," currently designated Task

81,?5-05-O0l-07, Most of the initial research was accom-

plished at the Sanitaxy Sciences Branch Test Station at the

Oak Ridge 1!ational Laboratoryj (,RNL), operational from 1950

to 1957. At ORIL, numerous decontaminAtion experi-ants were

conducxed using reactor-roroduced mixed fission products and

a wide variety of individual radioisotopes. Some li~mitations

were placed on this work, however, 5ince true bomb i.ebris or

fallout proloably dif fers appreciably from the rear' or-prooduced

materials actually used. Radiological decontanal.--Lion work

was also conducted with the coopevation of the Atomic 7nergy

Commission (AETC) and the Defense Atomic Support Agency (DA2A)

at the Nevada Test Site (NTS) under Operations Buster, Jangle,

and Plumbbob, and withi the radioactive material obtained

from Hardtack 11. Formal U. S. Army Engineer Research and

Development Laboratories (USA=PD) reports 1275, 1313, 1357,

1396, 1404, 1406, 1451, 14'92, 1569, 1613, 1673, And 1702

were wiritten covering the results of the studies. A zsynopsis

of each of these reports, plus availability at th,- A-zd

Services Technical lnf' 'nation Agency and the rOftiio of

Technical Serv-ices is give-n in the Appendix. The results

obtained under Buster and Jangle are ccr4.aineod in UASA

reports under these operations. Certain areas, where only limited

Information is presently available, still needed invebtigatlon; These

were: (1) Solublity of nuclear bomb debris In water, (2) Emergincy

methods of water decontamnination, (3) Field type water monitoring,

and (4) Efficacy of a proposed CBR squad-type water purification

method of removing rad-loative materials from water.
14
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CHAPER 2

PRO)CEDW1E AND FESULTS

2.1 SOILAYT=

Radioactive debris for the study was nb',- from

each of four nuclear burstb. The technique of dotAining

the debris was as follows:

Little Feller I. Detonated 7 July 1962. Soil sample

taken from center of crater 12 July 1962.

Johnie Boy. Detonated 11 July 1962. Soil sample

taken from surface of ground at b0r/hour line 12 July 1962.

Small Boy. Detonated 14 July 1962. Soil sample

scraped from surface of ground at lOT/hour line 18 July 1962.

Little Feller I. Detonated 17 July 1962. Soil sample

taken from center of crater 19 July 1962.

In each instance, the soil sample was remtvc- t an

area of low radiation and sieved through a U. S. Standard

sieve nuwber 40. The coarse fraction was rejected, and

the fine fraction retained in iawr,e bottles, for use.

The sample bottles were stored in a locked magazine

(Figure 2.1). The specific activity of each sample

was determined as a function of time (Figure 2.2).

1is



2.2 GE}AL

The experimental work under this project was conducted

in the vicinity of the AEC-operated Radiological Safety

Decontamination Station in the mountain ppss between French-

man and Yucca Flats, NTS. Figure 2.3 is an c'erall photo-

graphic view of the test installation. The irss1 1ation

consisted primarily of a Mobile Chemical Laboratory ard a

Mobile Radiac Laboratory.

All chemical tests and jar test experiments were con-

ducted in the Chemical Liboratory, and all counting was

conducted in the Radiac Laboratory. Roth laboratories were

electrified by means of a hook-up to the local power system.

In addition, the Chemical Laboratory was provided with

domestic fresh water. The waste line from the sink in the

Chemical Laboratory drained into a retention pond receiving

run-off from the ABC decontamination pad.

Sample preparation was accomplished by evaportilo, to

dryness under an infra-red lamp of an appropri. .. volume

of sample water in a planchet, The residue in the p-!nchet

was counted by placing the planchet into the top shelf of

a Nucleor-Chicago shield containing a Model DS-5 antlhracene

crystal beta detector connected to a Model 151A Decade

18
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Scaler (Figure 2.4). The geometry of the instrument was

established at 7.1 percent~with a standard thalliu-20k

solution.

The general area background was monitored continuously

by means of a Nuclear-Chicago Model DS-5 iodium' iodide

(thall- um activated) gamma scintiilation detectr- ronnected

to a Model 1620 Count Rate Meter and a Texas I. -iiinent

continuously recording Recti/riter (Figure 2.5,.

2.3 SOIL SOLUBILITY

The water used for conducting the soil solubility

studies, ard all subsequent studies, had the analysis shown

in Table 2.1. The water had a total dissolved solid con-

tent of 254 ppm. It was high in silica (76 ppm). The

principal cations were sodium (39 ppm), calcium (20 ppm),

and magnesium (11 ppm). The principal anions were !Ai-

carbonate (189 ppm) and sulfate (23 ppm). It w-lii 1-n in

chlorides (6.5 ppm). The beta radiological ictivity was

12 pc/liter.
The procedures for conducting the soil solubilit5

studies are given in Tables 2.2 through 2.7. The results are

also given in Tables 2.2 through 2.7.

