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ABSTRACT

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

possiole, but probable, that nuclear weepons will be vsed.

It is impersative, therefore, that

the U. S, My ~stablish

defensive measures of all types against nuclear aliack,

The assigned responsibilities of the Corps of Fngineers ia

the field of water supply and sanitation fequire that special

© consideration be given to the problems associated with the

sontamination of water supplies.

It 1s mandatory that pota-

ble ard uncontaminated water be furnished Army trocps for

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

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

ment, the Corps of Enginesrs has conducted a continuing

research program through the years to determins effecilve

methods of decontaminating water contaminated wiil radio-

active materials. Tt was the purpose of thly .iuwdy to

exterd the state-of-the-art to areas of uncertainty, or to

areas in whicin little, if any, dots wers available. In

particular, the objectives of Project 7.17 were to study

(1) the solubility of radicactive debris in water, (2)

emergency methods of removing radioactive materials from

water, (3) field mathods of determining the concentration

i 8 G i M 5 20k
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of radioactive material water, and (4) a squad type

univers:li CBR method of water
¢_of
From the results obtained under Ahis study &“‘” —¢ thaf )

F3
e toneluded thaty T e ——

H

kN iy
% The solubility of radiocactive debris increased with
a decrease in pH and an increase in temperature, tut the

change was nut significant in the pH and tesperuti-e varie-
~ations for normal drinking water suppkiis;/ P

*)(? The solubility of radicactive debris was not
markedly affected by contact time. : Increases in solubility

with time were alleviated by cac es in contamination

through radicactive decays

icant enough to require water demineralization to produce
drinking water within the acceptable orie year and one month

dri;ﬂg:nmgnga}e‘r _tolerance levels, j

L L e pp——

"":-U&) Radiocactive debris from surface detonations can be
colloidal ard remain in suspension in water for extsrded
periods of time and be readily transported *.c. ? sustrean

o .

water source)s‘.—}/""'\

USRS

C:..B\j) Fmergency type water purificatlon methods such as =
‘ ( filtration through clay and papsr, batch cosgulation,
.- Siitration through a esllulosa filter dise, and moldad

"
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fil4s.- candles effectively reduced radiocactive contaminants
to shorc range (less than 30 day) drinking water tolerance

leigls._~ﬁ;5her removals of activity (approaching 100 per-

cent) w ained by the addition of an lon exchange
pro¢ess atment to the above wethods.

6. The standard I¥™%41/PDR-27¢ Raciacmster and the
CIV+700 meter can be used sati®factorily in t:» ald to

qualitatively determine whether watemsupplies ara above

or below the drinking water tolerance levens ard *> assist
water point operatlon relative to adequacy of ‘e operating

water decontamination procedures.
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PREFACE

1his study was sponsored Jointly by the Defense Atomlc
Support agency and the U. S. Army Corpu of Gngineer:.
ﬁ.nar;cing was accomplished under Corps of Engi-:-rs project
éM?b’-Oj-OOl, task 8/5-05-001-07, “Removal of CBi (lontami-
nants from Watér"; and also by Office of Civil Defeqse
project 3103C, "Use of Clay Materlals 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

1.1 OBJECTIVES _

The objactives of Project 7.1.7 were: (1) to sty the
effect of pH, temperature, and time of contast won the .;:ol-
ubility of radiocactive bomb debris in water; (2) to Ivaluate
proposed emergency methods of removing radloactive materials
from water; (3) to evaluate Army and Civil Defense field
type meihods of determining the concentration 61‘ radioactive
materials in water; and (&) to evaluate a propoced Army
squad type general CBR décor.tamimtion method for removing

radiocactivity from water.

1.2 BACKGROUND

The assigned responsibilities of the U. S. Army Corps
’of.Engineers in the field of water supply and saniiation re-
quire that speclal cénsideration be given to tne Asortami-
nation protlems assoe.’.atea with the use of mwiecr weanwns,
It is mandatory that potable and wnconteminated water b
furnishad in the field for drinking, washing, culinary,
bathing, laundering, and dehydrated-food-reconstituticn
purpcses, To meet this requirement, the Corps of Engineers

established Research and Development Projuct "Removal. ~f
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CBR Contaminants from Water," currently designated Task

8M75-05-001~07. lMost of the initial research was accom~
plished at the Sanitary Sciences Branch Test Station at the
Oak Ridge ‘“ational Laboratory (CRNL), operational from 1950
1o 1957. At ORNL, numercus decontamination experirmants were
conducied using reactor-preduced mixéd fission products and

a wide variety of individual radioisotopes. Some limitations
were placed on this work, howaver, since true bomb ..ebris or
fallout probably differs appréciably from the rea~’ or-ﬁroduced
materials actually wsed. Radiological decontani.. tion work
was also conducted with the cooperation of the Atomic Tnergy
Commissién (L‘-:C) and the Defense pAtomic Support Agency {DASA)
at the Nevada Test Site (NTS) under Operations Buster, Jangle,
and Plumbbob, and wita the radiocactive material obtained

from Hardtack JI. Formal U. S. Army Engineei' Research and
Development Laborstories (USAERDL) reports 1275, 1313, 1357,
1396, lhok, 1406, 1451, 1492, 1569, 1613, 1673, and 1702

were written covering the results of the studies. A synopsis
of each of these reports, plus availstility at the Avued
Services Technicel Information Agency and the 0fiice of

