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ABSTRACT

Information 1s presented on purification and
reconcentration of heavy water at the Savannah
River Plant. Process and equipment degcriptions,
typical operating costs, procedures for control
of health hazards, standard analytlcal methods,
and .apecifications for recelpt of degraded

heavy water for recovery at the Savannash River
Plant are included.
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RECOVERY OF DEGRADED HEAVY WATER
AT THE SAVANNAH RIVER PLANT

INTRODUCTION

Use of heavy water as a moderator for nuclear reactors generally
results in degradatlon of the isotoplc and chemical purlity of the heavy
water over a perlcd of time. The lsotecple purlty of the heavy water

in the reactor declines through inleakage of light water; heavy water
drained or leaking from the gystem will usually be degraded both by
light water and by c¢hemical 1mpuritles.

Facilities installed at the Savannah Rlver Plant {SRP) for purification
of degraded heavy water provide for removal of light water by fractlonal
distillation and for removal of chemical impurltles by total distillation
and by lon exchange. These facllities are typical of recovery equipment
that might be installed in assoclatlon with nuclear power reactors,

but they do not represent the only deslgn of equlpment for recovery aof
heavy water. 1In some cases egulpment that was deslgned for another
function was adapted for heavy water recovery. More economlc operation
might have been obtalned if the equipment had been deslgned orlginally
for the specifilc function now belng served.

Although these recovery facilitles must render primary service to the
reactors at SRP, heavy water degraded at other locations can be
processed in selected portions of this equipment provided the materlal
meets certaln specifications. Arrangements for processing degraded
heavy water are handled by direct negotiation with the Savannah River
Operations Offlce of the Atomic Energy Commlssion, Savannah River
Plant, Aiken, S. C.

SUMMARY

This report presents the followlng information on the recovery and
purification of heavy water at the Savannah River Plant.

Descriptions of the processes and equipment used at SRP for
reconcentration and purlflcatlion of degraded heavy water.

Typical lnvestment and operating costs for this recovery equipment.

Contrel of health hazards assoclated with tritlum oxlde in degraded
heavy water.

Specifications and limitations for recovery at SRP of heavy water
degraded at other locations.

Standard analytical methods to ensure that these specifications are
met.




Methods of minimlzing the degradation of heavy water are not covered
by thils report. Such preventive measures are lnherently related to
the design of a particular reactor and, as such, are beyond the scope
of thls report. The degradation rates are included merely for
rerspective, since these rates are specific only for reactors of a
design simllar to these 1n use at the Savannah River Plant.

DISCUSSION
A. RECONCENTRATION

Light water 1s eliminated from degraded heavy water at the Savannah
River Plant by fractional distillatlon under vacuum. The tritium

oxlde generated in the moderator by nuclear reaction 1z not effectively
separated from deuterium cxlde by distillation, and nc attempt 1s made
to do so. Thus, tritium oxide follows the deuterium oxide throughout
the recovery operations at essentlally the ratio generated in the
reactors. As a result, protection against health hazards assoclated
wlth tritium was carefully designed into the facilities and the
operating procedures. The control ¢f health hazards 1s discussed in
the section on Health Hazards Control.

The distillation facllities take advantage of the favorable equilibrium
conditiong for separating light water from heavy water that exlst at
pressures 1n the range of 60 to %00 mm Hg. Even so, the expenditure

of energy required to effect the separatlon 1s quite large when compared
with that required for the more common separatlon of chemically different
compounds. Thus, it behooves the designer of facilities for heavy

water distillation to minimize gas phase pressure drop wherever

possible in order to avold the large decrease in the separation factor
that an increase 1n pressure produces. Further aspects of deslgn and
process theory are discussed briefly in Section 4,3,

Separate distillation units are provided to perform two distinctly
different functions. Light water 1s eliminated directly from the
moderator clrculating in the SRP reactors by distillation unl¢s
Installed at each of the five reactor sites. Distlllate withdrawn
from the top of these reactor-integrated units is then separated into

a reusable product stream and a lean discard stream by processing
through a distillation unit located in the heavy water manufacturlng
area. Thls separate Rework Unlt zlso processes the leaks, spllls, and
drains collected 1n the reactor areas and degraded heavy water recelved
from off-Plant customers.

1. PRCCESS DESCRIPTION OF REACTOR-INTEGRATED EQUIPMENT?®!

Moderator 1s wlthdrawn from the reactor at a rate of about 5 to 7 gpm
and fed through a vaporizer to the base of the first of two
fractionating towers. Liquld flowing from the bottom plate of the
first tower, countercurrent to the vapor feed, 1s returned, after
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coollng, to the reactor through an ion exchange system. Each tower 1s
operated at a top pressure of 100 mm Hg and at a bollup rate of 3000

to 4000 pounds per hour. The pressure drop through each tower 1s about
200 mm Hg.

The schematlc flow diagram in Figure 1 1lliustrates how the second tower
is coupled to the first tower. The two towers constitute one large
tower that has been divided 1in half for structural simpllecity. Vapor
from the filrst tower 1s condensed and fed as a lliquld to the base of
the second tower; thls avoids a large difference ln pressure from the
base of the first tower to the top of the second, which would exist 1f
the towers were coupled by flow of vapor. Thus, the top of each tower
18 malntained at a controlled vacuum, a high pressure at the base of
the first tower 1s avoided, and a more favorable separation factor
prevalls throughout the first tower.

Digtlllate, at a concentration of about 90 mol % D0, 1ls withdrawn from
the top of the second tower at a rate of about 1-1/2 pounds per hour.
This materlal is shipped to the heavy water manufacturing area for
further processing in the separate Rework Unit.

The general method of calculation described 1In Sectlon A,3 was used to
define the operating characterligtics of the reactor-integrated unilts.
The characterlstlics are 1llustrated graphically in Figure 2, where the

overhead distillate concentration in mol % H20 1s expressed as a function

of the reactor moderator concentration in mol % Hz0 at several
distilliate rates represented by the s0lid llnes. The dashed lines
correspond to ccondltiens of constant rate of Hz0 elimination from the
reactor or inleakage Into the reactor at steady state.

A detalled description of reactor-integrated equlpment 1is presented in
Appendix II, and addlticonal process and equlpment detalls are glven in

Reference 3.

2. PROCESS DESCRIPTION OF REWORK UNIT

The orlginal design for SRP operaticn called for recovery of the
distillate from the reactor-integrated unlts by direct 1njection at a
sultable peint in the heavy water manufacturlng process. Thls method

of operatlon was dlscontinued to aveid 1Introducing trltium into the
virgin product issuing from the manufacturing facllity. To prevent

such cross-contamination, three vacuum distillatlion towers were isolated
from the manufacturing area and repliped to provide a geparate recovery
facllity.

These three towers constitute one large tower from a process standpolnt.
The three towers are coupled with llquld streams here agaln, to avoid
an unfavorable geparation factor at the rich end as diliscussed 1n
Sectlon 4,1l.




A schematic flow dlagram of the Rework Unlt 1s shown 1n Flgure 3.

Each tower 1a operated at a bollup of about 3000 pph. The pressure at
the top of each tower 1s controlled at about 80 mm Hg. The pressure
drop through each tower 1s about 200 mm Hg.

Four storage tanks are plped to the unlt to permlt flexible use as

feed tanks, distlllate-receilving tanks, cr bottoms-recelving tanks.

Two of the storage tanks have a capaclty of 1600 gallons, one has a
capaclty of 3500 gallons, and one has a capaclty of 9000 gallons.

Each tower can be fed at four polnts, lncluding direct feed to the top.
Distillate can be wlthdrawn from the top of the lean tower, and product
from the base of the rich tower, 1nto drums or into any cone of the

four storage tanks.

In general, a separate recovery facllity must operate over a wide

range of concentrations, produclng at one end of the process a stream
rich in D,0 that may be returned directly to the reactors and dlscharging
at the other end a stream low enough in D,0 to be discarded economlcally
as waste. The Rework Unit at SRP produces a product stream at 99.5

mol % D,0 and a discard stream at 2.5 mol % D_O.

Even at total reflux, the three towers of the Rework Unlt cannot span
the wilde concentratlon range from 2.5 to 99.5 mol % D0 In once-through
operation. In order to span this range, the Rework Unlt ls operated.
alternately on a "product campalgn", covering the concentration range
from 75 te 99.5 mol % D,0, and on a "waste campaign", covering the
concentration range from 2.5 to B8 mol % D20. In addition to the

feed accumulated 1n the reactor areas, each campalgn must process a
recycled stream from the other campaign, as 1llustrated in Figure 4.
Thus, each pound of degraded heavy water introduced as 1nitlal feed

to the Rework Unlt generates a definlte quantity of recycled feed that
must be processed In subsequent product and waste campaigns.

In theory, the initial feed wlll generate an infinite number of
separate recycle streams that will gradually diminlgh in size from one
campalign to the next. Such a system is mathematically described by an
infinite converging serles with a finite value for the total weight of
recycle feed generated for each of the two series of campaigns. In
practice, this total weight of recycle feed must be processed during
the perlod of time in which the initial feed 1s accumulated and fed;
otherwise, the inventory of degraded moderator in process will not
remaln constant.

Figure %5 presents the amount of recycle feed for the product and the
wagte campalgne generated by one pound of 1nltlal feed as a function
of the 1nitial feed concentration. The data presented are based cn
the terminal campalgn concentrations set forth above.




The optimum discard concentration as well as the optimum intermediate
campaign concentrations will vary as a function of the load imposed

on the Rework Unit. Therefore, the operating characteristics of the
unit are best described by the general performance of the three towers
at various feed concentrations for several terminal conditlons. These
characteristics were calculated with the general method outllned 1n
Sectlon A,3 and are presented 1n the seven graphs of Flgure 6. Each
curve in each of the seven graphs 1s drawn through four calculated data
points at feed rates corresponding to 0, 75,000, 150,000, and 300,000
pounds of pure D0 per year.

A detalled description of Rework Unlt equipment 1s presented in
Appendix III.

3. REVIEW OF THEORY AND CALCULATIONS

No attempt will be made here to glve an exhaustive treatment of the
theory of heavy water distillation. This 1s covered adegquately in
References 4% and 5. A brief review, however, may be relevant to a
better understanding of thils report. A few of the pertinent physical
properties of heavy water are presented In Appendlx T.

Reference 4 states, "any water whlch contains both hydrogen and
deuterium contailns three compounds, Hp0, HDO, and D20, exlsting
together in equilibrium concentration. The equillbrium 1s establlished
very rapldly; so rapidly that for practical purposes all such mixtures
can be considered at equilibrium. At low concentratlons of deuterlum
there are present Hz0 and HDCQ, but very little Dp0; and similarly, at
high concentrations of deuterium there are present Dp,0 and HDO, but
very little H,0. Only near the middle of the range are both H.0 and
D0 present 1n appreciable amounts. The effective separation factor
for dilstillation, therefore, is the relative volatlllty of Hp0 and HDO
in the low range, and the relative volatility of HDO and D0 in the
high range. For practical purposes these are ldentlcal.