17
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2.4 CIVI DEFENSE WA'ER mCOirrxmINATION

The procedures for conducting the Civil Defense water

decontamination studies are given in Tables 2.d thr:agh 2.15.

The equipment used in the Flower Pot Procedure is shown

in Figure 2.6. An exploded view of a flower pot set-up

is shown in Figure 2.7. The equipnent used in th, Paper

Procedure is shown in Figure 2.8.

The results of these studies are given in Tal.les 2.8

through 2.15.

2.- FIELD DETECTION

The procedures for conductinC the field detectIon

studies are given in Tables 2.16 through 2.18. Figure 2.9 shows

the IM-I14/PDR-27J Radiacmeter in use. Figure 2.10 shows

the CDV-700 meter in use.

The results of the field detection studies are a1

given in Tables 2.16 through 2.18.

2.6 CBR SQUAD DCONT.T1mATION

The procedure for conducting the CBR squad decontarira-

tion is given in Table 2.19. Figure 2.11 shows the CR

squad decontamination equipment.

The results of the CBR squad decontamination study are

given in Table 2.19.

18
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TABLE 2.1 WATER ANALYSIS, WELL 3, NTS

Sample Collected 19 Decenbt:. 1961

Chemi.cal Components Physical Chal-acteristics
and comouted values --

Pri

Silica (SiO2 ) 76 Dissolved solids Qprn)
Res. on evap. (-. Pc) 254

Alumnrmm (Al) 0.27
Calculated 285

Iron (Fe) 0,00
Hardness (CaCO3 )(ppm)

Manganese (Mn) 0.00 Total 95

Calcium (Ca) 20 Non-carbonate 0

Magnesium (Mg) Ui Specific Conductance
(jzmhos at 25 0 C) 376

Sodimn (Na) 39
RH 7.5

Potassium (K) 7.6 !Tjjochemcal Data

Lithium (Li) 0.00 Beta activity (pc/i)

Bicarbonate (HO ) 189 as of 3/22/62 12 ± 2

Strontium 90 (pc/!) < 0.4
Carbonate 'CO3 ) 0

Sulfate (SO) 23

Chloride (C) 6.5

Fluoride (F) 0.9

Nitrate (N03 ) 7.4

Phosphate (POO1 ) 0.12

I
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TABLE 2.2 SOLUTI=. 07 LITTLEF FELLR II MERIS AS A
FUNCTION OF PH, RMN -O. 1 (24 July 1962)

Pr'ocedure:

1. Add 70 grams Little Feller 11 debris (17 days
old, specific activity 45 uc/Fram) ',( 11 liters
of water in, il-gallon pilastic drumr. Ak.4-tate.

2. Add 600 ml of the suspension to each ot*.
1000-mi beakers.

3. Agitate, and add the following: (1) beaker 1,
1 ml cone. hydrochloric acid, (2) beaker 2,
0.2 ml conc. hydrochloric acid, (3).beaker
3, nothinE, -and (4) beaker 4, 20 ml N/bO NaOHq
solution.

4. Stir for 1 hour at high' speed.

5. Sample suspensions, filter through Whflat-man
paper, and check filtrate for pff, alkalinity,
hardness, and radioactivity count.

Radiological Data
Reaker RadI-oa2civ~.ty Concentration Per-cent

Susoengsii Filtrate Sou~ity

1 90,000,000 4,6o0,000
2 93,000,000 3,600,000 4.0
3 90,000,000 6,300,000 7.0
4 90,000,000 3,600,000

Chemical T'atA
Beaer pH Alkalinity

(PPMs) (ppm)

127] -820 s
2 3.5 -14 0
3 8.4 163 103
4 10.0 300 66

20



TABLE 2.3 SOLUBILITY OF JOHNIE BOY DEBRIS A N A tTTION
OF PH,, RUN No. 2 (25 JULY 1962)

Procedure:

Same as run number 1 (see T-blz) 2.2). ;-,;irie Boy

debris 14 days old, specific activity 5.2 wc/grm.

Radiological Data
Beaker Radioactivity Concentration Percent

Suspension -itrate Solubility
(pc/i)- (p-C/i)

1 10,C00000 550,000 5.5

2 10,000,000 46 ,O00 4.6

3 10,000,000 340,000 3.4

4 10,000,000 260,000 2.6

Chemical Data
Beaker pH Alkalinity "ardness

1 2.1 -859 1:

2 4.5 4 136

3 8.5 174 104

4 10.1 298 55

21
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TABLE 2.4 SOLUBILITY OF SMALL BOY DEBRIS AS A FUNCTION OF
PH, RUN NO. 3 (26 JULY 1962)

Procedure:

Same as run number I (see Table 2.2). Small Boy

debria 12 days old, specific activity 22 ic!vrarm.