Technical Services is given in the Appendix. The results

. obtained under Buster and Jangle are ccniained in DASA

reports under these operations. Certain areas, where only Umited
information is prescntly available, still needed investigation; These
were: (1) Solubility of nuclear bomb debris in water, (2) Emerpency
methods of water decontamination, (3) Field type water moriioring, ,
and {4) Efficacy of a propﬁsed CER squad-type watsr purification

method of removing radiostive materials from water.
14
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CHAPTER 2
PROCEDURE AND RESULTS

s

‘2.1 SOIL SAMPLING

Radicactive debris for the study was ntla’ = from

each of four nuclear bursts. The technique of cotaining

the debris was as follows:

Little Fellar IT. 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 10r/hour line 12 July 1962.

Small Boy. Detonated 14 July 1962. Soil sample
scraped from surface of ground at 10r/hour line 18 July 1962.

Little Feller I. Detonated 17 July 1962. Soil sample
taken from center of crater 19 July 1962.

In each inétanﬁe, the soil sample was remcvcy %o an
area of low radiation and sieved through a U, S. Standard
sieve nurber 40, The coarsa fraction was rejected, and
the fine fraction retained in rarple bottles, for use.

The sample .bo{%les were stored in a locked magazine

(Figure 2.1). The specific sctivity of each sample

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

16
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2.2 GENZRAL

The experimental work under this project was conducted
in the vicinity of the AEC-operated Radiological Safety
Decontamination Station in the mountain pess between French-
man amd Yucca Flats, NTS. Figure 2.3 is an cverall photo-
graphic view of the test installation. ‘ne irstai’ation
consisted primarily of a'Mobile Chemical Laboratory and a
Mobile Radiac Laboratory.

All chemical tests and Jar test axperiments were con-
ducted in the Chemical Laboratory, and all counting was
conducted in the Radlac Laboratory. BRoth laboratories were
electrified by ﬁeans '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
" runeoff from the ARC decontamination pad.

Sample preparation was accomplished by evaporztion to
dryness under an infra-red lamp of an apgropri.: v volume
of sample water in a planchet, The residue in the planchet
was counted by placing the planchet into the top shelf of
a Nucleor-Chicago shield containing a Model DS-5 anthracene

crystal beta detector connected to a Model 1514 Decade




Scaler {Figure 2.4). The geometry of the instrument was
established at 7.1 percent,with a standard thallium-20&
solution.

- -~ The general area hackgrourd was momitored continuously
by means of a Nuclear-Chicago Hodel DS-5 sodium iodide
(thallium activated) gamma seintiilation detectrr ~onnected
to a Model 1620 Count Rate Meter and a Texas In.:“rwment
continuously i‘ecording Recti/riter (Figure 2,55,

‘ 2.3 SOIL SOLUBILITY

i' | The water used for conduciing the soil solubility

i studies, and 211 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 scdium (39 pm), caleium (20 ppm),

and magnssium (11 pom). The principal anions were %i-
carbonate (189 ppm) ard sulfate (23 ppm). Tt wawx 12w in
chlorides (6.5 ppm). The beta radioclogleal activiiy was

SUC T PYSRE NI SR ——

12 pefliter.
The procedures for conducting the soil solubility
studies are given in Tables 2.2 through 2.7. The results are

M

also given in Tables 2.2 through 2.7.
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2.4 CIVIL DEFENSE WATER DECONTAMINATION

The procedures for conducting the Civil Defense water
decontamination studies are given in Tables 2.d thr-ugh 2.15.
The equipment used in the TFlower Pot Procedure 1is shown
in Figure 2.6. An exploded view of a flower pot set-up
is shown ip Figure 2.7. The equiprent used in the Faper
Frocedure is shown in Figure 2.8.

The results of these studies are given in Talles 2.8
through 2.15.

2.5 FIELD DETECTINN

The procedures for conducting the field detection
studies are given in Tables 2,16 through 2,18. Figure 2.9 shows
the IM-141/PDR-27J Radiacmeter in use. Figure 2.10 shows
the CLV-700 meter in use. .

The results of the field detectlon studies ars alss

given in Tables 2.18 through 2.18.

2.6 CER SQUAD DECONTAMINATION
The procedurs for conducting the CBR zquad dscontarira~
tion is given in Tadble 2,19, Figurs 2,11 shows the CHBR

. squad decontamination equipment,

The resulis of the CBR squad descorntamination study are
given in Tabla 2,19.
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TABLE 2.1 WATER ANALYSIS, WELIL 3, NTS

Sample Collected 19 Decembe. 1961

Chemical Components

Physical Charucteristics
and computed values

Silica (Si0,)
Alumirum (Al)
Iron (Fe)
Manganese (Mn)
Calcium (Ga)
Magnesiunm (Mg)
Soddun (Na)
Potassium (X)
Lithium (1)
Bicarbonate (HCO3)

Carbonate {C03)

sulfate (s3),)

Chloride (CI)
Fluoride (F)