"In design calculations one may take the numerical value for the
relative volatility of Ho0 and HDO, and apply 1t over the entlre range
of concentration, on the basls of a two-component system. The
assumption of a two-component system results in a slight overdesign
near the midpoint of the concentratlon range where three components
(H20, HDO, and D-0) are actually present in appreciable amounts. The
difference 1s not of practical significance.

"In setting up calculations for the two-component system, 1t is usual
to express the entire deuterium content as mol % D20 and the entire’
hydrogen content as mol % H,0, and all figures hereln quoted are on
that basig. This 1s simply a matter of convenience; the relative
volatility data take proper account of the fact that HDO 1s actually a
major component of the system.




"Raoult's law, which states that the vapor pressure of each component
of a solution is proportional teo the mol fraction of that component
present 1n the solution, 18 appllcable to the water system. Under
conditions of equilibrium, therefore, the vapor composiftion ls related
to the liquid composition by the following formula.

yil-x
a =
x(1-y)
where
a = relative volatility*
x = mel fraction of more volatile component in the liquid
y = mol fractlion of more volatlile component in the vapor

"The relatlve volatlility of the water isotopes variles signiflcantly
with temperature, and consequently varles with the. pressure prevalling
in the distillation equipment."

With equilibrlium data established as deseribed above and with operating
lines establlshed by material balance, calculatlons can then be made

in the usual plate-by-plate method of stepwise caleculation. A different
a 18 calculated for each plate 1in accordance. with the linear pressure
gradient down the tower. Calculation of the operatling characteristlcs
of exlsting unlts at SRP has been facllitated by use of an IBM 650
card-programmed computer.

In the case of the Rework Unit, wlth midpoint feed, the calculation was
made by trial and error. Computer runs were made at several assumed
dlstillate concentrations for the same feed rate, feed concentration,
and base concentration. Under these conditions stepwlse calculations
were started at the rich end of the system. A flnal angwer was
obtalned when the assumed dlstlliate concentration matched the
calculated dilstillate concentration on the top theoretical plate of the
unit. This was simplified by plotting the results from a limited
number of rung to determine the "mateh" concentration.

In the case of the reactor-lntegrated units, wlth feed addition and
product drawoff at the base of the tower, the calculatlon does not
need to be by trial and error 1f the stepwlse procedure is initiated
for conditions at the top of the lean tower.

*Note particularly that this 1s the relative velatility of HpO to HDO
even though concentrations are expressed on the basls outlined above.
The errors introduced by this simplification are described in
mathematlcal terms on pp. 413-415 of Reference 5.
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Operating tests 1ndlcate that the Rework Unlt contains about 50
theoretical plates per tower and that the reactor-integrated units
contain about 56 theoretical plates per tower. Thus, a plate efficiency
of 704 can be assumed for design calculatlons for bubble-cap plates
installed and operated as at SRP. PFor gieve plates installed and
operated as at SRP, a plate efficlency of about 60 to 65% can be assumed.

4. CHARGE FOR RECOVERING HEAVY WATER

The charge for reconcentratling a specific quantity of heavy water in
the Rework Unlt at SRP 1s a functilon of the concentration of the
material. In addition, a charge must be made for purlfying heavy
water 1f the total sclids content is greater than 100 ppm.

The approximate charge schedule ghown in the following table 1llustrates
the general relatlonship between charge and concentration. It 1s
included here for use only 1n meking order-of-magnitude studles of

power reactor economlcs and should not be construed as the actual

charge that will be made for processing degraded heavy water. Actual
charges should be obtalned from the Atomlc Energy Commission,

Savannah Rilver Operations 0Office, Alken, 5.C. The charges presented

in the followlng table are based on returnlng one pound of D 0 to the
customer for every pound of D30 received at SRP.

Approximate Charge for Reconcentrating Degraded Heavy Water

Degraded Concentratilon, Reconcentration Charge,
Wwt % Dg0 dollars per pound Dz0 recelved
10 15.00
20 10,00
30 T.50
40 6.00
50 5.00
60 i.20
70 %.50
80 2.80
90 2.10
95 1.60
99 0.70

B. PURIFICATION

Degraded heavy water normally contalns enough radicactive impuriltiles
to cause a handling prcoblem. Such impuritles must be removed before
the heavy water can be fed to the Rework Unit for reconcentration.
The method of purification that 1s used at SRP depends primarily upon
the level of radicactivity from the impurities.
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Degraded heavy water that accumulates from SRP sources and that exceeds
the radloactivity specification for feed to the Rework Unlt 1s purified
in the reactor areas 1n facilities that are not avallable for use with
off-Plant heavy water. The pertinent specificatlions, as glven 1n
Section E, are 10™* microcurie of beta-gamma activlty per ml and

5x10‘6 microcurie of alpha activity per ml. Both measurements are

made on the activlity of the dry residue left by evaporation, and thus
do not include tritium activity. In practice to date, the beta-gamma
specification has always been exceeded before the alpha specification.

These purlfication facilities for SRP moderator consist of an ion
exchange column and a remotely operated evaporator. Nelther facllity '
can be used to process degraded materlial received from off-Plant
customers, because of limited capacity and the possibllity of
cross-contamlnating the SRP reactors with trace quantities of
undesirable, unexpected elements.

Degraded heavy water that meets the previously clted specifications
can be processed 1n a natural reclrculation evaporator located in the
heavy water manufacturing area. Thils facllity 1s used to purlfy heavy
water recelved from off-Plant sources.

1. HIGH ACTIVITY HEAVY WATER (SRP MODERATOR ONLY)

B-y activity >10‘4‘uc/m1 or a activity >5x10’6 Ke/ml

a. Ion Exchange

Degraded heavy water wlth a content of beta-gamma actlvity between
1x10-* and 4x10-* microcurie per ml 1s purified in an lon exchange
golumn. This column contalns 150 pounds of mixed resin, equal welghts
IR-120 cation resin* and IRA-400 anlon resin*. FEach charge of resin
is capable of reducing the dissolved =ollds content of 35,000 pounds
of degraded heavy water from 100 ppm to less than 10 ppm. About 85
pounds of degraded heavy water 1s held 1n the hydrated resin and 1s
not recovered when the depleted resin is replaced. No attempt 1is

made to regenerate the depleted resin because of the radiation hazard
assoclated with regeneration.

A schematlic flow diagram of the lon exchange column and assocliated
equipment ls shown in Flgure T.

Typical operating costs for the lon exchange ceolumn are presented
on the followling page.

*Rohm and Haas Company, Phlladelphla, Pa.
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Operating Cost of Ion Exchange Column

Basls: Annual processing rate of 50,000 pounds of degraded heavy water
at an average content of ionic impurities of 200 ppm and a
Do0 concentratlion of 99.5 mol %.

Item Dollars per Year
Operating labor $1500
Malntenance and power 2200
Material+ 5700
Depreciation 200
Total $9600

*For resln and unrecovered Dz0 in discharged resin. The resin cost is
$0.57 per pound of catlon resin and $1.66 per pound of anion resin. The
D,0 lost with the discharged resin 1s valued at $24 per pound.

b. Remotely Operated Evaporator

Degraded heavy water having a beta-gamma activity higher than 4x10-*
microcurie per ml by planchet ls prccessed 1n a remotely operated tank
evaporator. Heavy water is charged to a stalnless steel tank and
evaporator by means of steam colls 1n the tank. Vapor from the tank 1s
passed through a glass fiber de-entralnment sectieon and 1nteo a '
condenser.

2. LOW ACTIVITY HEAVY WATER (SRP AND OFF-PLANT MODERATOR)

* Le/ml and a activity <5x1o'6 He/ml

By activity <10~
Degraded heavy water with acceptably low levels of radloactivity can
be processed in the natural recirculation evaporator described below,
This evaporator is lccated in the heavy water manufacturing area.

The de-entrainment column 1s 6 Inches in dlameter and contains three
de-entraining trays on a 1l2-inch tray spacing. These trays, each
containing one bubble cap, are normally operated wilthout liquid on the
trays. The vapor rate in the column is maintained at about 200 pph
during normal operation. The purification factor, defined by the ratic
of solids in the calandria to the sollds in the condensate, has been a
maximum of 130,000 (at end of run). The maximum allowable conductivity
of the condensate ig set at 20 micromhos per ml.

The components of the evaporator, de-entrainment column, condenser, and
assoclated pilping are made of AISI type 316 stalnless steel to permit
decontamination by refluxing niltric acild, 1f necessary.

The feed and product pumps are Eastern, slngle-stage, centrifugal pumps,
Model D-11, also made of AISI type 316 stalnless steel.
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A schematic flow diagram of the evaporator faclllty 1s shown in Flgure

Typlcal operating costs of this evaporatlon facllity are glven 1n the
following table.

Operating Cost of Evaporator

Basis: Annual processing rate* of 50,000 pounds of degraded heavy
water at an average contamination of 200 ppm dissoclved solids
and a Dy0 concentration of 99.5 mol %.

Item Total Cost
Operating labor $ 100
Maintenance and power 100
Material (Do0 lost during leaching of evaporator 800

regldue, valued at $24.00 per pound)
Depreciation 1000
Total #2000

*Maxlmum processing rate - 1,750,000 pounds per year. The cost per
pound decreases appreciably as the rate Increases because of the fixed
depreclation cost.

C. HEALTH HAZARDS CONTROL

Tritium constitutes a radiation hazard to operating personnel only
when 1t 1s physically absorbed by the body. When the body 1s exposed
to tritium oxlde in air, approximately one-half of the absorpticn
occurs directly in the resplratory tract and the remalnder occurs by
absorption through the skin.

Protectlion of coperating personnel from tritium hazards i1s provided in
the Rework Unit at SRP by separate ventlilation of 1indoor equlpment,
continuous menitoring, protective clothing, and routine urinalysis.

The process pumps and process flow control equipment located indoors
are geparated from simllar equlpment for new heavy water productlon
by partltions and separate ventilatlion. The outdoor drum unlcading
station 1s 1sclated by chains wlth warning signs. Both areas are

provided with curbing to confilne any leaks or spllls that may occur.

The isolated pump reocm is continuously monitored with a Kanne system*
for tritium detection.

Both an Alr Activity Monitecr (Model SS-2)* and a Vibrating Reed
Electrometer** are used to measure the concentratlcn of tritium in
air in order to set time limits for perscnnel exposure.

