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‘per day of Kr

1.0 INTRCDUCTION

This report presents the results of a study made to predict the -
behavior of fission products in the HRT. Specifically, the amount of
rare gases escapingAto the atmosphere and accumuwlated in the carbon

beds, the rate of accumulation of the daughters of Xe and Kr in the

off-gas system, and the concentration of all non-gaseous fission

. products in the reactor fuel solution including iodine were estimated.

In addition, the predicted accumulation of insoluble fission and
corrosion products in various components of the fuel system are
discussed. In most cases insufficient data are available to mske firm
estimates, and the results reported here should be considered very -
tentative until such data are available. '

For purpose of obtaining the results reported here, the HRT was
assumed to have been operating at a 10 MW level for an extended period
of time, with the chemical plant operating two days per week and 2.75
gallons of fuel solution at reactor conditions iet-down Per week in
the chemical plant.

2.0 SUMMARY

About 30 welght percent of the fisslon products will be removed -
from the HRT as rare gases by stripping with 02, D2 and steam. The
decay of the raedioactive isotopes of Xe and Kr in the off-gas system will
leave 17 weight percent of the total fission products in the equipment
through which the gases pass and the charcoal bed. Under design
conditions of operation, the charcoal beds will retain Xe for a minimum
of 180 days and Kr for 30 days. After this delay period only 5 curies
8 and the stable isotopes of Xe and Kr escape to the
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. atmosphere. Iodine, we now believe, will exist primarily in the ele-

mental form in the reactor and will be removed in the off-gas. If
this occurs, iodine will reach a concentration of 1.3 ppm in the

~reactor fuel, 13 ppm in the condensate and .05 ppm in the dump tank
‘after extended periods of 10 MW operation. '

Another 56 weight percent of the fission products have sufficiently
low solubilities in the reactor fuel solution that their removal from
the reactor will be primarily as solids collected in the chemical plant.

. This is particularly true of those fission products such as the rare earths

(the rare earths make up 28 weight percent of the fission products and
have a solubility of 127 MWD in the HRT) which have a low solubility at
elevated temperature, but redissolve on cooling the fuel solution. It
is predicted that a significant fractiqn of those insolubles, primarily
corrosion product iron, chromium and zirconium cxides, which do not =~
redissolve at lower temperature, will collect in the reaétor dump -tanks
by sedimentation. There is insufficient date to make an intelligent -
estimate of the fraction that will collect in the dump tanks, but it
would be 88% if all the solids which enter the dump tank settle out."
Based on ouwr present knowledge there are no other places in the system .
that will continually accumulate significant quantities of insoluble.

fission products.

Less than 2% of the total fission products which show up in the
fuel solution (85% of the Cs and 98% of the Rb will show up in the off-
gas system) are known to have sufficient solubility in the fuel solution
so that no precipitation will occur. Te, Tc, and Mo, contributing 12
weight percent of the fission products, are assumed to be soluble in

the HRT; however, present data are not conclusive.
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3.0 GASEQUS FISSION PRODUCTS

3.1 HRT Off-Gas System

The HRT will be operated with an internal catalyst concentration

sufficient to recambine all but about 0.032 1b moles/min of D2 and 02.

This emount of gas, which corresponds to the decomposition rate at 1 MW
power, will be separated out in the gas separator and let down to the
entraimment separator. The boil-up from the dump tanks sweeps this gas

. on to the low pressure catalytic recombiner where the D2 and O2 are

combined. The Astea'.m is then condensed and ény non-condensable gases

are bled off to the charcoal beds thréugh a cold trap.

The off-gas system is described schematically in Fig. 1. The gas
from the reactor will reach the recombiner condenser in <10 seconds.
leaving the condenser this gas will pass through 6 ft of 1l-in. pipe,
the cold trap, 220 £t of 1/2-in. pipe, 160 ft of 3-in. pipe, and finally
into the charcoal beds. The charcoal beds are made up of 40 £t of
1/2-in. pipe, 40 £t of 2-in. pipe, and 60 £t of 6-in. pipe packed with
charcoal. There are four such adsorbers, three of which can be
operated in parallel and one for the chemical plant. Gases which
escape from the charcoal bed are diluted with air and are blown' up the
stack.