Nitrate (NO3)

Phosphate (Poh)

PPM
76
0.27
0,00
0.00
20
11
39

0,00
189

23
6.5
0.9
Tsb

Dissolved solids 4,p9m)

Res. on evape ("70°C) 25L
Calculated 285
Hardness (Ca003)(ppm)
Total 95
Non~carbonate 0
Specific Conductance
(umhos at 25°C) 376
QH — 7-5
Radiochemical Data
Beta activity (pe/l)
as of 3/22/62 12+2

Strontium 90 (pe/t ) <O.b




TABLE 2.2 SOLURILITY OF LITTLE FELLER II DEBRIS AS A
FUNCTICN OF PH, RUN NO. 1 (24 July 1942)

R T e IRy Saesi P e

S

Procedure:

1. Add 70 grams Little Feller II debris (17 days
old, specific activity 45 uc/gram) t. 2% liters
of water in  1ll-gallon wlastic drum. fgitate.

2. Add 600 ml of the suspension tc each of ',
1000-ml beakers.

3. Agitate, and add the following: (1) beaker 1,
1 ml eosne. hydrochloric acid, (2) beaker 2,
0.2 ml conc. hydrochloric acid, (3).beaker
3, nothing, and (4) beaker 4, 20 ml N/10 NaOH
solution,

o 4, stir for 1 hour at high speed.

5. Sample suspensions, filter through Whatman
paper, and check filtrate for pH, alkalinity,
hardness, and radiocactivity count.

Radiological Data

Beaker Radlosctivity Concentratlon “Percent
. Suspension Filtrate Solubility
; (pe/1) ‘ i (pe/1)
1 90,000,000 4,600,000 [N
2 63,000,000 3,600,000 L,0
3 9¢,000,000 6,300,000 7.0
I 90,000,000 3,600,000 .0
Chemical nata
Feaker PH Alkalimity T Herdness
(ppm) {ppm)
T 2.1 =820 TOB T
2 3.5 -l 108
3 8.4 163 103
L 10.0 300 66

20
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TABLE 2.3 SOLUBILITY OF JOHNIE BOY DEBRIS A€ A FUNCTION
OF P4, RUN NO. 2 (25 JULY 19€2)

Procedure:
Same as run number 1 (see Tobls 2.2), Juirie Boy

debris 14 days old, specific activity 5.2 pe/grar.

Radiological Data

Beaker nagdicactivily Concentiration Percent
“Suspension . Filtrate Solubility
{pef1) _(pef1)
L 1 10,G600,000 550,000 55
i 2 10,000,000 460,000 4.6
* 3 10,000,000 340,000 3.0
§
% I 10,000,000 260,000 2.6
| .
?
; Chemical Data
. Beaker PH Alkailnity Tardness
{ppm) {ppm)
i
§ 1 2.1 -859 w2
!
2 k.5 4 136
_. 3 8.5 174 104
§
i 10.1 258 55
£
f
f
3
)
; 21
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TARIE 2.4 SOLUBILITY OF SMALL BOY DEBRIS AS A "UNCTION OF
PH, RUN NO. 3 (26 JULY 1962)

Procedure:
Same as run number 1 (see Table 2.2)., Small Béy

debris 12 days old, specific activity 22 pe/eram,

Radiological Data

Beaker Radidactivity Concentration regcent

Suspension Filtrate =-Jubility
(pef1) (pef1)

1 44,000,000 3,%!90,000 8.2

2 44,000,000 2,000,000 L.6
44,000,000 2,200,000 5.0

4 444,000,000 © 1,700,000 3.9

— Chemica’ Data -

Beaxer PH Alkalinity Hardness

(ppm Cac0s) (ppm CaC0)

1 2.4 32y Q2

2 8.2 ol <41

3 8.6 _ 183 1

I 10.0 279 k2
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TABLE 2.5 SOLUBILITY OF LITTLE FELLER I DEBaTS 25 A
FUNCTION OF PH, RUN NO. 4 (2¢ JULY 1962)

Procedure:

Same as run number 1 (see fable 2.2), excroh sepa-
rate 1.2 gram quaatities of debris were weighed uirectly
into each besker (specific activity of 9 day olsl “Attle
Feller I debris; 45 uc/gram).

Radlological Data :
Beaker Radioactivity Concentration Percent

Suspension Filtrate Solubility
(pe/1) (pe/1)
1 90,000,000 13,000,000 !
2 90,000,000 9,900,000 11
90,000,000 12,000,006 13
b 50,000,000 8,300,000 9
Chemical Data
Beaker pH Alkalinity “Wrdness
—_— {ppm CaCd-,) (ppm Ca%)
1 2.1 -181 ’ 154
2 6.5 , 20. i 155
3 8.5 178 105
b4 10.0 v 240 80
23




TABLE 2.6 SOLYBILITY OF SMALL BOY DEBRIS AS A FUNCTION
OF TIME, RUN NO. 5 (24 JULY 19€2)

Procedure:

1. Add 1.2 grams of Swall Boy debris (10 days
eld, specific activity 28 uc/gram) te AUl
ml water in a 1,000~-ml L-:aker. '

