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FISSTON PRCDUCT DISPERSION AND RELEASE
FROM THE SNAPTRAN 2/1CA-3 DESTRUCTIVE TEST

by
0. L. Cordes
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The destructive test of a SNAP 10A/2 reactor by water immersion
as part of the aercspace nuclear safety (SNAPTRAN) studies being
conducted by Phillips Petroleum Company for the Atomic Energy
Commission previded a rare and unusual opportunity to =tudy the release
and distritution of fission products from a full scale reactor destruc-
tioa under aecident conditions.

The reactor destructive experiment conducted on April 1, 196L,
consisted of a modified SNAP 10A/2 flight system reactor mounted in e
large water filled concrete tank. The reactor core coentained essentially
virgin fuel consisting of 37 zirconium hydride fuel rods formed into a
close packed hexagonal array containing L.75 Kg of U-235 and 464 gram
ncles of hydrogen. NaK coclant filled the interstitual spaces between
the fuel rods. Six beryllium inserts shaped the core into a cylinder
approximately 9 inches in diameter and 13 inches high. The reactoer
vas held sub-critical by a binal sleeve until the test was initiated
at which time the binal sleeve was removed by a piston driven by a
black powder charge.

Fission product release and distribution data were obtained from
fuel remains, environmental water samples and from a radiological
monitoring grid populated with a variety of sampling devices including
high volume air samplers modified for iodine wonitoring, fallout plates,
fission gas detectcrs and particle size samplers. Air sampler filters
vere analyzed for fisslon preducts by non-destructive gamma ray analyses,
fuel and water samples were subliected to radiochemical separation before
analyses.

Fission products detected cn the grid consisted entirely of daughters
of noble fission gases (3 sec Kr-92, 10 sec Xr-91, 16 sec Xe-1lk0, Ll sec
¥e-139, and 17 min Xe-138). The Cs-138 daughter of 17 min Xe-138 was
detected in a fissicon gas detector designed to hold the longer lived
gases for decay. PFrom the lack of any fission products other than
daughters cf short lived notle gases it was concluded that only noble
gases vere released to the surrounding atmocphere. HKalogens and solid
fissicn products remeined in the fuel and envircnmental water.

Fission product relesse data obtained from the grid were corrected
for the portion «f esch decay chain that was not sampled because the
fission product parent was in a gaseous form. These correctad amounts
were used to debtermine tre lateral cloud diffusion and the peak isctoplc
concentration at each grid. These ccneentration values wWwere used to
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predict a fission cloud release mndel that would fit the observed data.
The relezcse model wAas then combined with a Sutton type diffusion
equativn to cbhtain the quaastity of the fission products released frem
the reactor.

Efforts to determine the distributicn of the radiciodine lead to
the conclusion that the mejority of the iodine rermained in the fuel
with the remzinder teing either absorbed in the envirommental tank
water or plated out on the concrete walls.

The general ccnclusions reached regarding the release of toxic and
radicactive materials to the environment as a result of the destructive
exeureicon of the reuctor were as fcocllows:

1. Mcre than O9% of the fission products were retained in the
envirormental water and rveactor fuel remains.

2. Halogerns released from the fuel were retained by the environ-
rental tank water with the result that no dectable icdine was released
to the radioactive cloud.

3. The radicactive cloud ﬁontain d only noble fission gases and
their daughters. Caleulaticns iudicate that the noble gas release
fraction waz less than % of the total noble gas inventory.

Althouch the SNAP 10A/2 reactor used in this test is not represent-

ative of ccnventional power reactors, the information obtained is useful
tor evaluating analytical medels.
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I. INTRODUCTION

As part of the space effort of the United States, a number of small
nuclear reactors are under development to supply auxiliary power for
space vehicles. These SNAP (Systems for Nuclear Auxiliary Power)
reactors, which cannot be provided with the usual engineering safe-
guards, because of weight limitations, pose unique nuclear safety
problems. The Atomic Energy Commission, therefore, has established,
as part of its overall nuclear safety effort, a test program to deter-
mine the radiological consequences of potential nuclear incidents
involving these reactors under actual accident conditions. This testing
program, which is being conducted for the Atomic Energy Commission by
Phillips Petroleum Company at the National Reactor Testing Station
(NRTS), has been designated the SNAPTRAN Program, with the first reactor
testing being the SNAP 10A/2.

