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U. S. Nuclear Regulatory Commission
Division of Licensing

20555

Attn: Chief, Operating Reactors Branch 4

Ref: Docket 50-54

Letter from N.R.C, to Union Carbide Corp.
Dated Dept. 13, 1973
Subj: Change No. 11, License R-81

Amendment No. 14 to License R-81
Dated May 17, 1979: Technical Specifications

Letter Union Carbide Corp. to N.R.C.
Dated May 23, 1980
Subj: Renewal, Operating License R-81

that item 3.5.2 ¢ (5) in the Technical Specifi-
Union Carbide Nuclear Reactor, as contained
¢c. above, be changed to read as follows:

inventory of a single capsule shall be limited

to 500 Curies I-131 dose-equivalent.

A Safety Analysis supporting this request is enclosed.
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Division of Licensing -2=- June 2, 1981

The requested change will enable more efficient use to be

made of a scarce national energy resource material (uranium-
235) in the production of radioisotopes for nuclear medicine
applications. The present wording of the Technical Specifi-
cations item requires double encapsulation for any quantity
over 70 Curies., This results in substantially less effective
utilization of the U-235 target material., It also greatly
increases the temperature attained by the inner capsule, which
is undesirable from those safety considerations principally
relating to mechsnical strength and to fission product diffusion
out of the UO; into the gas phase. The volume of irradiated
waste is also increased, which is undesirable for disposal
reasons.,

For the record, in the past 12 years a total of approximately
120 singly and 6700 doubly-encapsulated capsules have been
irradiated in the reactor with no instance of capsule failure.
We believe this is evidence of good experiment design and
quality control.

We propose this requested change as a Class III Amenament and
enclose our check for $2000.

Very truly yours,

<
,//ﬁa;ZES;{égzGeogg:zh’éij_..

Senior Development Scientist
KDG:js

3 Enclosures: 1. Safety Analysis
2. Appendix A
3. Appendix B

(13 copies enc.)

STATE OF NEW YORK)
SS
COUNTY OF ORANGE)

On this // day of June 1981, before me personally came
Kenneth D, George to me known and known to me to be the in-
dividual described in and who executed the foregoing instrument
and acknowledged that the executed the same.

P, St v Yo G R, 3/7'4/7«—-.

fo. 4332700 Notary Purlic i
Qaalitie¢ in Orange County
Certficate Filed in Orange County
Term Expires Marcn 30, 19 82




NOTE:

SAFETY ANALYSIS

Single Encapsulation of Capsules Containing
Enriched Uranium

References are listed at the end of this Analysis.
Pertinent extracts from these are included for
convenience in an Appendix B.

Abstract

The need to limit single ecapsulation to a maximum
capsule content of 70 Curies I-13]1 dose-equivalent
(Ref. 1) is re-examined., Published data on release~
limiting physical processes are shown to result in
an iodine decontamination factor that is about 500
times greater than that used in the N.R.C., Staff
analysis., If a margin of 10 for uncertainties is
then applied, the capsule inventory can be safely
increased by a factor of 50 without exceeding the
acceptable doses calculated by Staff for a 70-Curie
(I-131 dose-equivalent) capsule. Other present re-
strictions in the Technical Specifications, such as
maximum fission puwer, limit the content of a capsule
to 500 Curies I-131 dose-equivalent so the practical
incre .e in inventory for a singly-encapsulated
capsule would be only a factor of a little over 7.

N.R.C. Staff's Safety IZvaluation:

The source term bases used by the Staff (Ref. 1) for
evaluation of possible radiation doses to personnel
both within the containment building (hereafter called
"onsite") and offsite at the plant boundary were as
follows:

100% of the noble gas and iodine inventory is
released from a capsule.
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100% of the noble gases appear in the containment
building air.

10% of the iodines appear in the containment
building air.

Mixing takes place with only 50% of the building air.

Doses to personnel onsite and offsite for a 500~Curie
capsule were then calculated for two different condi-
tions of the engineered safeguards, as follows:

a. Engineered Safeguards Fail.

Thyroid doses both within containment &nd offsitce
were shown to be unacceptably high (i.e. 204 and
84 ren respectively), a not unexpected result con-
sidering the above source term assumptions,

b. Engineered Safeguards Function Correctly.
Doses within containment (onsite) were not affected.
Doses offsite were reduced to acceptable levels.

Based on the above evaluation, Staff requested that
capsules containing more than 70 Curies I~-131 equiva-
lent be doubly encapsulated to reduce the probability

of occurrence of capsule failure. Tue failure of
capsules containing less than 70 Curies I-131 equiva-
lent of fiscion products will result in onsite personnel
exposures that do not exceed those permitted in

10 CRF Part 20. This limitation was made a Technical
Specification condition.

It was further requested that the engineered safeguards
be evaluated for reliability and modified to provide
assured performance. This licensee made the evaluations
and completed the resulting modifications on a schedule
agreed to by Staff. These changes give assurance that
the enjineered safeguards will operate properly and,

in case of capsule failure and release of all contents,
result in acceptable offs.te doses for capsule contents
up to 500 Curies I-13]1 dose equivalent.
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3.

3.1

3.2

Re-evaluation of Iodine Release:

It will be shown below that the source term bases of
the Staff's 1973 evaluation, as listed above, are
excessively conservative for iodines.

Release of fission products to containment atmosphere
can be broken down as follows:

Capsule Damage Mechanisms

Mechanical damage, e.g. crushing
Material defects, e.g. bad welds, and cracks
Improper seals, i1.e., loose enctry port caps

Capsule melting; e.g. flow blockage, excessive
heat flux

Type of Fission Product Release

Release due to the first three mechanisms above
(3.1 a,b,c,) is that of the gas-phase contents

of a capsule. This will therefore be similar to
the "gap activity" release resulting from cladding
failure in power reactor fuel. The inventory
fractions so released are small, typically of the
order of .001-1l%t. For example the method of
(proposed) ANSI/ANS Standard 5.4 (see Appendix A)
gives release fractions of 0,1% for Xe-133 and
0.16% for I-131 from the UO2 in a capsule. These
calculated results are roughly confirmed by the
measurements of 2.5% and 0.1l% respectively made

by this licensee in 1973. 1In any event the scurce
term is below that assumed by Staff by a factor

of 40 or more for noble gases, and a factor of 500
or more for iodines.

Release with the fourth mechanism (above,3.1 d)
should be similar to that from UO2 at high tempera-
ture, in the presence of molten metal (stainless
steel or zirconium) and of steam. <The inventosy
fraction released from the fuel itself can approach
100%, as in the Staff's evaluation., In the case of
iodines only a small portion of this is, however,
available for transport through the pool water to
the containment air, as indicated below.
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3.3

3.4

Release-Limiting Mechanisms:

a. The first type of release above (gas-phase
fraction) wil. be subject to absorption in the
24-ft=thick layer of reactor pool water, for
capsules in the core. For capsules being trans-
ported outside the core, the water depth may be
less (but at least 10 ft. because of shielding
requirements).

b. Trhe second type of release (capsule melting) will
in the case of iodines be reduced by interaction
with molten capsule material, by chemical combi~-
nation with other fission-product elements and
by scavenging with condensing steam. Any gaseous
iodine escaping these natural consequence-limiting
mechanisms will be subject to absorption and dilu-
tion in the 24-foot thick layer of reactor pool
water before relzase to the building atmosphere.