2. Agitate at nigh speed, sample, filter = A
count: 1 min, 10 min, 1 hour, 21 24 hour
contact time. :

3. Analyze 24 hour filtrats for phH, alkalinity,
and hardness.

Radiological Data

Contact Radioactivity Concentration Percent
Time Suspension Filtrate Solubllity
_(pe/1) {pc/1) .
1 min 26,000,000 3,100,000 5.5
12 min 56,000,000 3,400,000 €.1
1 howr 56,000,000 3,800,000 . 6.8
.+ hour 56,000,000 3,300,000 5.5
Chemiral Data

24 hour Filtrate

PR 8.6
Alkalinity (ppm) 189
Hardness (ppm) 113

i A e U b
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TARLE 2.7 SOLUBILITY OF SMALL BOY DEBRIS AS A FUNCTIONW
OF TEMPERATURE, RUN NO. 6 (27 JULY 1962)
Procedure:
1. Weigh out three l.2-gram porticns of detris,

2. Add 500 ml tap water to sach of three 0U0-ml
beakers, .

3. Chil). beaker 1 in ice bath; maintain *raker
2 at room 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,

.

Radiological Data

Teaker  wWater Radlocactivity Coneentration Percent

i

} Temperature Suspension “Centrifugate Solubility

5 (°F) (pe/1) (pe/1)

: 1 36 44,000,000 1,900,00¢C 3

i 2 79 L& 000,000 2,200,000 5.0

[

i 3 212 444,000,C00 3,000,000 6.8

i

j
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TARLE 2.16

FIELD DETECTION WITH IM-141/TDR-~27J RADIACMETER,
RUN NO. 15 (27 JULY 1962)

" Procedure:

1.

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

2. Agitate.
3. Leave beta shield of IM-141/PDR-z7J P-alace-
meter intact and cover the entire prob-:
assembiy with a rubber surgeon's glove. Wrap
j and tape the loose fingers of the glov: around
the probe to give a neat appearance. TIncert
! ; sheathed probe vex‘tically into water. Take
: reading in mr/hr.
’ Time After D#-141/FDR-27J Concentration of
s Detonation Reading Radioactivity
(days) (o /hr) (pef1)
; 13 0.2 440,000
13 1.0 14,400,000
E 13 15. 44,000,000
Z 13 72, 440,000,000
3
: 17 0.15 275,000
g 17 0.6 3,200¢,000
: 17 9. 32,390, 000
¢
¢ 17 Lo, 320,000,000
:
% HOTE: U. 3¢ AIMy emergency MaxXimum permissible concantras
¢ tion of radioactive material in drinking water for
; l-year consumption: 300,000 pe/l.
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3.

b
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7
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TABLE 2.19

Procedure;

USE OF SQUAD CBR DECONTAMINATION PROCEDURE
FOR REMOVAL OF NUCLEAR DUBRTS FROM WATER,
RUN NO. 18 (1 AUGUST 1962)

Fill lyster bag to 36 gallon mark with wsler.
Water sample analysis; pH 7.9, aikalinity 160
prm, hardness 1C4 ppm, temperature 56°%,

Add 273 grams Little Feller I soil to water
(2000 ppm, specific activity 23 uc/guars.
Agitate for 1/2 hour. Tusbidity 200 ppm.
Water sample analysis after centrifugation:
pH 8.2, alkalinity 112 ppm, hardness 166 .pm.

Add 20 grams 70-percent strength calcium ‘rypo-

. chlorite (100 ppm available chlorins). Agitate

for 30 mimates,

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

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

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

Filter supernatant through Set ¥o. l. Collzci
20 liters filtrate. Filtrate water anaiysis:
pH 6.2, alkalinity 40 ppm, hardness 224 ,ona.

Pass filtrate through mixed bed ion wuchanger.
Tinal efflusnt z2nalysis: 0.1 ppm TDS {aa ¥aCl)

Chlorinate effluent from mixed bed ion exchangsr
to 2 ppm residusl. (Finished product was used
for drinking purposes by a metir of the test

team-)

as
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TABLE 2.19 {GONTINUED)
RADIOLOGICAL DATA
Sample Radioactivity Concentration
(peA1 )

Raw contaminated water 6,000,000
{Soluble portion of raw contaminated

Water) h,hO0,000
After coagulation 3,200,000
(Soluble portion after cocagulation) 2,170,200
After filtration 1, 900, Uan)
After mixed bed lon exchange ’ 0

PROCESS REMOVAL
Process Per Cen® Removal
Coagulation 93%
Coagulation plus filtration . 964
Coagulation plus filtration plus 10C%
- mixed bed ion exchange
39
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Figure 2.6 Flower pot procedure equipment used in Civil Defense watzr decontamination

111)

studies.

(ERDL Photo J-11
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Figure 2.7 Exploded view of flower pot procedure setup used in Civil

tion studies. (ERDL Photo J-11114)
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Figure 2.9 IM-141/PDR-27J Radiacmeter in use for Jetermining
concentration of radicactive materials in water.
(ERDL Photo J-11116)
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Figure 2.10 CDV-700 beta~-gamms survey meter {r. use for determin
acceptability of radioactively contaminated wutir on & go~no-go vasis
for 10-day consumption. (ERDL Photo J-11115)
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Flguke 2.11 Equipment used for squad method of purifying water

containinated with CBR materials.