Radiological Data
Beaer RadioacttUity Concentrationn

suspension Filtrate 7.lubility
Sup/1),n ( C/l)

1 44,000,000 3,6,ooo 8.2

2 44,000,000 2,000,000 4.6

3 44,000,000 2,200,000 5.0

4 44,000,000 1,700,000 3-9

Chemical Data
B-aer pH Alkalinity qarass

(ppm C2aC0) (ppm .Ca_

1 2.4 -3420f4

2 8.2 94 41

3 8.6 183 14

4 10.0 42

22
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TABLE 2.5 SOLUJBILITY OF LIT LE FELLER I DER1A3ISP A
FUNCTION OF PH, RUN NO. 4 (26 JULY 1962)

Procedure:

Same as run number 1 (see :able 2.2), excn, pl sepa-.
rate 1.2 graml quaiitities of debris were weighed directly
into each beaker (specific activity of 9 day ol1: -- ttle
Feller I debris; 45 p~c/grani).

Radiological Data
Beaker" Radioactivity Concentration Percent

Suspension F11tat Solubility
(PC 11) (PC/l)

1 90,000,000 13,000,000 14

2 90,000,000 9,900,000 11

3 90,000,000 12,000,000 13

4 90,000,000 8,300,000 9

Chem~ical Data
Beaker PH A -a FI ty -T;-x-r-es

- - ppn CPaCO-4)(P a

1 2.1 -181 194

2 6.5 2015

3 8.5 178 106

4 10.0 240 60

23
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TABLE 2.6 SOLIJBIL17( OF SM'tAI ROY DE(HPJS AS A FUNCTION
OF TINE, BUN WO. 5 (24 JULT 1962)

Procedure:

1. Add 1o2 grams of Small Boy debris (1 0 days
od, specific activity 28 dcigram) tn,

ml water in a 1,000-mi b.-aier.

2. Agitate at high speed, sample, filter .1

count: 1 min, 10 min, I. hour, a'dJ 24 hour II
contact time.

3. Analyze 24 hour filtrate for ph, alkalinity,
and hardness.

Radiological Data
Contact Radioactivity Concentration Percent
Time Cuspension Filtrate Solubility

I min 56,000,000 3,100,000 5.5

10'min 56,000,000 3,400,000 6.1

1 hour 56,000,000 3,800,000 6.8

_4 hoajr 56,000,000 3,300,000

Chertrnal Data

24 hour Filtrate

PH 8.6

Alkalinity (ppm) 1"9

Hardness (ppm) 113

24

17;%111



TABLE 2.7 SOLUBITrY OF SMALL BOY DEBflI AS A F =CION
OF TEY.PERATTJRE, RUN NO. 6 (27 JULY! 1962)

Procedure:

1. Weigh out three 1.2-gram poticnq of' d-ris.

2. Add 600 ml tap water to each of th're6 f 0-n
beakers.

3. Chill beaker 1 in ice bath; maintai rv .-:.aker
2 at roon temperature; and heat beaker 3 to
boiling point.

4. Stabilize temperatures, add debris to each
beaker, and stir for 1 hour.

5.Sample, centrifuge, and count supernatant.

laioogical Data

Deaker Watr Radiioactivity Concentration Percent
Temperature Suspension Centrifugate Solubility

(OF)(p/)(/)

1 36 44,000,000 1,900,0CC 4.3

2 79 44,000,000 2,200,000 5.0

3 212 44,000,000 3,000,000 6.8

25
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TAELIE 2.16 FIELD DET~tI0N WITH w-'l'D-7 ADIAaMR,
RUN NO. 15 (27 JULY 1962)

Procedure:

1. Add 1000-, 100-, and 1-gram quantities of Small
Boy debris (13 days old, specific activity 22
tic/gram) to each of four 20-gallon pla; tic
drums containing 50 liters of tap water.

2. Agitate.

3.* Leave beta shield of IMl41!PDR-2?j, R.-aac-
meter intact and cover the entire prob-
as-semby with a rubber surgeon's glove. Wrap
andi tape the loose fingers of the glo, - 3'i-u-xi
the probe to give a neat appearance. Trisert
sheathed probe vertically into water. Take
reading in mr/hr.