At 11L4 hours on April 1, 1964, the Engineering Test Branch (ETB)
of Phillips Petroleum Company initiated a destructive excursion with
a SNAP 10A/2 reactor to simulate a water immersion type of accident.
This test was designated as the SNAPTRAN 2/10A-3 Water Immersion
Destructive Test.

The purpose of this paper is to present the radiological data
concerning the release and spread of fission products obtained from
this simulated reactor accident.

II. DESCRIPTION

The reactor destruction experiment consisted of a mcdified SNAP
10A/2 Flight System reactor mounted in a large water filled concrete
tank (Figure 1). The reactor core as shown in the cross section view
of Figure 2, was composed of six beryllium inserts and thirty-seven
fuel rods arranged in a close-packed hexagonal array containing .75
kg of U-235 and W64 g-moles of hydrogen. The fuel rods consisted of an
alloy of zirconium hydride and 10 weight percent of fully enriched
uranium, clad with hastelloy-N. The fuel rods and beryllium inserts
formed a cylinder approximately 9 inches in diameter by 13 inches long
and were contained in a thin-walled stainless steel vessel. NeK coolant
filled the interstitual spaces between the fuel rods.

The reactor was controlled by the axial position of a 1/4 inch
thick neutron absorbing binal sleeve which surrounded the reactor.
Initiation of the destructive excursion was accomplished by removing
the binal sleeve with a pyrotechnic actuator. The pyrotechnic actuator,
powered by a black powder charge, removed the control sleeve from the
reactor at velocities comparable to thcse at which the reactor would
enter the water from a launch abort. Under these conditions, the
destructive test apprcached the maximum credible accideat for a water
immersiocn incldert.
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ITI. MONITCRING NETWCRK

Fission product release and distribution data were cbtained from
fuel remains, environmental tank water samples and from samples re-
covered from an extensive radiological monitoring grid.

The monitoring grid consisted of a series of concentric arcs with
the reacteor test pad as the Venter A heavy concentration of sampling
equipwent was placed in a 60° sector, oriented with the centerline of
the propnsed "cloud trajectory 30° east of true north"™. The types of
samplers used and the placement of the instrumentation om the monitor-
ing grid are shown in Figures 3, 4, and 5, with a typical grid station
shown in Figure 6.

Respongibility for monitoring the radicactive fission product re-
lease was divided between Phillips Petroleum Company Health and Safety
Branch and the Health and Safety Divisicn of the USAEC Idaho Operations
Office. Phillips Petroleum Company provided monitoring out to approxi-
mately 1600 meters and ID Health and Safety provided monitoring beyond
1600 meters. The U. S. Weather Bureau was responsible for determining
the atmospheric diffusion conditions and that the following meteorolog-
1zl conditions weie met:

1. Lapse (unstable) conditions, to persist a minimum of three
hours after the test to insure adequate diffusion conditlons

2. Mean wind direction in the sector petween 180 and 240° , with
the allowance of an additional 20° on each side of the sector
for short term wind fluctuations to assure passage of the
cloud over the instrumented grid.

3. Wind speed between 10 and 30 milea per hour, the lower limit
to insure relisbllity for forecasting a persistent wind
direction and the upper limit to assure safe aerial monitoring

4. No precipltation in the area, in order to maintain good
sampling conditions and to prevent localized washout of
radioactive material.

IV. MCONITORING EQUIPMENT

Air camplers used on the grid were Staplex hi-vclume gamplers
modified to draw alr through a four-inch~diameter particulate filter
backed by a standard one inch deep icdire-collecting charcoal cart-
ridge Figure 7. With this arrangement, the average flow rate through
these samplers was approximately 22 ¢fm. Scme of these samplers were
modified to cbtaln greater flow rates (approximately 40 ofm) by en-
larging the inlet side cof the sampler *tn hold two four inch diemeter
filters, each backed by a charroal cartridge.

Filtering media consisting of ccmmercially available spun poly-
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styrene pads {Micrcsorban) were used on all particulate air samplers
during the test. This materiel had the advantage of low flow resistance
while meintaining a hich collection efficiency (greater than 99 percent
for paerticles greater than 0.1u). In addition, the filters made from
this media contained uc veryllium, which made them useful for beryllium
monitoring.