(ERDL Photo J-11109)
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DISCUSSION

In regard to the sclubility of nucleas debris in water,
it was found ihe material was soluble in the :.. ge of
3 to 14 percent. The soluble portion dissolved ve~y quickly
and wac essentiaily unaffected by prolonged cont::{. In
the test on Small Boy scil, the material was 5.5 percent
soluble in cne minute (in regard to its radiocactive com-
ponent) ard only 5.9 percent solutle after 24 hours.
Temperature had only a small effect on solubility.  Small
Boy soil was 4.3 percent soluble at 36°F (1 hour contact)
and 6.8 percent soluble at 2129 (1 hour contact). The pil”
had surprisingly little effect on the solubility} although
there was a trend toward higher solubility in aeidic
solution. This was most pronounced for the scil frum
Little Feller T, where the solubility went fiem § percent
at pH 10 to 14 percent at uv¥ 2.1. The results of 211
solubility tests would indicat~ *hst there is a surface
coating of activity on the soil particles which goes very
quickly into solution, essentially independent of rH,
temperature, or time of contact. The radiocactivity on tho

inside of the particle, due to melting and solidification

51
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of the £9il during the fire-ball period, or due to in situ
rneutron activation, is not soluble.
1n further discussion of this solubility characteristic

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

“ness of current Corps of Engineers water purilicatior equip-

ment in removing radioactive contaminénts fron wtar is
directly dependent upon this factor. »Engineer equirment
utilizes the processes of coagulation and filtratfnn, which
are designed to remove suspended matter;itherefore,.if
rsdicactive substances are present in the form of turbidity,
the remo#al is essentially complete. A much greater ﬁroblem
is encountered when the radiocactive contaminant is in true
solution. 1In general, dissolved radiolsotopes are difficult
td remove from water by coasgulation and filitration. The
most effective method of removing dissolved radioisoctopes

is by the ion exchange process. The Corps of Epgineers lias
under development a mobile‘ion exchange unit for in.suides
operation with the coagulation.filtration equivment.

The results of this study indicate that therc cun 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.
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candle tyvpe device removed fron 96 to 97 percent =4 the

indicate that the Flower Pot Procedurs 1is capable of re-

The emergency or Civil Defense decontamination results l

moving 92.7 to 98.6 percent radicactivity in water. If the
effiuent is clear, a subsequent mixed bed isn exchatwe
treatment will remove the remaining activity. The CLril
Defernise Paper Procedure removedbfrom 88 te 3%, urzent of

the activity in the water. A commercial diatomace~ng silica

activity from the water. A comnercial batch trzatment
device containing activatgd resin-carbon granules removed
from §9.6 to 99.9 percent of the activity. The 1. S. Army
knapsack filter removed 76 percent of the activity.

n évaluating these results, it is néted that the
¢hoice of a water supply‘for a survival shelter for Civil
Defense use must be based on numerous factors, including the
capacity of the shelter, the length of the emafgency, ackd
the availability of water locally. It is conceivonls that
some shelters could be built wifhout orovading for loscal
water supply. Such sheliters would be serviceabla in pro- i
tecting against blast, heat, and prompt radiation but
would.provide only limited utility as fallout shelters.
¥an's abllity to survive without water is quite limited,

and'the use of shelters without some provision for water
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should pribably be restricted to periods of no greatsr than
J days. - In consideration of the cost of any formal shelteq
it is propably unrealistic to build any shelter withoul pro-

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

" bulk storpge, canned water, ground water, or *he provision
of a mea for guritying surface water, such &5 ~tiiined in
this re .

The [results on field detection indicated that either

the IM-141/PDR-27) Radiacmeter or the CDV-700 can be used

‘|’ satisfactorily for their purpose. ' The meters are responsive
| | to changes of concentration of radioactiviﬁy in water.
However, |the metpod i3 inoperative in a high radiation 1>2ld.
The Corps of Englneers has a requirement for a methcd of
this typé that is simple, rapid, apd rea§onab1y éccurate.
This is necessary to establish proper water treatment
procedures at Engineer water points and to assist in ‘4z
» _ control lr continuous operation methods.
Detection of the concentration of radioice.cal materials
, in watepfia, of course, direcily related to the allcahle
W-L ’ Maximum ,ermissiblelponcentratiors {MEC*s) in water, The
HPC established by the fl. S. Army is shown below, along

with other significant WPC's for comparative purposes:
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Item _ Radioactivit
- Concentration

i picocuries
£ ~er liter)
?‘ Lilciime taximum Permissible 100 '

. Concentration (National Pureaun

of Standard Handbook &9) j

- 0CD Recommended Acceptable Maximum J0.300,900 ':
Q% Permissible Concentration for | ' |
Q; ‘ ' 30-day consumption
.k’ OCD Recommended Acceptable Maximum 90,000,000
4j Permissible Congertration for
:; . 10~day consumption '
bt | 0. S. Army Emergency Maximuwn 300,000