Time After Dl:-141/FDR-27j Concentration of
Detonation Reading Radioactivity

(days) (mr/hr) (pc/i)

13 0.2 440,000

t13 1.0 4,400,000

13 1.44,000,000

13 72. 440,000,000

17 0.15 ;?*f 000

g17 0.6 3,200,000

17 9. 32,,D3)0,000

17 40., 320,000,000

NIOTE: U. S. Army~ emergency mnaximum permissible concentra-
tion of radioactive material in drink-Ing water for
1-year consimption: 300,000 PC/l.
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TABLE 2.19 USE OF SQUAD CBR DEGOWTAMINATION PROCEDU
FOR F.OVAL OF NUCLEAR D!ERTS FROM WATER,
RUN NO. 18 (1 AUUST 1962)

Procedure:

1. Fill Lyster bag to 36 gallon mark with was.er.
Water sample analysis; pH 7.9, alkalinity 160
ppm, hardness 1C4 ppm, temperature 560F.

2. Add 27 grams Little Feller I soil to water
(2000 ppm, specific activity 23 c!g' ').
Agitate for 1/2 hour. Tutrbidity 200 ppm.
Water sample analysis after centrifugation.
pH 8.2, alkalinity 112 ppm, hardness 166 pm4

3. Add 20 grams 70-percent strergth calcium Orpo-
chlorite (100 ppm available chlorine). Agitate
for 30 minutes.

4. Add 82 grams activated carbon nuchar C-115 (600
ppm). Agitate for 45 minutes.

5. Add 28 grams powdered limestone (200 ppm) and 21
grams f3rric chloride (150 ppm). Give 5 minutes
fast mix and 5 minutes slow mix, and settle 1 hour.

6. Take sample, Note: Supernatant very clear.
Water Pample analysis: pH 6.2, alkalinity 54
ppm, hardness 228 ppm.

7. Filter supernatant through Set No. 1. Collcc.t
20 liters filtrate. Filtrate water anaLys.,:
pH 6.2, alkalinity 40 ppm, hardness 224 ,L.

8. Pass filtrate through mixed bed ion .,changer.
Final effluetnt analysis: 0.1 ppo TEW (.- tCl)

9. Chlorinate effluent from irnxed bed ion exchangar
to 2 ppm residual. (Fini-'ed product was used
for drinking purposes by a mecrlr of the test
team.)
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I
TABLE 2.19 (CoNTINUM)

RADIOLOGICAL DATA

Sample Radioactivity Concentration
(pc)

Raw cortaminated water 46,O00,OOU
(Solublu portion of raw contaminated
water) , 4 00,000
After coagulation 3,200,000
(Soluble portion after coagulation) 2 ,. ,Z,.
After filtration
After mixed bed ion exchange

PROCESS REMOVAL
Process Per Cent Femoval
Coagulation 93%
Coagulation plus filtration 96%
Coagulation plus filtration plus 100%
mixed bed ion exchange

U

I
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r ~Figure 2.9 IM-141/PDR-27J Radiacme~ter in unne fprdetermtrdng

concentration of radioactive materials n water.

(ERDL Photo J-11116)
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Figure 2.10 CDV-700 beta-gamins survey me-ter Ln use for determin
acceptability of radioactively contaminated w.;t : o a go-no-go oasih

! for 10-day consumption. (ERDL Photo J-11115)
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DISCUSSION

In regard to the solubility of nluclai- debris In water,

it was found the material was soluble in th -Z of

3 to 14 percent. The soluble portion dissolved ve-y quickly

and was essentiaily unaffected by prolonged corv+nt. In

the test on Small Boy soil, the aterial was 5.5 percent

solublo in cne minute (in regard to its radioactive com-

ponent) and only 5.9 percent soluble after 24 hours.

Temperature had only a small effect on solubility. Small

-Hoy soil was 4.3 percent soluble at 360F (I hour contact)

and 6.8 percent soluble at 212'F (1 hour contact). The pH!*

had surprisingly little effect on the solubility) although

there was a trend toward higher solubility in acidL.

solution. This was most pronounced for the scl.-' ,

Little Feller I, where the solubility went from 9 percent

At pH 10 to 14 percent at u; 2.1. The results of all

solubility tests would indicat-i '.t there is a surface

coating of activity on the soil particles which goes very

quickly into solution, essentially independent of pH,

temperature, or time of contact. The radioactivity on th.

inside of the particle, due to melting and solidification

51
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of the s-oil during the fire-ball period, or due to in situ

neutron activation, is not soluble.

In further discussion of this solubility characteristic

of nuclear debris in water, it is noted tlh t the effective-

ness of current Corps of Engineers water pur.ficatior equip-

ment in removing radioactive contaminants fr-,. is

directly dependent upon this factor. Engineer eq*!-nent

utilizes the processes of coagulation and fltrat 4 an, which

are designed to remove suspended matter; therefore, .if

radioactive substances are present in the form of turbidity,

the removal is essentially complete. A much greater problem

is encountered when the radioactive contaminant is in true

solution. In general, dissolved radioisotopes are difficult

to remove from water by coagulation and filtration. The

most effective method of removing dissolved radioisotope3

is by the ion exchange process. The Corps of Enginee.- lias

under development a mobile ion exchange unit for -.. ies

operation with the coagulation-filtration equiumrent.

