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PREFACE

The 1nvestigation covered by this report was conducted by the
Sanitary Scilences Brench, U, S. Army Engineer Research and Develop-
ment Laboratories (USAERDL), under authority of Project 8-75-07-460
{currently Task 8M75-05-001-07), "Removal of CER Contaminants from
Water." A copy of the project card is included as Appendix A. The
study was made &t the Jackass Flats area, Atomlc Energy Commission's
Nevada Test Site, Mercury, Nevada,

The period covered by this report was 16 September 1959 through
5 November 1959,

The following personnel vwere responsible for supervision of the
test program:

Research Section Chief Don C. Lindsten

Water Supply Sectilon Chief Richard J. Gainey
Sanitary Scilences Branch Chief Richard P. Schmitt
Military Department Chief Neil K. Dickingon

The field test teem responsible for installing the equipment
and conducting the experiments was as follows:

Project Offlcer Don C. Lindsten
Analytical and Radilologlcal

Chemist Maurice Pressman
Chemical Englneer Paul E. DesRosiers, Jr
Englneer Technician Joseph F. Mancuso
Water Supply Specialist M/Sgt Joseph P. Kennedy
Technician M/Sgt Harvey Fox
Technician Frederick W. Wolfes

The project was actively supported by the Office of Civil and
Defense Mobilization (OCDM), Battle Creek, Michigan, which aided the
test program finencially and furnished two observer=-participants:
Mr. William J. Lacy, Physical Scilences Division, Research, OCDM, and
Mr. George T. Goforth, Plans Office, CBR Defense, CCDM.

The Sanitary Sciences Branch, USAERDL, acknowledges with appre-
clation the support given the proJject by the Defense Atomic Support
Agency (DASA), the Atomic Energy Commission (AEC), the Reynolds Elec-
trical and Engineering Co., Inc. (REECO), and the U. S. Army Medical
Service Corps (MS8C). Lt Col Converse R. Lewls, Jr., MSC, and 2nd Lt
Robert Quillin, MSC, were present during much of the test period and
contributed materially to the project.,
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SUMMARY

A field study on the removal of radioactive substances from
water was conducted by the Sanitary Sciences Branch, U. S. Army En-
gineer Research and Development Laboratories, in cooperation with
the O0ffice of Civil and Defense Mobilization, at the Atomic Energy
Commission's Nevada Test Bite during 16 September through 5 November
1959. Three water-treating units were evaluated for radlocactivity-
removal efflclency: The standard Army Mobile Water Purificatiocn
Unit (1,500 gph); a prototype Mobile Ion Exchange Unit (1,500 gph);
and an electrodialysis demineralization unit (30 gph). The contami-
nants used were: (1) aged nuclear bomb debris from an underground
detonation, powdered to 3 microns average particle size; (2) stron-
tium 9O-yttrium 90; and (3) cesium 137-barium 137. Well water of
approximately 900 ppm total dissolved solids was deliberately con-
taminated with the radicactive material of choice and then subjected
to the decontamination procedures.

Significant results were:

&. Radloactivity associated with silicate soil from an under-
ground detonation 1s only sparingly soluble in water (0.5 percent
in these tests).

b. The standard Army Mobile Water Purification Unit is capable
of removing over 99 percent of sparingly soluble nuclear bonb debris
from water by the processes of coagulation and diatomite filtretion.

c¢. The standard Army Mobille Water Purification Unit is capable
of removing 97 percent of yttrium 90, but only 13 percent of strontium
| 90, from water contaminated with strontium 90-ytirlium 90. However,
‘ the catlon exchange column of the prototype Mobile Ion Exchange Unit
: effectively removes most of the strontlum 90-yttrium 90 which passes
i the Mobile Water Purification Unit, for an overall activity removal
of over 99.9 percent.

d. The standard Army Mobile Water Purification Unit is capable
of removing only 2 percent of cesium 137-barium 137 from water.
However, the cation exchange column of the prototype Mobile Ifon Ex-
change Unit effectively removes most of the cesium 137-barium 137
which passes the Mobile Water Purification Unit, for an overall
activity removal of over 99.9 percent.

e. The cation exchange column of the prototype Mobile Ion Ex-
. change Unit, when operated on the sodium cycle, is capable of remov-
. ing 96 percent of strontium S0 and 75 percent of yttrium 90 from
ﬁ' . water conteminated directly with strontium 90-yttrium 9C and not
rr nsubjected to prior coagulation and filtratlon.
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f. Electrodialysis is capable of removing over 99.9 percent
of cesium 137-barium 137 from brackish water. The decontamination
process parallels the demineralization process.

g. A beta-gamma survey meter with the probe sheathed and in-
serted into a tark of the water under test was used effectively in
the fleld for monitoring water for radicactivity. The meter reading
is proportional to the concentration of radicactive materlal in the
water.

h. The Army Mobile Weter Purification Unit and Mobile Iva Ex-
change Unit were operated on water contaminated to at least 107
picocuries per liter without undus radiation hazard to the operator.
No special shielding or remote controls were necessary.

The report concludes that:

a., BStandard field water purification equipment employing con-
tinucus coagulation and diatomite filtration is capable of removing
over 99 percent of insoluble or suspended radiocactive contaminants
from water.

b. Standard water purification equipment employing continuous
coagulation and diatomite filtration followed by a water deminerali-
zation process 1s capable of removing over 99 percent of the insol-
uble and soluble radioactive contaminants from water.

¢. Diatomite filter membranes, ion exchange resins, perm-
selective membranes, and equipment in contact with radloactive
liquids and subject to corroelon contain some radiocactivity after
normal decontamination; and studles after extended perilods of oper-
ation are necessary to develop better methods of decontemination or
to determine fleld capabillties for operation, repalr, and mainte-
nance of this equipment.
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REMOVAL OF NUCLEAR BOMB DEBRIS, STRONTIWM 90-

YTTRIUM 90, AND CESIUM 137-BARIUM 137 FROM WATER

WITH CORPS OF ENGINEERS MOBILE WATER-TREATING EQUIPMENT

I, INIRCDUCTION

1. Subject. This report describes a field study having as
its primary objective the evaluation of a standard Army Moblle Weter
Purification Unit (1,500 gph), a prototype Mobile Ion Exchange Unit
(1,500 gph), and an electrodialysis demineralizer (30 gph) for re-
moving nuclear bomb debris, strontium 90-yttrium 90, and cesium 137-
barium 137 from water. An assoclated objective was to assess the
hazard to personnel operating the water-supply equipment. The study
was conducted at the Jackass Flats area of the Atomic Energy Commis-
sion's (AEC) Nevade Test Site in the fall of 1959.