Permissible Concentration for

l-year consumption

In reference to the Army tolerance, individual vax.ations
in the amcunt of wate- consumed do not change *he value
and for greater or 1e§ser periods of corsumption the
value may be adjusted proportionaily in 2ccordance with
the time involved.
T™Wo Civil Defense home expedient methods of removing s

radloactive materials from water are satisfactory. One,

IR LS RO ITAD by nany e I pD R PR Rt st et B pane 83 Lame 3 e e

55




parable container, toilet tissue, a plece of screeniﬁg and

~of tnis latter procedurse produced a removal of <~ percent.

i T N e N P Ayt N

procedure, utilizing a filter made of a flower-pot or com-

a columh of subsoil 5 cm deep, vemoved from 93 to 99 percent

of the radisactivity fron contaminated water. A sccond

eneednre, based on the use of toilet tissue as a filter

ald and filtration through a houschold sieve lihed with a

peper towel, reroved 88 to 89 perzent of radinactisfty

from similarly contaminated water. A simplified --2riation

Various househiold materials such as vermiculite, peat moss,

aquarium sand, and cereal were evaluated as filter media
but gave inferior results for clarification and activity
removal compared wlth a subsoil column. Smalf, portable

vwater treating devices investigated for activity removal

e et e et

prbved that the process utilizing activated carbon-ion
exchange gramiles followed by filtration gzve the best
results, All devices which effectively removed Lurlidity ;
effectively removed radioactivity. All methods »f «ivil ’
defense significance showed even higher removsl of

activity by the utilization of a mst ion exch rlge treat-

ment, such as by a home type steam irern dem1ne}élizer.
| n
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Equipmenf available for providing water for the in-

dividual or squad is intended primarily for emergency
treatiment of fresh water supplies when it is impossible
to nbtain water lrom Corps of Enginsers water piroduction
units. If rsw water sources are contaminated with C3R

égents, hewever, the first alternatiye is tzo cttempt to

 find an uncontaminated source. This may be dilficult in

view of certain military situations, especially where

large areas ﬁay be contaminated. 1In thls case, contaminated

water must be subjected to decontamination procedures. As

normaliy practiced, raw water from a fresh water source
is disinfected in the canteen with TSN 6850-264-590k,

Tablet, Water Purification Individual (commonly known
as globaline, chemically known as tetraglycine.hydro-
periodide). Although this glooaline-canteen procedurs
would be of definite benefit in chemlcal and biological

agent decontanination, it would be of no vilue in ~smoving

radiological material from water. Sustained "wsliing of
water by the individual ‘soldier would kill il aiurc- I

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. 1In fact, boiling

could actually concentrate radiological agents in water.
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Wate: Purificatien Unit, Hand-Operated, Kanpsack-Pack,

Filter-Fad-Typs, 1/4-GPM (Sob No. 1) is a direct-filtration
device, consisting ossentially of a hand-operated diaphragm
purp in combination with a housing to sapprort two cellulose
filter pads. This device would be of limited value in
removing chemical agents from water. It would be rrason
ably effgctive in recoving most microorganisms from water,
especlally uhén used with giobaline disinfectisn tablets.
The device would be effective in removing suspended radio-
active particles from water but would be ineffective for
removirg certain dissolved radioactive materials. Preliminary
investigations were conducted relative to suppleménting
this unit with other manually operated equipment to pro-
vide an emergenésr squad-size .uni‘t with CBR wate'r
decontamination capability. Accordingly, a system was
developed consisting of a Lyvster bag for superhypochlo-
rination, dechlorination, and batch coagulation; the
1/l-gpm pad filter for filtration of the Sl‘.peﬂ;‘v" Lant

from the Lyster bag; and an ion exchange cartridge #ilter -
for demineralization of the filter effluent. The system
proved very successful in this study, removing 100 percent

of the radioactive contaminstion from water.
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CHAPTER U

» CONCLUSIONS AND RECOMMENDATIOMNS, ;

" : b.1 CONCLUSIONS . -

" From the results obtained under this ntuvsv it is

concluded that:

1. The solubility of radiocactive debris increased

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

ihe change was not significant in the pH and temperature

R s T Sy

variations for normal drinking water supplies.
2. The solubility of radicactive debris was not

murkedly affected by contact time. Increeses in solubvility

[ -

with time were alleviated.by decreases in contamination
through radicactive decay.

3. The solubility.of radiocactive de .ris was sig-
nificant enough to require water dcgine:aliz#t?u? ) :
produce drinking water within the acceptuvi= one year and

one month drinking water tclerance lévels.

‘4, Rediocactive debris from surface detonations cen
be colloidal and remein in suspension in water for extended
periods of time and be readily transported to downstream

water soucces,

o R O A AU R PRI VT T0rtot 3 "2V LT WARMT M. . $1 & e S0 L AT e o 8 o e S+ et +
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5. FEmergency type water purification methods such
gs filtration through clay and paper, batch écagulation,
filtration through a cellulose filter disc, and molded
filter candles effectively reduced radiocactive contaminants
to shurt range (less than 30 day) drinking water tolerance
levels. Higher removals of activity (approachiﬁg 107 per- -
cent) were obtained by the addition of sn icn o.."ange
process as a post treatment to the above methods, i

6; The standard IM-141/PDR-~27J Radiacmeter srnd the |
CDV=T00 meter can hé used csatisfactorily in the field to
qualitatively determine whether water supplies are atove
or below the drinkiﬁg ther tolerance levels and to

assist water point operation relative to adequacy of the

operating water decontamination procedures. |

4,2 RECOMMENDATIONS
It is recommended that the following additional
studies be made: g

1. Soil Solubility ss a Function of Soil T-i-. dxpose

different representative soils to the effects (I = nuclelr |

detonation tc ascertain the degree c¢f water solubility of

the resulting radioactive component .