The results of this study indicate that there en be

appreciable soluble contaminatior of radioactive nuclear

debris in water, above maximum permissible concentration,

and that the develcpment of the mobile ion exchange unit

should be expedited.

i
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II

Tha emergency or Civil Defense decontamination results

indicate that the Flower Pot Procedure is cap-ble of re-

moving 92.7 to 98.6 percent radioactivity in wnter. If the

effluent is clear, a subsequent mixed bed in exchange

treatment will remove the remaining activity. The Ci-,il

Defe:,nse Paper Procedure removed from 88 tc '? ; rlent of

the activity in the water. A commercial diatonsce-l's silica

candle type device removed from 96 to 97 percen+ r,7 the

activity from the water. A comnercial batch treatment

device containing activated resin-carbon granules removed

from 99.6 to 99.9 percent of the activity. The U. S. Army

knapsack filter removed 76 percent of the activity.

_n evaluating these results, it is noted that the

choice of a water supply for a survival shelter for Civil

Defense use must be based on nuzerous factors includirg the

capacity of the shelter, the length of the emeraency, ,i

the availability of water locally. It is concei-:-.)- Lhat

some shelters could be built without providin for loial

water supply. Such shelters would be serviceable ii: pro-

tecting against blast, heat, and pr-mpt radiation but

would provide only limited utility as fallout shelters.

Mans ability to survive without water is quite limited,

and the use of shelters without some provision for water
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should pr bably be restricted to periods of' no greater than

3 days. - "n consideration of the cost of any formal shelter,

it is pro bly unrealistic to build any shelter without pro-

viding fo some means of water supply. Such means could be

bulk star e, carxned water, ground water, or the provi sian

of a mea ror purifyinig surface water, such ar, -7-ined in

this re

The sults on field detection indiicated that *either

the IM-14 /PD1R-27JI Radiacireter or the cDv-700 can be used

satisfactiorily for their purpose. 'The meters are responsive

to chang~s ur concentration or radioactivity in water.

However, the method 13 inoperative in a high radiation .il3ld.

The Corp~ of Engineers has a requirement for a method or

this typd that is simple, rapid, and reasonably accurate.

T'his is !lecessary to establish proper water treatment

procedures at Engineer water points and to assist in ths

control c f continuous operation methods.

Detection or the concentration or ra4o~rc. .xca1 mawtrials

in watel, 1" , Of course, directlty related to the alc -iable

M.aximm 'ermissible Concentrtktiors MP5 in water. 'r e

1tPC established by the UT. S. Army is shown below, along

with other significant 'IPC's for comparative purposes:

.54
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item Radioactivity

(picocuries
;,ar liter)

Li.~c A-me !Aaximuzn Peiriissible 100

Concentration (National Bu.reau,

of Standard Fandbook 69)

OD Recom~mended Acceptable Maximum )o- 20,O00

Permissible Concentration for

50-day consumption

OCD Recommended Acceptable Maximumn 90,000,000

Permissible Concetration for

10-day consumption

Ui. S. Army Emergency Maximum 300,000

Permissible Concentration for

1-year consumption

In reference to the Army tolerance, individual va ations

In the &.-ount of watn- consizied do not change the value

and for greater or lesser periods of corsumption the

value may be adjusted proportionally in nc, ordance withi

the time involved.

Tlwo Civil Defense-hone expedient methods of removing

radioactive materials fromn rater are satisfactory. 0n.
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procedure, utilizing a filter trade of a flower-pot or conr.-

parable container, toilet tissue, a piece of screening and

a column of subsoil 5 cm deeco, removed from 93 to 99 percent

of the radioactivity i'ron contaminated water. A ecccnd

tveibased on the use of toilet tissue as a filter

aid Prdi filtration throug-h a household sieve lined with a
paper towel, removed 88 to 89 perevant of radinact'.ri ty

from si-milarly contaminated water. A simplifi ed -'riation

of tnis latter procedure produced a removal of c- percent.

Various h~usehold materials such as verticulite, peat moss,

aq'aarium sAnd, and cereal were evaluated as fIlter media

but gave inferior results for clarification and activity

removal compared with a subsoil column. S0mall, portable

water treating devices investigated for activity removal

Proved that the process utilizing activated carbon-ion

exchange granules followed by filtration gave the best

results. All devices which effectively removed Lurloidity

effectively removed radioactivity. All methods nf '.ivil

defense significancc showed oven higher renovi'l of

activity by the utilization of Ia post ion Pxc44gle treat.-

ment, such as by a home type steam ir-~r ci.tne izer.