Magnitude of Source-Term Reduction Factors

a., In the case of the "gap-activity" or gas phase
type of release (3.2 a above), the fraction of the
inventory available for release is assumed to be
the larger of the values cited above, namely 2.5%
for gases, 0.2% for iodines. Additional evidence
is two experinents (Ref, 2, Table 1.5) in which
Zircaloy=-clad UO2 fuel was heated enough to rupture
the cladding, but not to melt either the fuel or
the clad, that gave iodine release fractions of 0,.189%
and 0,115% of the contained inventory. 1Iodines
will be further reduced by pool water absorption.
Staff assumed a pool decontamination factor of
only 10, Using the latter number and a release
fraction of 0.2% the iodine reduction factor for
this case is about 5000. Using the more realistic
decontamination (or trapping) factors discussed
below, the iodine reduction factor would be much
greater than 5000,

b. For the capsule-melting type of release
(3.2 b above), in which it is conservatively
assumed that 100% of the iodines (and gases) are
released from the UO2, the following considerations
apply:
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(1)

Scavenging By Steam and Molten Metal

Research programs conducted at Oak Ridge
National Lab. (and elsewhere) around 1965

on fission product release from UO2 fuel
subjected to high temperature damage has
produced data that are applicable to the
capsule melting situation under discussion
here. The fact that the UO2 configuration
differs is not relevant because we are con-
servatively assuming 100% release of gas

and iodines from the fuel matrix. In these
research programs UO, fuel clad with stain-
less steel or with Zircaloy was heated,
electrically or with a reactor transient,
sufficiently to melt the cladding and in

some cases the fuel as well. The environ-
ment around the fuel element was either

steam or water. It was found that both the
molten cladding metal and the condensing

steam are highly effective in absorbing and
retaining iodine. Experiments in which SS-
clad UO, was melied in moist air (#3,4, in
Table 1 below) resulted in only about 1% of the
I-131 inventory being transported from the
autoclave by the sweep gas. Two expeviments
in high-pressure (1000 psi) steam, in which
the clad, but not the fuel, melted (#5, 62
below) showed fairly small I-131 release from
the fuel (1-10%) and a small release from the
autoclave (#5). A series of four experiments
(¢7, 82, %, 10Z below), was conducted in which
UO; was melted under water with low-pressure
steam conditions “hat should approximate those
in an open pool reactor. Release of I-131
from the fuel itself was large (up to about
75%) tut the majority of this deposited on
adjacent surfaces of the autoclave. The
fraction of 1I-131 released from the autoclave
through venting of the steam was less than 20%
in all cases. The important point, however,
is that in all cases practically all of this
vented I-131 condensed and was retained in water
traps. Only insignificant fractions were left
for atsorption in membrane filters or charcoal
traps. The results of experiments 3 through
10 are summarized in the following table:



DISTRIBUTION OF

TABLE 1

i-131, PERCENT OF INVENTORY

Released From Condensed In Trapped In
Experiment # Fuel + Clad Autoclave Autoclave Water Traps Filters Reference
3,4 60 38.1 1.1 ) 0.9b .17 3, Table 2
5 99 0.55 ‘0.45b D.1% .0033 3, Table 5
622 90 10 0€ 3, Table 6
7 18 17 5 5 .002 4, Table 1.2
82 25 68 ~7.4 7.4 .007 4, Table 1.3
9 15 66 19 18.5 .004 5, Table 1.3
102 39 49 11.8 11.8 .0U56 5, Table 1.3
NOTES: a. 2 denotes Zircaloy cladding
b. Estimated by difference
¢c. No steam release due to blockage
d. Referencesare listed in Sect. 4
KDG:js

5/28/81
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(2)

Some conclusions from the r. ults of the
last four experiments were (Ref., 5, pp. 19-20):

(a) There was n¢ significant effect of
cladding material (stainless steel
vs Zircaloy).

(b) Tission produci release was similar in
all four experiments, the twice larger
I-131 transport in #9 and 10Z being
ascribed to faster steam release.

(c) Rapid formation of non-volatile water-
soluble iodine compounds was incicated
by the results of #°2, 102Z.

(d) Although 60-80% of the I-131 was released
from the melted fuel, only .0006 - .005%
was found on charcoal traps or collected
as gas,

(e) Condensing steam is effective in trapping
particulates.

As further evidence of the efficacy of con-
densing steam for removal of icdine, laboratory
experiments are cited (Ref, 6, Table 4) in
which fission products were released from
heated uranium. It was found that 97% of the
released I-131 was retained by the condensing
steam, leaving only 3% for transport elsewhere.

Trapping In Pool Water

In connection with suppression systems for power
plants, wecrk has been done in which iodine was
injected into water-filled pools and the relative
concentrations in water and supernatant air measured.
The resulting concentration ratio (or partition
coefficient) is dependent on pnol water pH and
initial concentration. Experiments (Ref, 7) with
pool water at 100°C (an extreme case), pH = 6, and
initial iodine concentration 6.5 x 1073 g/1 (5 x 10'7M),
gave a partition coefficient of 3 x 104, Other
experiments (Ref., 8, Fig. 11) in which iodine-gas
mixtures were bubbled into a water pool at 25°9C

with pH = 6 to 7 and iodine concentratcion 10~ g/l
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(3)

gave partition coefficients of > 10%. The initial

iodine ccncentrations in our pool are < 10-8 g/.
even if all fission-produced iodine is assumed dis-
solved therein, so our partition coefficient is
expected to be more than 104,

Water-to-Air Partition:

While thi: +opic is treated above in (2), the emphasis
there is ~:. che firther trapping of the small amount
of iodine that i released from the vicinity of the
(assumed) melted capsule. One avenue of iodine
release to containment building air that could be
postulated, but was not specifically analyzed by
Staff, is to assume that 100% of the iodine inventory
becomes dissolved in the pool (50% of pool volume to
be conservative), and to estimate the resulting

air concentration above the pool surface. This re-
gquires values of partition coefficients from water-
to-air. Reference 9, Tables 9 and 10, gives parti-
tion coefficients, calculated from measured con-
centrations, for water at 50°C and pH in 5-7 range,
of 3 x 103 - 3 x 103 for pool iodine concencrations
of < 4 x 1072 g/1. Reference 10 (Fig. 9) has plots
of measured results at 25-80°C, pH 6-7. At an iodine
liquid concentration of 104 g/1, equivalent to

10-3 mg/l in gas phase, the partition coefficient

1s shown as 2 x 103, This work was not extended to
lower agueous concentrations where partition coef-
ficients would be expected to be larger still. 1In
Reference 11 (Fig. 1), partition coefficients cal-
culated from measured parameters are given. In

water 259C and a concentration of 107/ g/1 (che
smallest used), the partition coefficients for

pH = 5 and 7 are 104 and > 105 respectively.

For our pool water conditions (pH 5-7, total iodine
concentration < 4 x 1079 g/1) it is reasonable to
assume a partition coefficient of at least 104.

If all radiocactive iodine (500 Ci) is dissolved

in half the pool water volume of 129,000 gallons
che concentration in the water is 1.1 x 10-6 Ci/ml.
Applying a partition coefficient of 104 gives an
air concentration (near the pool surface) of

1.1 x 10-10 Ci/ml. The building air concentration
calculated by Staff was 50 Curies in half the build-
ing volume of 7700 m3, or 1.3 x 10-8 C¢i/ml, which
is larger by a factor of more than 100.
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3.5

3.6

Summary of Release-Limiting Factors for Iodine
(The most conservative values are chosern below)

a. Capsule break (gas-Phase contents): 0.2% of
inventcry (Sect. 3.4 a).

b. Capsule melting:

(1) Release from UO7 fuel: up to B84% of in-
ventory (Table 1)

(2) Release to pool at core region: up to 20%
of inventory (Table 1). (Includes effect
of plateout on metal capsule and housing.)

(3) Release after steam condensation or water
trapping in core vicinity: 0.17% (Table 1)

¢. Decontamination through 24-ft~thick water layer:
104 (Sect. 3.4 b (2)

d. Air concepntration from complete dissolution in pool
1o

1.1 x 10" Ci/ml (i.e. 100% iodines in half pool
volume) . (SBect. 3.4 b (3).
Conclusions:

Even without invoking the large iodine decontamination
due to pacssage through the 24-ft-deep pool, the amount
of jodine available for mixing with building air

(0,2%) is a factor of 50 below the guantity assumed 4
by Staff (10%). A further reduction by a factor of 10
is supportable by the evidence rAescribed previously.
This leaves 3.5 d above as the avenue more likely to
give the greater air concentration in the case of com-
plete fuel melting. As stated previously in 3.4 b (3),
100% dissclution gives a building air concentr:-tion that
is 1/10C of that used by N.R.C. Staff. From the result
cited in Sect., 3.5 b (2) above, a further r=2duction by
a factor of 5 (20% release to pool water) can be justi=-
fied.