; 2. Fate of Fatlout in s Moving Stream., Admit raidio-

active fallout to the heedwater of ajmoviﬁéhétregﬁ‘ana T
deternine its destiny,including the established radistaca

field,

60

s o

g e




APTENDIX

SYNOPSIS OF PERTINENT REFERENCE REPORTS

Formal USAERDL Reports Pertaining to Decontamination of

Water Coantaminated with Radioactive Materials

(U. 'S. Army Engineer Research and Developmeni. jatoratories

Fort Belvoir, Virginia)

USAERDL C
REPORT NO. TITLE OF REPORT WITH BRIEF DESCRIPTION .

1275 . nPurification of Water Contaminated with
Radiocactive Material.™ 24 December 1952,
Describes jar test studies at the Oak Ridge
National Laboratory using powdered metals,
clay, coagulants, and ion exchange resins
for the removal of rsactor-produced fission

T

products and selected radiolsctove: from

water, Also evaluates Wates Jarification

[y

Set No. 2, an experimental Fvdiator, and

mixed bed ion exchange column for de-

Ry

|
; l contaminating contaminated water.

1313 _ "Removal of Radloactive Materials from

Contaminated Water by Thermocompression
Distillation.”" 28 August 1953.
Describes the use of a 60 GPH thermocompression

Shigdlipaal X CIER I
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1357

1396

iuch

distillation unit for rcm:;'n:dg fission products
and significant individual radioisotopes from
water at the Oak Ridge National Labrratory.
“Removal of Radioactive Substance from Water
by Ion Exchange Processes." 11 June 1354,
Describss laboratory ion exchinge studies and

a pilot size ion exchange column £--~ removing

 fission products and significant : :siioisciopes

from water.

"Removal of Radiological_ Warfaie Agents from
Water." 22 April 1955.

Describes ‘the removal of aged fission pro-
ducts ard Iselected. radioisotopes of radio-
logical warfare significance from water by
coagulation, by clay absorption, and by ion
exchange, Equipment evaluated includcs 60
GPH thermocompression distillation un:t,
Water Purification Set No. 1, ana & Tield
expedient,

#Removal of Radioactive Yiverials from'Water
by Water Purification Unit, Hand-Operated,
Fnapsack-Pack, Filter-Pad-Type, 1/4 GPM,




I e, SRV

1406

 1451-RR

and by a Field Expedient." 19 May 1955.
Describes evaluation of Water Purification
Set No. 1 for removing radio~stive substances
from water. Removals of 85-95 percent of
fission préducts indicated with elay rretreat.
ment.. Also describes a flell cipdient
consisting of a column packed wi?i ¢lay,
humus, and vegetation which re- ved 85-95
percent of fission product activity.

"Removal of Radloactive Contaminants from
Water with the Corps of Engincers Mobile
Water Purification Unit." 27 May 1955.' )
Describes field operation of 1800 GPH

Mobile Water Purification Unit at the Oak
Ridge }IAtional Laboratory for reng‘
fission product activity from water by
conventlional orucessing, by pretre«‘ment
with clay, and by post-treatnest with icw
exchange resins. ) .
*The Removal oi radlvactive Material from
Water by serial Coagulation, by Ion uxehange
and by Charcoal Adsorption.* 22 June 1956. . .~
Describes laboratory studies at the Ok




o p—

R R

1492-RR

1569-TR

Ridge National Laboritory fer removing radio-

‘active substances from water by serial

coagulation with various coagulamt combind-
ticns, by lon exchange, by adsorptlion on
activated bons charceal.

"on Txchange for Removal of Radio:aclides
from Water." 7 August 1957.

Desrribes the use of ion exchange equipment
for removing fission product actlvity from
water, . |
"Solubility Characteristics of Radloactive
Bomb Debris in Water and Evaluation of
Selected Decontamination Procedures.®

12 February 1959. _

Describes work conducted at the Nevada Test
Site under Operation Plumbbob using bHoab
debris cbtained from Shot Pris~'_ia, Debris
was subjected to a laberatory stuay of its
solubility characteristics in water, followed
by an e&aluation of cbagulation, adsorption,
ion exchange, and other processes for removing
the debris from water. '
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1673-RR

"Decontamination of Water Contaminaied with
Plutonium." 12 January 1960.
Describesvexpem\ents conducted at the Los
Alamos Scientific Laboratory e*.'f.'u.atiﬁg the
15C0 GPH Mobile Water Purification Unit for
removing plutonium from water. Also describes
pilot scale work on the decontamination effi-
clency of softening, carbon adsorption, a:d
ion exchange processes.