.56
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Equipment available for providing water for the in-

dividual or squad is intended prira rily for emergency

treatAnent of fresh water supplies when it is impossible

to obtain water from Corps of Engineers water production

units. If raw water sources are contaminated with CBR

agents, hcwever, the first alternati-o is to at+cmpt to

find an unoentaminated source. This may be di ,'icult in

view of certain military situations, especially where

large areas may be contaminated. In this case, contaminated

water must be subjected to decontamination procedures. As

normally practiced, raw water from a fresh water source

is disinfected in the canteen with FSN 6850-264-5904,

Tablet, Water Purification Individual (commonly known

as globaline, chemically known as tetraglycine hydro-

periodide). Although this globaline-canteen procedure

would be of definite benefit in chem!+cal and biological

agent decontamination, it wot:ld be of no value ir -emoving

radiological material from water. Sustaint' .- i.Ang of

water by the individual 'soldier would kill -'" ierr-

organisms but would probably be of little value in ro-

moving or destroying chemical agents and of no value in

destroying radiological agents in water. In fact, boiling

could actually concentrate radiological agents in water.
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Wate- Purification Unit, lland-Op-erated, Kanpsack-Pack,

Filter-Pad-Type, lfL4GEM (S~bt No. 1) is a direct-filtration

device, consisting ossentiaUy3 of a hand-operated diaphragm

pumip in. combination with a houstng to support two cellulose

filter pads. This device would be of limited value in

removing chemical agents from water. It wovuld be rt-,ason-

ably effective in reoving most microorganisms from water,

especially wmhen used with globaline disinfection tablets.

The device would be effective in removing suspended radio-

active particles from water but would be ineffective for

removing certain dissolved radioactive materila;s. Preliminary

investigations were conducted relative to supplementing

* this unit with other manually operated equipment to pro-

*vide an emergency squad-size unit with CDR water

decontamination capability. Accordingly, a system was

developed consisting of a Lyster bag for superhypcchlo-

* rination, dechlorination, and batch coagulation; Vic-

l/14-gpu pad filter for filtration of the s%-perr-, nt

from the ILyster bag; and an ion exchange cartridge 11i ter'

for demineralization of the filter effluent. The system

proved very successful in this stud~y, removing 100 percent

of the radioactive contamination from water.
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CHAPTER 4

CONCLUSIONS AND RECOM/QENDATIOI.j

4.1 CONCLUSIONS

From the results obtained under this nt, -" it is

concluded that:

1. The solubility of radioactive debris increased

with a decrease in pH and an increase in temperature, but

the change was not significant in the pH and temperature

variations for normal drinking water supplies.

2. The solubility of radioactive debris was not

markedly affected by contact time. Increases in solubility

with time were alleviated by decreases in contamination

through radioactive decay.

3. The solubility of radioactive de ris was :iZ-

nificant enough to require water dcminerealizet".1 -1;

produce drinking water within the accept"b.ia one year and

one month drinking water tolerance levels.

4 . Radioactive debris from surface detonations cen

be colloidal and remain in suspension in water for ektended

periods of time and be readily transported to downstream

water sources.
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5. Emergency type water purification methods such

as filtration through clay and paper, batch ccagulation,

filtration through a cellulose filter disc, and molded

filter candles effectively reduced radioactive contaminants

to short range (less than 30 day) drinking water tolerance

levels. Higher removals of activity (approaching 10. per-

cent) were obtained by the addition of an icn ' .. 'ange

process as a post treatment to the above methods.

6. The standard IM-1 41/PDR-27J Radiacmeter -r.d the

CDV-700 meter can be used satisfactorily in the field to

qualitatively determine whether water supplies are above

or below the drinking water tolerance levels and to

assist water point operation relati*, e to adequacy of the

operating water decontamination procedures.

4.2 RECOMMENDATIONS

It is recommended that the following additional

studies be made:

1. Soil Solubility as a Function of Soil .t. xpose

different representative soils to the effects s2 n. . c!

detonation to ascertain the degree cf water solubility )f

the resulting radioactive component.

2. Fate of Fallout in a Moving Stream. Admit radio-

active fallout to the headwater of a moving stream and

determine its destiny including the established radistmen

field.
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AP.rENDIX

SYNOPSIS OF PERINEi~r RUFENCE REORTS

Formal USAERL Reports Pertaining to Decontamination of

Wat.3r Contaminated with Radioactive 'Mt4-raI-

(U. S * Artr; Engineer Research and Development jaLoratories

Fort Belvoir, Virginia)

I USAERDL

!T =f NO. TITLE OF FPORT WITH BRIEF DECRIPTION

1275 "Purification nf Water Contaminated with

Radioactive Material." 24 December 1952.