Novle fission ges-detectcrs, utilizing balloens for delay tanks,
Wwere designed and used at a number of grid stations %o sample the
radinoactive noble gas concentration in the clowud.

Three types of particle zize samplers were used in the downwind
gector of the grid to obtain particle size information. These were the
t

Deposition sampling was accomplished with fallout plates located
at each grid station. These fallout plates were made frcm a sticky
transparent paper mcunted nn ridged steel frames. Large size plates,
12 x 15 inches, were used in clcse to the reactor %o obtain a highly
sensitive measurement. Smaller plates b inches by 9 inches were used
where large numbers were reguired.

Direct radiation measurements of the fission product laden cloud
were obtained using personnel film dosimeters cf the type used at the
MRTS (Dupont film packets) and remote area monitoring ion-chamber type
monitors. Beta exposure measurements from film deosimeters located on
a tower and on the test pad exhaust stack were used to measure the
height of the cloud while direct radiation dcse rete measurements from
the remote area mou’tcrs were used to cbtain informetion about the
cloud passage time.

In addition to instruments for obtaining fissicn product release
data other instruments were installed on the grid for measuring direct
radiation dose rates and effects. 1In particular a 25 unit telemetering
system was used with the 25 units dispersed on the 1500 and 2500 meter
arcs. These units reporting to a remote control center, two miles away
in the Technlcal Support Ares, provided immediate information regarding
the severity of the release,

V. TEST OPERATION

Coun%t down procedures for preparation cof the radiclogical monitor-
ing network began at 0600 heurs on the morning of April 1. Field crews
from each of the thres monitoring organizations drove to thelr assizted
as and tegan preparing the sampling stations feor the test. Portavle
1erators und high volume air samplers on the arcs veyond 300 meters
tarted, [allcut plates and film badge dosimeters were placed in
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and Tission-gns detectcrs, were made ready at their resrective locaticns,
Monitoring trailers, which also served as communicaticn control centers,
were placed at the edge of the ©.)” sector cf the grid in preparation
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for receiving and dispatching samples recovered frcm the grid following
the test. Fach responsible group had two-way radio contact between
field crews, reactor test personnel, and their respective control
centers. By 103C hours, all grid stations had been ectivated and the
grid area out to 1900 meters had been cleared of personnel. Air
samplers on the inner arcs (from 25 to 30C meters), scheduled to operate
for four minutes, were started =2t 30 seccnds prior to the initiation of
the test. Cownt dcwn procedures continued without incident until 114l
rours, when the destructive excursion was initiated.

Within milliseconds fcllowing the initiation of the reactor excur-
sion, steam and water were ejected from the envirormentel tank iz a
spherically shaped cloud. The 2loud maintained its symmetrical shape
for a short time during which most of the water collapsed back into the
environmental tank. Following the collapse of the water, a visible,
vapor-filled cloud blew downwind over the heavily instrumented sector
of the monitoring grid. Telemetered date from the 2500-meter arc pro-
vided immediate informstion that the radinactivity relesse had been
small and that no significant radiation hazard had been created.

Following the destructive excursion, the senior staff of the
Engineering and Test Branch evaluated the conditicn of the reactor using
TV cameras, water level Indicators, and nuclear radiation detectors to
determine that the reactor remains were in a safely shutdown condition.
Approval was given for the re-entry tesm to enter the test cell area at
1220 hours. Direct radiation readings of 150 mr/hr were encountered at
the test cell entrance and a meximum of 40O mr/hr was recorded adjacent
to the envircnmental tank. The team made a brief inspection of the test
area and the envirommental tank and returned to the underground change
room where they were surveyed for contamination. Low level activity
(1.0 mrem/hr) was detected by & GM portable survey instrument on the
soles of the shoe covers worn by the re-entry team, which indicated
that the reactor test pad was only slightly contaminated.

At approximately 1240 hours, sample recovery teams, began re-
trieving samples from the radicloglcal grid end fram arcund the reactor
test pad. All samples to be analyzed for short-lived activity were
collected by 2000 hours. Other nonpriority samples were collected the
following day. Semples collected from the grid were checked through
the sample recovery trallers, sealed in plastic bags, and routed to
those responsible for the analyses.