2. Background. The U. 8. Army Corps of Englneers must have
the capability of producing drinking water in dbulk quantities to
meet the requirements of field armies. Not always can they be se-
lective of water sources. Good water szources might not be accessi-
ble, and polluted sources or sources contaminated with radiocactive
materials must be treated onsite by systems designed to produce pot-
oble and palatable drinking water. The purpose of this study was to
evaluate fleld water-treatment procedures for removing radiocactive
contaminants from a natural water source. Extensive laboratory-type
investigations had been conducted previously at the Oak Ridge Na-
tional Laboratory (ORNL) and the U. 5. Army Engineer Research and
Development Laboratories (USAERDL), but this was the first time that
full-gcale military fleld eguipment producing drinking water at
rated capacity under simulated field conditions was operated for re-
moval of radioactive contaminants. Although the water-treatment
equipment evaluated was designed for the support of military opera-
tions, the basic processes of coagulation, filtration, and ilon ex-
change are applicable to, and in many instances conventional to,
civilian or municipal installaticns.

II. INVESTIGATION

3. Equipment. The Mobile Water Purification Unit (1,500 gph)
is designed primarily for the clarification and treatment of fresh
surface-water supplies. The unit is a complete water purification
plant having equipment for coagulation, filtration, and disinfection.
This equipment is installed and operated in & 2%-ton, truck-mounted

van body. Coagulation ls accomplished in a specially designed solids-

contact clarifier called an Erdletor. This is a continuwous-upflow
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basin having a total retention time of 20 minutes. Following coagu-
lation, the water is filtered through a pressure diatomite filter at
2%—gpm/sq 4t rate. All raw water 1s prechlorinsted with calecium hy-
pochlorite to give an availlable chlorine residual of 1.0 ppm in the
final effluent. Figure 1 shows a Moblle Water Purification Unit in
use on Accotink Creek, Fort Belvolr, Virginia.

In this study, a sand filter was used in parallel with the
standard diatomite filter. This sand filter was 7 ft high with a
l-8q ft cross section. The filter column was made up of & porous
supporting plate, a 6-in. layer of gravel, and a 30-in. layer of
filter sand with a uniformity coefficient of 1.65 end an effective
size of O.45 mm,

The prototype Mobile Ion Exchange Unit (1,500 gph) is de-
signed primarily for the demineralization of water. The unit 1s
equlpped with two separate-bed, regenerative-type lon exchangers.
The resins are contained in rubber-lined pressure tenks connected
in series. In one tank there 1s 21 cu ft of a strongly acidic ca-
tion resin and in the other, 21 cu ft of a weakly basic anion resin.
The service flow through the resin is controlled at a constant rate
of 3% gpm/sq [t of cross-sectional ares, and the backwash rate
varies from 3 to 4 gpm/sq ft. Regeneration 1s accomplished at 1.0
gpm/sq ft, and fast rinsing tukes place at 3.5 gpm/sq ft. The ca-
tion resin 1s regenerated with a 1l0-percent sclution of commercial
hydrochloric acld, using approximately 5 1b of acid per cubic foot
of resin. Hydrochloric acld is selected to prevent scaling prcilems
which could occur under field conditions where little or no chemis-
try can be performed in support of an operation. The anion resin is
regenerated with a h-percent solution of soda ash at a dosage of
about 6 lb/cu ft of resin. Sode ash is used as & regenerant because
it is already availeble as a water-supply chemlcal in the military
system, and it also offers certain advantages over other materials
relative to storage and ease of handling. On occasion, a mixed-bed
column consisting of 3 cu ft of resin was used as & polishing unit
following the anion exchanger. Figure 2 shows the Mobile Ion Ex-
change Unit.

The electrodialysis processing unit studled was a commer-
cially avallable standard model currently being investigasted by
USAERDL for the demineralization of brackish-water supplies such as
might be obtalned from ground water sources in arld or semiarid re-
glone. This unit is rated at 30 gph, reduclng brackish water of
3,000 ppm total dissolved solids (tds) to 500 ppm tds. The unit
consists essentially of a stack of alternate anlon and callon perm-
selective membranes. An electrical potential is imparted across the
membrane stack to promote the removal of the soluble ions. Filgure 3
shows the electrodialysis demineralization unlt. In demlnerallza-
tion studies on the J-11 well water conducted prior to the
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7
decontamination studies, the unit produced 55 gal., of water per hour
vhen reducing the 900 ppm tds of uncontaminated water to 300 ppm tds.

For the decontaminstion work, it was necessary to produce a final
effiuent of 1.5 ppm tds.

To do this, the overall production rate was
decreased to 7 gph.

4., Procedure. The test progrem was conducted in the Jackass
Flats area of the Atomic Energy Commission's Nevada Test Site.

The
equipment was installed near a drilled well, 1,330 ft deep, which
served as the raw-water gource. An overall view of the test area 1is
shown in Fig., 4. An equipment layout diagram is shown in Fig. 5. An
analysis of the water from the well is shown in Appendix B, Exhibit 1.

The following radiocactive contaminants were used:
a. Radioactive bomb debris.
b. Strontium 9QO-yttrium 90.

§
c. Cesium 137-barium 137.
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Fig. 6. Ball mill used to grind coarse radiocactive bomb de-
bris to a 3-micron-size powder.

The radiosctive bomb debris was approximately 1 year old
and was obtalned from an underground nuclear detonation. To convert
the material to a more usable state, it was ground to a fine powder
in a ball mill for 30 hours. After this time, analysis with a sub-
sieve sizer showed the average particle gize of the yowder to be 3
microns. The powder was analyzed radiochemically. Results were as
shown in Appendix B, Exhibit 2, Figure 6 ghows the ball mill used
to grind the radiosctive debris. For one run, the pulverized bomb
debris was fused with sodium hydroxide in an effort to disrupt the
silicate structure and allow more of the radloactivity to go inte
solution when slurried with water. The fusion was conducted 1n an
iron pot over a butane burner, using 5 1b of sodium hydroxide for
each pound of debris. The fusion mixture was "boiled" for 25 min-
utes and then neutralized with hydrochloric acid. The resulting
slurry was uged as the water contaminant.