Describes jar test studies at the Oak Ridge

Rational Laboratory using powdered metals,

clay, coagulants, and ion exchange resins

for the removal of reactor-produced fission

products and selected radiasc.'pe,. from

I water. Al1so evaluates WAtc, -urification

ISet No. 2. am exeietlT-Wker n

udxed bed ion exchange column for de-

£ contaminating contaminated water.

1313 -Removal o f Radioactive Materials from

Contaminated Water by TbermocomIpreseion

Distillation." 28 August 1953.

Describes thei use of a 60 GPH thermocompression

,Or1



4 2 .

distillation unit for rcnovihg fission products

and. significanit individual radioisoTopes from

water at the Oak Ridge Nationa. Larratory.

1357 "Removal of Radioactive Substqnne from Water

by Ion Fzcchanwe Processes." 11 June 1954.

t'.scribas laborato.y- ion exchLvnge studies arnd

a pilot size ion exchange column -o removing

fission products and significant _;-ioisotopes

from water.

1396 "Removal of Radiological Warfaae Agents frozm

Water.- 22 April 1955.

Describes the removal of aged fission pro-

ducts and selected radioisotopes of radio-

logical warfare signiflcance from water by

coagulation, by clay absorption, and3 by ion

exchange.* Equipment evaluated inecludcs 60

GPH thermocompression distillation lun t,

'dater Purification Set No. 1, anm ii %teld

wqpedient.

14C14 "Removal of Radioacti.ve v',Terlals from Water

by Water Purification Unit, Hand-Opereed,

Knapsack-Pack,. Filter-Pad-Type, 1/4~ GPM ,
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and by a Field Expedient." 19 May 1955.

Describes evaluation of Water Purification

Set No. 1 for removing radioctive substances

from water. Removals of 85-95 percent of

fission products indicated *ith cl,6- pretreat-

ment. Also describes a fiela z-T-dient

consisting of a column packed wi'sh clay,

humus, and vegetation which re. ;-.d 85-95

percent of fission product activity.

1406 "Removal of Radioactive Contaminants from

Water with the Corps of Engineers Mobile

Water Purification Unit." 27 May 1955.

Describes field operation of 1800 GPH

Mobile Water Purification Unit at the Oak

Ridge National Laboratory for removing'

fission product activity from "= ter by

conventional procesaing, by pretriment

with clay, axi by post-treatne..t ,ith ic--

exchange resins.

1451-RR "The Removal of ha 1 oactlvc Material from

Water by Serial Coagulation, by Ion Exchange

and by Charcoal Adsorption." 22 June 1956 ....... .

Describes laboratory studies at the O-ck.

6
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Ridge National Laboratory fcr removing radio-

active substances from water by serial

coagulation with various coagulant combinr-

tir.is, by ion exchange, by adsorption on

activated bone charcoal.

1492-RR "Ion Exchange for Removal of Radio:;aclides

from Water." 7 August 1957.

Dese-ibes the use of ion exchange equipment

for removing fission product activity from

water.

1569-TR "Solubility Characteristics of Radioactive

Bomb Debris in Water and Evaluation of

Selected Decontamination Procedures.00

12 February 1959.

Describes work conducted at the Nevada Test

Site under Operation Plumbbob Using b-.ib

debris obtained from Shot Pr .,:'._a. Debris

was subjected to a laboratory stuay of its

solubility characteristics in water, followed

by an evaluation of coagulation, adsorption,

ion exchange, and other processes for removing

the debris from water.
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1613-RR "Decontamination of Water Contaminated with

Plutonium." 12 January 1960.

Describes experiments condu&.ed at the Los

Alamos Scisntific Laboratory e -&iting the

1500 GPH Mobile Water Purificatio, Unit for

removing plutonium from water. Also describes

pilot scale work on the decontamination effi-

ciency of softening, carbon adsorption, and

ion exchange processes.

1673-R "Removal of Nuclear Bomb Debris, Strontium

90 - Yttrium 90, and Cesium 137 - Barium 137

from Water with Corps of Engineers Mobile

Water Treating Equipment." 23 May 1961.

Covers experiments conducted at the !tv'-da

Test Site studying the 1500 OPH !,i. Water

Purification Unit and the 150. UPH Mobile Ion

Exchange Unit for removing from wat- 1-year

old nuclear bomb debris grond to 3 microns

average particle size. Also covers the

rtmoval of soluble Strontium 90 - Yttrium 90

and Cesium 137 - Barium 137.
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1702-RR "Removal of Chemical, Biological, and Radio-

logical Contaminants from Water with Corps

of Engineers Field Watxw Supply Equipment."