* Standard Englneering and Machine Company, Wilmington 8, Del.
**Applled Physics Corp., Pasadena, Calif.
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Protective clothing is requlred in both areas and consists of skull
cap, gloves, laboratory coat, and rubber overshoes for simple entry
intc the area. Malntenance work requires more elaborate clothling as
specified by Speclal Work Permits. Urine samples from each person

working 1n the area are cbtained each week and analyzed for tritium.

Similar measures are used for protection of personnel operating the
reactor-integrated distillation equipment. In this area, hard
radiation from the unshilelded eguipment must also be taken 1nto
account in setting up protective measures.

Sources of hard radiation in degraded heavy water generally are
asscoclated with suspended solids, which are flltered from the feed
before inJection into the distillation equipment. Thus, the
distillation equipment at SRP 1s operated safely without shielding.

Several ground rules are used at SRP to protect personnel from the
hazards of tritium exposure. The maxlimum allowable body burden is

1 millicurie, which corresponds to 20 milcrccuries per liter of

urine sample. On the basig of a blological half life of 10 days, an
uptake of 1 millicurie will expose the body to 140 mrem durlng the
period of discharge. The maximum body burden used at SRP is lower than
that recommended by the Natlenal Committee c¢n Radilation Protectiont®)}
to allow for posslble exposure to other forms of radiation.

In actual practice, the tritium uptake of each individual is followed
carefully because of the slgnificant varilatlons in biclogical half

life within & group of people. The tritium uptake of each individual

1s predicted durlng the week on the basis of the approximate relatlonshilp
of uptake t¢ exposure given by the following equation,

U = 2.5x10° T

where U
T

Il

uptake, mlcrocuries per hour
tritium concentration in alr, mlcrocurles per cc

I

At the end of each week, body burden 1s adjJusted to the value obtained
by urinalysls as the basls for beginning the new week.

Time 1limits for working in an area are imposed when the alr concentration
reaches 5x107° microcurie per cc. Special respiratory protection is
required when the alr concentration reaches 1x10~° microcurie per cc.
Under these conditions, plastic suits, supplied with breathing alr,

glve complete protection agalnst tritium oxide. Self-contalned

breathling equlipment, alone, doubles the allowable working time but

does not give protecticon agalnst skin absorption.

D. TYPICAL DEGRADATION RATES

The rate of degradation of heavy water moderator in the SRP production
reactors has made 1t necessary to rework annually about ¢.1 pound of
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D20, at a concentration of B84 wt %, per pound of system inventory. Of
this total, 0.038 pound of D,0 at 91 wt % was generated as overheads
from the reactor-integrated stills and 0.062 pound at 71 wt % was
collected from leaks, spllls, and drains.

E. SPECIFICATIONS AND LIMITATIONS FOR RECOVERY OF HEAVY WATER AT SRP

1. SPECIFICATIONS FOR RECEIPT OF HEAVY WATER

Degraded heavy water shipped to SRP for recovery must meet the
specifications given below. Methods of analyszls to be used as
standards in verifylng that these specifications are met are presented
in Appendix VI.

The limited specificatlions ocutlined cannot be expected to completely
characterize the quality of all shipments of degraded heavy water
received at SRP from other locations. Therefore, 1t ls the
responsibllity of the shipper to advlise SRP of any unusual chemiezl
contaminaticon that could cause injury to operating personnel or
damage to process equipment. Such information should be transmlitted
both by lettfer and by sultable drum labkeling.

Specificatlions for Recelpt of Heavy Water at SRP

Minimum
D0 concentratlonad’ 10 wt %
Maximum
Specific conductivity 4000 micromhos
Turkldity, equlvalent Si0, 1000 ppm
Total solids 5000 ppm
Marcury 0.01 ppm
Chlorilde 1 ppm
KMn0Q, demand 1x107° g/ml
041 Less than continuous f1lm 1n drum
Gross beta-gamma activity(b’ 1x10~* microcurie/ml
Grose alpha activity 5x10~° microcurie/ml
Drum radiation 1 mr/hr!{C) at contact with drum

(a)Reconcentration of heavy water from a concentration of less than 10
wt % D,0 must be handled as a special case. Materlal cannot be
recovered from a concentration of less than 2.5 wt % D0 unless the
total of all types of radicactive contamination 1s less than 7
microcuries per liter on a 100% D.0 basls.

(b’Excluding tritium activity

‘¢)4000 counts per minute by Thyac
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2. TRITIUM CONTROL

Tritium 1s unavoidably generated in the heavy water used to moderate
power reactors so some tritlum content is to be expected In heavy
water recelved for upgrading in facilities at SRP.

In general, SRP will return to the customer heavy water that contains
an amount of tritium equal to, or less than, that recelved at SRP on a
100% D0 basls.

3. SPECIFICATIONS FOR SRP HEAVY WATER

SRP will return to the customer heavy water meeting speclfications
that currently are as follows:

D0 content 99.75 mol % minlmum

Specific conductivity 15 micromhos maximum

KMnOs demand 1x10° g/ml D0 maximum

Color APHA Standard #5 maximum

Turblidlity Egqulvalent to 5 ppm 210,
maximum

W, E STl

W. C. Scotten
Separations Technology Sectlon
Works Technical Department
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APPENDIX 1
PHYSICAL PROPERTIES OF HEAYY WATER
Referernces
1. Kilrshenbaum, I. Physlcal Properties and Analyslg of Heavy

Water. Natlonal Nuclear Energy Serles, NNES III-#4, New York:
McGraw-H111, 438 pp. {1951).

2. FIAT Revlew of German Science Physical Chemlstry (1939-46)
Pp.22-23%.

A few of the pertinent physical propertles of D0 and mixtures of
DsC wilth Hz0 are presented below. For additlonal detall consult
References 1 and 2.

Pure D0¢Y!

Freezing poilnt %.81°¢c
Boiling point 101.42°C
Density at 25°C 1.10451 g/ml

Mixtures of D,0 and Ho0

Density of a mixture of D0 and H.0 1s given(l) by the equatilon,

q = 0.997058 + 0.111387x {1}
1 - 0.002778x
where
d = density of mixture at 25°C
X = mol fractlon Dz0 in mlxture

Relative volatllity of HoC wilth respect toc HDO is given‘a} by the
expression,

(2)

65,43
T

a = 1.1596 e [

The relatlve volatility of HDO with respect to D0 has essentlally
the same numerlcal value as that for HL0/HDO.




Under the operatling condltions exlsting 1in a vacuum distillation
syastem, the relative volatility ranges from 1.038 to 1.056. The
correspondlng temperature at saturated condltions ranges from

81 to 50°C as a result of the pressure drop through the
dlstillation tower.

The digtributlon of the isctopes in a mlxture 1s dlctated by the
equllibrium for the reaction,

H-0 + D50 = 2HDO (3)

The equllibrium constant for the reaction in terms of mol fraction

concentrations is:
(HDO) 2
= 4
K = 03 (5207 (#)

The equilibrium constant K as a functlon of temperature is given(l)
below for the vapor phase reactlon:

Temperature, °C

0 3.76
§5 3.80
0 3.83
75 - 3.85
100 .87
125 3.89
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APPENDIX I
SRP REACTOR-INTEGRATED EQUIPMENT

Distillaticn Columns

Two distillation columng, operated in series, are provided for
each reactor gystem. Both columns are identlcal 1n design.

Towers
Diameter, lower section (bottom 27 ft) 3 ft 5 in.
upper sectlon (top 30 ft) 3 £t 11 in.
Helght, bottom tray to top tray B8 ft 7 1in..
over=~-all 82 ft 6 in.
Deslign Pressure full vacuum to
30 pslg
Trays

Number, lower section 44 trays
upper sectlon 46 trays

Spacing, trays 1 to 35- 7 in.
trays 35 to 44 8 1in.
trays 45 to 81 7 in.
trays 81 to 90 8 1in.

Deslgn, sleve trays wlith 1/8—1n. dlameter holes on a 3/8-in.
triangular pitch

Calandrias (Vaporizer and Reboiller)

Each column 1s serviced by a silngle tube-and-shell type calandrla.
The calandrlas are ildenfical 1In design.

Shell
Service Steam
ID 20 in.
Number of passes 1
Degign pressure 50 psig
Tubes
Service Water (process)
Size . 1 in. - 1% BWG
Number 120
Length 48 in. (31-1/8 in. between inner

tube sheets)
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Layout 1-3/8-1n. triangular pltch

Number of passes 1
Effective heat

exchange surface 68 sq £t
Deslgn pressure Full vacuum

{(Double tube sheets are used at each end of tube bundle.
The outer sheets are welded to the tubes; the tubes are
rolled into the 1nner sheet.)

Condensers

Each column is serviced by a slngle tube-and-shell type condenser
having the sams basic design as the calandrias.

Shell
Service Coolling water
ID 30 in.
Number of passes 1
Deslgn pressure T5 psig
Tubes
Service Water vapor and air (process)
Size 1 in. - 14% BWG
Number 376
Length 8 £t (7 £t 2-1/8 in. between tube
sheets)
Laycut 1-3/8-1n. triangular pitch
Number of passes 1
Effectlve heat
eXchange surface 590 sq ft
Design pressure Full vacuum to 20 psig

(Tube sheets are constructed similar to those in calandrlas.)

Bottoms Cooler

A tube-and-shell heat exchanger cools product wilthdrawn from the
base of the distiilation unit.

Shell
Service Cooling water
Size 6 in., schedule 40 pipe
Number of passes 1
Design pressure 100 psig
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Tubes

Service Process water

Size 1/2 in. - 18 BWG

Number ko

Length o 16 £t (14 ft 10-1/2 in. between
tube sheets)

Layout 3/4-in., trlangular pitch

Number of passes 2

Effective heat

exchange surface 43 aq ft
Design pressure Full wvacuum

Vacuum Pump System

The vacuum in both columns 1s malntalned by a single vacuum pump
system. Major components are dupllcated within the one system.

Vacuum Pumps (2)

Type Nash Englneering Co., Type TS-B-L2,
two-stage unlt, mechanical shaft
geals (Durametallic Co.)
Capaclty 55 cfm (measured at suctlon-side
S ' : vacuum) -
Motor 5 hp, 1750 rpm

Vacuum Pump Separators (2)

Type Centrifugal separater

Vacuum Pump Coolers (2)

Type Double-plpe heat exchanger
Sectlons, number g
inner pipe 5 ft of 1-1/4-in. schedule 80 with
process wabter flow
outer pipe 5 ft of 2~in. schedule 40 with

cocling water in annulus
Effective heat
exchange surface 15 sqg ft
Deslgn pressure Full vacuum to 100 psig

Vent Drying System

The gas removed from the two columns by the vacuum pump sSystem
contains a small amount of process vapor. Before this gas is
exhausted to the atmosphere, the moisture is removed in alumina
gel dryers.
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Type

Pumps and Motors

Pittsburgh "Lectrodryer” Type BWC,
slze 150-8P consisting of two
alumina gel units in alternating
uge, Reduces dew polnt of exhausted
gas to -35°C. Regenerated by heat
via steam colls.