Overall it is reasonable to expect that the contairment
building air-concentration will, under accident condi-
tions, be lower than that estimated by Staff by a factor
of 500, Allowing an order of magnitude margin for un-
certainties leaves a safe reduction factor of 50.
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While the two reactor systems differ considerably in
size and design, there is some corrcboration of the
abnve from the results of the TMI-2 power reactor
accident, Lt has been repnhrted (Ref. 12) that 60%
of the core I-131 inventory was released to the
reactor cooiing system, 17% was in the containment
building water, and only .007% in the containment
building air. These last two figures would indicate
a partition coefficient of 2400. Similarly, the cor-
responding_figures for the auxiliary building are 6%
and 2 f 10748, for a partition coefficient of

3 x 10

Even closer confirmation of the correctness of these
conclusions comes from tests performed in a system
similar to the Union Carbide Nuclear Reactor (UCNR).
These are experiments (Ref. 13) done in an open pool
reactor (CABRI) in France in which several fuel plates
were deliberately melted in order to measure the re-
lease of iodine into the water and its transmission
through the pool water layer into the room air. The
release of iodine into the water was 2-10% of that
present in the damaged fuel. It is statea that the
fuel, the water, and the materials constituting the
interior of the core retain 99.995% of the iodine pre-
sent in the damaged porticn of the core. For a pool
depth above the core of 2.5 - 3.3 m, the transmission
factor through the water (ratio of activity in air to
that in water) was found to be between 5 x 1076 and

5 x 10=5, This means that only .0005 - .005% of the
iodine released into the water reached the room air,
which 1mp11es g partltlon between water and air acti-
vity of 2 x 10" - 2 = 104

Refer cnces

l: Letter N.R.C. to U.C.C., dated Sept. 13, 1973;
Docket 50-54; Subj: Change No. 11, License R-81l.
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3: International Symposium on Fission Product Release
and Transport Under Accident Conditions, Oak Ridge
TN., April 1965, CONF-650407, pp. 299-310.
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for Period Ending December 31, 1965. ORNL-3915
(March 1966).
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APPENDIX A

Volatile Fission Product Release From Oxide Fuel

Proposed American National Standard ANSI/ANS-5.4 (Nov. 1979),
as revised to Nov. 1980, recommends methods for calculating
oxide-fuel plenum-gas activity. The methods consider high-
temperature and low-temperature releases and distinguish be-
tween short half-life (less than one year) and long half-life
nuclides. The standard requires that releases be calculated
with both high and low temperature methods, the larger result
being selected.

This standard is applied to calculate releases of iodine and
gaseous radionuclides in the analogous case of release into
the interior or an intact capsule of the type under consider=-
ation here. The principal difference is that the U072 ruel

in the case of a capsule is in the form of a thin laye:.

All the nuclides of interest are short-lived. Comparison of
the high and low temperature methods shows releases calculated
by the latter to be 104-10° times greater than by the former.
Thus only the low-temperature results are given below.

From Sec. 3.2.2 of the standard, the release fraction F is:

12

A*? + 1.6 x 10 " P) /A,

where: P = specific power = MW/t

1

A» = decay constant (s )

Results of the calculation are given in the following
table.
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TABLE 2
Nuclide Half-Life A (sec.”t) F
Xe-133m 2.19 4 3.66 x 10°° 4.6 x 1074
Xe-133 5.245 4 1.53 x 1078 *1.24x 1073
Kr-85m 4.48 h 4.30 x 107 5.0 x 107>
Kr-87 76.3 m 1.51 x 1074 1.8 x 10™°
Kr-88 2.84 h 6.78 x 1077 3.4 x 107>
Xe-135m 15.29 m 7.56 x 10°% 5.6 x 107°
Xe-135 9.09 h 2.12 x 10> 9.2 x 107
Xe-137 3.85 m 3.00 x 1073 2.3 x 1078
Xe-138 14.17 m 8.15 x 1074 5.3 x 107°
1-131 8.04 4 9.98 x 107/ 1.6 x 1073
1-132 2.30 & 8.37 x 107> 2.9 x 107
1-133 20.8 h 9.26 x 107° 1.9 x 1074
I-134 52.6 m 2.20 x 1074 1.4 x 107
1-135 6.61 h 2.91 x 107 *1.6 x 1074

*Corrected for precusors per Section 3.3
of Standard.
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For convenience, pertinent extracts from References
cited in the foregoing Safety Analysis are appended.

(These extracts are keyed to the corresponding
number in the list of References, Section 4.)
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Table 1.5, Fission Products Released in TREAT Fuel Rod Failure Experiments FRF-1 and FRF 2

Material Fourd in Each Location (7% of total in center uradiated rod)?

13 1 129 Fission Products
Locenan : . O S . DSt with Low Volatility® e e B e
FRI-A FRE2 FRE-L FRE2 FRE-1 FRY 2 FRE-I FRE2 FRE FRE 2
Primary vessel 0.054 0066 0046 019
Filter pack
Deposition by diffusion 0076 0037 0.0004 0.005 0.0001 ~1sx10°® 0 0 0 0
Deposited with particles 0 046 0010 0010 009% 0015 AS5x10% 00009 14v10®*  ooon 16 x 10°*
Condensate
Unit | 46 x 10" <60 x 107
Unit 2 4ax10® <60 x 10°®
Heated charcoal
Unit t 00087 0 0002
Unit 2 0.0038 00026
Total releaset 0189 011§ 0056 0.288

APRE | center rod was irtadiated 13 1 full power days to 645 MWA/MT peak burnup at 15 2 KW/t peak linear power, peak io average flux catio, 115, twotal tisaon, 9 8 x
IO::. FRE-2 center rod was inradiated 62 7 full power days to 2800 MWJA/MT peak burnup at 14 kW/ft peak linear power; peak to-average flux ratio, 115, total fivaon. 4.3 x
10

PMedian of "Sl. "Zt, e Ru, and i

Primary vessel leached th 0 S ¥ NHLOH, only soluble matenials reported

Arotal retease of ¥ Ke was 0947 in experiment FRE-T and 0.48% m experiment FRE -2, total release of P33 xe was N 14% in experiment T RE -1 bat s not determined
inexperiment T RE -2 because of long decay time

6%

- @ XTpuaddy

TI9N)

(2
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TABLZ 1. SUMMARY OF TREAT FISSION PRODUCT RELZASE EXPERINENTS
g s [§8 ; -
- - - a ?
o NERERE g ;| &
-s -y ‘ 8
g | %2 | B [%g| 8. |85 | %2 L
. -:g. i‘ g : ' ' ﬂ‘ 8 -8 N '
= == -.- - =z - a
§ | 338 | g |83 | feH E § |8% | »
5 : £ | E5 | BE: : s | 8
2 50% 55% 3158 87 40 ARGON s.s. | 800 1 °
3 10% 75% 146 74 43 | 3% Steas- | 8.8, | s00 1 0.2
97% air
‘ 30% 75% 3138 77 53 | 30% Steam- | 8.5, | 800 1 0.2
70% Air
1 20% . 309 108 39 ARGON s.s. | 800 1 ¢
6 10% ° x 127 78 | 1000 STEAM zr-2 | 350 2 |13
5 0.5% B L as0 77 | 1000 STEAM s.8. | 310 2 :
q
TABLE 2. DISTRIBUTION OF MATERIAL IN TREAT EXFERLIENTS 3 AND 4:
LOW PRESSURE STEAM-AIR, TRACE PREIRRADIATION, 75% MELTED
PERCENTAGE IN EACH LOCATION
LOCATION 131; 129, 137¢, 106y, 89gy 952
1403. I‘CC.
vo,
U0, PULL + S.S. CLADDING 60 79 66 98 98 98.3
(S.S. CLADDING) (3 (9) (0.8)  (0.2)  (0.28)  (0.24)
ALUMINA EEATER (1000°C) 25 13 28 2.3 0.4 0.43
AUTOCLAVE LINER 6.8 5.6 5.1 1.5 1.1 0.8
FUEL AUTOCLAVE WALLS (150°C) 6.3 0.6 0.7 0.7 0 0.46
GAS TRANSPORT ZONE 1.1 0.18 0.8 0.001  0.% ¢. 001
FILTERS (MEMBRANE) 6.02 0,01 . 0.01 : 0. 0001
GAS-COLLECTION AUTOCLAVE 0.1  0.001 0.2 0.001  0.05 0.0900

3)



TABLE 5.

