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ABSTRACT

Tritium in the degraded moderator distilled from the 100 Area re-
actor system will exceed the 400 Area rework capaclty late in 1955.
A theoretical evaluation shows that redistillation of the degraded
moderator in a 100 Area distillation system will reduce the tritium
quantity for the next 9.5 years to a tolerable level. A plant test
of this tritium attenuator concept is recommended.
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Introduction

Tritium content of the circulating moderator in the 100 Area reac-
tor systems and in the distillation overheads draw-off will contin-
ue to increase. Based on the tritium concentration reduction of

2.5 to 3 experienced in R and P Area distillation columns, the over-
heads production will exceed the 400 Area tritium product specifi-
cation during the latter part of 1955. The reconcentration of this
diluted moderator will therefore require either improved operation
of existing equipment or installation of additional equipment.

The objective of this study was to determine how a 100 Area distil-
lation system could be used to reduce to a satisfactory low value
the tritium content of the dilute moderator produced in the 100 Area
stills, and whether such a tritium attenuator would have sufficient
capacity to process all this material before it is sent to the 400
Area for reprocessing.

Summary

The design evaluation, based on operating four 100 Area distilla-
tion systems to remove light water from the reactor moderator and
the £ifth distillation system as a tritium attenuator, showed that
such an attenuator would have sufficient capacity to process all

degraded moderator produced by the four normal distillation systems.
The tritium gttenustor would consgist of s standard distillation
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system isolated from the reactor system and operated with a 500«
gallon bottoms working inventory circulating continuously through
the A rundown tank and the A column reboiler.

Re-distillation of the normal distillation overheads product in this
attenuator will simultsnecusly reduce the tritium concentration, the
total amount of tritium, .and the volume of dilute moderator which is

returned to the 400 Area. Reduction in tritium quantity will accrue
from Adetilidng the feed moderstor into s low tritium overheads {zo
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mol % Dz=0) containing 90% of the feed Hz0 and & high tritium bottoms
(98 mol % Dz0) containing 97% of the feed tritium.

Tritium flow to the 400 Area will be reduced by a factor of 30 when
the moderator in the reactor systems averages 99.8 mol % D0 or less.
This reduction will enable the 400 Area to maintain the desired low
tritium specification in their product for at least 9.5 years, while
reconcentrating the entire projected 100 Area production of degraded

moderator. The total projected normal distillation overheads draw-

off from four 100 Areas of 75,000 pounds (85 mol % Dz0) per year can
be reduced in the attenuator to 16,500 pounds (32 mol % DL0) per
year. 1In 1560, the tritium content of this 16,500 pounds of moder-
ator will be 1680 curies per year compared to the 400 Area rework
capaclty of 1730 curies per year.
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Recommendations

® The tritium attenuator proposed in this report should be
evaluated by actual operation.

® The L Area distillation system should be operated as a trit-
ium attenuator during initial operation.

@® Provided the theoretical evaluation is substantisted by ac-
tual operation of the L Area distillation system as an atten-

- oalT ATt A -+
uator, all dilute moderator requiring reconcentration should

be processed through a tritivm attenuator prior to shipment
to the 400 Area.

Discussion

Moderator Purity. The isotopic purity of the moderator in a reac-
tor must be kept high to maintain high produectivity and neutron
efficiency. Distillation systems have been provided in each of
the 100 Areas to remove the undesirable light water from the reac-
tor moderator. The overheads product from these stills is the
main source of degraded moderator. A small amount of degraded
moderator resulting from minor leaks is fed to the distillation

hl a o
columms &8 an Iintermediste or secondary feed,

Heavy water concentration of the distillation overheads varies be-
tween 80 and 95 mol % depending on the reactor moderator concen-
tration and the distillation draw-off rate. No equipment is avail-
able in the 100 Areas to upgrade dilute moderator to a concen-
tration suitable for use in the 100 Area reactors (over 99.75

mol % Ds0). Upgrading has to be done in the 400 Area. Since de-

graded moderator may contain a substantial amount of tritium (200
to 5000 uc /m"l\ only a2 limited amount can be concentrated by the

NS A R F WALy S dddll Wl e 22 ViRl vl & Wt
400 Area without exceeding their product tritium activity SpElei-
cations of 5 uc/ml 1 The 400 Area would also have to take the spe-
cial precautions required to handle the radiation hazard presented
by higher amounts of radicactive®tritium. Late in 1955, the quan-
tity of degraded water produced in the 100 Areas will contain more
tritium than the 400 Area can handle without exceeding their
tritium specifications.