The three pumps and motors for transfer of primary flows are of

the same design.

70 gpm, 113% ft head,
Ingersoll Rand 1 CRV motor

Instrumentatlion

Flow

Primary feed
Bottoms flow
Steam flow
Reflux return
Overheads drawoff

Level

Condenser level
Vacuum pump separator

Pressure and Pressure Drop

Column pressure

Column differential
pressure

"Pressure in entire
system

TemEerature

Column condenser

Bottoms cooler

centrifugal pump,

II-4

Specificatlions are shown below.

3 hp, 3450 rpm,

flow
flow
flow

recorder
recorder
recorder

Orifice-type
Orifice-type
Orifice-type
Rotameter
Rotameter

Float-type controller
Float-type controller

Controller in gas llne between
column and condenser (shuts
system down at excesslve pressure)

Recorder

Recorder-controller 1n common
suction line to both vacuum pumps
(controls absolute pressure of
system

Recorder-controllers on each column
condenser to control the temperature
of the effluent process water by
throttling cooling water flow

Recorder-controller simlliar to above

[




Power Faliure. Instrumentation is provided so that an electrical power
fallure wlll close automatic solencid valves at the suctlion of the
vacuum pumps and prevent immedlate loss of vacuum. Such a power fallure
will also close the steam admission valves to the reboiler, which in
turn will operate the isclation swiltch and close the distillatlion system
feed and return valves.

Radiation. A radiation recording instrument is provided in the feed
line to A-column from the purifilication system, to prevent the unshlelded
distillatlon eguipment from becoming excessively radiocactive. If
radiation becomes excegsive, the dlstlllation system feed and return
valves (isolation valves) are automatlcally closed.

Conductivity. A conductivity recordling instrument is provided 1n the
feed line to prevent dissolved contaminants, which might cause corrosion,
from entering the distillation system. If conductivity becomes
excessive, the dlstilllation system feed and return valves (isolation
valves) are automatically closed.

Specific Gravity. A& continuous specific gravity instrument, "Densitrol”,
measures the isotopic purity of the moderator belng veturned to the
coolant return tank from distlllatlion. A&n Isctopic purlty lower than
that of the influent feed moderator indicates a leak of light water from
a reboiler, condenser, or cocler, and automatically ¢loses the 1solation
valves (distillation feed and return valves).

Materials of Constructlon

Mild steel was used originally throughout the distillatlion systems.
Stainless steel tubes and tube sheets were installed in the condensers
and calandrias after several of the original mild steel unlts failed
due to corrosion.

Stainless steel or other corroslon-resistant material was not considered
Justified, since only moderator that has previously been purlfied is
added to the distillation equipment during normal distillation. The
distillation feed stream is faken as a sidestream from the effluent
Issuing from the resin purification system through which reactor
moderator 1s continually reclrculated. Thus, it has been delonized

and filtered through a 10-mlicron fllter.
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APPENDIX i

SRP REWORK UNIT EQUIPMENT

Distillation Columns

A1l three distillation columns in the separate reworking faclllty
are identical 1In design.

Towers
.Diameter L £t O in.
- Height 78 rt (tangent to tangent)
Shell thickness 1/2 in. {ground to about 22 £t level)
s 3/8 in. (remainder of column)
Design pressure Full vacuum
Operating pressure 60 to 100 mm Hg at top of column
Trays
Number 72
Caps per tray 35
Layout (center to center) 12
Cap slze, ID 4 in.
Tray, spacing 12 in.

Materials of Construction

Shell and heads A285 Grade C Flrervox Quality Steel
Trays and caps A283% Grade C Steel
Flanges and nozzles A181 grade I Steel

Vendor

Vulcan Copper and Supply Co.

Calandrias

Each column is serviced by a single tube-and-shell type calandria.
These three calandrlas gre identical in design.

Shell
Service Steam
ip 16 in.
Number of passes 1
Deslgn pressure 75 psig
Operating pressure About 40 pslg
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Tubes

Service

Slze

Number

Length

Number of passes

Effectlve heat
exchange surface

Design pressure
Operatlng pressure
(Tubes are welded into
tube bundle.)

Materlal of Construction

Shell
Tubes

Vendor
Dowingteon Iron Works
Condensers

Each colunn 1is serviced by
These three condensers are
falling film type.

Shell

Service

ID

Number of passes
Design pressure
Operating pressure

Tubes

Service

Silze

Number

Length

| Number of passes

1 Effective heat
exchange surface

‘ Desigh pressure

Operatling pressure

Water {process)

1 in. - 14 BWC
60

8 ft

1

110 sq ft

Full vacuum
About 320 mm Hg .
double tube sheets at each end of

Carbon steel
Carbon steel

a single tube-and-shell type condenser.
ldentlecal 1n design and are of the

Water vapor and air (process)
% ft 0 1n.

1

Full vacuum

About 60 to 100 mm Hg

Ccoling water

2 in. - 12 BWG

151

16 ft

1

1210 sg ft

Atmospheric

Atmospheric
ITI-2




Material of Construction

Shell
Tubes

Vendor

Carbon steel
Carbon steel

Southweatern Engineering Co.

Coolers

A single cooler condenses vapers leaving the condenser on each
column. The three coolers are identical in design.

Shell

Service

ID

Number of passes
Deslgn pressure
Operating pressure

Tubes

Service

Size

Number

Number of pasgses
Design pressure
Operating pressure

Materlal of Construction

Shell
Tubes

Vendor
Dowington Iron Works

Freezers

Water vapor and air {process)
& 1in.

1

Full vacuum

60 to 100 mm Hg

Ammonla refrigerant
1/2 in. - 18 BWG

2 {coil type)

2

200 psilg

54 to 59 psig

Carbon steel
Carbon steel

Two freezers, used alternately, provide the final condensation
of any water vapor leaving the cooler on each column. The six
freezers are double-pipe heat exchangers, i1dentlcal in design.
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Shell

Service

D

Length

Number cf passes
Deslgn pressure
Operating pressure

Inner Pilpe

Service

Silze

Number

Wumber of passes
Deslign pressure
Operating pressure

Ammonla refrigerant
& in.

20 't

1

200 psig

5 to 10 psig

Water vapor and alr (process)
3 in. - schedule 40

1

1

Full vacuum

60 to 100 mm Hg

Material of Construction

Shell Carbon steel
Tube Carbon steel
Vendor

Whitlock Mfg. Co.

Steam Ejectors

Inerts leaving the freezers on each column are ejected to the
atmosphere through steam jet ejectors. All three ejectors are
identical in design.

EJector
Type 200 N
Stages Two stages, noncondensing
Rating 10 pounds of air per hour at 88 mm Hg
Cperating steam
pressure 100 psig

Maximum back pressure 1 pslg

Materials of Construction

Type 304 stainless steel
Cast iron

Cast iron

Carbon steel

Steam nozzle
Alr chamber
Diffuser

Steam chest
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Vendor

Croll Reynolds Englneering Co.

Pumps and Motors

All process pumps and mofors for the separate reworking facillty
are of the same deslgn.

Pumps

Type 1-1/2 x 1-1/4-1in., Type SS-DHB, single-stage centrifugal
punp; single "Durametallic" mechanical seal, carbon on

"gtellite".

Motors

Allis Chalmers type AP2, 5 hp, 35C0 rpm, 440 volt, 3 phase,

60 cycle, totally enclesed.

Instrumentation

The instrumentation assoclated with a typical distillatlon column
and its auxiliary equipment 1s outlined below:

1.

Ligquid Flow From Bottom of Coclumn - Recorder and Controllier

Concentric corifice

Differential pressure transmitter
Indlcatling pneumatlic recelver
Recording contrel station
Fneumatic controller

Control wvalve

Qverheads Condensate Flow - Recorder

Concentric orifice

Differentlal pressure transmitter
Indlcating pneumatlc receiver
Pneumatic recorder

Liguid Level 1n Bottom of Column - Recorder

External displacement type level transmitter
Pneumatic recocrder
Reflex gage glass

III-5

Vendor

Taylor
Brown

Moore
Taylor
Moore
Hammel -Dahl

Taylor
Brown
Moore
Taylor

Mascn-Neilan
Taylor
Jerguson




b, Coclumn Pressure - Recorder and Controller

Indlcatlng abscolute pressure transmitter Foxboro
Recording control station Taylor
Pneumatic contrcller Moore
Control valve Hammel-Dahl

5. Column Differential Pressure - Indlcator

Vendor
Differential presgsure transmitter Brown
Indicating pneumatic recelver Moore

6. Steam Flow tc Calandrlia - Recorder and Controller

Concentric orifice Taylor
Differential pressure transmitter Brown
Indicating pneumatic receiver Moore
Recordlng control station Taylor
Pneumatic controller Moore
Control valve Hammel-Dahl

7. Condenger Temperature Indicators

Coollng water inlet and process -
vapor inlet thermowells Trinity

Condensate outlet bimetallie dial
thermometers Moeller

Corroslon Experience

Corrosion of equipment, after the first five years of operation,
was Ingignificant. The inspection was qulte limited, however,
because a more thorough inspection would have required destruction
or cutting of the equlpment. Visual examination and instrument
measurements ("Audigage") showed no corrosive attack on the
internal walls of the distillation tower. Some pltting was
observed on the outside of tubes 1n the calandrias. This pltting
was generally 5 mils deep and 10 mils in diameter. The outside
of the calandria tubes are exposed to steam that contains
negligible CO, concentrations. The inside of tubes in condensers
showed some metal loss of about 1/64 in. deep under a 1/32 in.
scale. Untreated raw water from the Savannah River isg passed
through these tubes as a coolant.
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APPENDIX 1tV

TYPICAL OPERATING COSTS FOR SRP REWORK UNIT*

Direct Operatlon Operating Cost, dollars/year
Labor ' 18,500
Supplies . 2,000
Supervigion 19,900
Miscellaneous 500

Total 40,900

Maintenance
Labor 15,200
Material 3,300
Direct overhead 6,300

Total 24,800

Power
Electriclty , 600
Steam ' 40,000
Cooling water 2,000

Total 42,600

Technlcal
Process Assistance 22,000
Control Laboratory 28,000
Health Physies ' 14,500

Total : 64,500

Total Direct Cost : _ 172,800

*Because of the accounting system used, operating costs for the reactor-
integrated diastillation facllities are not readlly separable from the
operating costs for the reactor as a whole. As a result, figures for
the reactor facllity were not available for Incluslon in this report.