(Ref. 3)

DISTRIBUTION OF MATERIAL IN TREAT EXPERIMENT 5:

1000 psia STEAM (RELEASED), TRACE PREIRRADIATION, NOT MELTED

PERCENTAGE IN EACH LOCATION

LOCATION 13, 12974 137, 898y 952 o,
1405, 144, Ru

o, FUEL + S.S. CLADDING 99 99.6 99.9 99.99 99.998

(8.8. CLADDING) (5.3 (.1 (2.1 (0.12) .1
ALUMINA HEATER (400°C) 0.5 0.3 0.06 0.0014 0.0006
FUEL AUTOCLAVE WALLS (300°C)  0.046  0.004 0.006  ©0.002 0.0004
S e s T Tam e " 00005 _ 0.0009  0.00008
WATER IN WATER TRAP 0.12 0.0007 0.0l 0.0009 c
SECOND WATER TRAP 0.008  0.002 0.0008  0.000% 0.00002
MEMBRANE FILTERS 0.0001 0.0001  0.0001  0.0001 0.00008
CHARCOAL FILTERS 0.0036 . - . -
GAS-COLLECTION AUTOCLAVE ©.c001 ©.0001  0.0002  0.0003 0.00001

TABLE &. DISTRIBUTION OF MATERIAL IN TREAT EXPERIMENT 6&:

1000 paia STEAM (RETAINED), TRACE PREIRRADIATION, FUEL AND CLADDING FRAGMENTED

PERCENTAGE IN EACH LOCATION

131 129, 137 103 89 95
LOCATION 1 Te Cs Ru Sr ir VO,
106p, 140, 144,
U0, + 2r=2 CLADDING 90 95 L& 97.7 98.9
(Zr-2 CLADDING) (2.5) (11) (s) (10) 7
ALUMINA HEATER (400°C) 4.4 2.6 b 4 | 2.1 1.7
METAL HEAT REFLECTORS 4.8 0.2 0.5 0,131 0.06
AUTOCLAVE WALLS AND
SPACER (300°C) 0.7 0.2 0.5 0.07 0.0%
YATER IN AUTOCLAVE 0.2 0.004 0.07 0.01 0.0002

3ie



Table 1.2. Distribution of Material in TREAT Experiment 7 in Which Stainlese -Steel-Clad U0,
Was Melted Under water by Transient Fission Heat Input of 504 cal per Gram of U0,
Material Found in Each Location (%)
Location
131y 129, 70, 103p., 89g,. 1l40p, 957, Ce® w,
Material remaining in 95 97 95 99.8 99.6 99.1 99.96 99.90 99.92
fuel autoclave
Melted fuel clinker 18 36 18 55 43 41 43 48 45
Autoclave components 77 61 Vil4 45 57 58 57 52 55
including scattered .
fuel
Material released from 5 3 5 0.2 0.4 0.9 0.04 0.1 0.08
fuel autoclave
Condensate in water 2 0.2 3 0.06 0.08 0.1 5x10%  0.01 0.01
traps
Walls of water traps 3 3 2 0.1 0.2 0.5 0.04 0.62 0.07
and condenser el b -
Membrane filter 0.002 0.001 0.005 9x10% 0.02 0.2 1x10%  0.005 7x107¢
papers . -
Charcoal-loaded 6 x 1074 001 2x10% 0.02 0.001
papers & = . sl !
Gas-collection 51077 3x10% 003 3Ix10°¢ 0.06 008 5x107 2x10* 7x10°7?
tank

%Average of '41Ce and 144Ce.
®prus or minus 100%.

8T

*39) - g xXTpuaddy

(¥



4)

(Ref.

Appendix B -

-y - TR B MR PP S e S e SR Y s

‘FOOT snujm a0 m::p
"30yyy PUB 3D, JO vwﬁz><e

Huw)
0 01 X £ o 01 ¢ ¢ 01 x ¢ 20 T0 _,e0IX% 900 _c O ¢ v 01 X 1 U009 00-8NY
. 0 2 s L e i saadud
» O X % 070 ¢ 01l X2 £00°0 <000 PIpPuo | - [8ODI8Y D
saaded
¢ 01 x| €000, 01l X9 20 200 ¢ O0tx¥% 100 y 01 X 9 S00°0 12171) suBIqUaK
a 1asuapuod puw
00 OO0 ¥0°0 S0 ¢'0 L0'0 0 < L sdway aaq8m Jo sT8BM
sduay
00 9000 2 0T X1 %0 <0 c0°0 $'G £0 20 J276M U] 238SUIPUO))
AW DONE [an]
10 10 70°0 €1 S0 10 9 Z & WOd ) PIsvafal (wiIajun
1anj
padageos Juipnioug
Hy L 9y 9% Y v <9 (14 89 siusuodwod aawoony
(49 49 S €S 86 96 62 £y (4 JINULTD [aNng pasTanW
GABIO0INY [anj
666 6 66 96 ' 66 L'B6 G666 666 Y6 86 6 uy Aupupmear (uiaoguy
‘or Y 126 Vigy1 186y "Meoq Sen Mg 21 Trer
o, uoyywL0T]

(§) uoTIwO0] Yowy Uy PUNO (W11 6K

2O 10 weaf aed jeo 116 Jo andul jway uoissiq juafsuma], £q A3YBM Jopuy) PAJTIKW Sup
E00 pRiD=Z-Ko1maayz yorys up g Jusmpaadad JVANL Ul TRIISYMY JO uOIINGLsid  f [ o(qwl




——

o

5)

PR

Fe———

-
S
Y]
(44
1
“FOOT snute a0 n:-;p
m ‘pazkieue sadojosy ay; ojul Jurleoap
» aaojaq smyvandde Tejusmpaadxa oy nouimoayy peaads puw Juagsusa) ayy Bupanp pawrog srosanoaad sell
- @awd JO JNSOS ¥ AIw SUOTIEDO] IFOUY UT ) puwm ‘a5 ‘mg ‘) jo sipunows aFawy Afeatiwles .SF-
o :
s <:00°0 $60°0 €00 080 20 el 6's Lot g1t 1
Q. SE00'0 - 9200 SN0 €0 D of ‘0 9zl 4 6l 6 w0
M. Q01T X € .01 X g4 o 01 X &% L 01 X 0%T 400 LU0 0000 €EE00 S00°0 1 = UL ST SRR § s
Q0L X ¢ L.O0U X9 L0UX17 01X¢ o U0 Q0000°0 600 700°0 6 -sud puw sradud papwor-wosas)
qe-0l X 2 L 0U X BZ 01 X4 H0UXY L0070 BO'0  QW000°0  7€00°0 90000 201
Qe 0T X T 4 01 X 66 o000 X T H.01 X 6T  6900°0 o Q2000°0  BEOO"O 1000°C 6 widadud 293113 suwaquoy
SN0 76070 <0 060 §9°0 65°0 6°S LY 71 mi a3Isnap
y€00° 0 9200 $%0°0 €50 w0 1o €2t 290 $°'2 6 -uod puw sdexy 1ajem jo STIOM
9-01 X a¢ 01000 LA D 2000 SBO0 60 100 06l v ot 0t (paaay
2 DT X 62 o DU X ' TR0 (000 L0 R0'0 2z0 LT 09l 6 ~113) sduay 1djem uy aesuspuo)
DAN[OOINE [ANJ WOLJ POSLA[IL (Rl uy
o~ 66" 066 5666 6" 66 666 2766 686 76 (1Y) 88 01
par 6666 6766 G666 5766 B 66 9766 24 ol i 6 1304
<%0 #6°0 20°0 N [0} Fa | <9 9 1 69 a1t
{70 97°0 6o CA ¢ $7°0 160 st 81 »e 6 STIuA 2Aam|o0gne [ang
200000 HO000 "0 TToo0 "0 2100°0 910 9to 90070 e %€ an (PR123113) stiwn
Y2000 "0 020000 W00 000 €00 70 o 7 v 6 SARTI0INE [N JO ISULL Jajun
el el el 71l [ 71 FAL rl L aln
9 61 6l (4 (€74 L Oc &1 8t 6 apqyonas puw zaproy ajduweg
o i8 8 o 8 8 0L 7E (1% ot
8 8 08 9% 6L 8 2y ” £q 6 sa2a1d (any
aAw|00INE [ang uj Bupuiowas [wlae e
e My y fon Moy iS¢0 Mlgyyr  Plere eer Trer “oN
uogIwdr
Juaay g adxy

(¥) uopiw o] youy uy pumog (w4338

g

*

Al

J-

Zon Jo waan 1ad TED 096 PUB (PG JO INAUT 1wy UOTSST4 JuaTsusll Aq JojuAlapun pagTaw swM Zon (207 Iusuiaadxg)
PET)-Z-A0[udaTZ puu (6 Wiautaadxg) PRID-19315 SSATUIRIS UDTUM UT 20T PUR 6 SIUAEIIdx] LVEML UT [91423Wd JO UOTINQRAISIG  C€T L fTasl




Appendix B - (Ref. 5)

19

fuel specimen to catch melted fuel and cladding. Small holes allow access
for water and steam. Tne safety-relief rupture disk directly above the
primary vessel contains eight radial ports to absorb reccil. The low-
pressure rupture housing on top of the assembly is ccnnected to the pri-
mary vessel by small-diameter tubing.