The following sections describe the behavior of fission products
in the off-gas system. A

3.2 Stripping of Xe and Kr from the Reactor

Van Wihkle(a) and Aven(l) have derived equations for the rate of .
stripping Xe and Kr from the HRT. Using Aven's equation the rate at -
which all Xe and Kr isotopes will reach the recombiner condenser have
been calculated (see Appendix A for details of method and results)
along with the quantity of each 1sotope present in the soup. The

g
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calculations are based on an extended period of operation at 10 MW and

a radiolytic gas let-down rate of 0.032 1b moles/min (220 cc/sec of wet
135

gas). This amount of decomposition gases will strip the Xe at a

"rate which will give a xe13° poison of about 0.0024. However, the

concentration of any Xe isotope in the reactor which has an iodine

parent with & half-life longer than about 2 hr is reduced significantly
135

by the stripping of iodine. 1In the case of Xe the reduction due to .

~ removal of 35 (6.7 hr) emounts to about 18% (see next section) and

the predicted Xe 135 poison level is .0020.

About 30 weight percent of the fission products will be removed

as I2’ Xe and Kr by this stripping process. Table 1 gives the production

rate of Xe and Kr, the rate of stripping from the reactor fuel solution,

the rate at which the gases enter the charcoal beds and the expected

‘rate of escape from the charcoal beds under two sets of conditions. The

_ bulk of the radiocactive isotopes decay in the recombiner condenser dead

space and the lines to the charcoal bed. The charcoal beds represent

& holdup of about 30 days for Kr and about 180 days for Xe when operated
under‘design conditions (a total of 500 cc/min'of 02 through two beds in
parallel), and at equilibrium only about 5 curies/day of Kr85 and the
stable isotopes of Xe and Kr escape the beds. If the full gas flow,

500 ml/min of 02, were put through one bed for an extended period of
time with the reactor at 10 MW, xe133 (5.27 d half-life) and xe 1312

(12 4 half=life) probably would break through to the extent of 1.5 curies/
day. Thus, one would conclude that the carbon beds have an adequate
safety factor provided that for continuous operation at 10 MW the flow
through any one bed be limited to the design value of 250 cc/min of gas.

3.3 PBuild-Up of Fission Products in Off-Gas System

The estimated rates of build-up of stable and long-lived daughters

alF—



Basis:

Table 1

Distribution of Kr and Xe in HRT Off-Gas System

reactor at 10 MW, 500 cc/min of 0

through off-ga.s system, equilibrium conditions assumed

2

Atoms Atoms/sec Atoms/sec | Atoms/sec? a Atoms/sec’ ’ b

i1 So Entering - Entering | leaving |Curies/day | ILeaving [Curies/day

T IJTP Off-Gas System|Carbon Beds |Carbon Egds In Stack |[Carbon Beds| In Stack

Isotope|Yieid| T1/2 |x 10717|  x 10-15 x 10715 | x 10” _ Gas % 10~ Gas

Kr .

83 m {.0048| 114 m 4.5 1.57 0.041 —— - - ——
.83 | === | Stable| === .05 1.57 1.57 -—— 1.61 -

8k .011 | Stable| 10.6 3.72 3.72 3.72 ——— 3.72 -——

8 m |.015 | 4.36 h| 1L4.3 5.01 1.02 — ——— ——— ——

85 .003 |10.27 y| 2.9 1.03 1.01 1.01 k.95 1.01 5.00

86 .021 | Stable| 20.3 7.10 7.10 7.10 — 7.10 R

87 027 | 718 m | 25.0 8.76 042 -— — —— -

88 .037 | 2.77 k| 35.0 12.3 1.01 -—- ——— -— -——

89 JOou6 | 3.18 m| 21.8 T.64 —— -— - ——- -

90 .052 | 33 s 7.2 2.51 - —— ——— - -—
Total 15.5 13.4 4.95 13.4 5.00
Xe _ ' - £ ) o

131 my|.0003] 12 4 .263 0.09 0.09 4 x 10 .005 5.5 x 10™ 0.86
131 .029 | Stable| 26.1 9.1 9.2 9.3 - 9.3 -
132 Ol | Stable| 41.9 T1k.7 1.7 1.7 - 4.7 -
133 m {.0016| 2.3 d} 1.50 0.53 0.46 - -—- - 1 -
133 |.065 | 5.27 a| 61.0. 21.h 20.2 - 1.8 x 1072 - 1.9.x 10  0.67
134 .076 | Stable| T3.3 - 25.7 - 25.7 25.7 - 25.7 ——
135 062 | 9.13 h| k6.6° 20.0 9.3 —— —— ——— ——

- 136 .032 | Stable| 30.9 10.8 10.8 10.8 -—- 10.8 ———
137 «059 | 3.9 m | 30.8 10.5 === _10 -— -— - -—-
‘138 .055 17T m | 4.5 15.5 3.7 x 107 -— —— ——- ——-
139 OU7 | W1l s 7.8 2.3 -—- - — ——— ———
140 .037 16 s 2,67 0.60 ——— ——- ——— -—- =

Total 90.45 60.5 .005 60.5 1.5

EJ‘SD

c. Corrected for the I13
- this table not corrected .for this factor.