1 ppsTS 421-1.03.




° - >

Tritium In Moderator. Tritium is produced in the reactor moderator
by neutron cspture at a rate of 0.0038 uc/ml/mwdu Ninety percent

of the mayximm econcentretion will he gnmroached in 41 vegrs if the
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regctor operates at a constant power level. For example at 600 mw
constant power, the maximum tritium concentration in the resctor
moderator will be 14,500 pe/ml and 1500 mw, 36,300 uc/ml.2 As the
tritium content of the reactor moderastor inereases, the distllla-
tion overheads tritium content will increase correspondingly from
its present value of 280 pc/ml to a maximum velue of sbout 580 pe/ml
at 600 mw, and about 15,000 ue/ml at 1500 mw.

The tritium setivity in the overheasds from the 100 Ares distlll

e =1 v il

systems hag proved to be higher than predicted by design. (During
the design period no relisble informatlon wase avsllable on the vapor
pressure of tritium oxlde.) Design was based on the assumption that
the ratio of the vapor pressures of tritium oxlde to deuterium oxide
was the same ss that for deuterium oxide to llght water. From these
figures design tritium attenuation was calculated to be between 50

and 100. Recent unpublished information has indicated that the va-
por pressure of tritium is only slightly lower than that of heavy

water and would produce a tritium attenuation in s 100 Aresa still

system between 2 and 5. This is in agreement with the attenuation
of 2.5 actually obtained in the R and P Area distillation systems.

When all of the distlllgtion systems are producing degraded modera-
tor containing substantisl amounte of tritium, the problem of con-~
centrating this degraded moderstor will become more acute, One
possible method of solving this problem would be to use one 100
Ares dietillation system as a tritium attenuator.

The obJective of this report was to evaluated the potentialilties
of the tritium attenuator principle and to determine ite limlta-
tions,

Theory

The proportion of a volatlle component removed in a distillation
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column is dependent on the vapor pressure of the components, the
draw-off rate, the number of actual plates in the column, and the
plate efficiency. At the optlmum conditions of operation in the
existing distillation system at total reflux and with a bottoms
compogition of 99.75 mol % D20, the tritium concentration of the
overheads can only be decreased to 33% of the feed concentration
(or to 40% at the normal draw-off rate of 1,5 lb/hr). Thus, the
exigting equipment can not ke modified nor operated to produce the
degaired 10 to 30 fold decrease in tritium concentration.

2 The current concentration in R and P Areas 1s about 710 pc/ml.
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An edditional distillation would reduce the tritium mass flow rate
since: (a) redistilling the overheads from the normally operated
dietillation system decreases the overhead tritium concentration
at leagt an additlonal 40% asnd further concentrates the 1ight water
in the overheads, thus reducing the gross amount of degraded mod=-
erator sent to the 400 Area, and (b) this increase in light water
concentration between the top and bottom of the system further de-
creages the overheads trltium concentration.

Since the reactor systems of four 100 Areas have experienced no
great dilution to date it was reasonasble to assume that a distil-
J.E.LlOIl ByS'GEII]. ifi one ares could be isolated from its reactor mod-
erator system and used to reduce the quantity of tritium sent to

the 400 Area.,

Attenuator Evaluation

The tritium attenuator concept was evaluated using theoretical va=-
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stills and the 400 Area DW system. Concentrations and flow rates
of the feed, overhead, and bottom streams were calculated from
materlial balance equations.

Batch Size, The production capacity of a batch-still is determined
by the holdups in the top and bottom of the still. The capacity

of the existing 100 Area still systems was limited by a reboiler
capaclty of only 100 gallons. By connecting the A rundown tank to
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rundown tank, and cilrculating moderator through both units, the
bottoms capacity could be increased to 500 gallons. Thus, the
total charge size would be 1600 gallons, which could be stored in
the two 800-gallon rundown tanks 1f, for any reason, the columns
had to be emptied.