Conclusions

In experiments 7, 82, 9, and 1CZ at ambient pressure, nc significant
effect of cladding (stainless steel or Zircaloy-2 material) was evident.
In all experiments the [uel ané cladding residues adpeared tc have moved
about in the fluid state with very little fragmentation or shattering.

The residue was foamy o~ porous when stainless steel cladding was used,
but a nonporous solid was formed when Zircaloy-2 cladding was melted.

For fission heat input of 520 cal per gram of U0z, 16 to 24% of the
stainless steel cladding and 41 to 49% of the Zircaloy-2 cladding reacted
with water teo form hydrogen. These values agree generally with the amount
of reacticn found in the ANL metal-water reaction studies in TREAT.

Fission-product release and transport was similar in all four experi-
ments, except that about twice @s much of the volatile group (tellurium,
cesium, and iodine) was carried out of the fuel autoclave in experiments
9 and 1CZ (& to 19%), probably because of faster steam release. Release
of U0z, *%“Ce, and °°Zr from the fuel autoclave was less than 0.1%.

In experiments 9 and 10Z, 33 to 44% of the 2321 and 227Cs were found
in distilled water rinses of the scraped fuel autoclave walls, even though
the autoclaves were boiled to dryness (220 to 32.°C) after the transients.
This indicates ranid formation of nonvelatile water-soluble iodine and
cesium compounés. 71liose elements were alsc g.nerally dissolved in water
collected in the first water trap.

Although 60 to 80% of the 1311 vas released from the melted fuel and
cladding, only 0.0006 to 0.005% was found on the charcoal-loaded papers
ard in the gas-collection tank. All the iodine on the charccal papers
and in the gas-collection tank was nonreactive or penetrating, based on

its sorbability on charcoal. The small amount of nonreactive icdine found
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properties of the collected material. Both
condensed vapors and particulates were prob-
abiy retained on the flter. In steam atmos-
pheres, the filter was maintained at 140°C to
assure that steam condensation did not orcur
on the filter =u.face,

In the tests with steam atmospheres, the off-
gas steam was condensed after leaving the
furnace tube. It was interesting to note that a
very large percentage of the released fission
products was contained in the condensate catch

strongiv dependent on extent of oxidation of the
uranivm.

Rei - e of the volatile elements was greatest in
air, nex. greatest in steam and least in helium
atmospheres for similar conditions of time and
temperature.

All fissicn-product elements except rare gases
escaping the heated uranium tended to deposit
heavily on tube walls. From [0 to 98 per cent of
the released material deposited in the furnace
tube used in the present study. When heating

Tabie 4. Comparative effectivenes: of steam condensation vs. filt:* in remaving released fission products

Per cent fission product removed

Method of removal

B3 Telat Sr89-90 Csi36-137 Ry 103 Bald0
By “Absolute™ filter® 98 99 80 55 92 74
a7 77 40 80 50 50

Bv steam condensationt

® Filter temuperature 130°C.

* Average of six experiments, uranium heared at 1215°C in steam

borne fission products by condensation of the
fission product laden steam is nearly as effective
in removing the fission produc: 1s an “absolute”™
fiiter.

Summarizing the behavior of the released
fission products, it can be stated that for the
conditions emploved in these tests, deposiuon on
cool tuut walls, retention on filters and con-
densation of steam are effective mechanisms
for retaining the evoived radioactive materials
within the reactor shell or building

SUMMARY
Release of strontium, barium and zircoaium
from heated uranium was lower than most

previous theoretical estimates, being <0.3 per
cent under all conditions tested.

Cesium and ruthenium behaved as ‘‘semi-
volatile” elements being released from <1 per
cent to about |5 per cent. Their release was
dependent on time, temperature and atmos-

phere.
Xenon, iodine and teliuriumm were volatile,
their reiease from heated uranium being de-

pendent on time, temperature and atmosphere.
__ The release of the three volatile elements was

iflask. Table 4 shows that the retention of steam-

occurred in steam atmospheres, condensing the
steam caused 40-97 per cent of the evoived
fission products to remain in the condensate.

“Absolute™ filters removed 50-98 per cent of
the evolved fission products, the efficiency
depending on the isotope and the typeofgasused.

The test parameters used in these experiments
tend to maximize the release of fission products.
One exception to this is the possitility that at
higher irradiation levels, reiease ould possibly
be greater due to hizh concentrations of fission
products and radiation damage to the uranium

This laboratory investigation shows that
definite trends and c-.:ciations are obtainable
for application to the fission-product release
qusstion. However, the many complicating
factors involved necessitate a conservative
attitude when applving the data to hazards
evaluations.
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From large-scale experiments om the iodine
removrl efficiency of a water pool at 100°C as
wel’ as from supporting laboratory runs within t2e
concentration range 10~ to 10°* M, it was ob-
served that permanent trapping was achieved to a
great extent evern at neutval pH conditions. The
efficiency was consuderably Prgher at lcwer todine
concentration. The fraction permanently trapped
approximately corresponded to the theoretically
evaluated equilitbrium amounts of hypotodous acid
and todide.

A mathematical model designed for the washout
of molecular iodine in reactor containment aimo=-
spherc by sprays gives iodine cor.centration in
containment versus spray time. The model takes
the degree of hydrolysis of iodine at different pH
values and concentrotions into comsideration.
Initial resulls from spray experiments pervformed
ina 2.5 m tank at pH = 6 to 7.5 and gas phase
concentrations avound 4 x 1074, 5x 107, and 1.5 %
10°¢ kg/m’ gave half-times due to spraying of
about 45, 5, and 2 min. respectively. They con-
firm the expected stromg influence of iodine con-
centration on washout half-time.

i oo pup—

B

INTRODUCTION

Parts of the program at Studsvik for the inves-
tigation of fission product release, transport, and
removal processes have been devoted to studies
concerning trapping of iodine in water system.
The initial plans of the general program were

*Present address AKK, Atomic Power Group, Stock-
hoim, Sweden.

486

| S—

KEYWORDS: fission products,
iodine, goses, woter, chemical
reoctions, acidity, perform=
once, containment, sproy

presentec five years ago by Linder.’ 1In 1966,
large-scale ard laboratory runs were performed
to investigate the trapping efficiency of & poiling
water system to remove molecular iodine from
steam. These studies were run for the Marviken
nuclear power plant project. The results were
reported’ at an IAEA conference in Vienna 1967.
Based on the findings from those studies and the
theoretical examination of the iodine-water parti-
tion coefficient made by Eggleton, a mathematical
model of the washout of iodine by spravs was
developed® during 1967. The model was tested
against the initial spray results reported from
Japan® and a fair agreement was achieved. The
moael gives an explanation of the chaige in wash-
out rate with decreasing iodine concentration.
The model has been used in safety analysis of two
BWR plants in Sweden. Our work up to now has
been directed to water sprays without very reac:
tive additives. The use of such sprays instead of
very reactive sprays offers cbvious advantages
with respect to simplicity, chemical stability, anc
low corrosivity. However, the pH value must be
sufficiently high to reach the necessary spray ef-
ficiency.

During 1969 a spray facility was designed and
built to test our model and to serve as an experi-
mental facility for studies of different removal
processes for airborne contaminants. A few ini-
tial deposition and spray runs have been carried
out up to June 1970. The purpose of this paper is
to summarize those of our results and techniques
that may be of interest for the analysis of the
efficiency of different water systems to retain
gaseous molecular iodine.