« - Op flow of 500 cc/min through two charcoal beds in parallel.
Op flow of 500 cc/min_through one charcoal bed.
7 removed from the reactor in the off-gas. -

- Values for other isotopes of Xe in
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of Xe and Kr in the off-gas system are given in Table 2. This estimate
is based on a 10 MW power level and 500 cc/min flow of oxygen through

"the core off-gas system. These fission products représent about 17

v'weight percent of thé total fission produects produced'in the reactor.

3.4 Behavior of Todine in the Reactor System

The distribution coefficient for I2 betwéén‘the gas and liquid
phase in the reactor has been determined to be about 0.5 atoms per ml

“of gas/atoms per ml of soup. This will lead to a significant stripping

of‘I2 by the radiolytic gas. However, the distribution coefficient is
much less for pure water and gas, of the order of .06*under the conditions

that exist in thevreéombiner'condenser. Under the flow conditions that

exist in the HRT, 97% of the iodine that is stripped from the reactor
'fuel in the gas separation will be returned'to the reactor in the con=

densate that is pumped to the back of the main circulating pump and

the pressurizer. Based on present knowledge it was calculated (see
Appendix B) that the equilibrium iodine concentration in the main circu-
lating loop will be 1.3 prm, (a total of 460 mg) in the condensate from
the recombiner condenser, 13 ppm (a total of 500 mg) and only 0.05 ppm
(a total of 5 mg) in thé.dump tank. The predicted distribution of
iodine in the reactor is given in Teble 3.

The above iodine concentrations are based on three iodine distri-

bution coefficients: 0.5 at 300°C in the reactor(®), 0.12 at 100°¢* in

"the dump tank and 0.06 at 65°C* at the exit from the recombiper condenser.

By determining the distribution cfAiodiﬁe under actual reactor operating
conditions it should be possible to calculate values for these distribution
coefficients which can be reliably used in designing iodine removal

equipment for the TBR.

* Calculated from date obtained from references 7 and 8.

R_____



Table 2

Build-up of Fission Products in 0ff-Gas System

Build-up Rate, mg/MWD
Fission Product : In Line . In Charcoal Bed
‘Rb 16.0 1.4
Sr 33.0 1.3
Cs 43.7 57.3
Ba 30.4 ——
La - 4.0 ——

Ce 1.2 -———
‘Total 128.3 60.0
Table 3

, .Equilibrium Amount of Iodine in HRT
Reactor power = 10 MW (see Appendix B)
Atoms in | Atoms in Atoms in
: T Main Loop | Condensate | Dump Tagk .
Isotope Yield 1/2 x 10-20 x 10-20 x 10-1
127 0022 |- Stable7 0.54 0.73 0.78
129 .010 1.72x 10" y 2.47 2.71 2.90
131 | .029 8.05 d 6.70 7.36 7.87
132 - .Olly 2.4 n 0.82 0.90 . 0.96
© 133 1 .065 | 20.8h 6.80 T.46 8.00
134 076 52.2m 0.89 0.98 1.05
135 .059 6.68 h 2.6 2.94 3.16
Total atoms 20. 22.06 2u.,72
Total mg 460 500 5




°

s 10 =

If the above distribution coefficients are qualitatively correct,

removal of iodine from the recombiner condenser comdensate appears to

be an attractive method of lowering the iodine concentration in the

reactor. For example in the HRT, if &ll the iodine

is removed from .

this condensate, the iodine concentration in the reactor is lowered to
0.12 ppm, a total of 42 mg, (see Table 4 for isotopic breakdowns) amd

the Xel3> poison level to .00026.