A charge size of 1600 gallons (1200 gellons in the columns and 400

gallons in A rundown tank) was therefore chosen for use in evalu-
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Light Water Concentration Gradient. The equllibrium concentrations
of light water in the overheade and bottoms of the still for the
initial) charge were calculated by trial and error masterial balances
uging calculated system holdups and past experimental concentration
data. The initisl charge was assumed to be 1600 gallons with a
tritium content of 1000 pc/ml and a heavy water content of 87.5 mol

% D20. (This total charge of 748 mols was, therefore, composed of
Q3.5 molsg of H.—.ﬁ and 854.5 mnle of DD b An assumed concentration

93.5 mo =0 and 654.5 D=0, ) assumed concentrati
gradient was then selected for the attenuator based on 100 Area
gnd 400 Ares Distillatlon experience., The 1light water inventory
in the attenuator was then calculeted for this assumed gradient
and compared to the light water content of the feed. Based on the
difference between these two figures, the assumed concentration




gradient was then changed and the above inventory calculastion re-
peated until satisfactory agreement was reached between these two
figures. The finael calculation {see table 1 below) showed that

the light water inventory calculated from the assumed concentration
gradient was 92.2 mols compared to the actuasl value of 93.5 mols.

Table 1. Light Water Concentration Gradient and Inventory

Mel Fraction  Inventory, Inventory,

Location H=0 total mols mols Ho0
A Rundown Tank 0.01 182 1.8
A Reboller : .01 100 1.0
A Column .035 198 6.9
B Reboiler .08 27.5 2.2
B Column .29 200 58.0
B Condenser 5 42,5 21.3

Calculated 748 92,2

Charged 0.125 748 93.5

The above calculatlion is confirmed by the fact that a gradient of
0.99 (bottom) to 0.92 mol fraction D0 (top) was observed during
the operation of A column in R Area startup total reflux operation,
and a gradient of 0.92 (bottom) to 0.50 (top) mol fraction DO wae
observed during total reflux operation of the last stage of the
400 Area DW system. (The last stage in 400 Area is similar to the
B column in s 100 Area, s0 a simillar concentratlon gradient is to
be expected.)

The assumed light water gradient shown in table 1 was deemed sat=~
isfactory and was used in the further calculations,

Tritium Concentration Gradient. Tritium concentrations at the
extremes of A and B columns were calculated by the following equa-
tion (see DPSFN 309, p 150) using the D0 concentrations previously
determined and a series of trial and error material balances.

Xp 90,
CA =o-=0Q avg © 1
A =g g8 = | (1)
Xb :
where ~ = ratlo of trltium concentration in bottom of a column to that
Xt in top of a column is defined as column attenuation {ca)

X avg = average separation factor 1n each column (assuming the moder-
ator to be a mixture of TDO and THO)} which will be dependent
on the vapor pressure of the constituents and may be estimated
by averaging the (Ots at the column extremes cbtalned from
figure 1.

X, = tritium concentration at bottom of an individual column
Xt = trltium concentration at top of an individual column
90 = number of sieve plates in each column

e = plate efflciency or efficiency of separation, assumed to be

0.6.
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The results of this calculation are presented in table 2.

Teble 2. Tritium Separation Factors and Concentration Gradient

H=0 Mol Tritium,

Location ' - Fraction o o avg CA uc{ml
A Bottoms 0.01 1.0085 1450
A Column 0.01 to 0,08 1.010 1.72
A Qverhead-

B Bottom 0.08 1.012 845
B Column 0.08 to 0,50 1.025 3.5
B Overhead 0.50 1.033 240
Over-all 0.0l to 0,50 ° 8.0

The overall system attenuation of 6.0 is the product of the A col-
umn attenuation of 1.72 times the B column attenuation of 3.5.

Uslng the data from table 2, a set of tritium material balances
was calculated assuming variocus velues for the average tritium con-.
tent of each column. The final calculation is shown in table 3.

Table 3. Tritium Concentrations and Materisl Balance

Moderator
Inventory, Tritium Content, Tritium Inventory,
Location total moles 1L e/ml mole-y ¢/ml

A Rundown Tank 182 1450 264,000
A Reboller 100 1450 145,000
A Column 196 1150 225,000
B Reboller 27.5 845 23,200
B Column 200 540 108,000
B Condenser 42.5 _24%0 10,200
Total Calculated 748 775400
Total Charged 748 1000 748,000

The calculated tritium inventory in the system (775,400 moleapc/ml)
and the tritium content of the initial charge (748,000 mole-pc/ml)
differed by less than 4% and were considered to be in substantial
agreement.

The asssumed tritium concentration gradient shown in table 3 was,
therefore, used in further calculations.

Cycle Time, The capacity of the attenuator is dependent on the
time required to charge and discharge moderator from the system
and on the operating time required for the attenuator to reach the
desired concentration gradient. In this evaluatlion an sllowance
of one day was made for charging and discharging. The time re-
quired to attain the desired final A bottoms concentration was de=
termined to be 7 dsys by the following reasoning.
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When the attenuator 1s operated at total reflux, the light water

concentration in the bottoms will increased according to the equa-~
+inm, fq°n DPSPFN ZNG. wn 158 ond 15a0)
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=-0,0148t ,
Yl = Yoe \2)

where t = time attenuator has operated at total
reflux in hours

Yy = mol fraction HpO in bottoms at start
of distillation (0.125)

I = mol fraction H20 in bottoms at time, t.