APPENDIX V
INVESTMENT IN SRP DISTILLATION FACILITIES

The figures glven below correspond to cost condltions existing at the
time of congtruction in 1952.

l. Rework Unit Investment, dollars
Equipment 219,000

(Towers, pumps, heat exchangers,
tanks, etc; installed and
insulated. )

Piping and instrumentation 194,000
Bullding and structure 42,000
Total 455,000

2. Reactor-Integrated Pacllities

Equipment 203,000 per reactor system
(Towers, pumps, heat exchangers, -
tanks, etec; installed and
insulated.)

Plping and instrumentation 180, 000*
Bullding and structure 39, 000%*
Total 422,000 per reactor system

*The cost for these 1tems cannot be obtalned directly because of the
method of equipment accounting employed. The cost for these comparable
items 1s known for the Rework Unit and 1s shown above. The ratio of
the equipment cost in the reactor-integrated facillty to that 1n the
Rework Unit was used to approximate the investment in these items.




APPENDIX VI
STANDARD ANALYTICAL METHODS

HEAVY WATER: CONCENTRATION Do0
Gravimetric Method - Pycnometer

References

Kirshenbaum, I. Physical Properties and Analysls of Heavy Water.
National Nuclear Energy Serles, NNES III-&Q, New York: McGraw-
H111 (1951) pp. 2 and 16.

Principle and Limltations

Since the densitles of ordinary water and heavy water differ, a
sample conslisting of only these substances can be accurately
analyzed by measuring its denglty. By sultable calculatlons
denslty may be converted to mol % deuterium expressed as deuterium
oxlde.

It is necessary to purlfy the sample by means of an alkallne
permanganate distillation to remove organic and other impurlties
that would lntroduce an error in the result.

A pyenometer 1s used for the determinatlon of the denslty. The
effects of buoyancy, humidlty, etc. are eliminated by the use

of a filled and sealed pycnometer as a counterwelght. Calibration
of the counterwelght pycnometer and the sample pycnometer must
Include the correcticon for buoyancy so that the denslty obtalned
will be based on the true welght of the sample. An error of
0.0001 In the density introduces an error of approximately 0.1

mol % in the result.

This method does not correct for the 0'® content of the sample.
The range of the method is 10 to 99 mol % DZ0.

Eguipment

Carborundum
1 Distilling flask, "Pyrex", round bottom with 24%/40 E ground-glass
Joint at neck, 300 ml (See Note 1)
Glass wool
1 Bent condenser, water-cooled with 24%/40 8§ ground-glass Joint at
neck, and 14%/35 § ground-glass Joint at end (See Note 1)
Seoopulas
Drylng tube contalning sllica gel
1 Receiving flask with 14/35 ¥ ground-glass Joint at neck and
7/25 ¥ ground-glass side connectlon, with caps
2 Hypodermic ayringes, 50 ml, with needles, large bore
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Electric heater

Bunsen burner

Relschauer pycnometer, 25 ml

Reischauer pychometer, counterwelght, 25 ml

Constant temperature bhath
Rubber bulb
Hypodermlic needle, small bore

Reagents and Chemlcals

1.

10.

11.

Potasslum permanganate, CP, KMnOs
Sodium peroxide, CP, Nag0l;z

Procedure

Add a few pleces of carborundum to a clean, dry, 300 ml,
round-bottom dlstilling flask. (See Note 2}

Using a scoopula, add about 50 mg each of potassium
permanganate and sodium peroxide.

Insert a flne layer of glass wocl Into the upper end of the
condenser.

Attach the silica gel drying tube to the side connection of
the condenser, then connect the recelving flask to the lower
end of the condenser.

Cap the side arm of the recelving flask.

Insert the condenser into the Gistilling flask and clamp the
apparatus 1n posltion for distillatlion.

Shake the sample thoroughly. With a clean, dry, 50 ml syringe
withdraw about 35 ml of sample. Replace the bottle cap
immedlately.

Introduce the sample into the distilling flask and connect the
£lask to the condenser ilmmedlately.

Connect the cooling water to the condenser. TUse an electric
heater to distill the sample at a rate of about 20 drops per
minute. (See Note 3)

Allow the distillation to proceed to dryness.

Using a Bunsen burner, lightly flame filrst the distilling

flask and then the neck of the condenser to ensure complete
distillation.
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12.

13.
14,

15.

16.

17.

18.

19.

20.

21.

22.

23,

24,

Allow the neck of the condenser to cool. Agaln flame the flask
lightly. ©DPrive over any molsture that collects in the neck of
the condenser.

Repeat Steps 11 and 12 until no moisfure 1s evident.

Check the recelving flask to see that the sample 1Is free of
turbidity and pink color. If not, redisgtlll the sample.

When the distillation 1s complete, remove the recelving flask
from the condenser and lmmedlately place the large cap In
position to seal 1t.

Remove the small cap from the slde arm of the recelving flask,
Insert the large bore hypodermic needle of a c¢lean, dry, 50 ml
syringe and fill the syringe.

Insert the hypodermic needle 1nto a dry 25 ml Reischauer
pycnometer that has been previocusly welghed and callbrated.
Fill the pycnometer slowly to above the graduation mark, belng
careful to see that no bubbles form on the bottom and sldes of
the pycnometer. Cap the pycnometer and record the weight and
volume of the pycnometer.

Place the pycncmeter in a constant temperature vpath that 1s
adjusted to 25.00 20.02°C. Allow 1t to remaln in the bath
from 15 to 20 minutes. ‘

Using a rubber bulb and & small bore hypodermlc needle with
the pointed end ground off, remove the excess llquld in the
pycnometer until the bottom of the meniscus is level with the
graduatlion mark.

Place the pycnometer 1n the bath agaln for 5 minutes to be
certaln that the temperature of the sample 1s the same as that
of the bath.

Remove the pycnometer from the bath and check to see that the
menisgcus l1s stlll level wlth the graduation mark. If 1t is
not, repeat Steps 19 and 20.

Carefully dry the outslde of the pycnometer with a lint-free
cloth.

With a hypodermlc needle attached to a vacuum line, carefully
remove any excess sample adhering to the inslde wall above the
graduation mark.

Replace the stopper and allow the pycnometer to stand until

it comes to room temperature.
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25. Weigh the pychnometer on an analytical balance usling a
counterwelght pycnometer of known welght. Record, to the
nearest 0.0001 g, the welghts used to bring the balance to
equilibrium.

26. Pour the sample remaining in the recelving-flask into the
waste heavy water container.

27. Wash the dlstilling flask thoroughly with oxalle acld, rinse
wilth distilled water, and dry in the oven reserved for glassware
uged for heavy water analyses.

28. The recelving flask may be put directly Into the drylng oven
and needs no further cleaning unless 1t has been solled with
permanganate, etec.

29. Place the condenser 1in the holder provided and pass air
through it until it 1a dry.

30. The pycnometer 1g left fllled with the purlfled sample untill
it is to be used again, at which time it is emptled, by means
of a syringe, into the waste heavy water container. The
pycnometer 1s dried wilth acetone and & vacuum.

Calculatlons
l. A=8B-2C
A
2. d = z

3. Ad=d—d1

927.35 x Ad

4, Mol % D0 = 1 - (0.039 x Ad)

(See Note #)

where

= true weight of the sample, g

total weight of counterweight pycnometer and brass

welghts, g

= true welght of the sample pycnometer, g

= density of the sample at 25.00°C, g/ml

volume of the sample pycnometer, ml

= the difference between the density of the sample and the
density of protium oxide

d_= the density of protium oxide, g/ml assuming that protium

oxlde 1s lighter in density than normal water by 1.6 x 107°

g/ml = 0.997058 (See Note 5)

oz i
I

Bmeo
Il
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The dilstillation equipment, shown in Flgure VI-1 can be
obtalned from Eck and Krebs, Inc., 27-09 40th Ave., Long
Island City 1, N. Y.

The carborundum 1z added to prevent bumping.

If the wine-red permanganate color deoes not perslst during

the distillation if will be necessary to add more potassium
permanganate to the sample. Distillation should be
discontinued, the apparatus allowed to cool to room temperature,
and a small amount of permanganate added to the flask.

The formula and constants are derived in Klrshenbaum, I.
Physical Properties and Analysls of Heavy Water. Natlonal
Nuclear Energy Series, NNES III-&£3 New York: McGraw-H1ll
(1951) p. 1&4.

Protium oxide 1lg normal water from whlch deuterlum oxlde has

been removed.
=
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FIG. vI-1 DISTILLATION ASSEMBLY
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HEAVY WATER: SPECIFIC CONDUCTIVITY

Principle and Limltations

The ionizable solilds 1n water have the ablllty to conduct an
electric current through a sclution. This property of electrical
conductance 1ls used as a measure of the quantity of lonlzable
golids in solutlion. (Conductivity is measured in mlcromhos by
means of a conductivity cell and conductivity bridge.

The procedure 1s limited by the range of the conductivity bridge.

Equlipment

1 Graduated cylinder, 250 ml
1 Conductivity bridge, Leeds and Northrup No. 4866 or equivalent
1 Conductivity cell, cell constant of approximately C.1

Procedure

1. Transfer approximately 200 ml of sample to a clean, dry 250 ml
graduated cylinder. Dilute as necessary to avold exceeding
the range of conductivity bridge.

2. Using a Leeds and Northrup No. 4866 Conductivity Brildge or
equivalent, measure the conductivity of the sample and record
as mleromhos/cm, corrected for dllutlon, if any.

Note: Refer to the manufacturer's directlon booklet to obtaln
detalls on the exact operation of the conductivity
bridge. To determine the cell constant, one of the
standard reference solutions of known conductlvity may
be prepared as listed in Lange, N. A. Handbook of
Chemistry. 8th Ed. Sandusky, Ohio: Handbook Publishers
(1952} p. 1241.
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HEAVY WATER: TURBIDITY
Turbldimetrlic Method

Principle and Limltations

Turbidity 1s measured by passing a beam of light through the
sample. The particles that cause the solution to be turbld absorb
and disperse the light. The amount of light absorbed by the
solution is proportional to its turbidity.

Although it 1s known that the particle size has a pronounced
effect on the absorption and dispersion of light, the photoelectric
method is as good or better than other methods.

Turbidity 1ls generally expressed as ppm sllica. The concentration
range is 2 to 70 ppm. As would be expected, the more concentrated
solutions have a tendency to settle out durlng a determination.

A highly turbid sclutlon may be analyzed by diluting until its
turblidity 1s within the concentration range of this method.