Table L4

Effect of Removing Iodine from Condensate

Reactor power = 10 MW (see Appendix B)

Atoms in Main Loop Atoms in Main Loop
, - No Iodine Removal With Todine Removal
Isotope x 1020 - x 1019
1
127 0.54 0.19
129 2.47 0.76
131 6.70 2.20
132 - 0.82 2.8
133 6.80 4.83
13k 0.8 3.86
135 N 2.61 4,21
Total atoms 20.89 18.87
Total mg . | 460 42
_}gg : - - = | — e o —
135 4.6 x 1018 6.0 x 10%7

3.5 Non-Gaseous Fission Products

For convenience the major non-gaseous fission products were divided

Q
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into three groups; those known to have a limited solubility in the HRT
fuel solution, those believed to have a solubility large compared to
their equilibrium concentration, and those with uncertain behavior.
The fission products classified as insoluble account for about 56 weight
percent of the total fission products and consist of the rare earths,
alkaline earths, Zr and noble metals. The rare earths are estimated to
have a solubility corresponding to 127 MWD in the HRT, see Table 5, and
the other chemical groups considerably less.

The known soluble non-gaseous fission products Cs, Rb, and Se
which show up in the reactor fuel (85% of the Cs and 98% of the Rb are
produced in the off-gas system) account for less than 2 weight percent
of the total. The predicted equilibrium concentration of these elements
in the HRT fuel are given in Table 6.

The behavior of only three of the major fission products consti-
tuting about 12 weight percent of the total fission products is
sufficiently in doubt at this time to prevent a clear cut prediction
of their behavior. Tellurium has not yet been studied. Technetium in
the +7 state will be soluble and in the +i state will have a very
limited solubility but the valenée distribution under reaétor conditions
camnot be predicted at present. The behavior of molybdenum +6 in uranyl
sulfate solutions at 285°C seems to be complex with evidence at present
indicating some limiting solubility complicatédvby vhat 1s probebly a
phase change in the solid and possibly an equilibrium which is not
rapidly reversible. Table 7 gives the production rate and predicted
equilibrium concentration of these three elements based on the assumption

that they are soluble in the fuel solution.
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Table 5
Insoluble Major Fission Products
Chemical Group Rate of Production Solubility Solubility
or Element mg/kg DpO/MWD mg/kg Do MWD
Rare earths 0.67 85 127
Alkaline earths 0.15 10 Y
Zirconium . 0.27 <1 <k
Ru, Rh, Pd 0.16 <5 <31
Table 6

Basis: 7.1 kg of D20 (2.75 g8l at 300°C) let-down in chemical
plant per week

Chemical Element

Rate of Production
mg/kg Dy0/MWD

Equilibrium Concentration

mg/kg D0 /MW

Cs 0.036 18
Rb 0.0006 0.30
Se 0.002 1.0
Table T
Major Fission Products of Uncertain Behavior
" Rate of Production Equilibrium Concentration®
Element - mg/kg D20/MWD mg/kg D20/MW
Te 0.041 20
Mo 0.18 0
- Te 0.06 30

a. The equilibrium concentration if these elements are soluble.
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3.6 Accumulation of Solids in HRT Fuel System

 There are at least two ways in which solids can~aecnmulate in the
'HRT Fuel System equipment FlSSlon and corrosion products that exceed -
. 80lubility are preferentially deposited on hot walls, and solids
'slurried in the soup may accumulate in crevices and stagnant portions

“of the fuel sys tem.

Based on loop results, we would predict that a significant fraction
of the solids that precipitate in the system will accumulate throughout
thefsystem, in crevices, in low velocity areas andvin a general film on-
the walls of the equipment. Our best guess is that this will reach an
eQuilibrium.condition and that practically all of the solids formed in
the reactor thereafter will show up in either the chemical plant or -
dump tanks. ' |

Figure 2 presents a schemstic flow of the fuel system in vhich
solids will be presént.

A. Hot.wall Deposition

1. Reactor Core Vessel

Only certain parts of the reactor core vessel will be at a
significantly higher temperature than the circulating soup. There are
no data evailable which will permit a careful evaluation of the build-
up of solids -on the core tank wall. However, based on the observation
that there is no accumulation of corrosion prodncts on Zircaloy-2
corrosion specimens'in the high flux region of in;pile loops it is-
‘predicted that an insignificant build-up will occur on the HRT core
“tank. ' ‘

2. Pressurizer

There‘shonld be no deposition of fission products on the heating
surfaces of the pressurizer during normasl operation, since only water

is present.



Gas Flow = 9.k
lbs/min, 100°C,

Iy

1 atm.
70 ft/sec

8£D2+02

by vol.