This relation 1s plotted in figure 4 which shows that spproximately
7 days wlll be required to attain the desired A bottoms concentra=-
tion of 0.0l mol fractlon Hz-0, assuming & feed concentration of
0.125 mol fraction H0.

The over-=all cy ecle time of 10 d&y&i uged for further caleulation

LS =4 e Ve ALy

included an l lowance of 2 deys for inaccuracies in vapor pressure
data and for other contingencies.

Results, Flrat Starting Cycle. The proposed tritium attenuator
can process a charge of moderstor during a 10-day cycle to achileve
an attenuation of 6.0 resulting in the following separation.

Table 4., Tritium Attenuastor, First Cycle

A
Rundown A B B
Charge Tank Bottoms Bottoms Overhead

Total Quantity, mols 748 182 100 27.5 42 .5
gal 1600

Heavy Water Content, mol % 87.5 99.0 99,0 92.0 50.0

Tritium Content, pe/ml 1000 1450 1450 845 2o

Preliminary calculations (see DPSP 55=25-8) had indicated that the
tritium concentration of the moderstor which was to be shipped back
to the 400 Area for reconcentration, should not be greater than

200 pe/ml. It was therefore decided: (1) not to withdraw any
overheads at this time, (2) to replace the moderator in the rundown
tenk with fresh material (87.5 mol % D=0 and 1000 uc/ml of tritium),
(3) to operate the attenuator at total reflux until a satisfactory
concentration gradient was schieved, and (4) to calculate the trit-

ium and light water concentrations at the +n~n and hottom of the
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attenuator at these condlitlons.




Results, Second Cycle, The light water snd tritium concentration
gradients shown in table 5 for this second cycle were determined

by material balances in the same manner as described above for the
first cycle, assuming the same batch size and cycle time, The over=-

all column attenuation was 8.0,

Table 5. Tritium Attenuator, Second Cycle

Final Condltions

Moderator Charge A
Removed Charged Total Bottoms

From to Charge and

Firet Second Second Rundown A B A B

Cycle Cycle Cyele Tank Columz Bettoms Column  Overheads
Total Quantity, mols 182 182 748 282 188 27.5 200 42.5
Heavy Water Content, mol % 99.0 87.5 84.7 98.8 - 81.0 - 25,0
Tritium Content, pe /m.l 1450 1000 880 1310 - 730 - 154
Separation Factor, o - - - 1.0085 1.011 1.0125 1.028 1.0405
Column Attenuation - - - - 1.8C - 4.45 -

The overheads product from the second cycle of the attenuator sat-

. et ot
isfied the desired goal, that the tritium content of the moderator,

which was to be reconcentrated in the 400 Area, should be less than
200 uc/ml. Thus, after the firat two startup cycles of attenuator
operation, the desired end conditions had been achieved and normal
operation could be started.

Normal Operation. Normal operation of the attenuator was assumed
to consist of a gerles of batch distillations. At the start of
each batch, 182 mols, (400 gallons) of degraded moderator (75 to

v emntioed wmind o
85 mcl % DEO} will be charged to the previcusly emptied rundown

tank. The attenuator will then be operated at total reflux for

about 7 to 9 days until the entire charge (748 mols) has come to
equilibrium. Overheads product (36 mols of 25 to 35 mols % Ds0)
and bottoms product (146 mols of 98 to 99 mol % D=C will then be
removed and the attenusator will be ready for the next charge.

Light Water Production Capacity

The amount of light water that can not only be removed from the

100 Area reactor system (in the form of dilute moderator), but also
satisfactorily reconcentrated depends on: (1) capacity of the 400

Area for reconcentrating moderator containing tritium, (2) Hz0 pro-
duction capacity of the 100 Area normal distillation units, and (3)
Hz0 production capacity. of the tritium attenuator.
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reactor moderator tritium concentration is 15 times 1arger than that
in the moderator sent to the 400 Area {ie, an attenuation of 2.5 in
the normal distillation system and 6.0 in the attenuator, or an over-
all attenuation of 15.0), and (2) the isotopic purity of the moder-
ator sent to the 400 Area is constant at 30 mol % D:0.
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Moderator Reconcentration Capacity - 400 Ares.