TRAPPING OF IODINE BY WATER POOLS

From work .. the UX.,' it has ! een demon-
strated that water »ools can act as ef[icient traps

NUCLEAR TECHNCLOGY VOL. 10,. APRIL 1871
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for molecular iodine. It was also reported that
the iodine was permanently trapped in the water,
To investigate the removal efficiency of a specific
but less favorable system for trappirg, namely an
~ emergency condensor containing boiling pure wa-
| ter, we performed large-scale experiments in a
pool containing 0.5 to 2 m® of water. Molecular
iodine was injected into the 100°C pool water to-
gether with superheated (175 to 320°C) steam. Io-
dine was sampled in the pool water and in the
exhausted steam.

The decontamination factor at pH about 6 in-
creased from 3 to 300 when the iodine concentra-
tion was decreased from 10°*to 5 x 10”"M in the
water pool. Addition of sodium hydroxide to the
pool in runs at high iodine concentration in-
creased the removal efficiency. however, at
low jodine c.ncentration the addition of sodium
hydroxide gave only a small increase of the
decontamination factor in accordance with the
initial higher degree of hydrolysis at this condi-
tion. The fraciion trapped was not released des-
_pite additional steam supply or boiling. These
resulls, together with observations from labora-
tory runs, show that the reversal of the hydrolysis
was - 1sked in these studies. This is not in
agreement with simple theory of hydrolysis.

Figure 1 shows the typical behavior of molecu-
lar lodine in our laboratory boiling water system.
The molecular iodine ic released together with the

)
*

Nk - _— —~
TOTAL JODINE W YESSEL

-
=)
-

TN TR Py

4 aal

L

I; IN VESSEL
(CALCULATED)

AMOUNT OF 100INE (RELATIVE FIOURES)

w0t A | L A 5
° 0 0 3 ~0 S0 L J
BOILING TIME (min)

Fig. 1. lodine release va boiling time for a water sya-
tem at pH = 1.3 and lodine concentration = 2 x

107 g/liter.
NUCLEAR TECHNOLOGY
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produced steam, but the products of hydrolysis
are retained despite continued boiling. The
amount of iodine permanently trapped approxi-
mately corresponded to the amount initially hy-
drolyzed. This observation corstitutes one main
premise in our spray model. Other experiments
at 100°C and pH = 3 tu 8 in a closed system with-
out boiling have indicated a decrease during the
first hour of the fraction of iodine that was in
molecular form and a simultaneous increase of
the fraction hydrolyzed. The reduction at iow and
high concentration (4 x 10~* and 4 x 10°* M, re-
spectively) was moderate, but for the medium con-
centration (4 x 10”7 M), a tenfold decrease was
observed.

MODEL FOR CA! CULATING WASHOUT OF
MOLECULAR IODINE BY SPRAYS

For calculation of the washout of molecular
iodine in reactor containment atmospheres by
sprays a mathematical model has been developed.
The detailed mathematical treatment will be given
elsewhere. The model takes the degree of hy-
drelysis at different pH values and concentrations
into consideration and is based on iodine data coi-
lected and analyzed by Eggleton. According to
results fror calculations, the washou: behaves
differently in three ranges of iodine concentration
in the gas phase (cf., Fig. 2). At very high con-
centration the washout process is liguid-phase-
controlled due to the di.fusion of molecular iodine
into the water drops. In this first region the half-
t!ne can be expressed by

Tus = 0.093W
i KFa

where
W = containment volume (m?)
K = pariition coefficient for moiecular iodine
F = spray water flow rate (1.'/sec)
@ = degree of saturation of iodine in the drops.

For this high concentration range the expression
reflects the analytical treatment given by Grif-
fiths.” In a region Jf lower concentration the hy-
droly..s of iodine within the drops becomes more
important and increases the washout rate. The
rate grows higher for lower concentrations and
higher pH values. The mathematical treatment
for this second region gave the following final
expression for the todine concentration in the gas
phase:

8 Fe F." 8
Ce -:ﬁ-?wva +(W) TG'G p
. 457
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Calculated i
3 partition
10 ™~ coefficient -
Allen(6 )
- pHS % -
X
19— ot
R

P \Thcorctical coefficient at 25°C from solubility
and vapour pressure data(5) assuming Henry's law

10 1 1 l 1 1 l A L l 1 1

1c* 1077 1078 1073
. TOTAL CONCENTRATION OF IODINE IN WATER - g. Mc.. iodine/ |

EFFECT OF IODINE CONCENTRATICN ON THE EQUILIBRIUM
PARTITION COEFFICIENT FOR IODINE AT 25 °C.

FIGURE 1. AERE-—R 4882,
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Table 9. Resalts of Calculations, 1 = $50°C, plf = 5.0

RESULTS OF (3D INF-wWATIR PARTITE N C EEFICIEAT CALCULATIONS
FTEMPFIATYNE » " G (1]
Kl = 2,427 & E-12 K& = 2,1VF-11
SOLIMmiLLYy | MLt
f

CONCENTRATIONS IN MOLSZL \ R

CONC \ CONC HO00» CONC INDINF CONC 13- TOTAL 12 IN LIQ LOG TOTAL | PARTITION COEFF
2.65(~-"9 2.46F S 1. 22€~ 2.89€-0) 2.539 2.7CE 01
L.45E- JJULE-"S 1.35€~ L.45€E-¢3 ~2.840C 2.T7T1E 01
V.25F - 1.57¢ 5 S<3¥-3 T.27E-( & -3.139 2.72¢ 01
Al 2t - 1.2%~-"5% 2.J2€ J.ob6F 04 ~3.436 2.74E 01}
.1 TFE~ 8.816-96 T.46)F L.BSE-v 4 J.732 2.7T7¢ 01
6.36F-"4 2.67¢ 9.44F ~4.025% 2.83 C1
G.4E-e 9.538 - 4 .85 ~4.314 2.90¢ 01}
Y.23-C6 3. 19¢ 2.52¢ -4.599 3.C1f 01
2.29€ -6 1.2)E 1.32E~ ~4.81718 1.17¢ 01
1.A2F6-)6 6.25¢ T.10¢ ~5.149 J.4CE 01
1.15¢ 3 1.5)¢ }.08¢ S.411 3.12¢ 01
Y.11E-"7 S5.37F 2.18¢ S.662 A.18E 01
S.13-r7 1.98€ - 1.26€E~ ~5.9901 4,.82F 0]}
4.5 -07 6.65¢ T.476- “6.126 S.73¢ 01
2.R1E-07 2.35¢F 4.5RE- “6.339 T.02¢ 01
2.0 3 4 ALJILE 2.886- ~6.54C 8.84F 01
1.643-07 2. 946 1.86¢ ~6.730 1.148 €2
LCLE-"T7 1046 1.23€- ~6.911 1.%1F 02
7.1 TE V.6 TE B.24F -7.084 2.02€ 02
S.UTE 1. 30€E- S.6LF -, -T.25: 2.15¢ 02
3.58F ~¢( 4. 59 3.B5F -1 -T.614 3.T78€ 02
2.5%~ 1.52F 2.67¢ ~T.574 S.23E 02
L. 796~ S.T74E-15 1.86¢ ~T.731 T.29¢€ 02
1.27€~-" 2."JE~-1S 1« VE-D ~T.886 1.02¢6 0)
3.96¢% TLTE-1O 9.1 9 ~8.040 1.4)F D)
6340~ 2.5%€E-16 6.462¢€ 4 ~8.19) 2.C2¢ 0)
* .69 - A.9%F-17 4.52¢ -8,345 2.84F 0)
3.17E-5 JLATE-1Y Y. 19¢ - ~B8.496 4.00F 0)
2.24¢F 1.126-17 2.25¢ < B.648 $5.65¢ 03}
1.53%~-0¢ 1.96E-18 1.59¢ 8.799 1.98F 03
1.12¢ 1,926~-18 L. 12E-0 B.93¢C 1.12€ 04
1.92¢ 4, 95F-19 T.9% -} -9.101 1.59€ 04
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Table 10. Results of Calcul2tions, 1 = SO.C. pH =170