Entraimment
Separator

Dump Tenks

1010 1 capacity

-1l =

Gas Flow = 0.43 1bs/min,
100°C - 14.7 psia
Liquid = 1.5 gpm

ORNL-LR-Dwg # 11885
UNCLASS IF IED

r .
| D20 purge - 0.20 gpm
|
|
1
] Heat Exchanger
| A
| f .
| ' Gas Flow = 1.48 1bs/min.
| L 1.5 gpm entraimment Pressurizer
: ____ 2000 psia - 300°C 7'
I : . ]
t {
I |
| I
] : 300%
: Heat Exchanger Gas Separator )«
o
1 —T 256°C D0 purge - .05 gmm 3007C
!
!
i Loo gpm
! 280°C Ave. T.
| 2,000 psia
.005 g M/1
CuSOl\t
256°c
. Fuel Dump y 20 ft/sec
e
I~
Cooler

Feed

Cooler 50°¢c

Fuel Feed Pump
3-4 gpm Max at 500 psi
1.25 gmm Normal at 50°C
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3. Let-dbwn Heat Exchanger

v There is a possibility of fission product deposition from the
return fuel feed stream as it is heated fram 50°C to ~ 200°C. ﬁowever,
_:this does. not'seem likely with the chemical plant removing‘SolidS‘from.
'the reactor, since the rare earth soldbility at 200 C is greater than
-5 times that at 280%. - -

N B. 'LQose Solids Accumulation

1. Dump Tenks

‘The dump tanks ere the most likely place for solids to accumulate
te'a significaht'degree'in the HRT. Based on the experience with ThO2
slurries settling out in a mock-up of the HRT dump tanks, some fraction
of the solids that do not redissolve at lower temperature will build up
- in the dump tanks by sedimentation. This accumulation will be restricted
" to materials'such as iron, chromium and'zirconiﬁm oxide and possibly
'barium‘and strontium sulfates. The rare earths, with the possible
' exceptien of part of the Ce will redissolve in'the,dUmp tanks.and should
be removed from the reactor primarily in the chemical planf.

The flow of fuel solution through the dump tanks is 7 times as

. great as'ﬁhrough the chemical plant. If the dump tenks are as efficient
as the hydroclone in removing solids, 88% of those materials which do
not redissolve would accumulate there and only 12% show up in the hydro-
clone'underflow. If possible; fhe tendency of solids to collect in the

' dump‘tanks with the chemical plant operating should be evaluated experi-
mentally on 1".he HRT. ' | |

2. Pressurizer
There is a Possibility of a small build-up of fission product

solids‘albng the arm comnecting the pressurizer to the main fuel loop.
However, this will be restricted to the turbulent portion of the line.

-
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' With the new pressurizer design corrosion in the pressufizer-should
be mihimized and no large accumulation of corrosion products is

expected -in the pressurizer.

3. System in General

Although there are no other major areas of stagnant liquid, solids
can be expected to accumulate in tiny cracks and crevices where pipes

‘and equipment are connected.

@5 j//met)

D. E. Ferguson

@;CR Te

R. A. MclNees

- DEF-REL-RAM/ jr
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APPENDIX A -

Xe and Kr Stripping Calculations

‘By material balancé, the production‘raté of a gaseous fission
product must equal the total rate at which it is removed from the main
eirculating loop. Using the assumptions made by Aven(l) the following
equation describes the behavior of a gaseous isotope in the HRT:

YoP = WV (A + %?), )

vhere Y = fission yield of the isotope or precursor
=-3,38 x.lolé'fissions/MW sec
HRT power, 10 MW

= fission product concentration in main loop, atoms/ml

Q
1

= volume of mein loop, 4.6 x 10° m
= radioactive decay constant, gec™t
= rate of gas let-down, 220 ml/sec at reactor conditions

H o < =W
i

= ratio of fission product gas 1n gas phase to fission product
gas in liquid phase, 7.33.'2

- The destruction of an isotope by neutron capture was not. considered

here since the only isotope, xe132

was considered by the method described in Appendix B which takes into
135 135

, Wwith an appreciab_le croés se¢tion

account the stripping of I as well as Xe

Sample Calculations

Using as an example Kr88 for which Y = .037, = 6.95 x 10-5, the
number of atoms in the main loop are: '

.037-3.38 x 10%%:10

6.95 x 1077 4 220:7.33

v = = 3.5 x lO18 atoms.

.6 x 10

.
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The rate of Kr88“ stripping is then,
NV QH = 3.5 x 10" 18.3.5x 1073 = 1.2 x 1016 atoms/sec..