12 December 1961.

S~umarizes and applic~ to field use, -,search

data obtained on the removal of r!--mical,

biological, and radiological agents frm

-ater. Discusses the problem and cnvers

maximum perm'issible concentrations,

detection, water decontamination equipment

and m&Lwhds, protective clothing, and equip-

ment decontamination.
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Ordering from ASTIA

Address

Armed Services Technical Information Agency

(ASTIA)

Arlinjton Hall

Arlington 12, Virginia

* USAERD NO. ASTIA HC.

1275 AD 1423(,

1313 AD 28983

1357 AD 144599

1396 AD 73435

i14o4 AD 82052

1406 'AD 105037

1451-KiAD 113180

1492-IM AD 1142961

1569-RR AD 2124140

1613-RR AD 23bgrn-

1673-HR AD 26Z02

1702-HR AD 274300
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Oderi.re from Department of Commerce

Address

Office of Technical Services (o'rs)

Department of Commerce

WHashI'd gton 25, D. C.

USAEHL N. OTS NO. -

1275 aB~6y

1.313 P133

1357 Pt3 136024J

1396 PB 136025

1404 PB 140084

14o6 PB 135996

1451-RR PE 128495

1492-PR PT 136482

1569-HR PB 1526540

1613-PR PB 14781-5

1673-PR Ncit available CTS

1702-HR ..,,L iat available OTS

ii 68
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DISTRIBUTION

A'iilitary Distribdiion Category 28

ARlMY ACTIVITlIES I NUCLEAR WEAPONS TRAINING CENTER ATLANTIC
1 NUCLEAR WEAPONS IRAINING CENTER PACIFIC

I CHIEF 0F q f. 0 DA 2 U S NAVAL DAMAGE CONIHOL fNG CENTER

I AC OF 5 ITtuDENSE DA U S NAVAI AIR Of'/ELOPMENT CENTER

2 DC OF S FOR MIL. 095 DA ATTN DIP OF COR I U S NAVAL MEDICAL RESEARCH IN.STITUJTE

I CHIEF OF EN1GINEERS DA 1 DAVID W TAYLOR MODEL BASIN

2 ATMV 44TEPIAL COMMAND I U S NAVA,. 31JPsh. A..u ;!'LI!Y

1 CHIEF SIGNAL OFFICER OA A U S MARINE COPT5 r- .03A

1 CHIEF OF TRA!.SPORTATION DA

2 THE SwwGCCN GENERAL DA AIR FORCE ACTIVITIES
2 U 5 ARMY~ COMBAT DEVELOTMENTS COIMAND
I DIRECTOR OF SPECIAL. WEAPO.. DEVELOPMENT OFFICE 14UAFAR-A
I LI S ARMY ARTILLERY BOARD I HO USAF AFRDR-NU

I UI b AN"Y INFANTRY BOARD I H Si lC
I USARMY AIR DEFENISE BOARDI H OA FC

I U S ARMY AVIATION BOARD I 140 USAF APCIN-3D1OFIC

I U . ARMY COMMAND0 AN-) EfkA l : IIa C HO US AFIN-301IGNC

I U S ARMY AIR DEFENSE SCHOOL 1 AC OF 5 RNELACHIGECHNL

1 U 5 ARMY ARMORED SCHOOLI COSREACH6THNLG

I USARMY ARTILLERY 6 MISSIL.E SCHOOL 1 THE SURGEON GENERAL

I U ' ARMY INFANTRY SCHOOL I TACTICAL AIR COMMAND

1 U 6 TILITARY ACADEMY I AAKNARC11AI

I DUArTERMASTER SCHOOL U S ARMY I AIR DEFENSE COMMIAND

I CHEMICAL CORPS TRAINING, COMO 1 AIR FORCE SYSTEMS COMMAND

1 AR.Y'C4R WFAPM NS SCT.O(, I AIR FORCE BALLISTIC SYSTEMS DIVISION

ARM U t 5 1 PACIFI4C AIR FORCES

I U S ARMY SIGNALSCHTOL I SECON DeAIR FOR CE
I ARMYNE TSCOTOTL. SCHOOL 2 AF EIHAWITCGE RE SEARCH CEN4TER

I MEDGICAL FILSRIECHO 5 AFSWC VIDTLAN40 AFS MMEX
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ARMED FORCES INSTITUTE OF PATH

S RM MECL IEERH A SCHOOL OF AVIATION MtDICINE
I ALTER REEDAARMYSINST OFLS 3 AERO.NAUTICAL SYSTEMS DIVISION
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2 U S fl4VP'. CIVIL. ENGINEERING LAB 10 LAWRENCE RADIATION LAS ttVERPA .C!
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