The capscity of

the 400 Area for reconcentrating degraded moderator ls limited by
the tritium content of that moderator since the tritium content

of the heavy water produced in the 400 Area electrolytic plant is

specified to be below 5 uc/mi.

(A trial specification according

to DPSTS 421-1.03 is "No more than 1l microcuries per pound of Dg
produced by the 400 Area Deuterium Gas Plant"; this is equivalent
to 6.6 pc/ml of Dz0.) Degraded moderator from the 100 Areas is

upgraded in the 400 Area distillation and electrolytic plants, in
which 70,000 pounds per month of D20 from river water is simultan-
eously being concentrated.

The amount of 100 Area degraded moderator which can be upgraded by
the 400 Area may be determined in the following manner.

Assuming steady state operation with all tritium entering 400 Area
via 100 Area degraded moderator leaving in the 400 Area product

moderator.
Input = Output (3)
NP X Zero Activity + RA = (NP + RP) 5 uc/ml (4)
where NP = normal productien from the 400 Area,

This becomes

70,000 pounds per month
R = permlsslble rework rate of degraded
moderator from 100 Areas, gross pounds

per month

P = average isotopic purlty of degraded
moderator, welght fraction D20

A = average actlvity of 100 Area degraded
moderator, |e¢/ml

R = SSOAOOO lb/mo % Ac/ml _ 144Acho

since the product RP << 70,000.

(5)




This equation can be rewritten as:

S
S = §;_§%;999 1b/mo x uc/ml (6)
where 8 = maximum welght of light water (shipped

to 400 Area in the form of 30 mol % Dy0)
that the Y00 Area can rework in a month

B = average reactor tritium concentration.

Equation 6 is shown graphically in figure 2 as the 400 Area Maximum
Capacity Curve. The ordinate represents the 400 Area reconcentrat-
ing capacity for 30 mol % moderator in pounds of light water, while
the absclssa represents: (1) the tritium content of the reactor
moderator before distillation or attenuation, and (2) the time when
the average tritium content of the moderator in 81l areas will have
the indicated value.

Distillation Systems. The capaclty of the distillation system for
removing light water from the reactor moderator ls dependent on
the isotopic purity of the moderator, and on the draw-off rate from
the stills. A series of Reactor Isotopic Purity curves are shown
in figure 2, together with Draw-off Rate curves for 1.5 and 4.0
1b/hr draw-off. The ordinate of the iIntersection of these curves
for the desired lsotopic purity and draw-off is the instantaneous
monthly average smount of light water that will be removed from
the mederator in all the four areas in which the distillation col-
umns sre assumed to be operating. (The system in the fifth area
is assumed to be operating as a tritium attenuator.)

If the amount of light water removed from a system is greater than
the inleakage experienced at that time, the reactor isotopic purity
will Increase. The maximmm equilibrium purity which can be obtain-
ed at any light water production rate (or inleakage at equilibrium)
is the value (mol % Do0) of the Reactor Isotopic Purity curve which
crosses the 400 Area Maximum Capaclty Curve at the equilibrium light
water production rate.

The 100 Area production of degraded moderator will exceed the atten-
uator capacity if the intersection of the Reactor Isotopie Purity
curve and Draw-off Rate curve is to the right of the 400 Area Maxiw
mum Capaclity curve. Therefore, operation in this area 1ls undesir-
able.

Tritium Attenuator. The maximum attenuator light water production
capaclty depends only on the isotoplce purlty of the feed if a con-
stant cycle time (10 days), charge size (500 gallons), overhead
purity (30 mol % Dz0), and botioms purity (98.5 mol % DzC) are
assumed. The Attenuator Capacity is therefore given in figure 2

as g function of the horizontal Attenuvator Feed lines. These lines
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are not affected by tritium concentration, since the tritium atten-
uation depends only on the isotopic purity of the moderator in the
top and bottom of the attenustor.

The isotopic purity of the overheads for a normal distillation sys-
tem can be found in figure 2 by drawing a line from the origin
through the intersection of the pertinent Reactor Isotopic Purity
curve and the Draw-off Rate curve, and extending this line until

it intersects the 400 Area Maximum Capacity curve. The Attenuator
Feed Composition at this point is aleo the average isotopic purity
of the normal distillation overheads for the assumed conditions.