' Strontium 90-yttrium 90 and cesium l37-barium 137 were re-
celved from ORNL as chlorides in hydrochloric acid. The radioiso-
topes were diluted onsite for use as contaminants.
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Six test runs werc made, and for each run contaminated
feed water was prepared by adding the desired amount of powdered
bouwb debris or soluble radiolsotope to well water in a 3,000-gal.
nylon-rubber tank. The water was mixed thoroughly with & canve pad-
dls and also by recirculation with an electrically driven pump. Re-
circulation was malntained throughout each test run to insure a uni-
form feed water. Several tanks of water were prepared for each rum.

The applied water to the Mobile Ton Exchange Unit 1s the
effluent from the Mobile Water Purification Unit. The dissolved
mineral content was changed only slightly from the original raw-
wvater analysis after treatment in the Mobile Water Purification Unit.
The significant change was in the clarity of the applled water which
averaged spproximately 0,1 turbidity unit as an effluent from the
Mobile Water Purification Unit and as an influent to the Mobile Ion
Exchange Unit. The length of each test run was determined by the
operating capacities of the lon exchange resins or when the final
effluent conductivity reading indicated a total dissolved solids
content of 1 grain per gallon. Operating data for a typical cycle
of the Mobile Ion Exchange Unit are shown in Appendix B, Exhibit 3.

During the course of each run, water samples for analyses
were taken at regular intervals from predetermined sampling points.
Chemical analyses were made in a moblle chemilcal laboratory, and
rediological analyses were made in a mobile radiac laboratory (Fig. 7).

F9337
Fig. 7. View showing mobile radiac laboratory (left) and mobile
chemical lsborstory (right). Waste effluent pit in foreground,

PPN
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Moat measurements of radioactivity in water were made in
order to differentiate between socluble and particulate activity.
This was accomplished with the aid of a membrane filter device. The
total activity was determined by pipetting an appropriate volume of
water (1 to 5 ml) on to an aluminum planchet, drying under an infra-
red lamp, and counting in an end-window Gelger-Miiller beta counter.
Soluble activity was determined by measuring the activity of the
filtrate passing through a membrane filter of 0.45-micron pore size.

When strontium 90-yttrium 90 was used as the contaminant,
the absorber counting technique was used to determine the separate
activities. The actlvity of a given sample was measured with and
without an aluminum abeorber thick enough to shield out all of the
strontium 90 emanstions (176 mg/cm?). The fraction of yttrium ace
tivity absorbed was determined by the use of standard strontium 90-
yttrium 90 in secular equilibrium. A correction factor for the
yttrium 90 activity absorbed was calculated. To determine strontium
90 activity, the corrected yttrium 90 activity value was subtracted
from the total activity obtained without the absorber.

All values for the concentration of radiocactive materials
ln water have been expressed in picocuries in accordance with the
recent adoption by the National Bureau of Standards of the term
"pico" in place of "micro micro."

Tn addition to the decontaminatilon efficiency of the water
purification equipment, information was obtained on the radlaticn
hazard to operating personnel. This information was essential to
assese the need for shielding or remote-control operation. During
each run, film badges and pocket dosimeters were attached to various
components of the equipment to determine the cumulative radlation
dose at that point during a given run. Figure 8 i5 a side view of
the Moblle Water Purification Unit with film badges and pocket dos-
imeters installed. Figure 9 1s a sketch of the diatomite filter,
sludge concentrator, and Erdilator showing exact location of film

" badge attachment. Figurc 10 is a sketch of the cation, anlon, and

mixed-bed exchange columns showing the location of the film badges
and dosimeters in the Mobile Ion Exchange Unit. Measurements were
also taken of the fleld radiation intensity in the vieinity of the
different units during the course of each run.

During most of the runs, a fleld method of water monitor-
ing was evaluated. According to this method, the probe of a betae-
gemma survey meter is covered with a rubber sheath, such as the
finger of e surgeqn's glove, and is immersed in a tank of the water
being monitored., Mowst of the extraneous area radiation is shielded
out, and the meter resding in milliroentgens per hour (mr/hr) is
proportional to the number of picocuries per liter of radiocactive
material in the water.
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Fig. 8. 8Side view of Mobile Water Purification Unit showing
Erdlator and sludge concentrator with film badges and pocket
dosimeters taped in place for cumulative dosimetry measursments,

Because of the proximity of the test site to the J-1l1l well,
the factor of area contamination was given careful consideration. A
waste pit was excavated. This pit received all process water from
the Mobile Water Purification Unit and Mobille Ion Exchesnge Unit,
plus sludge from the Erdlator and backwash from the diatomite filter.
Ion exchange regeneration fluide from runs using strontium 90-yttrium
90, as well as the cation resin 1ltself upon completion of the studies,
were directed into a 1,500-gal. tank. The water was allowed to
evaporate, and the tank and its resldue were transferred to a waste
burial pit on Frenchman Flat.

To minimize the amount of personnel exposure to radiation,
strict monitoring procedures were exercised, highly radioactive soill
and solutions wore handled quickly, and personnel wore protective
clothing and used respirators. Film badges were worn at all times.

\ The detailed procedure for each of the six runs is given
' in Appendix C (Exhibits 1 through 6).

At the conclusion of all work, the equipment was subjected
to decontamination procedures. The Mobile Water Purification Unit
was glven the prineipal attention. A 0.8-percent solution of hydro-
chloric acid was recirculated through the unit for 23 hours. The
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wnit was then rinsed wilth fresh water and given a second fluiéh with
a l.l-percent solution of hydrochloric acid for 24 hours., The unit
was then rerinsed and sent to the AEC-operated decontamination sta-
tion for steam cleaning, a detergent flush, and a final fresh-water
rinse.

‘The Mobile Ion Exchange Unit was flushed for 2{ hours with
a l.6-percent solution of hydrochloric acid, rinsed with fresh water,
flushed with a 0.8-percent solution of hydrochloric acid for 1 hour,
and givan a final fresh-water rinse.

The electrodlalysis unit was flushed for L hours with a
0.1-percent solution of citric acid, followed by a 4-hour rinse with
fresh water.