It should be pointed out that some fraction of the Xe and Kr which;

enter the recoﬂblner condenser leaves in the condensate. However, only

the gases in the condensate pumped back to the reactor circulating pump

"vand pressurizer affect the concentration in the reactor since the liquid

returned -to the dump tank is effectively stripped by the boil-up. The

'fractlon of Xe let down to the low pressure system that returns to the

main lOOP-lS'l2% and Kr, 8%, based on the apalysis given in Appendix B.

'dDecay of Radioactive Isotopes in the Line’
to Charcoal Beds

The residence time for gas flow1ng at 500 ml/min in the line

_between the recombiner condenser and the charcoal beds is as follows."

dead space in condenser( ) ' S 4,24 x 103 sec
6' of 1" pipe W11 x 103 sec
cold trapt2) " o 1,95 x 10° sec
220" of 1/2" pipe | 11.58 x 105 sec
>160' of 3" pipe | o 28.0 _x4103>sec'

- Total _ - 3.6 x 10¥.sec

Using Kr88 as an example, 3.6 x 10,'L sec are equal to 3.6l half-lives
" and the 1.22 x,lOl6 atoms/sec entering the off-gas system are reduced
to 1.0l x 1Ol5‘atoms/sec entering the carbon beds.

Delay of Fission Gases by Carbon Beds

_Ieland(3) has established the design specifications of the HRT
charcoal beds: to maintain the meximum charcoal temperature below lOOOC
and 1limit the activity of the exit gases to essentially 5vcuries/day
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df-10.27_y Krss. No attempt is made here to establish.the validify of

Leland's temperature'c@lculations, but a simplified check of the hold-
'up time for Xe and Kr on the charcoal beds is given below. The
conditions used are: reactor operating at 10 MW, 500 ml/min of O,

'_ flowing into the carbon beds containing the fission product gases from

the reactor core.. In the charcoal beds,

V=Kp"

where V = volume of gas adsorbed, ml/grem of charcoal

P .
nand K = constants‘that depend upon temperatufe.l _

‘To obtain values of K and n for Xe and Kr under the conditions of the
' charcoal beds, Leland (ORNL-CF-55-9-12, page 33) extrapolated data.
>'cqmpiled by J. M: Holmes. The following values taken from this extra-

gas pressure, mm Hg

polation are used here in estimating the minimum hold-up time for Xe
and Kr. '

Temperature - Xe Kr

~ (%c) X B K o
35 0.63 0.85 0.13 1.0

50 . 0.45 0.87 0.087 1.0

Since the charcoal beds have such a large safety factor,(3) it is
reasonable to assume that some large fraction of the charcoal is at a
temperature not greatly in excess of the cooling water temperature,'
30°. A temperature of 35°C seéms reascmable for 90% of the charcoal
in fhe adsorber. (The 6-in. section with a design safety factor of'6
alone contains 91% of the total charcoal.)

(3)

At,equilibriﬁm the concentration of rare gases is constant through-
out this hypothetical section of charcoal bed, which is taken to contain
3.3 % 10° ml or 1.06 x 10° grams of charcoal (80% voids-density of
charcoal 0.4 g/ml); The equilibrium partial pressure of Kr was found

.
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by taking the ratio of the Kr flow rate to the total flow of gas. The
 ‘Kr flow rate from the carbon beds is 1. 3h b4 1016 atoms/sec (from Table
1) or - B _ o
16 x 22.4 x 103 x 60
| 6.06 x 1073
, The flow of Xe from the beds is 6.05 x 10

16

1. 3h x lO

= .03 ml/min.
16, L .
atoms/sec (fram Table 1) or
x 22.b4 x 103 x 60 .
| ' 6.06 x 10°3
The’apprqxiﬁate partial pressures of the two gases are then:

,Kr’ M = .014,5 mn Hg

500

6 05 x 10

= 0.13% ml/min.

Xe, Zégg%a;lii = .20 mm Hg.

At 35°C the amount of Xe on the charcoal is:

.63 (. 20)*% - 0.160 ml/gram of charcoal,
and the amount of Kr |

=0.13 (.045)1:0 = .00585 ml/grem.
The total volume of gases at standard conditions on the hypothetlcal
charcoal bed is then: »
Xe, 0.160°1.06 x 10° = 1.7 x 10" ml -

Kr, 0.00585°1.06 x 10° = 6.2 x 10° ml.