Equipment

Each existing 100 Area distillation system consists of two 90-sieve-
plate distillation columns operated in series and designed for cone-
tinucus operation (see figure 3). Moderator which has been pro-
cessed through the purification deionizer and filters is fed into
the base of A column and vaporized, After passing up the column,
the moderator is totally condensed, flows into B reboiler, and
after vaporlzation and mixing with the B column reflux ie pumped
back to A column for use as A column reflux. A small amount of B
column condensate {(normally between 0.5 and 4 lb/hr) is drawn off

ags overhead product, and the remaining condensate is pumped back

to the top of B column reflux.

Instrumentation is provided to control the vacuum at each condenser
(by exhausting the noncondensable vepors with & vecuum pump), the
steam ['low rate to each reboiler, the process water level in each
reboller and condenser, and the process water flow rate to the A
reboiler,

Piping has been incorporated in the I, K, C distillation systems
to provide a means of circulating the A column bottom moderstor
through the bottoms cooler, the flow measuring instruments, and
the proposed specific gravity measuring instrument. The circula-
tion of moderator through this equipment is necessary prior to
connecting the distillation system to the reactor moderator system
to provide & convenient means of determining the isotopic purity
of the moderator and of observing possible instrument difficulties.

The above described moderator circulation system in L, K and C
Areas Includes the A rundown tank, The A bottom holdup, which is
too small (100 gallons) for efficient batch operation, may easily
be increased by using the A rundown tank as a reservoir and charg-
ing 1t with additional moderstor.




Conclusions

The use of one 100 Area distillation system as a tritium atten-
uator for processing the distillation overheads product from
the other four 100 Areas has been calculated to be technically
feasible by a theoretical evaluation. This evaluation was
based on an estimated of the separaticn factor of TDO and THO
versus HDO, D20 and Hz0 systems {see figure 1) based on the
avallable tritium oxide-heavy water vapor pressure information
which was very limited In scope.

When the isotopic purity of the reactor moderator is 99.80 mol
% D20, the mass flow rate of tritium to the 400 Area can be
reduced by a factor of 30, since the overheads product from
the attenuator will have a tritium content one-sixth of that
of the feed, and a weight one-fifth that of the feed.

This 30 fold reduction in tritium mass flow will be sufficient
t0 enable the 400 Area to upgrade the isotopic purity of the
moderator produced from the distillation columne in the other
4 areas without exceeding the 400 Ares tritium specification
under the following conditions:

a. For 9.5 years at a 4 1b/hr draw-off in each of 4 areas
with an average reactor moderator concentration of 99.80
mol % Dg0. See figure 2.

b. Indefinitely at any moderator purity and even at the max-
imum tritium content expected in the moderator at 600 aw
(1500 mw), if the draw-off from all stills does not exceed
2.5 (1.0) pounds per hour.

Use of the distillation system in one area as a tritium atten-
uator assumes that there would always be one area where the
light water inleakage rate was negligible and did not require
the usge of a distillation system to increase the isctopic
purity of the moderator. Performance of the 100 Area reactor
system for the last 18 months 1lndicates that such an area will
be available,

A summary of the results of thils theoretical evaluation is
shown in graphical form in figure 2 which presents the fol-
lowing relationships:

a. Between tritium content of the reactor moderator and the
maximom amount of Hz0 in the moderator that can be up-
graded in the 400 Area without exceeding 400 Area tritium
specification.
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b. Between the draw-off rate of the 4 distillation systems
{operated to improve the isotopic purity of the reactor

moderatnr\ at a given isotopic purity of the reactor mod-

el SRV Al A S Masie L TN WAL

erator, the production rate and overheads lsotopic purity
of these distillation systems, and the maximum capacity
of the attenuator when operated on the overheads product
from those distlllation systems.

6. The epeed of the separatioﬁ of the degraded water has been
calculated to be about 7 to 9 days. This time factor will
determine the maximum handling rate of the attenuator, and

can be best established experimentally.

wtauiy T o wihasl L2 aiTd A LA SR LTS A A

7. An experimental evaluation of this proposed tritium attenuator
is desirable since the present theoretical evaluation is based
on available tritium oxide vapor pressure information which is
incomplete, limited in scope, and of unknown accuracy.




Figure

Figures

Simplified Tritium Vapor Pressure Curve

for 3-Component System . .
Light Water Production Curves
100 Area Distillation System .

Attenuator Equilibrium Curve .