Equipment

5 Volumetric flasks, 250 ml

1 Transfer pipet, 5 ml

1 Transfer plpet, 20 mil

1 Transfer pipet, 10 ml

1 Transfer pipet, 25 ml

1 Transfer pipet, 50 ml

2 Abscrption cells, 50 mm light path
or 2  Absorption cells, 40 mm light path

1 Spectrophotometer, Beckman Model B
or 1 Spectrophotometer, Coleman Model 14

Reagents and Chemicals

Silica turbldity standard, "Helllge", 200 ppm silica or equivalent
Procedure

A. Preparatlon of Standard Curve (See Note 2)

1. Using the "Helllge" silica turbldity standard, (See Note 1)
prepare a serles of standard turbidity solutlons containing
4, 16, 24, 48, and 72 ppm sllica as follows:

a. Plpet into 250 ml volumetric flasks 5, 20, 30, 60, and

90 ml” aliqueots of the silica turbidity standard, 200 ppm
sllica.
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In

L. Dilute the solution 1n each flask to the callbratlon mark
with distlilled water. Stopper the flasks and invert each
one geveral times toc mlx the solutlon thoroughly.

Shake each gtandard thoroughly and {111 the appropriate cell.
(See Note 3). Shake the cell for about 10 seconds after
£11ling 1t. {See Note 4).

"Measure the absorbancy of the various standards as compared
to distilled water, using a spectrophotcometer (See Note 5)

at a wave length of 490 mu. This is the observed standard

absorbancy. 7

Using the same cell arrangement, obtain the cell correction
absorbancy with water in both cells.

Subtract the cell correction absorbancy from the observed
standard absorbancy to obtain the true standard abscrbancy.

Plot the true standard absorbancy as the ordlnate versus the
known concentration as the absclssa using standard graph paper.

Determinatlion of Sample

the analysis of a single sample, run duplicate determinations.

Shake the materlal to be analyzed thoroughly to ensure a
representative sample.

Rinse and fill an appreoprlate cell wlth the sample to be
analyzed. Shake the cell thoroughly for approximately 10
seconds. ({See Notes 3 ang 4). Place the cell in the
spectrophotometer [See Note 5), and measure the absorbancy as
rapldly as possible against distilled water at 490 mp.

Record the result as the observed sample absorbancy. (See
Note 6).

Using the same c¢cell arrangement, determine the cell correction
absorbancy when all cells contaln distilled water. Record the
result as the cell correction absorbancy.

Subtract the cell correction abscorbancy from the observed
sample absorbancy to obtain the true sample abscrbancy.

Determline the turbldity as ppm silica from the standard curve.
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Notes

1. In the absence of the "Helllige" silica turbidity standard,
fuller's earth may be used to prepare the standards.

2. The standard curve should be based on at least two sets of
data,

3. With the Beckman spectrophotometer use cells having a 50 mm
light path and a sensitivity setting of 2. For a Coleman
spectrophotometer use cells having a 40 mm light path.

4. When shaking the sample in the absorptilon cells, do not touch
the optical faces with the fingers. Any smudges or finger
prints on these faces wlll render the results worthless.

5. Refer to the manufacturer's instruction booklet, for detalls
of operation of the Beckman Model B spectrophotometer or the
Coleman Model 1% spectrophotometer. -

6. If the absorbancy changes due to the settling out of particles,
dilute the sample and redetermine the absorbaney. (Correct
the measured turbidity for the dllution).

HEAVY WATER: TOTAL SOLIDS
Gravimetric Method

References

American Publlc Health Asscciatlon, Amerlcan Water Works
Associatlon, and Federatlon of Sewage and Industrial Wastes
Assoclatlon. Standard Methods for the Examination of Water,
Sewage, and Industrial Wastes. 9th Ed. New York: American
Public Health Associatlon (1946} p. 145.

Principle and Limitations

A measured volume of sample 1g evaporated to dryness in a tared
evaporating dish. The dissolved and suspended solids remaln in
the dish which is reweighed. The difference in weight 1is
calculated as parts per milllon total solids.

Equlpment

1 Evaporating dish, porcelain, 100 ml
1l Volumetric flask, slze of sample aliquot
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Procedure

1. Place a clean, dry porcelaln dish in a drying oven at 105°C for
one hour.
2. Transfer the dlsh to a desiccator and allow 1t to cool for 30
minutes.
3, Welgh the dish to the nearest 0.0001 g. Record the welght.
4, Measure the required sample allquot into a volumetric flask.
(See Note 1).
5. Place the tared evaporating dish over the mouth of the flask.
Carefully invert the dish and the f{lask.
6. Place the dish and the flask in this inverted position on the
steam bath.
7. 1Lift the flask slightly to allow 1/4 in. of sample in the dish.
Support the flask In this position by means of a ring support.
8. Evaporate the sample to dryness.
9. Transfer the dish to a drylng oven at 105°C and allow 1t to.
remaln in the oven for one hour.
10. Transfer the dish to a deslccator and allew 1t to ceol for
30 minutes.
11l. Weigh the dish and reslidue to the nearest 0.0001 g and record
the welght.
Calculatlons
~ (A -B) x10°
ppm total sollds = ST F 0001 O
where
A = weilght of evaporating dish and residue, g
B = weight of empty evaporating dish, g
C = volume of sample, ml
D = D,0 concentration of sample, wt %
Note
1. The sample allquot should be large enough so that the total

sollds content can be determined to within z1%.
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HEAVY WATER: DISSQLVED MERCURY
Colorimetric Method

References

1. Snell, F. D. and C. T. Snell. Colorimetric Method of Analysls,
3rd Ed., 2. New York: D. Van Nostrand Co., Inc., (1951),
pp. 1-8, TO-7i.

2. Sandell, E. B. Colorimetric Metal Analysls, 2nd Ed., 3.
New York: Interscience Publishers, (1950), pp. 87-112, 44H4-AUE,

Principle and Limitations

Dlthizone dissolved in carbon tetrachloride wlll extract mercury
from an aqueous solution forming an unstable orange colored
complex. The extraction occurs best if the solution 1s made
acidle with sulfuric acid. In an acldlc solution silver, copper,
gold, and palladlium will also develop color with dithlzone. The
green color of the dithlzone reagent absorbs light at a wave
length of 620 millimicrons. The color complex is made more stable
by the addition of acetle acid. The decrease 1n the lntensity of
the green color of the dithlzone reagent due to the formation of
the mercury complex 1s measured spectrophotometrlcally and 1s the
meansg of determining the mercury content of the sample.

This method is not applicable to turbid samples and therefore can
only be used if some means of eliminating turbldigy 1s added as
a preliminary step to thils analysis.

Eaquipment

S8pectrophotometer, Beckman, Model B
Cells, absorption, 10 mm light path
Flasks, volumetrlec, 2000 ml

Flasks, volumetric, 500 ml

Funnels, separatory, large

Pipet, Mohr, 25 ml

Pipets, volumetric, 10 ml

Pipets, volumetric, 5 ml

Pipet, volumetric, 2 ml

[l A I I ANV IR URN T
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Reagents

1. Acetlc acid, CHgCOOH, 6N

2. Dithlzone reagent, 0.001% (&iphenylthlocarbazone, CP Iin CCla,
CP)

%, Sulfuric acid, Hz504, 25BN

4, Carbon tetrachloride, CCla, CP

Procedure

A. Calibration

1. Using reagent grade mercuric chloride and dlstlliled water
prepare & stock mercury solution containing 100 ppm of mercury
(0.1354 g of mercuric chloride per liter).

2. Prepare a working standard sclution by diluting 10 ml of the
above solutlon to one liter. (1 ml contains 0.001 mg of
mercury) .

3. Pipet, carefully, duplicate 2, 5, 7, and 10, and 15 ml samples
of the working standard solutlcn lnte separate 500 ml velumetric
_flasks, containing 200 ml of distilled water. This represents
0.004 ppm, ©.CLl0 ppm, ©.015 ppm, 0.021 ppwm, and 0,031 ppm on
the basis of a 480 g sample.

4, ©Prepare a reference sample in the following manner:

a. &add 20 ml of 25N sulfuric acid to 400 ml of dlstilled
water in a 500 ml volumetric flask.

b. Dilufte to the mark with distilled water.

¢. Transfer the contents of the 500 ml flask to a 2 liter
volumetric flask and add by pipet 5 ml of 6N acetlc acid
and 10 ml of carbon tetrachlorilde.

d. Stopper and shake for 10 minutes.

e. Transfer tc a large separatory funnel and allow the layers
toc separate.

f. Fill a elean, dry, 10 mm absorption cell with the carbon
tetrachloride layer. This is the "sample reference".
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10.

11.

12,

To the 500 ml flask containing 2 ml of the standard mercury
solution (Step 3), add 20 ml of 25N sulfuric acid and dillute
to the mark with distllled water.

Transfer the sclution to a 2 liter volumetric flask and add
by pipet 5 ml of acetic acid and 10 ml of 0.001% dithizone
reagent. Stopper and shake for 10 minutes.

Transfer to a large separatory funnel and allow the layers to
separate.

F11l a clean, dry, 10 mm absorption cell with the dithlzone
layer and immediately measure the absorbancy agalnat the
sample reference prepared in Step 4 wlth the spectrophotometer
using a wave length of 620 millimicrons, a sensitivity of 2,
and red-sensitive phototube. Record as "sample absorbancy”.

Repeat Steps 5 through 8 with the other standard solutions.

Prepare a blank by following Step 4 but substitute 10 ml of
0.001% dithizone for the carbon tetrachloride.

Measure the absorbancy of the blank immediately agalnst the
sample reference keeplng the absorptlon cells In the same

order and using the same wave length, sensltivity and phototube
as 1n Step A-B. Record as "blank absorbancy".

Plot the difference 1n absorbancy (blank absorbancy - sample
absorbancy) as the ordlnate vs, the concentration 1n ppm as
the abaclssa on standard graph paper.

Determinatlon of Sample

Prepare a sample reference as under Calibration (Step A-4).

Determine the absorbancy of a blank agalnat the sample reference
as under Calibration (Steps A-10 and A-11).

If the sample to be analyzed 1s approximately neutral make 1N
by adding 20 ml of 25N sulfuric acid to the sample in a 500

ml volumetric flask and fill to the mark wlth the sample. The
final amount of sample to be used 1s now approximately 480 g.
If the sample is not neutral, neutrallze with a few drops of
concentrated sulfurlce acld or sodium hydroxide; then add 20 ml
of 25N sulfurilc acid and fill to the mark with neutral sample.

Transfer the solution to a 2 liter volumetric flask and add
by pilpet 5 ml of 6N acetlc acld and 10 ml of 0.001% dithizone
reagent.
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5. Stopper and shake for 10 minutes.

6. Transfer to a large separatory funnel and allow the layers to
aeparate.

7. If the green color has not completely dlsappeared (See Note 1),
£111 a clean, dry, 10 mm absorptlon cell with the dilthlzone
layer and measure lmmedlately the absorbancy of the sample
agalnst the sample reference with the spectrophotometer using
a wave length of 620 millimicrons, a sensltivity of 2 and a
red-senaitive phototube. Record as "sample absorbancy”.