TherefOre,'one charcoal bed represents 2 minimum residence time of
1.27 x 107 min (88 days) for Xe ard 2.07 x 1oh min (14.5 days) for Kr.
Using“two beds in parallel would double the amount of charcoal and the A
résidenae times would be about 180 end 30 days respectively for Xe and ’
Kr. '

| To illustrate the effect of temperature on the retention time of
Xe and Kr the above estimate was also made using an average temperature
of 50°C. This reduced the residence time for Xe from about 15 days to
10 and for Kr from 90 days to 60. However, it is felt that.in view of

L
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ugthe 1arge safety factor des1gned into the beds this average temperature

is- overly pes51mistic.

APPENDIX B

_Stripping of Iodine‘and Rare Qases: Calculations

The approxlmate flows and conditions that will exist in the HRT
system at 10 MW operation are given in Figure 3. (5)
the Xe, Kr and I2 reach equilibrium between the vapor and liquid phases'v
in the main loop, the entrairnment separator, the dump tank, and the

By assuming that

'reconbiner-condenser.the'following_material balance equations cen be

written. |
: Arounﬁ tne low pressure systen; _
| (5.68 + 13.2 H')Nl = b4 Ny + (0.95 + 0.5 H)N.. (1)
Around the recombiner condenser,
7600 "N, = (4.00 + O. 5H)N o (2)
" Around the dump tenk, | ) | |
3.06 N, + 5.68 N, = (h.7h + 6440 H)N, @3)

3
- And, 1if removal of the gas by chemical proces51ng is neglected

“for a stable isotope

0.5 HN; = p. | o ()
The nomenclature used is as follows:
_Nl = concentration of gas in solution in main loop, atoms/l.

"NE = concentration of gas in dump tank.
N3 = concentration of gas in coniensate.

'Nh = concentration of gas in liquid leaving the entralnment
separator.
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UNCLASSIFTIED
ORNL-LR-Dwg #11886

D20 Purge -

Gas = 13.2 1/min. .76 1/min.

_______ Liquid = 5.68 1/min. 7}

: Pressurizer
1 30 liters
i
!

— Gas Separator

Heat Exchanger 300%C »
— D0 purge - .19 1/min.

Core

’ 2000 psi
| Pump Total Volume
450 liters

To Pump and Pressurizer

.95 1/min.
Entrainment 7,600 1/min. 1/mt
Separator [‘P‘gf [ (Total condensate holdup
-9 Condenser 2 equal to 40 liters)
! 65°C at exit 1550 1/min
]
Ll 4.00|1/min
gl
=
8|3 8 ‘
3 = .05|1/min
" i 3 5, / Condensate Pump
(:; Dump Tank ° ‘:>
7 100 1iters - 100°C %.7h 1/min.
Eva?orator

Fuel Feed Pump

Fig. 3 Schematic Diagram of HRT lLet-Down System
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atoms per'ml vapor
> atoms per ml liquid

gas distribution coefficient at 300°C.
gas distribution coefficient at 100°C.

H = gas distribution coefficient at 65°c

H*

H"

p = rate production, atoms per minute.

The distribution coefficients used are given in the following table.

Gas Distribution Coefficients®

. : . H . Hu. 1 ]
Element _(65%) (100°¢) (300°¢)

kr | 25 R 7

Xe ' 18 14 T

I 0.11 - 0,06 . 0.5

a. The values for Kr and Xe at 30000 were taken from reference 3,
the value for I, at 300°C from reference 6, the values for I
at 65° and 100°C were calculated from data found in references
7, 8, and 9 and the values for Kr and Xe at the lower tempera-
tures were extrapolated from data found in references 10 and 11.

For the three gases the following concentration ratios were caleulated
from equetions 1, 2, and 3.

Concentration Ratios

Nh/N3 , N3/N2 | N3/Nl Nl/N2

I L0048 232 12.3 18.9°
2 -5 4 3
Xe 8.03 x 10 3.78 x 10 12.4 3.05 x 10
Kr 8.4 x 1077 5.25 x 10" 7.6 . 6.9 x.10°

and for a stable isotope the concentrations in terms of productionj

are.