»

17

18

1g

20

21




18

W3 SLg Juauoduo)-¢ I0J AAIN) aangsslg Jodep WNTITLT PoTIITdWIg T oanBtJd

02 usdaad STOR

00T 06 08 oL 09 0S 0% og 0
HiEL | S g, i joot
o Hio 2eeTt = £
S : T°¢TT =

= = ot = ¥l T
e n gegrr = OMly
i 6+61T = Uz
n zZ
, 6°cer = O Mg =201
D.,¥¥°95 18 JH um
8Inssald aodey :
= RS 00
S S HH 90" T
“ : S0°T
_ : _ o900t

J0398J uctysardsg n




Pounds of
Hz20 per Month

1fl

IL!EEIﬁiIE.BEIEHEIIEHIIE:IMEllﬂﬁlﬂ!'ﬂlllﬂililﬂﬁlllﬂi!ﬁiﬁllﬂl
I

Al LT et e I e

Biﬂﬁiﬂl_'%!“ﬂlﬂllilﬁiﬁﬂlﬂlﬁllim
ﬁﬁﬂﬁmwﬁkimmmﬂmﬂ%
B

e R E:iilllﬂiﬂllllﬁ!ﬂ!liﬂlllﬂlﬂll

l!ﬁ'@]&.EL%;illﬂ!il'Eiﬂ

i LEE!%E!’“'I

L
umgmm

2

85
; ; [ [T "J"h T
0 yest it i ﬂwlrmmrﬂlmye”s.
= iR i : : il [ ‘Hllm‘l.u‘
; i i i Ll jif i i R
i ifE HHIEHHE]
j HIBRT i
e ; ;
i i i GilifR i
87 o 99,70 & i ;
Eifisiii 7 ! i JEREAA T N e i
j ; : A
99,60 i S [HIE: il i1 g
as bl HiHH HLEN R i
1500 it : ; 1 i e e
i : <Al B e e
il 1 i (,f i |
ESQ iy & i 5 TIE
i | e ] i il
i A ; o ; i : i
i i P S B iR i iR FEE et B
i f izl i ; I e R S I i
i i ; T e s R T r.m‘;...a- il
i Sl e e s e e e e T A LG
HIREE BRI N e L e T e mun’nrnwm T T i
T e ) ot s P A (1% A A em et e U B o g O A A M R AT S
HEF ' i il e R e LT ki .:mmu R s R S
I 7 e A T R R e ifllE T AR B i N
Looo H it I i A A AT L
e et L Rl
i i =:,,;§!mllﬂﬂlillﬂlﬂlﬂﬂmﬂ IIiEiIIi[Eii;‘IIElSIEIIIIEHIIE!I!]IIEHHEIIHI 1itl
it jicilizEn fil Iﬁlﬂlﬂﬁ BN IR [ Eﬁ!lﬁ.ﬁ!_!iiﬁlﬁﬁiﬂlllﬂﬁlﬁlﬁﬂ T
i S LR 30 O E O A LEAAE

B e e
!ﬂﬁﬁﬂﬁﬂ&%ﬂﬂl&ﬂﬁ&
S mum%ﬁﬁw
i B
ﬁ?ﬂQ%m%%%ﬂmmwmm'
ift et {isd] - giZiH{abes
méﬁﬂmhmmmmmmmmmmmw@mﬁﬁ
I
:mﬂmwmmw1wﬁﬂﬂ b
NI e T
AT @mmmmwwmm!,
i e BRI R D R e i
500 FrircK lr-;mni IR R
A AT '”Ihiﬁi!" "' il

o

Tﬁ,.a“@ i

”hmu%u%@"""ﬂih"éﬁﬁ
D
I!QSFJI"‘H‘H"H‘
1] EH!HI ‘HI‘H 1

I LA
lliﬂﬂll [N it

”i NIRRT R
il I R 1 AT A
e TR AT

I
At e T ‘hi TEALT

B0 e T A
e T A T A
|E:illliiﬂlﬁmsiildﬁ’ﬂlﬂlillﬂ!mﬂlmllﬂl'malﬂﬂﬂEm
ke A R

mmmmgmmmmmmﬁmhmmmmmml,
e A A U AT
L e

e R
S EEEIIEE&I"BEIEﬂ“iﬁRFiﬁIHIﬁIEﬁIMI!ﬁHE‘E
AR ] ] s A
__Iwil.iii?“‘?!iﬂl;.l"ﬁﬁlﬂﬁ