The treatments described above reduced radioactive contam-
ination of the equipment to an inplgnificant level. Permission was
obtained to remove the equipment from the test site. Hose, diato-
mite filter elements, fabric tanks, ilon exchange resins, and similar
water-absorbing components which could not be decontaminated satis-
factorily were discarded in the AEC dump.

5, Results. Appendix D (Tables II through VII) gives summa-
rized chemical and radiological results for all six runs. Figure 11
is & plot of dissoclved solids and actlvity of water contaminated
with cesium 137-barium 137 versus time during a typical cycle of the
electrodialysis demineralizer (Cycle 4, Run 6).

Dosimetry data are shown in Appendix E (Tables VIII through
XIII).

Appendix E, Table VILI, gives data on the use of the water
monitoring method for determining radicactivity in water under field
conditions.

Appendix E, Table IX, glves the dosimetry data obtained by
exposing film badges and pocket dosimeters at strateglc points in
the Moblle Water Purification Unit during operations.

Appendix E, Table X, gives the dosimetry date cbtained by
exposing film badges and pocket dosimeters at strategic points in
the Mobille Ion Exchange Unit during operaticns.

Appendix E, Table XI, glves the radiation data obtained at
the cation exchange column of the Moblle Ion Exchange Unit during
regeneration with sodium chloride following Run L with cesium 137~
barium 137.

e s e e e 1 —
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Appendix E, Table XII, gives the radiation date obtained
by exposing film badges at various points of the electrodislysis
unit during Run 6.

Appendix E, Table XIII, gives the dosimetry data for all
personnel participating in or obsexrving the test program.
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Fig. 11. Plot of total dissolved sollds and activity of water
contaminated with cesium 137-barium 137 versus time during a
typical cycle of the electrodialysis demineralizer (Cycle k4,
Run 6

III. DISCUSSION

6. Discussion of Rung. The results of all six runs, summa-
rized in Teble I, are discussed below.
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a. Run l. Run 1 showed a 99.2-percent removal of pul-
verized bomb debris from water by the processes of coagulation and
filtration. This effective removal was directly related to the fact
that the bomb debris, although finely ground to an average particle
size of 3 mlerons, was only 0.5-percent soluble in water in respect
to its radioactive component. The Mobile Water Purification Unit,
with 1ts inherent coagulation and filtration equlpment, is designed
to remove turbidity from water and consequently was effective in re-
moving the insoluble bomb debris. It is noted that the bomb debris
consisted primarily of fission products entrapped in fused voplcanic
tuff. Since the tuff was principally silicious in nature, the low
solubllity was readlly explainable. Other types of bomb debris
might exh:tit a higher solubility, with a resulting lower percentage
removal fiom water by coagulation and filtration. A sand filter in
conjunction with coagulstion in the Erdlator accomplished essential~
ly the same removal as the standard equipment.

b. Run 2. Run 2 was conducted in an effort to challenge
the equipment with a more formidable materisl, Pulverized bomb de-
tris was subjected to a 25-minute fusion with caustic soda in an at-
tempt to obtaln a materlal more soluble in water. However, when
neutralized with hydrochloric acid and added to the feedwater, the
fused debris dissolved only to the extent of 2.8 percent of the con-
tained redioactivity. The coagulation and filtration, as expected,
removed the insoluble matter, for a removal of 97.2 percent of the
total activity. The effluent from the Moblle Water Purificatlon
Unit was pumped through the Mobile Ion Exchange Unit where the ca-
tion exchanger on the hydrogen cycle removed most of the remaining
dissolved activity, for an overall removal of 99.0 percent.

c., HRun 3. In Run 3, the equipment was challenged with
perhaps the most dangerous radiocactive contaminant availlable: solu-
ble strontium 90-yttrium 90, The Mobile Water Purification Unit
proved to be effective in removing the yttrium 90 daughter (56.7-
percent removal). The unit was ineffective in removing the stron-
tiun 90 parent (13.3-percent removal). Since yttrium 90 soon breeds
into the remsining strontium 90, little was accomplished. However,
the cation exchanger on the hydrogen cycle removed most of the solu-
ble material which passed the Mobile Water Purifilcation Unit, for an
overall activity removal greater than 99.9 percent. It 1s interest-
ing to note that, although diatomite filtration was inerfective for
the removal of the soluble activity, the sand filter was relatively
effective. It is believed that this removal by the sand particles
was due to surface adsorption résulting from unsatisfied electrical
charges on the sand surface. Eventually, as these surface charges
wvere satisfied, the sand filter would lose its effectiveness. At
the conclusion of the run, the cation resin was regenerated with
hydrochloric acid, but only 29 percent of the activity was removed.

el
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d. Run 4. In Run L4, another dangerous fission product
contaminant was used: soluble cesium 137-barium 137. The Mobile
Water Purification Unit removed only 2.4 percent of this material.
The cation bed on the hydrogen cycle in the Mobile Ion Exchange Unit
removed the great bulk remaining, however, for an overall removal of
95.9 percent. Regeneration with sodium chloride at the end of the
run removed 77 percent of the ectivity held by the resin.

e. Run 5. Run 5 was conducted to demonstrate the effec-
tiveness of & cation exchange resin on the sodium cycle for removing
cesium 1l37-barium 137 from water. The contaminated water was fed
directly to the cation exchanger without prior cosgulation or fil-
tration. The process proved to be inferior to cation exchange on
the hydrogen cycle with pretreatment of the influent water. The
strontium 90 removal was 95.5 percent, whereas the yttrium 90 re-
movel was only 76.6 percent. The relatively low removal of yttrium
90 was probably due to the established tendency of yttrium G0 to
hydrolyze at pH values over 4.5 and to form radiocolloilds by attach-
ment to particles of dust, silice, or the like, inevitsbly present
even in clear water, and thus become unsusceptible to removal by lon
exchange.

f. BRun 6. Run 6 was conducted with the electrodialysis
unit using water contaminated with cesium 137-barium 137. The unit
was set to glve high demineralization, with a reduction in output to
7 gph. The unit demineralized the water from 887 ppm tds to 1.5 ppm
tds, with a 99.9-percent reduction in the cesium 137-barium 137
content.