Calculations

1. (A - B) = difference in absorbancy

where
A = blank absorbancy (Step B-2)
B = sample absorbancy (Step B-~T)

2. Usling the prepared graph determlne the ppm of mercury
corresponding to the difference In absorbancy.

Note
1. If the green coclor of the dithizone 1s replaced by the orange

Principle and Limltations

color, the orlginal sample must be diluted and re-analyzed.

HEAVY WATER: CHLORIDE
Turbldimetrlic Method

The additlon of sllver nltrate to a water sample contalnlng
chloride, to which has been added methyl alceohol, nltric acld,
and sodium sulfate, produces a turbldity that 1s proportional to
the amount of chlorlde present 1n the sample.

The procedure wlll gilve a stralght line standard curve in the
range 0.005 to 0.100 mg Cl per 50 ml volume (0.1 ppm to 2 ppm Cl).

The method deviates from Beer's law with lncreasing concentrations.
The particles of sllver chloride contlnue to grow with time and
will settle out in higher concentratlions. The other halogens
interfere.

This method cannot be used for turbid solutions unless some means
of removing the turbldlty prilor to analysis 1s lncorporated. 1In
some cases, 1t may be necessary to remove any color as well.
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Equipment

gration of Standard Curve

Volumetrle flasks, 50 ml
Spectrophotometer, Beckman Model B or equivalent
Absorption cells, 50 mm light path

Volumetric flasks, 50 ml
Spectrophotometer, Beckman Model B or equivalent
Absorptlon cells, with 50 mm light path

Prep
1 Transfer pilpet, 1 ml
1 Transfer pipet, 2 ml
3 Transfer pipets, 5 ml
1 Trangfer pipet, 10 ml
L
1
2
For Analysis of Sample
1 Transfer pipet, 1 ml
2 Transfer pipets, 5 ml
3
1
2

Reagents and Chemicals

Sodfum chloride standard solutlon, 0.005 mg as Cl/ml
Methyl alcohol, CP, CHaOH

Scdi

um sulfate (0.35M)-Nitric acid (2.3M)

Silver nitrate, 0.0T7T5N

Procedure

A. Preparatlon of 3tandard Curve

1. Pipet 2, 5, and 10 ml of the 0.005 mg Cl/ml standard into
gseparate 50 ml volumetric flasks. Using dilstilled water, dllute
to approximately 35 ml.

2. Using the standard solutions, follow Steps 2 through 8 of Part
B, Analysis ¢f Sample,

3. (Calculate the corrected absorbance of each standard reagent
solution by subtracting the observed absorbance of the reagent
reference from the observed absorbance of each standard
reagent solutlon.

4, Plot the corrected absorbance of the standard reagent solutlons

as the ordinate vs. the concentration as the &gbscissa on
rectilinear graph paper.
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B. Analysls of Sample

1. Plpet an aliquot of sample containing 0.01 to 0.1 mg of
chlorlde into each of two 50 ml volumetric flasks. Using
, distilled water, dllute to approximately 35 ml. These will
be the sample reagent solutions. (See Note 1).

2. To another 50 ml volumetric flagk, add approximately 35 ml of
distilled water. This will be the reagent reference.

%. Using transfer pipets, add the followlng to each flagk:

a. 5 ml of methyl alcohol
b. 5 ml of sodilum sulfate-nitric acid soclution

4, Mix the solutions well. They should be clear at this polint.

5. Uslng a transfer plpet, add 1 ml of 0.075N silver nitrate to
each flask and dilute to 50 ml with distilled water.

6. Mix by slowly inverting and turning the flasks. DO NOT SHAKE
VIGORQUSLY. :

7. Allow the solutions te stand 10 minutes, but not 1n excess of
one hour.

8. With a spectrophotometer, determine the absorbancles of the
sample reagent solutions and the reagent reference compared
to distilled water. Use cells wlth a 50 mm light path and a
wave length of 450 mp. (See Note 2). Record the readings as
the obsgerved absorbancies of the sample reagent sclutlons and
the reagent reference.

Calculations

Corrected absorbance of the sample reagent solution = 4 - B
where

A
B

obgerved absorbance of the sample reagent solutlon
observed absorbance of the reagent reference

Using the standard curve, determine the weight (mg) of chlorilde
correaponding to the corrected abscrbance of each sample reagent

solutlion.
ppm Chloride = g,zD_l,QQQ_
where
C = welght of chloride from standard curve, mg

= volume of sample aliquot taken for analysis, ml (Step B-1)
(See Note 3)

o
;
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where

where

If the sample 1s colored, pipet an equal allquot of gample
into another 50 ml volumetrlc flask. This wlll be the

sample blank. Follow Steps 3 through 8 of Part B, Analysis

of Sample, bhut omlt the addlitlion of sllver nltrate 1n Step 5.
If the absorbancy of the sample blank is greater than 0.1,

1t would be preferable to incorporate some means of removing
the coleor prior tc the analysis. To cbtaln the corrected
absorbance of each sample reagent solution, make the following
calculations:

Corrected abscorbance of the sample reagent soclutlon
= A - (B +E)

observed abscorbance of the sample reagent solution
observed abscrbance of the reagent reference
= observed absorbance of the sample blank

I

A
B
E

For detalls of operatlion of the spectrophotometer, refer to
the manufacturer's operating Instructions for the spectro-

photometer.
If the sample has been concentrated, calculate the volume of
the sample aliquot used for analysis as follows:

Hx RF
G

Volume of sample aliquot used for analysis, ml =

H = volume of coriglnal sample used for concentration, ml

F = aliquot of concentrated sample used for analysis, ml
{Step B-1)
G = volume to which the sample was concentrated, ml
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HEAVY WATER: PERMANGANATE DEMAND
Volumetric Method

References
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Principle and Limitations

The oxidizable matter in the sample 1s oxidized by refluxlng for

one hour with potassium permanganate. A dlstllled water blank 1s
treated in the same manner and the difference between the amount

of potassium permanganate consumed by the sample and by the blank
1s a measure of the oxidlzable matter 1n the sample.

Equipment

1 Graduated cylinder, 100 ml

% Distilling flasks, round bottom, 3C0 ml with 20/40 §

ground-glass Joint (See Note 1)

Burets, 50 ml

Buret, 10 ml

Boillng chips

3 Condensers, stralght, water-cocled with 20/4%0 § ground-glass
Jolnt at neck (See Note 1)

1 Electric heater

o

Reagents and Chemicals

Potasszium permanganate, 0.01N, standardlzed
Sulfurlc acid, 9N
Oxalic acid, 0.01N

Procedure

1. Using a graduated cylinder, add 100 ml of sample to a 300 ml,
round bottom distilling flask.

2. Using a callbrated buret, add 10 %0.01 ml of 0.01N potassium
permanganate to the disgtilling flask. Record the volume of
potassium permanganate added.
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5.

9.

Add, from a buret, 5 ml of 9N sulfurlc acid to the flask.

Add several bolling chips to the flask to prevent bumplng.
Attach the condenser and turn on the condenser water.
(See Note 2}.

Using an electric heater, reflux the sample gently for one
hour. The sample should reflux approximately 2 inches into
the condenser.

Cool the sample below the boiling point, but not under 80°C.
Dlaconnect the condenser.

Using a buret, add 40.0 ml of 0.01lN oxalic acid to the
distillatlon flask. Swirl the flask gently until all the
color and any preclpltate has disappeared.

Using a buret, titrate the excess oxallc acid with 0.01N
potassium permanganate to the first faint pink color that
perslsts for one minute. (See Note 3). Record, to the
nearest 0.01 ml, the volume of potasslum permanganate requlred
for the titratlon.

Run a blank by following Steps 1 through 8, substituting 100 ml
of distlliled water for the sample.

Calculations

where

(A +B) -(C+D)] xExF
G

Potassium permanganate, g/ml =

A = volume of potassium permanganate added to the sample,
ml (Step 2)

B = volume of potassium permanganate regulred for the
titration of the excess oxalic acld in the sample, ml
(Step 8)

C = volume of potassium permanganate added to the blank, ml
(Step 2)

D = volume of potassium permanganate requlired for the
titration of the excess oxallce acid in the blank, ml
(Step 8)

E = normality of potassium permanganate

F = gram milliequivalent welght of potassium permanganate

= 158.03 = 0.0316
5 x 1000

G = volume of sample, ml
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Notes

1. The distilling flasks and condensers can be obtalned from
Eck and Krebs, Inc., 27-09 40th Ave., Long Island Clty 1,
New York.

2. To prevent contamination, all connections must be free from
grease, oll, and other oxidlzable material.

4. The temperature of the sample must be malntained between
80 and 90°C during the titration.

HEAVY WATER: TRITIUM
Vibrating Reed Electirometer Method

References

Palevsky, H., R. K. Swank, and R. @renchik, "Design of Dynamic
Condenser Electrometers”, Review of Sclentific Instruments,
18, pp. 298-314%, (1947) May, Ne. 5.

"Instruction Manual for Vibrating Reed Electrometer, Model 30,"
Applied Physies Corporatlon, Pasadena, California.

Principle and Limitations

A water sample 1ls decomposed by metallic calclum, using calcium
chlcoride as a catalyst. The gaseous products are collected in
an lon chamber across which a potential of 300 volts 1s appliled.
The resulting current flow between the two electrodes is
proportliconal to the tritium radloactivity present 1n the sample.
Standard curves are prepared by analyzing samples of known
concentration. A sample of greater than 400 uec/ml 1s diluted to
within thig range.

Equipment {See Note 1)

1 Vibrating Reed Electrometer and Accessorles {Figure VI-1)

2 Reaction flasks, 125 ml, "Pyrex", with 24/40 B Joint

2  Y-Adapters, "Pyrex", wilth two 24/40 ® Joints and one 14/20
& jolnt

2 Sample burets, "Pyrex", with 14/20 § Jjoint

1 Vacuum pump

1 Vacuum gage, 0-30 ilnches of mercury

1 Battery, 300 volts
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Reagents and Chemicals

Caleium, CP, Ca

Calclum chloride, CP, CaCl,

Silllca gel, S10z:xHZ0
Procedure

A. Preparation of Standard Curve

1. Uslng four tritium standards, between 10 and 400 Le/ml follow
Steps 1 through 15 of Part B, Analysis of Sample.

2. Using equations (a) and (b) in the Calculations section,
calculate the corrected current flow in amperes.

3. Plot, on rectllinear graph paper, the corrected current flow
in amperes agalnst the concentration of tritium in microcuries/ml.