*Removal of Nuclear Bomb Debrils, Strontium
90 - Yttrium 90, and Cesium 137 - Barium 137
from Water with Corps of Engineers lMobile
Water Treating Equipment.® 23 May 1961.
Covers experiments conducted at the !?efada
Test Site studying the 1500 GPH ¥niilc Water
Purification Unit and the 15GC GUPH Mobile Ton
Exchange Unit for removing from watsr l-year
0ld nuclear bomb debris ground to 3 micions
average particle size. Also covers the
removal of soluble Strontium 90 - Yttrium 90
arnd Cesiunm 13'7 - Erarium 137. ” B
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1702-Rrt

“Removal of Chemical, Bilological, and Radio-

logical Contaminants from Water with Corps
of Engineers Field Water Supply Equipment.®
12 December 1961,

Sumna;rizes and applies to field use, wesearch
data obtained on the removal of rh:umical,
biological, and radiological agents from
"aier. Discusses the probleg and cnvars
maxlnum permissible concentrations,
detection, water decontamination equipment
and meiheds, protective clothing, and equip-
ment decontamination. ‘
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Ordering from ASTIA

Address

Armed Services Technical Information agency

(ASTIA)

Arlinzston Hall

Arlington 12, Virginia

USAERDL NO.

1275

1313

1357
1396
1ko4
1406
1451-Ri
1492-RR
1569-RR
1613-RR
1673-RR
1702-RR

ASTIA HC.

E & &

AD 1423¢

AD 28983
AD 1LU4599
73435
82052
105037
113180
142961
212hk0
23k

e
26)1-';

&5 &8 &8 8 & B

274300




Ordering from Department of Commerce

Address

- -~ Office of Technical Services (0TS)

Departmexit of Commerce

Washington 25, D. C.

USAERDL 0.
1275
1313
1357
1396
Wots
1406
1451-RR
1492-FR
1569-RR
1613-RR
1673-7R
1702-FR

PB 136024
'PB 136025
PB 140084
PB 135996
PE 128455
stﬁgsuaz

PB 152650

PB 147815

Not available OTS

Mol 'yet availabls OTS
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" MEOLCAL FIELD SERYVICE SCHOOL

DISTRIBUTION

Military Distridbudion Category 28

ARMY ACTIVITIES

CHIEF OF 8 ¢ D OA

AC OF § INTrwyL GENCE DA

DC OF § FOR MIL 0PS DA ATIN OIR OF (BR
CHIEF OF ENGINEERS DA

AFMY MATERTAL COMMAND

CHIEF SIGNAL OSFICIR SA

CHIEF OF TRANSPORTATION DA

THE SUNGION GENERAL DA

U 5 ARMY COMBAT DEVELCPmENTS CONMAND
OIRECTOR OF SPECLAL WEAPOnS DEVELOPMENT OFFICE
ARMY ARTILLERY BQARD

ARMY ITNFANTRY BOARD

ARMY AIR DEFFMSE BOAQD

ARMY AVIATION 50ARD

ARMY COMMAND AN uEMEwau STaFF SOLL
ARMY A1R DEFENSE $CHOOL

ARMY ARMORED SCHOOL

ARMY ARTILLERY & MISSILE SCHOOL
ARMY INTANTRY S5CHOOL

HILITARY ACADEMY

WARTERMASTER SCHOOL U S ARMY
CHEMICAL CORPS TRAINING COMD

U S ARMY ‘CHR WEAPONS SChOGL

U § ARMY SIGNAL S$SCHOOL

U $ ARMY TRANSPCQTATION SCMCOL
ENGINEE® SCHOOL

N ol

oCccccCcccCccc
BuURRLE NPT e

U § ARMY MUCLFEAR MEDICINE RESEARCH DET CUROPE
ARMED FORCES INSTITUTE OF PATH

ARMY MEDICAL RESCAICH LAB
WALTER REED ARMY INST OF RES
GENERAL SUPPLTES RESEARCH
ENGINEER RESEARCN & OEV LAB
WATERWAYS EXPER'MENT STATION
O1AMOND OROMANCE FUZE LABORATORY

BALL:STIC RESEARCH LABORATORY

ORD MATERIALS RESEARCH OFFICE

U S ARMY “OBILITY COMMAND

COMMUNTCATIONS & ELECTRONICS COMMAND

U S5 ARmy ELECTRONIC PROVING GROUYD

U § ARMY COMAAT SURVEILLANCE AGENCY

U 5 ARMY SIGNAL RED LABRORATORY

U 5 ARMY TRANSPORTATION COMBAT DEVELOPMENT GROUP
THE RESEARCH & ANALYS!S CORP

NUCLEAR DEFENSE LABORATORY

U S ARMY AIR OEFENSE COMAAT DEV AGENCY

ENGINEERING LAB

D R T R e e e

NAVY ACTIVITIES

CHIEF OF NAVAL OPERATICNSG OPQIEG

CHIEF OF MAVAL OPEQATION: 0P-09%3

CHIEF OF KAVAL CPERATIONS 0P=T%

CHIEF OF NAVAL OPERATIONS OP=922G2

CHIEF OF MAVAL PERSONNEL
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