IR
Iﬂiii‘IF!! IEIIEIIIHﬂlﬂlﬂlﬁﬂlﬁﬁ%ﬂ%giﬂﬁiﬂﬁ%ﬂiﬁégﬂﬁﬂ!IlliIﬂll

Ilglﬁﬂlﬂlﬂl %ﬁ:ﬁ:ﬁl‘m%mﬂﬂﬁ%ﬂlﬁﬂﬂlEI!HIJ'!IHI Iﬂ ﬁiliﬂllll I.llllEIIiB
" ﬁ!!a. I lll Jﬁﬁn'ﬁiHlﬁiﬁﬂﬂmlﬂllﬂﬂﬂlllﬂllﬂﬂ%ﬂﬁ

illﬁlillllli e T AL
ill I I i Iﬂl!lliHEilm}l}ﬂlﬂﬂIlill"l!liﬂlﬁlﬂl!’ilﬁlﬂl’!!lﬂlﬂllﬂlﬂlﬂllﬁllﬂllIIIII
IR

AT
el ]Ii!]llllllﬂlllll!ill!l.ﬁ!“llﬂ:ill ]

19

.
L
i i
(AN A

A i

Ellilhililll!llﬂlﬂlllllﬂlllillll
T
U B A WA la

AT T
IR .Eimlill\l!
[T S IR H T DR NIE

! R T i “-wnalu
I T E.n Bl g G l[ R R TP e Ty # 1b/nr dravart per area for 4 arcae |||}
T et R A H I J_‘lw i T  Waas L N A T
7”' |i|'|'1\| T H I ‘!H HERTREEILEL TR S N ) |H “qu o FIHAE III\“N”HI T
A 4 T T R A I T e N T CEON O R OB W AR
IR 151b/hrdmvoffperﬂrenf°r4armn- e | [ Ec 3T LR L 0 T i
T P e s i msj[rhnilt i A i b I
A1 T A A u"l i I AN W vttt
A NI A s e T 'mmm.uIm:wuﬂl Uil

FETLEE R L TN EETE ] AR

e A e T ok m, il
TN TR B R AN EII"IIII i1 RRE a1 Mt E2H i n|“n< il F‘U 1]
| i Jrll ]
' N X

A A L W Ill:H [ I'“l ;
Hin LT EIHDIN R A G THIT T
gl ittt B o R N O 0 N TN
il : AN AT ‘Ilh A WO N |
o 5,000 10,000

Reactor Tritlum Concentration, pc/ml

Figure 2. Light Water Production Curves

I TN EN R
Hl"llmm RLIFTTLT

H{H AT
|

i
1l

|i\_ iR




20

I ]
g g
5 g
o s
A = B =
5} &}
Column o Column ©
< M
¥
Eam
=

b 8 —

- s &

i~ o i

0 ) o

cl ! G L
< <t M
Pump
] o]
——— p-s
Bottoms Cooler
Pump Normal EEB :
Outlet Pum Pump
Normal
Inlet
A
Rundown
Tank
Figure 3. 100 Area Distillation System




AIND WNTIQTITINDT J0qBnUs11Y  *% 2INTFTJ

Q
sInoy 4 ‘s
0Gc 0¥2 0£c¢ Qg2 OIS 002 06T OBT OLT 09T OST OFT 02T 021 OIT OOT 06 OB OL 03 OS OF O 02 Of 0
E v j m ! i w TR o
i : ‘, i i 1°0
: H 270
H : H ¢-o
+ : t b T i : T : 1 dlo
HH i H =2t 30
: 1 9°0
*6ST-86T dd ‘60¢ NASJU  :Joy : L0
SINOY Uy 2Wl3 = % L i
il 09 18 UOT39BIJ aTOW = Of jitd : : 80
T} Jo UOT}DRII aTcm = Tx : H [
: 670
16%TO 0= 1  uoraenby :
. S - + -




- z

References

Hartshorn, W. R., Memoranda to A. A. Johnson, "Isctopic Distillation,
TA 1-113%, Report No. 1, August 11, 1554; Report No. 2, August 20,
1954;: Report No. 3, September 15, 1954; and Report No. 4, Septem-
ber 23, 1954.

Ingham, R. R., Memorandum to A. A. Johnson, "Isotopic Distillation,
TA 1-119", Report No. 5, December 13, 1954; Report No. 6, January 28,
1955; and Report No. 7, March 14, 1955.

Thayer, V. R., and J. P. Hood, Technical Standard, "400 Area - E
Process", DPSTS 421-1.03, Rev 2, July 20, 1954.

Wittman, N. E., Notebook Reference on Tritium Attenuation, DPSPN-309,
rr 140 to to 181, July 11, 1955.




INDLABSIFE

GRELASEIFEL
-SCERST

| AR LS30 -20/§ ~A8-00/
7 NGO -03- 7
] 050