All runs were conducted wlthout excessive radiation expo-
sure to operating personnel. The maximum exposure cbserved for the
entire G-week test period was 330 milliroentgen equivelent man (mrem)
for the person involved in the grinding of the highly active bomb
derrig and in the diluting and aliquoting of the radioisotope con-
centrates used as soluble contaminants. This dosage 1s well below
the 3,000 mrem permitted for any given l3-week period. The operator
of the Mobile Ion Exchange Unit received an accumulated radiation
dose of only 30 mrem over & period of 46 hours of operation.

Certain sectionse of the equipment in both the Moblle Water
Purification Unit and Mobile Ion Exchange Unit became more radioc-
actively "hot" than others, as shown by the film badges attached to
key segments to measure the cumulative radietion for each test run.
The highest rediation readings were obteined during Run 4 with cesium
137-barium 137 as the contaminant. During this run, 50 to 60 mrem
dose waes accumulated on the outside surface of the Erdlator opposite
the slurry pool and on the outside surface of the bottom section of
the sludge concentrator. Because there 1s ¢ontinuous withdrawal of
slurry to waste in the Erdlator operation, rsedilation levels 1n the

S e e e e e S T
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slurry pool. area were found to reasch a plateau and remain there un-
t1l a change occurred in the concentration of radioactive materials
in the input water. During Run 4, the maximum specific activity in
the Mobile Water Purification Unit (8.3 mr/hr) occurred on the out-
side surface of the Erdlator. In the Mobile Ion Exchange Unit, the
highest cumulative reading (1,800 mrem) was obtained on the outside

surface of the cation exchange tank. A specific activity reading of

600 mr/hr was obtelned at the same point. This reading decreased
from 600 mr/hr to 5 mr/hr during regeneration.

The data obtalned with the beta-gamms survey meter for
monitoring contaminated water indicate that this method is satis-
factory for use in the fleld. The method does not presume to be as
accurate as the standard laboratory method of evaporating a known

volume to dryness on & planchet and counting in a laboratory counter;

however, the method has the advantage of being simply and quickly
performed using a fleld instrument. Accuracy of this method is con-
sldered acceptable under field conditions. The latest Geiger-Miller
survey instrument produced by the U, S. Army Signal Corps is the
"Radiacmeter IM-141/PDR-27J." This instrument is & portable, water-
tight, battery-operated, partially-trensistorized, radiastion de-
tector designed for field use.

Water-decontamination results must be evaluated in terms
of existing drinking-water tolerances. It is important to know
whether the raw water is below tolerance and suitable for drinking
or whether the water 1s above tolerance and must be subjectrd to
decontamination procedures. It is also important to know whether
the treated water has, indeed, been made safe to drink after the
selected decontamination procedure. The U. 8. Army drinking-water
tolerance (maximum permissible concentration (MPC)) is based on
wtal activity, iegurdless of individual radiloisotope or radioiso-
topes present, and applies to leyear consumption under emergency
conditions. 8ignificant concentrations of radiocactivity in water
related to this study are as follows:

Item Picocuries per Liter

OCDM Recommended Accepteble Tolerance for

30-day consumption. 30,000,000

U. S. Army Emergency Maximum Permissible :
Concentration for l-yemr consumption. 300,000
Lifetime Maximum Pernissible Concentration ~

National Bureau of Standards Handbook 69. 100
Range of contaminated feedwater used in

these studies. 667,000 to 12,700,000
Range of final effluents obtalned in .

these studles. T00 to 279,000

[
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All rung in this study were made with feed water conteml-
nated to levels well above the U, 8. Army l-year emergency drinking-
water tolerance. The Mobile Water Purificetion Unit and the Mobile
Ion Exchange Unit used either separately or in series, as required,

were able to reduce the level of contamination to below emergency
drinking-water tolerance.

IV. CONCLUSIONS

7. Conclusions. It is concluded that:

a. Standard field water purification equipment employing
continuous coagulation and diatomite filtration is capable of remov-

ing over 99 percent of insoluble or suspended radivactive contami-
nantg from water.

b. Standard water purification equipment employing con=
tinuous coagulation and diatomite filtration followed by a water
demineralization process is capable of removing over 99 percent of
the irscluble and soluble radicactive contaminants from water.

¢. Diatomite filter membranes, ion exchange resins, perm-
selective membranes, and equipment in contact with radicactive
liquids eand subject toc corrosion contain some radiocactivity after
normal decontemination; and studies after extended pericde of oper-
ation are necessary to develop better methods of decontamination or

to determine fleld capabllities for operation, repair, and mainte-
nance of this equipment.
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APPENDIX A
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) nLL B="75-00-000
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8-75-07-460 31 Dec 59
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Equiptnent) TEST
Project No. 4=T75-05-001) oP. TVAL.
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15. PRIONITY 18. MAJOR CATEGORY
1-B 5600
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Supersedes project card dated 31 Dec 58.
P/Al 40M

20. REQUIREMENT AMOD/OR JUSTIPICATION

There is a requirement for determination of the effectiveness of Army fileld
water purification equipment and processes now standard and under development for
removing chemical, blological, and radiocactive agents frcm water to be used for

drinking and other purpose. This requirement has been established by the thresat
of nevw and more efficient agents and weapons of war.

201, BRIEF OF PROJECT AND OBJECTIVE
a. Brief:
(1) Objective: )

(a) Determination of the capabilities and limitations of Army field
water supply cquipment and water treatment processes now standard
or under development with respect to purifying water containing
chemical, biologicel, and radiocactive contaminants, as determined
by the Chemical Corps and other agenczies.

(b) Establishment, where necessary, of new weter treatment techniques,
on the basis of coordi:_...2 ‘~formation from Chemical Corps, for
the removal of these contaminants from water.
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nao/mEILEH caro

D rn SHEES 2093230
MFRMBEIIMG. SUBPROJECT TITLE

RRMOVAL OF CER GONTAMINANTS FROM WATER (U)

L SECURTTY OF PROJICT | 5. PROJECT MO,

§-75-00-000

rmﬁ«me % RPOAT DATE

£-75:07-460 | U pecga. . |

Elock 2la Contimued
(2) Military Characteristics:

B roach :
‘(\3 The studies and tests to be conducted under this Project with respect

(2

(3)

(4}
(5)

There aXe no military characteristics applicable to this project.
Should design changes in equipment be required, the work will be ace
complbehed under this project.

to radiocactive contaminants will be acconplished under arrangements
already exlsting between the Corps of Epgineers, the Chemical Corps,
and the Atomic Energy Cowmission in connection vith superseded project
8-T5-05-008. Activities in this field will be conducted by the Corps
of Engineers detachment at ORML, Osk Ridgo, Tennessee. ALl contemli-
nants will be procured from ORNL, and techunical assistance of ORNL
specialists will be ohtained when necessary.