QESULTS OF TODINE -WATER PARTITION CW “FICIENT CALCULATENNS
TERPERATURE « SC.C DIG C PH = T.0

KE = 2,626 C) ¥ = &, MF '2 &) G AE=12 K6 = 2.17F~11
SOLUBTLITY NF o2 TN W2TFR « 2.8 6= w0l

SCUNCENTRATIONS 1% MOLS/L L 1

CONC 12 IN LIQ CONC WID CONC M201 CONC  10DiDE CONC 13~ TOTAL 12 IN LIQ LUG TOTAL 1 PARTITION COEFF

2.906-"3 .62~ 4 2.456=19 2.40€-004 3.272€6-04 3.686-2) “2.434 3.45€ 01

14571 1. 366 -4 1.660-10 2,01€-04 1.35€-r4 1.87€-03 -2.728 3.5GE 01

1o -0k 2.12(-"4 9.26€-11 1.59€-04 S.33E-)5 9.656-N4 -3.0 5 3.61€ 01

A.SNE-C & low E-C4 612811 1.20E=-"4 2.026-5 S.10E-04 -3.292 3.82¢ 01

1.755-24 P.56E-"5 S.170-11 9.826-0% T.4)E=( 6 2.18E-C4 -3.556 4.16F 01

B.ISE-CS 6.620~"5 2.R9€-11 6.36E-05 2.67E-06 1.56F-C4 -3.806 4.68E O1

4.376-"5 4.64F T8 2.02F-11 4.54E-C 5 a,53E-07 9.116-C5 ~4.041 5.45€ 01

TPLUNNEEAS T T 3.6l -8 1.426-11 [ 3.23E-05 349637 5.48E-05 ~4,261 6.51¢ 01

1.79€-0S 2.37E-5 1.0%E-11 2,29€~C5 1.296-97 3.41E-CS ~4.468 8.16€ 01

5.470-C6 1.626-"5 T.039-12 1.626-CS 4.256-08 2.186-CS ~h.662 1.94€ 02
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half-lives defined above. huwever, {or prolonged
spray at lower temperature, rate of decrease of
jodine concentration has a tendency to saturate,
and at higher temperature rate of decrease nearly
follows the rule of the first-order reaction. If the
partition equilibrium between water phase and gas
phase iu the vessel is realized, airborne lodine
concentration can be represented by the following
equation from material balance:

c = | ’ (@
(H=-1)i200+Ft) &

‘I

where
¢, = lodine concentration in air, mg/liter
Co = initial iodine concentration, mg/liter

H = partition coefficient of iodine, concentra-
tion in liquid/concentration in gas

F = spray rate, liter/h
Vv = volume of vessel, liter
t = spray time, h.

The curve ¢, in Fig. 8 is the relation between ¢,
and ¢, takinz 100 iiter/h as the spray rat-. 100 as
the partition coefficient, and 4900 liter as the
vessel volume. The curve ¢, will shift to ¢,’
because 200 liters of water initially charged con-
tribute slowly to the gas-liquid equilibrium.

Another model that can be assumed is that the
partition equilibrium 1s realized at al' times
between spray drop and gas phase while drop
falls, and that iodine transferred to water does not
return to the gas phase. Then the rate of decrease
of the airborne iodine concentration can be repre-
sented as follows:

decy  HF

"R ¥ = @
We have by integration,
€y = Co Xp (—%F-t) - (4)

where each symbol corresponds to that of Eq. (2).
The straight Lne, ¢; in Fig. 8, shows the relation
between ¢, and { when ¢, is unity. Comparing
Egs. (2) and (4) with the experimental curves it
app2ars that the curve for the room temperature
can be approximated by Eq. (2), while the curves
for the initial temperature of 125 and 150°C do not
indicate a tendency to saturate and they can be
represented by Eg. (4). The curve for 100°C may
chow a transient condition between Egs. (2) and
(4).
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Gas~-liquid partition coeflicients for iodine and
iodides are determined to make clear the washout
effect for iodine. The determination is performed
at 25 to 80°C using a glass vessel, distilled water,
and '*'l; the results are shown in Fig. 9. At any
temperature, the partition coefficient # is much
larger at the lower concentration than that at the
higher concentration. At much higher concentra-
tion near saturation, hcwever, ¥ becomes constant
probably due to the realization of Henry's law.
The iodine concent-~tions at which H becomes
constant would be higher at temperatures of 50
and 80°C than at room temperature because the
equilibrium cornstant for hydrolysis of iodine in-
creases with increasing temperature.® Since the
relation between the airborne iodine and # may be
represented by straight lines as shown in Fig. 9,
the following equations are obtained from the
equations of the straight lines and Eq. (3):

_dey 88F

5 Ty 6 (25°C, ¢; > 0.5 mg/liter) (5)
. "7‘; = Z0F 27 (25°C, ¢, < 0.5 mg/liter) (6)
- 201 L 59F 30 (s0°) (1)
- 5:—" = %5 ¢’ (80°C) . (8)

Equations (5) through /8), with 4 mg/ liter as the
initial iodine concentration and 100 liter/h as the
spray rate, are shown in Fie. 10 as three curves.
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Ftude expérimentale du comportement
des produits de fission en cas d’accident
sur un réacteur piscine

Par J. DADILLON *

Resuve

Un élément essentiel et cependunt parfois neglige parce que mal connu, dans Uévsluation des risques nuclesizes 2es0cifs au
fonctivanement d'un scéacteur, est la cunnaissance, en cas Jaceident, de la nature, de Uimportance et du comportement Je la
.

eontamination reellement lihérée, @ Uimerieur de Uencemnte.

Dans le cas particulier des réacteurs piscines, le Huude de refroidissement s'avere étre une bLarriere, 1rés sificace vis-a-vis de¢

la runtamination.

Truis expériences ont ‘1€ faites dans le réacteur CABRI au cours desquelies, 3 €1é pruvoquée au sein wméme du cenr, ls

fusion e quelques plagues 'éléments combustibles.

|
1

i‘t\nulv;
i

1

{In the esamution of nrucleur rishs conne ted with the running of a resctor an csseatinl fuctor, sometimes neglected because

Lnsufficiently kmown, is the kn ledge of the type, amount und hehuviour of the contamination actielly releused inside the

lcuntuiner in the case of an acuident

In the specicl case of swimming-poal reactors the conling

fluid proves to be a very efficient burrier ggainst conigminaiion

Fheee experiments were carvied out in the renctor CABRI, during which se eral fuel eiement plates were melted inside the

lewrs tbsedf

]

Sans présumer de Pampleur maximale de la fu-
$iun susceptible de se produire dans le cour du
reacteur, il est primordial de connaitre, #n prem.er
liew. Pordre de grandeur du taux d'émission a par-
sir Ju combustible, des produits de fission les plus
dangercux et. eu secoud lien, le pouveir Jde réten-
$ion du fluide Je refroidissement. Le probleme. ex-

trimement complexe dans son ectisenibile, se trouve

* sprevier sl Bnudes e SGrete Radisngique
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simplifié Jorsqu'il s'adresse 3 un type de réactenr
déterminé

En ce qui concerne les réactenrs piscines, il 4
ote choisi de commencer cette étinde dans des condi-
tions tres voisines de la réahité, e qui rend uti-
lisation des résultats  beaucoup moine  délicate

Valheureusement, la cindtine et les comlitions
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o une fusion aceidentelle June partie du ceeur d'un
réacteur risquent de ne pas ftre toajours rigourens
sement it.'o-nlulue-: une e\tr.llml,ninn jreut alors

Saverer nécessaire.

Les trois experiences réalisées dans le réacteur
CABRI ont perniis de déterminer les taux "émis-
sion de I'iode et du rellure @ partir du combustible
fondu. ainsi que le pouvoir de rétention de "ean.
Le niveau, toujours tres bas du taux d'irradiation
des éléments combustibles de la pile (quelques
dizaines de MW] T} et lamplear de la fusion vo-
lontairement limitee 3 quelques plaques (une pour
la premiere expérience, trois pour les suivantes),
nous ont contraints a nous limiter aux produits les
plus volatiis en portant toute wotre attention sur
liode qui est le plus dungereux J'entre eux.

Les deux premieres expériences ont #té [faites
au cours (e tests du comportement de la pile duns
certaines ronditions de temperature et de débit, la
troisieme u <2 ¢pecialement pedparée pour 'étude
de la difusivn de la contamination lihérée par lu
fusion du combustible.

Lors de chaque test, lu température movenne de
I'eau etait de 30" C et son déhit. & travers le coeur
de 400 m' h environ. lu circulation se faisunt tou-
jours de haut en bas. Le niveau d’eau a varié de
330 m 1 6.0 m, ce qui correspond a des hauteurs
d'ean au-deszus du coeur de 2,50 m a 3.30 m.