B. Analysls of Sample

In the analysis of a slngle sample, run duplicate determinations.

1. Place approximately 3 g of calcium and % to 4 granules of
calclum chloride 1n a clean, dry, 125 ml reaction flask.

2. With the meter swltch in the center position and the turret
switch 1n the GROUND position, assemble the glassware. Use

stopcock grease on all Joints.

3. Open stopcocks A, B, and C. Close stopcock D. (See Figure VI-2).
Make certain that water 1ls circulating in the condenser.

4. Start the vacuum pump and evacuate the system until the
vacuum gage reads approximately 30 inches of mercury.

5. Cloge stopcock A and observe the vacuum gage for one milnute.
A decrease 1n the reading on the gage indicates a leak.
(See Note 2).

6. If no leak 1s observed, slowly open stopcock D until the
system reaches atmospherlc pressure as indicated by a zero
reading on the vacuum gage. Close stopcock C.

T. &Set the turret swltch to the GROUND position. Connect the
terminal leads te the 300 volt battery. Set the range selector
on 1000. Place the meter switch in the NEGATIVE position and
zero the meter by adJusting the zero knob.

vI-21




8. Move the turret switch to the 1, 2, and 3 posltlion until a
reading on the millivolt meter 1s obtained.

9. If no readlng can be obtalned, return the turret swiltch to
the GROUND position and change the range selector to the 100,
10, or 1 position. Re-zero the meter after each change 1in
selector position. Repeat Step 8 after each change of range
until a reading 1s obtalned on the millivolt meter.

10. Record, to the nearest 0.01 millivolt, the meter reading.
Record the turret settling and the range selector settlng.
After the readings are recorded, return the turret swltch to
the GROUND position and the range selector to the 1000 positlon.

11. Repeat Steps 3, 4, and 5.

12, Add approximately 5 ml of sample to the sample buret.

13. Introduce the sample by slowly opening stopcock D and allowing
the sample to enter the reactlon flask dropwlse until the
pressure of the system 1s at atmospherlce pressure as lndicated
by the vacuum gage. (See Note 3).

14. Close stopcock C.

15. Remove the apparatus containing the sample from the system.

16. Repeat Steps 7, 8, and 9,

17. Record, to the nearest 0.01 millivolt, the meter reading.
Record the turret settlng and the range selector setting.

Calculatlons

To determine the current flow (amperes) of the background or the
sample, use the following equatlon.

AXBx 10°° (a)
C

Current flow, amperes =
where

A = recorded meter reading, (Step 10 for background; Step
17 for sample)

B = range selector setting (Step 10 for background; Step 17
for sample)

C = reslstance, ohms (See Note 4)
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To determine the corrected current flow (amperes), use the
followlng equation:

Corrected current low, amperes = D - E {b)
where
D = current flow of the sample, amperes (From equation a)
E = current flow of the background, amperes (From equatlion a)

Uslng the corrected current flow, determine from the standard
eurve the microcuries of tritium/ml corresponding to the corrected
current flow 1ln amperes. (See Note 5).

Notes

1. The glass assembly and ion chamber of the equlpment are
housed in a glove box equipped with an exhaust to
carry tritlum away from personnel zones.

2. If a leak 1s present, open stopcock D and dlsassemble the
apparatus. Regrease all stopcocks and reassemble the
apparatus. Repeat Steps 3, 4%, and 5.

3, Pressures above or below atmospherlc pressure will give
inaccurate results.

4. The resistance for each turret setting 1s recorded on the
turret head.

5. If the corrected current flow exceeds the maxlmum corrected
current flow of the standard curve, dilute the sample wilth
distilled water and repeat the analysis. Multiply the value
obtalned from the curve by the dilution factor.

TO MACUUM GAUGE

18/3 BALL

18/9 BALL
B SOCKET

COMDENSER

24440 X

"Y" ADARTER

zar40 §
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FIG. VI-2 VIBRATING REED ELECTROMETER
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HEAVY WATER: GRCSS BETA-GAMMA ACTIVITY
Geiger-Mueller Counting Method

References

Prohaska, C. A., The SRP Standard Gelger-Mueller Counter, E. I.
du Pont de Nemours & (o., Alken, S. C. AEC Research and
Development Report DP-61, 27 pp. {1954).

Principle and Limitatlons

The gross beta-gamma activity of a sample 1s determined by
evaporating a sultable aliquot to dryness and counting the
activity in a Gelger-Mueiler counter. The determined actlvity
ls based upon calibration of the counter with a Radium{D + E)
standard source.

The preclsion of the method depends upon the amount of activity
and the length of time the sample 1s counted.

Equlipment
2 Dilshes, Type 304 stainless =steel
1 Infrared heater
1 Pipet, "slze of sample aliquot
1 Tweezers
Cellophane tape
2 Holders, dish
1 "Tucite" carrier
1 Gelger-Mueller counter consisting of:
1 Gelger-Mueller tube, Tracerlab Model TGC-2/1B8%4, or equivalent
1 Scaler, Tracerlab Model CC-~10, or equlvalent
1 Lead shield for tube, Technical Assoclates Inc., Model ALl%A,

or equivalent

Reagents and Chemicals

Acetone, CP

Determination of Sample

In the analysis of a sample run duplicate determlnationsg.

l. Clean the stalnless steel dish by washing it wlth acetone and
drying it with absorbent tissue.

2. Place the dish under an infrared heater and pilpet the
prescribed aliquot of the sample into the dish. (See Note 1)
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3. Turn on the infrared heater to low heat. AdJust the heater
to such a helght that the sample evaporates without spattering.

4., Allow the sample to evaporate to dryness and then turn off
the lamp.

5. After the dlsh has cooled, place 1t in a dish holder and
gecure the dish to the dish holder by means of cellophane
tape. (See Note 2).

6. Determine the counting rate of the sample on the dish by
means of the Gelger-Mueller Counter. (See Note 3). Record
the registered counts and the length of time the sample was
counted.

Calculations

Gross beta-gamma disintegrations/min/ml = QLE—%—EL

where
- C

[
1
TP

and:

= yncorrected count for sample and background

time sample counted, minutes

background, counts per minute, c¢/m

normalizing factor = F/G

volume of sample, ml

Ra{D + E) d/m, theoretical for standard

Ra(D + E) c¢/m, determined in the Gelger-Mueller counter
= counter colncidence correction

I

-l

i

maoEdEHgOgQU e
il

1. The sample slze 1s determined by the expected activity and
the precision desired.

2. Completely cover the dish with tape. Thls prevents
any material from falling or blowlng from the dish and
contaminating other areas.

M
!
|
"
L
L
s
f

3, The count ls determined with the source on the second shelf.
The time of counting wlll be determined by the expected
activity.
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HEAVY WATER: GROSS ALPHA ACTIVITY
Counting Method
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Rlder, B. F., Selected Analytlcal Methods for Purex Process
Control. General Electric Co., Schenectady, N. Y., Knolls Atomlc
Power Lab., AEC Research and Development Report KAPL-890, (1954),
p. bl.

Rodden, C. J., Analytical Chemlstry of the Manhattan Project.
Natlonal Nuclear Energy Series. NNES VII-1l, New York: McGraw-Hill
(1950), p. 665.

Principle and Limitatlons

Samples for determlnatlon of gross alpha actlvlity are evaporated
on flat, stalnless steel plates and counted for alpha activity in
a methane proportional counter. A thln layer of collodlon 1s
applied to each plate after the sample evaporatlon to hold the
drled materlal on the plate. The thin f1lm of collodion has a
negligible absorpticon for alpha partlicles and does not affect

the counting rate of the sample. The ilnstrument is set to operate
in the alpha plateau and below the beta threshold,- thus
digeriminating against beta activity. The count so obtained 1is
deslgnated as gross alpha since the instrument 1s not designed to
distingulsh between different alpha emltters.

The sample size is limited primarlily by the actlvity of the
sample. Alpha activity of the plate should not exceed 1x10° d/m.
The beta activity 1s limlted primarilly by the danger of exposure
of counting personnel to radlation.

Equlpment
1 PForceps, 4 in. long
4 Dishes, stainless steel, 304
L  Plates, flat, stainless steel, 1-7/16 in. diameter
2 "Transite" boards or asbestos mats
4  Rings, stalnless steel, 3/4 in. dlameter
1 Infrared heater

Microplpets, 1 set

Shielded pipet controls

Brush, camel's hair, 1/8 1n. diameter
1 Disc ringer

=\ V]
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Bunsen burner

"Translte" board tongs

Holders, dish

"Lucite" carrier

Alpha counter conslsting of:

Proportional counter, Nuclear Measurement Corp., Model PCC-10,
or equlivalent

1 Scaler, Tracerlab, Model CC-10, or equivalent

e

Reagents and Chemlcals

Nitriec acid, 2M

"Zapon" solution, 1 part "Zapon": 3 parts thinner

Collodion solution, 0.5 mg solids/ml

Procedure

In the analysis of a single sample, run duplicate determlnations.

l. Make any necessary preliminary sample dilutions.

2. Using forceps, place a clean, flat, stainless steel plate on
either a "Transite" board, asbestos mat, or a stalnless steel

ring which is beneath an infrared heater.

%, Using a small brush and disc ringer, paint a "Zapon" ring on
! the plate.

4, Pipet the prescribed sample aliquot onto the center of the
plate and 1nslde the "Zapon"™ ring.

5. If a micropipet 1ls used, rinse the plpet twice wlth 2M nitric
acld and add the rinsings to the plate. All of the liquid
should remain on the plate at this point. (See Note 1)

6. Turn on the infrared heater and evaporate the sample to
dryness.

7. Turn off the heater and remove the plate from beneath the
heater.

8. Using a Bunsen burner, flame the plate to a dull red heat and
allow the plate to cool to room temperature on a "Transite'
board.

9. Add 2 drops of collodlon to the plate and allow the collodion
to spread over the surface. (See Notes 2 and 3)

10. After the plate has alr dried for 5 minutes, count 1n a
methane proportional counter for at least three milnutes.
(See Note U4)
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Calculatlons

where

Notes

Alpha disintegrations/min/ml = A x B x C

alpha counts/minute {from counting room)

= dilution factors (if any)

geometry factor for proporticnal counter (determined
from standards).

QW
no

il

When the sample size is excesslve, use a transfer pipet for
the sample and omlt rinsing the pipet.

The plate must be cool at this point, otherwise the collodion
will form an uneven deposlt due to rapid evaporation. When
thils happens, erratic results may be cobtalned due to absorptlon
of the alpha particles in the thlck portilons of the collodion
film.

The drops of collodion must be evenly spaced on the surface
of the plate.

The counting period required to ensure analytical rellablilty
will depend on the total alpha actlvity of the plate and
should be determined after the approximate activity 1s
observed.
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