This project will be conducted on full size field serviceable equip-
ment. The ORNL representative equipment and processes will be svalu-
ated usling both nixed tission products and potential RW contaminants,
To reduce the possibility of errors and to demonstrate associated Probe
lems, dosages of contaminants used will be the largest dosages expected
uuder combat conditicns, Should the data show that these dosages can~
not be effectively handled, then the limlt of effectiveness of equipment
or procesges will be established. '™e same general concept will apply
to the studies of chemlcal and viological agents. In the omse of
biological agents, the potential hazari involved dictates that
simlated agents (oon-pathopenic organiems) ve used in many tests.

All studies and tests to be conducted using Ylologienl and chemical
contaninants will be carefully coordinated and accomplished with the
Participation of the Chemical Corps. All conteminants will ba furnished
by the Chemical Corps, together with cpeclal personmed required to
safely handle the contaminants and to sonduct spacial analysea. All
equipment 40 be tested will be furniched hy the Corps of Engineers.
Teste will be oconducted at Chemicsl Corps instailations such ag Fort
Betrick, Frederick, Md.; Chemical Corps Medical Laboratories, Army
Chemical Center, Mi.; and such other installations as may be designated,
and &t the Enginecr Research and Development laboratories, as dictated
by the requirements of the individual test.

thers chemical, blolegicel, and rudiclogteal agents are being studied,
all necessary safety precautions will be used.

Report will be submitted covering each major grouping of comtaminanmts
used. A final project report will be submitted which will emphasize
the field spplication of the information resulting from this project.
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While tests on the several contaminants may ba carried out
similtaneously, the general order of wvork will be to consider
radioactive chemlical, and biclogicel sgenis in turn.
6. Subtaska:
Techniques for handling chemical and blological contaminants and the dispos-
al of vastsa must be developed. These problems are not considered insur-
mountable and vill be resolved by qualified personnel of the Chemickl
Corps.
d, Other Informationt
(1) Scientific Research:
None,
(2) References:
Requirement for equipment and methods for decontaminsting vater ls
conteined in the Army Equipment Development Guide, Faragraph 217,
(3) Discussion:
{a) The potential problems associmted vith chemical, biological, and
radicactive contaminants vith respect to field vater supplies have
reatly incressed in recent years by marked advances in the
evelopment of contaminants and veapens. Corps of Engineers
Project 8-75-05-008 provided for & basic atudy and evaluation of
the problems of reamcving AW und HW contuminants from vater.
Significant data have been developed under 8-75-05-U08., Thesne
data have shovn that standard fleld vater purification equipment
vith the use of additional supplies in the coagulation phases of
- vhe vater purification proceas ia effective in mecting minimum
standards established for radicactive contamination tolerances
in drinking wvater. Procedures with respect thereto are being
prepared at this tima. This project is intended to supersede
Froject B-75-05-800 but will not duplicate work alraady done
under the former project, It is expected that the project will
result not only in establishing the capabilities and limitations .
of equipment and methods but will provide data to gulde personnel
training procedures. It is to be noted that the military
importance of many potentially excellent contaminants is reducec
by the inability of the user to proteot friendly forcea. It is
posaible, therefore, that the work under this project through
= development of protective measures with respect to vater, may bring
inio sharp foous the offensive capabilities of agents which
totlay are not suitable for combat use,
(b) Agencies interssted in this project, in addition to the Corps of
Engineers, with vhich liaison will be maintained and vhich will be
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APPENDIX B

ANALYSES AND OPERATING DATA

CHEMICAL ANALYSIS Exhibit 1
J-11 WELL WATER
Average Value

Item During Test Perlod

PH T.7

Color (units) 12

Turbidity (units) - 5

Total alkalinity (ppm CaC03) 85

Total hardness (ppm CaCO3) 252

Magnesium {ppm CaCQ3) L8

Calcium {ppm CaC03) 20k

Sodium (ppm Na) 212

Sulfate (ppm SOy) 576

Silica (ppm Si0o) 59

Chloride (ppm Cl) 18 ,
Iron (ppm Fe) 1.1 ;

RADIOCHEMICAL ANALYSIS (a) Exhibit 2

BOMB DEBRIS USED AS WATER CONTAMINANT
(Normalized to 23 October 1959)

Bpecific Actiyity
(plcocuries\¥/) per

Radioactive Substance gram of debric)
Strontium 89 10,000
Strontium 90 85,000
Yttrium 90 55,000
Trivalent rare earths 10,200,000
Ruthenium 106-Rhedium 106 470,000
Cesium 137 + Cesium 13% 50,000
Zirconium 95-1\(Iiobium 95 ) 5,100,000
Unidentified (by difference 3,100,000

Total beta emitters 19,040,000

(a)

Data furnished by Reynolds Electrical and Engineering Co., Inc.

Pilcocurie is equal to 10-12 curie.
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Exhibit 3 OPERATING DATA FOR A TYPICAL RUN

MOBILE ION EXCHANGE UNIT
Total operating time for cation exchenger
Total operating time for anion exchanger
Capacity of cation exchange resin
Capacity of anlon exchange resin

Volume of water from which catlons were
removed by cation cxchanger

Volume of water from which anions were
removed by anilon exchanger

Volume of demineralized water used for
regeneration

Total dissolved solilds content of
demineralized water (as CaCO3)

14.7 hr
11.5 hr
32 Kgr CaCOz/cu ft

31.5 Kgr CaCO3/cu ft
22,000 gal.
17,250 gal.
2,000 gal.

1 gr/gal.
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APPENDIX C

DECONTAMINATION PROCEDURES

RUN 1 Exhibit 1

DECONTAMINATICN OF WELL WATER CONTAMINATED WITH AGED BOMB
DEBRIS BY THE MOBILE WATER PURIFICATION UNIT AND BY
COAGULATION AND SAND FILTRATION

DATE: 14 October and 15 October 1959

OBJECTIVE: To evaluate Lhe Mobile Water Purificalion Unlt for the
removal from well water of radioactivity due to finely
ground aged bomb debris (simulating heavy fallout) and
to compare the effectiveness of the diatomite filter of
the unit with a rarid sand filter for this removal.