De nombreux prelevements effectués duns Ueau,
a diffiérents instants apres la fusion, ont montré
que la contamination était tres homogene.

l. TAUX D'EMISSION
DES PRODUITS DE FISSION
A PARTIR DE COMBUSTIBLE FONDU

Nous rappellerons qu'un chargement complet du
carur de CABRI se compose d'environ 300 plaques
{'alliage uranium-aluminiuim  (en poids : 20 %
d'uranium - 80 77 d'aluminium) représentant au
total 4 kz duranium enrichi 3 93 % en U-235
(90 % a4 Pépoque oit s'est déroulee la peésente ex-

perimentation).

A lissue des deux dernieres experiences, plu-
steurs echantillons de combustibile ont été prélevis
sur les plaques, tant dans les parties intactes que
dans les parties fondues. Leur analyse a permiz e
déterminer e ponds dallioge (ll‘!'.ll’ll et les (uan-
tite's o peaele !nv'-o-ntv- avant civugue fusion. Par ail-
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Communsaiatl & VEmwigie Mesinieque

conceraant Mode 131 ainsi que les activités des
autees lodes et du tellure 132

La transmission & travers Uean étant tris faiblhe
comme ou le verra. le tanx démission Jun produir

fission & partie du combustible, st egal an rap.
port de soit activité dans eau & celle qui se trou-
vait dans les plaques avant leur fusion. Il est hien
évident que la partie, non endommazée du coeur.
n'entre pas dans ce caleul.

= i

Le taux d'¢mission de V'iode a varié de 2 3 10 7
suivant expeérience. Celui du tellure de 0.2 3 577 '

Nous "avons déja dit, le taox d"Fmission des pro-
duits de fission, auw cours d'une fusion de combire
tible, est un phénomene heaucoup trop complexe
pour qu’il soit possible, actuellement, d'en fixer
les valeurs avec certitude, surtout quand il s’agit
des produits les plus volatils. Seule une valeur pro-
hable peut étre avancée : ainsi, duns le cas 'un
réacteur 3 eau, une fusion méme tres etendue du
caeur, maiz limitée dans le temps & quelques dizai-
nes de secondes, ne devrait pas provoquer une
émission d'ivde et de tellure dans 'eaun, superieurs
a 10 %. Par contre, le taux d'émission dex zaz me-
suré de facon peu précise i partir de leurs descen.
dants zolides, pourrait avoisiner 100 7. Quant aux
produits solides ou peu volatils, ils n'ont pas été
detectes dans Tean, & lissue des présentes expe-
riences. Cependant, leur taux ('émission a partic
d'un combustible déterming est beaveoup moins
influence par les conditions de fusion et demeure.
de toute fugon, tres fuible. Les valeurs déterminées
au cours d'expeériences 3 petite échelle, effectusée.
notamiment aux Etats-Unis, peuvent étre consids-
rées comwme nurfaitement acceptables.

L'analyse des échantillons prélesés sur les plu
(ques a fait appuraitre une perte d"uranium de or-
dre de 70 72, méme en des endroits ou la gaine
n'avait pas fondu. La presence entre les plaques,
de coulées d'alliage, laisse supposer que celui-ci
peut se trouver en fusion suns que lu gaine, plus
refroidie, ne soit fondue et que, de ce fait, il
s"écoule par les points ot la gzaine a réellement
fondu.

Il PIEGEAGE DES PRODUITS DE FISSION

DANS L'EAU
it : S lieriiEneak . Eie
Seule Lo retennion de Diode dans ean [t etre
determmnee gt conrs de ces ovperiomies. o v {Tet

e faeteur Stant tres mnportant, Jes aetivites
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atteignent le hall-pile sont tris faibles. En ve qui
concerne les guz, dont la rétention est moins
grande, les svstemes de piégzeage dont nous pou-
vions disposer, ne permettaient pas Jde fuire des
prélevements sélectils suffisumment longs.

Le facteur de transmission de 'iude & travers
l'euu s'exprime de la fagon suivante :

AH
AE + AH
AH activité de I'iode émis dans le hall-pile.

AE activité de 'iode dans I'eau.

Suivant les expériences, les isotopes et les prele-
verrents 3 partir desquels il a été calculé, ce coel-
ficient se situe entre 5 10°* et 510, Autrement dit,
seule une partie comprise entre 0.0005 % =t
0,005 % de Viode émis dans 'eau pendant la fu-
sion du combustible, atteint le hall-pile lui-méme.

En outre, une série d'expériences hors pile (PI-
REE) i une échelle voisine de la réalité, a montre
que, méme duns le cus ot l'iode était entrainé dans
'eau par un gaz sous une pression de 20 kg/em’,
3 une température de 300° C et suivant un debit
important de 20 g s pendant une minute, seule une
partie ¢gale a 0.1 % traversait une couche d'ean
de 3 wmetres.

Par conse.ient, dans le cas d'un accident de
fusion de combustible survenant dans un réacteur
piscine, on peut considérer comme valeur prohable
du coefficient de transmission de liode a travers
Peau 0,005 % et comme limite supérieure 0,1 7c
étunt précis= qu'd notre sens, on resterait certaine-
ment assez eloigné de cette valeur limite.

COMPORTEMENT DE L'IODE
DANS LES FILTRES

Deux dispositifs expérimentaux de piegeage ont
été utilisés au cours de cette expérimentation :

— des dispositifs simples composés d'un papier
Delbag suivi de 5 em de charboun :

— des ensembles coniposites comprenant en nom-
bre variable suivant les cas :
® papiers d'amiante, laine de cuivre activée &
I'argent, papiers imprégnes au charhon, cou-
ches de 1 em de charbon.

Les papiers amiante et le charbon staient du

Weme type (que ceuN utilisés dans les installations

Bocieaires industrielles

e W e e R e em te e = -
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Seul, le peemier dispositil a et utilisé lors des
deux premicres expériences | sa cotstitution meme
ne permettant pas ‘obtenir des mformations sur
le comportement de liode. Il est seulement pos
sible de dire que le papier Delbag retient des quan-
tités diode inférienres 3 107 de celles adsorhies
dans le charbon, ce qui signifierait que moins de
10 5. de liode se trouvent associés a des afrosols.

Pour la troisiéme expérience, une enceinte de
confinement était placée au-lessus de la enve du
reuacteur, réduisant le volume libre, au-dessus de
Ieau, a 150 m® seulement au lieu de 2.500 m' qui
représentent, approximativement. le volume totil
du hall. En outre, des ensembles composites étaient
cette fois utilises.

Une assez forte quuntité de vapeur apparaissant
au-lessus du réacteur au cours de la montée en
puissance, le taux d'humidite relative atteignait
95 % a lintérieur de l'enceinte de confinement.

Les quantités d'iode fixées sur les couches suc-
cessives de charbon d'nin méme ensemble, étaient
souvent du méme ordre, ce phénomene étant iy,
en premier lieu, au taux d'humidité élevé qui a
diminué, dans des proportions considérables, Uefh-
cacité des chachons. Tl est impossible duns ces cou-
ditions de déterminer le pouvoir d'arrét céel Je ces
ensembles, muais les diverses couches de charbon
ont presenté des efficacités ui, ramenées & la va-
leur de 53 em de charbou seraient geénéralement in-
férieures 3 95 7. Le taux dhamidité n'est probu-
blement pas la seule cause de cette diminution
d'efficacitée des charbons, la formation de compo-
sés moins bien arréiés que ode moleculaire pour-
rait étre une explication tres vraizemblible.

IV. CONCLUSICN

Il apparait que les conséquences d'un accident
mettant en cause la fusion d'une partie du ceeur
d'un réacteur piscine, ne seraient pas aussi graves
que ce que 'on pouvait penser jusqu's présent. Ces
quelques experiences ont montre (ue le corubus
tible, I'eaun <t les matériaux constitutifs 4 linteé-
rieur du ceeur retenaient 99,9995 ¢ de Viade pre-
sent «ans lu portion de carur endommuazée. Il west
pas possible de génicaliser encore uu cas de fusions
extrémement brutales engendrant de zrandes quan-
tités de vapeur. Neanmoins il n'est pas déraison
nable de penser que dans 1o tris wrande majorite
Jaccudents entrainant la déterioration d une
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