-
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Concentration - atoms/liter

N, N, R
I, 2.68 pi 0.142 p 33 p
~ Xe 0.012 p 3.76 x 1070 P - 0.0143 p
Kr 0.011 p 1.59 x 107° P 0.083 p

The rate at which the fission product gases are let-down is, from
equation 1, ‘ A
(5.68 + 13.2 H')Nl,

and the rate at which a fission product gas is pumped back into the
reactor by the condensate and fuel feed pump is 0.95 N3'+ b4 N2.
Therefore, the fraction of a fission product gas that is returned

to the reactor is

0.95 Ny + b7k N,
(5.68 + 13.2 HFTNI )

The fraction is 97% for iodine, 12% for Xe anmd T% for Kr. These values
for Xe and Kr were ignored in the calculation presented in Appendix A.

The effective removal rate for iodine can now be calculéted as follows:

The number of atoms in the reactor system, NV, is given by,

NV = 450 N; + 100 N, + k4o N,
= 2540 p
and since the effective removal constant 1/T may be defined

- ,
T =P
.= 2540 7,

T = 2540 min

1 6 =1

and 1/T = 3.9 x 107* min~t = 6.5 x 10" sec .

The number of atoms of a given isotope of lodine in the reactor can now

be calculated from the following equation:

...
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YoP = NV_(A‘+ 6.5 x 10"6)

the mroduction rate, atoms/sec.

YoP =
NV = the total number of atoms present.
A = radioactive decay constant, sec™T.
Uging 3% a5 an example,
YoP = 19.9 x 1077 atams/sec,
) =2.88 x 107, 25
and NV = 19,9 x 10 20

= 5.63 x 107 atoms.
2.88 x 107 + 6.5 x 1070 o
This can now be distributed according to the calculated .ratios of con~-
centratidns, into the major liquid streams in the reactor. The volume
of the condensate in the reactor system was taken as LO liters,.30
liters in the pressurizer and 10 liters in the lines and pump back to
the high pressure system. | :

135

as an example,

NV .= 5.63 x 1020 atoms

Using I
L

Nlohos be lO5 + N2'105 + N39h x 10

(4.5 x 10° + 105-.053 + L4 x 101‘-12.3)1\1l

it

20
and N, = 5:63 x éo 5 = 5.95 x 10 atoms /ul,
9.47 x 10”10
N, = .053:5.95 x 107" = 3.16 x 10%° atoms/m1,

1

7.3 x 102 atoms/ml.
20

N 12.3°5.95 x 10l

3
The main loop then will contain 2.67 x 107 atoms of 1135, the 40 liters
of condensate will contain 2.9% x 1020 atams, and the. dump tank 3.16 x

1018 atoms. »

To calculate the concentration of Xe135 in the main loop it is now
necessary to make the assumption that Xe produced in the condensate finds
its way rapidly into the main loop.

...
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The condensate return system and pressurizer represent a T hr
‘hold-up for Xe and & 1 hr hold-up for iodine. By assuming that the
Xe. produced from iodine decay in the condensate return immediately

enters the main loop apd by ignoring the Xe return from the recombiner

condenser, the errors tend to cancel. With these assumptions the

35

concentration in the main loOp can be expressed as:

YR+ NV = Nev (?a¢“+ ¥+ )
there
2 independent fission yield of Xel35, 0.003,
and the subscript (1) de51gnates 3% amg (2) xe130..
Then » L ‘
NV = —003°3.38 x 107 + 5.63 x 10°°:2.88 x 10'5_
2 3 10'18'5.6 x 1013 4 —-229—1—5 +2.11 x 1077
: 4.5 x 10 ‘

= 4. 66 x 1018 atoms.

For the case where no Xe or iodine is returned to the main loop from

the low mressure system, the following three equations apply.

YiaP = va)l + qunl + NlF

| ?éaP + Nival = NV(d, + o (Xe)g) + nagﬂa +‘N2f
2, (Xe)
R AON

where F is the liquid let-down rate, ml/sec.

With the HRT operating at 10. MW, a liquid let-down rate of 1.5 gpm and

a gas 1et-down rate of 220 ml/sec the following values of ‘the constants

apply:

V= L. 5 % 105



"a.nd_

S
1

H oHd QMW
Bono

23(U235) = 0,01510 cm

H2=

L »w
non

N, =

™ =
I "

2.88 x 1077 sec
0.5 at 300°C
3.38 x 101° £is
10 MW

ok.7 ml/sec (1i

7.0 at 300°C
2,1 x 10"5 sec
5.9 x 1073

k.21 x 1019
6.0 x 1017

= .00026.
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-1

sions/sec/MW

quid let-down rate) .
B/m1 (12.7 g of U°/1 at 300%)

1l
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