PRCCEDURE: 1. Prepare contaminsted feed water for each part of run

a8 follows:

a.

Add to each of three 3,000-gal. tanks of J-11
well water 1 1b 12 oz ground bomb debris
(3-micron average particle size).

Mix thoroughly with wooden paddle.

Start recirculating pump and maintein contlnuous
agltation of feed water.

Repeat mixing with wooden paddl
intervals during run.

—~ 1~
€ v 4 ) =iii,

2. Operate Moblle Water Purification Univ as follows:

8.

b.

c.

Run at 30:-gpm rate.
Operate Erdlator agltator at 12k rpm.
Add following chemical dose:

FeCl3 - 50 ppm

Limestone - 100 ppm
Cca(0Cl)p - 2 ppm
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3.

d. Operste filter with 1 1b diatomite precoat and
20 ppm body feed.

Bypass part of coagulated water through sand filter
et rate of 3 gpm/fte.

Sample contaminated feed water, coagulated water,
diatomite-filter effluent, end sand-filter effluent
at hourly intervals for analysis,
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RUN 2 Exhibit 2

DECONTAMINATION OF WELL WATER CONTAMINATED WITH AGED BOMB
DEBRIS FUSED WITH SODIUM HYDROXIDE BY THE MOBILE WATER
PURIFICATION UNIT AND THE MOBILE ION EXCHANGE UNIT IN SERIES

DATE:

OBJECTIVE:

PROCEDURE:

20 October 1959

To evaluate the effectiveness of the Moblle Water Puri-
fication Unit and the Mobille Ion Exchange Unit, operated
in series, for the removal of radicactivity from well
water contaminated by soluble and insoluble activity
from aged bomb debris previously fused with socdlum
hydroxide.

1.

Prepare contaminated feed water as follows:

a.

Fuse 1 1b ground bomb debrls (lO-micron average
particle size) with 5 1b sodium hydroxide in in-
sulated iron pot over butane burner.

Heat 35 min (10 min to melting of sodium hydrox-
ide and 25 min controlled boiling of mixture).

Pour fusion mixture while hot into a 60-gal.
steel drum.

Repeat steps & through ¢ until 12 1b of debris
are fused, adding each fusion to the steel drum,

Add 3 gal. of water to fusion mixture,

Carefully neutralize with 21 gal. hydrochloric
scid (31 percent) added in 1l- to 3-gal. portioms,
stirring frequently to break up chunks of solidi-
fied fusion mixture.

Dilute to 4O gal. with water.

Distribute mixture equally into four carboys.

Add contents of one carboy to each of four 3,000-
gal. tanks of J-11 well water.

Mix thoroughly with wooden paddle.

S8tart recirculating pump and maintain continuous
agitation of feed water.
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1. Repeat mixing with wooden paddle at 15-min
intervals during run.

Operste Moblle Water rurification Unit as follows:
a. Bun at 30-gpm rate.
b. Operate Erdlator agitator at 124 rpm.
c¢. Add following chemical dose:
FeCly - 25 ppm
Limedtone - 80 ppm
Ca(OCl)y - 3 ppm

d. Operate filter with 1 1b distomite precoalt and
20 ppm body feed.

Pass flltered water from Mobile Water Purificaticn
Unit to 3,000 gal. tank.

Withdraw filtered water as feed to Mobile Ion Ex-
change Unit* operated at 25 gpm.

Sample contaminated feed water, coasgulated water,
diatomite-filter effluent, cation, anion, and mixed-

bed column effluents at hourly Intervals for analysis.

* Cation resin
Anion resin

- IR-120 (H)
- IR-45 (OH)

Mixed-bed resins - Permutit @ (H)

Permutit S2 (OH)

7 e+ E A e
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RUN 3 Exhibit 3

DECONTAMINATION OF WELL WATER CONTAMINATED WITH STRCNTIUM
90-YTTRIUM 90 BY THE MCBILE WATER PURIFICATION UNIT AND
THE MOBILE ION EXCHANGE UNIT IN SERIES AND BY COAGULATION
AND SAND FILTRATION

DATE:

OBJECTIVE:

FROCEDURE :

i

© ammme

23 and 26 October 1959

To evaluaste the effectiveness of the Moblle Water Puri-
ficatlon Unit and the Mobile Ion Exchange Unit, operated
In serles, for removing Sr0y0 radioactivity from well
water and to evaluate the process of coagulation and
send filtration for the removal of the ssme activity.

1.

Prepare contsminated feed water for each part of run
as follows:

a.

dl

Add to each 3,000~gal. tank of J-11 well water
a quantity of contaminant calculated to contain
11 millicurles of Sr90-y0 activity, prepared by
diluting and aliquoting the concentrate obtalned
from the Qak Ridge National Laboratories.

Mix thoroughly with wooden paddle.

Start recirculating pump and mailntain continuous
agltation of feed water.

Repeat mixing with wooden paddle at 15-min
intervals during run.

Operate Mobile Water Purification Unit us follows:

.

b.

Run at 28-gpm rate.
Operate Erdlator agitator at 124 rpm.
Add following chemical dose:

FeCl - 4 ppm

Limestone - 146 ppm

Ca(OCl)E - b ppm

Operate filter with 1 1b diatomite precoat and
20 ppm body feed.




3h

Bypass part of coagulated water through sand filter
at 3-gpm/ft° rate.

Pass balance of coaguleted water through diatomite
filter of Unit to a 3,000-gal. tank.

Withdraw diatomite filtered water as feed to Mobile
Ion Exchange Unit* operated at 25 gpm.

Sample contamineted feed water, coagulated water,
diatomite-filter and sand-filter effluents, cation,
anion, and mixed-bed column effluents at hourly
intervals for analysis.

% Resins in unit same as in Run 2,

© e e T T AT i (el L B




35

RUN b Exhibit b

DECONTAMINATION OF WELL WATER GONTAMINATED WITH CESIUM
137-BARIUM 137 BY THE MOBILE WATER PURIFICATION UNIT AND
THE MOBILE ION EXCHANGE UNIT IN SERIES AND BY COAGULATION
AND SAND FILTRATION

DATE:

OBJECTIVE:

PROCEDURE:

28 October and 29 October 1959

To evaluate the effectiveness of the Mobile Water Puri-
fication Unit and the Mobile Ion Exchange Unilt, operated
in serleas, for removing 0s137-Bal37 radloactivity from
well water and tc evaluate the process of coagulation and
sand filtration for removal of the same activity.

1.

Prepare contaminated feed water for ecach part of the
run as follows:

a,

Add to each of three 3,000-gal. tanks of J-1l1
well water a quantity of contaminunt calculated
to contain 120 millicuries of Csl37-Bal37 activ-
ity, prepared by diluting and aliquoting the
concentrate obtained from tie Oak Ridge National
Laboratories.

Mix thoroughly with wooden peddle.

Start recirculating pump and maintaein continucus
agltation of feed water.

Repeat mixing with wooden paddle at 1l5-min
Intervals during run.

Operate Mobile Water Purification Unit as follows:

8.

b.

C.

Kun gt 28-gpm rate.
Operate Erdlator agitator at 124 rpm.
Add following chemical dose:

FeCls - 42 ppu

Limestone - 146 ppm

Ca(0Cl)s - 4 ppm

Operate filter with 1 1b diatomite precoat and
17 ppm body feed.
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3. Bypass part of coagulated water through sand filter
at 3-gpm/ft2 rate,

i, Pass balance of coagulated water through diatomite
filter of Mobile Water Purification Unit to a 3,000~
gal, tank.

5. Withdraw diatomite filtered water as feed to Mobile
Ion Exchange Unit* operated at 25-gpm rate.

6. S8ample contaminated feed water, coagulated water,
diatomite-filter effluent; sand-filter effluent,
cation, anion, end mixed-bed column effluents at
hourly intervals for analysis.

* Reging in unit same as in Run 2.

Bt hond et e o den = ¢ 4 e e i b
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RUN 5 Exhibit 5

DECONTAMINATION OF WELL WATER CONTAMINATED WITH STRONTIUM
90-YPTRIUM 90 BY THE MOBILE ION EXCHANGE UNIT USING CATION
EXCHANGE RESIN ON THE SODIUM CYCLE

DATE:

OBJECTIVE:

PROCEDURE:

31 October and 2 November 1959

To evaluate the effectiveness of a cation exchange
resin on the sodium cycle for the removal of Sr ¥-Y
activity from well water.

1.

2.

Prepare contaminated feed water as in Run 3.

Pump contaminated water through the Mobile Ion Ex-
change Unit cation column only, with resin (IR-120)
on the sodium c¢ycle,

Operate Unit at 25-gpm rate.

Sample conteminated feed water and cation exchange
column effluent at hourly intervels for analysis.
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Exhibit 6

RUN 6

DECONTAMINATION OF WELL WATER CONTAMINATED WITH CESIUM 137~
BARIUM 137 BY THE AQUAMITE-30B ELECTRODIALYSIS DEMINERALIZA-

TION UNIT
DATE: 28 October through 3 November 1959
OBJECTIVE: To evaluate the Aquamite-30B Electrcdialysis Deminers-
lization Unit for the removal of gedioactivity from well
water contaminated with Cal37-Bal3T activity.
PRCCEDURE: 1. Prepare contaminated feed water* asz in Run 4.

2. Pump contaminated water to Unlt at 35-gph feed rate
with desired conductivity setting.

3. Sample contaminated feed waler, electrode streaum,
brine stream, and product water for analysis during
each cycle.

¥ Analysis of Feed Water: (ppm units)
Ca, 84.0; Mg, 10.2; Fe, 0.8; Na, 168; Cl, 18.5; 80y, 522;
810y, 64; HCOz, 53.8;

Total dissolved solide (TDS), 887; pH, 7.8.

ot iy
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APPENDIX E

DOSIMETRY DATA

Teble VIII, Fileld Monitoring of Raw Water

»

Meter Reading

Water Activity

Run Tank (mr/hr) Contaminsnt (picocuries
No. No. In Tank Background per liter)
1-B 3 0.65 0.2 Bomb debris 900,000
2 L 1.5 0.05 Fused bomb debris 1,600,000
3.4 3 1.35 0.0k 8rP.y X 1,800,000
4B 3 7.3 0.03 0gt37.8a137 13,500,000
NOIE: Radiation readings obtained with Nuclear-Chicago 2612 beta-

gammsa survey meter. Probe in open position, sheathed with
finger of surgeon's glove, and immersed in raw-water tank.
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Table XII. Dosimetry Data, Electrodialysis Unit
(Film Badge Readings, Run 6)

Exposure

Location of Film Badge Time* Dose Dose Rate

(hr) (mrem)  (mrem/hr)
Top of stack lh2.5(&) 2900 20.3
Bottom of stack 42,5 2900 20.3
Raw water line 1h7.3(b) Iy 3.22
Product recirculation line 147.3 130 0.88
Brine discharge line (pump to wnit) 147.3 1ko 0.95
Brine waste line 147.3 300 2,04
Electrode waste line 147.3 220 1.9
Product discharge line k7.3 110 0.75

* Film badges attached 28 Oct 1952, (a) at 1415 hrs, (b) at 0930 hrs;
removed 3 Nov 1959 at 1245 hrs.




Table XIII.

Personnel Dosimetry Data
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Name Affiiiation Dosage
(mrem)
Beaumont, John S. USAERDL 0
DesRosiers, Paul E., Jr. " 10
Feldman, Sildney " 0
Fox, Harvey " 10
Galney, Richard " 0
Kennedy, Joseph P, " 210
Lindsten, Don C. " 330
Mancuso, Joseph F, " 30
Pressman, Maurice " 10
Schmitt, Richsrd P. " 0
Wolfes, F. W. " 10
Lewls, Converse R., Jr. USAMSC 0
Quillin, Robert M. " 0
Kaplan, Arthur M. USAQVRDC 20
Goforth, George T. OCDM 0
Lacy, William J. " 0 »
Sieveka, Ernest H, 0SW 0

NOTE: Recorded external radilation exposures derived from film
badges issued and processed by the Radioclogical Safety
Division at the Nevada Test Slte for personnel accredited

to the Euglneer Research and Development Laborstories

Field Test, September -~ November 1959.
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