VI. FISSION PRODUCT DISTRIBUTICN

Fission products from the test were distributed among the radio-
active cloud, the water in the environmeantal tank, and the solid remains
of the reactor fuel. Measurements were made on each ¢f these three
items in order to determine the isotcpic distritution of the fission
products from the test.

1. Fission Products in Clowd
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Ornly daughters from short lived noble gas fission products
(3-sec Kr-92, 10 sec Kr-9l, 16 sec Xe-140 and L1 sec Xe-139) were
collected by particulate samplers sampling the cloud. In addition, the
barium daughter of Xe-139 was detected cn charcoal cartridges in the
air samplers, and the cesium daughter of 1k min Xe-13C was collected by
fission gas detectors.

1.1 Particle Size and Depcsition

Cereful analysis of the fallout plate depcsiticn samplers
by both radicchemistry and by gamma ray ccunting showed that upwind and
downwind plates had collected the same trace levels of activity which
was taken to be bacxground activity.

Particle size samplers out to 1600 meters likewise did not collect
sufficient activity to permit an analysis of the particle size distri-
bution of the released fissicn products. Cnly the backup filters of
the Cyvclone samplers collected sufficient activity for analysis and
these merely indicated that the particles were smaller than the 10 u
cut off range of this sampler. Autoradiography of the high volume
ajr-sampler filters showed a very smocth, even distribution indicating
that the particles associated with the radicactivity were small and well
dispersed,

1.2 Cloud Radiation

Direct radiation from the cloud was measured by remote
radiation monitors, film dosimeters, and film dcsimeters located in
"wells". The downwind film-dosimeter exposures indicate that the
cloud passed down the center of the grid directly over the five remote
radiation monitors located on the centerline of the 60 sector of the
radiclogical grid. The measured dose rates from the detectors are
shown as a function of time and distance in Figure 8. The traces show
a8 small response to the prompt gemma radiation, followed by a decay
of the delayed gamma radiation prior to the errival of the cloud.

The "well" film dosimeters, being shielded from the reactor, saw
only the direct radiation from the cloud. The maximum recorded radiation
dose from the cloud occurred within 25 meters of the reactor. Three
"well" stations on the 25-meter arc recorded total beta-gamma doses of
240 mrem, 450 mrem, and 290 mrem, respectively. OCne hundred meters
from the reactor, the maximum dose from the cloud, as measured by a
"well" film-badge dosimeter, was 35 mrem. Cloud dispersion and radio-
active decay were such that film dosimeters at all grid stations, 300
meters or more from the reactor, recorded less tnan 25 mrem, total dose.

A monitoring airplane intercepted the main cloud at approximately
one mile from the test site and follcwed it for twenty-one miles before
cloud dispersion and radicact.ve decay reduced the radiastion levels to
background. At .leven miles from the test site, the airplane measured
a peak reading of C.1 mrem/hr while [lying at approximately 1200 feet
above the terrain.
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2. Fission Products in Water

Samples of water expelled during the excursion were captured
in catch cans and water trays. Samples of the water remaining in the
environmental tank were obtained two days following the test from an
undergrcund "hot waste" storage tank. Of the 10,000 gallons of water
originally in the tank, all but about 500 gallons returned to the tank
following the initial power burst. Specific analysis for Ce-1hkl, I-131,
Ba-La-140 and Zr-Nb-95 were performed. The water expulsed during the
excursion contained significantly higher concentration of Ce-141 than
did the water remaining in the tank while just the opposite was true
with I-131. The Ce-141 would indicate that its parent Xe-1lhl was
released from the fuel in time for it to be trapped in the water that
did not return to the tank. The I-131 ratio indicates that the tellurium
parent was held in the fuel. The icdine was not released until after
the excursion. In additicn to the isotopes listed, large gquantities
of activated sodium {Na-24) and trace quantities of Ru-103, Ce-1k3,
Np-239, Te-132, I-132, and I-133 were detected in the environmental
tank water.

3. Fuel Analysis

!

3.1 Radiochemical Analysis For Fission Products

Because of the problems connected with recovering radio-
active fuel and in preparing suitable sample specimens for radiochemical
analysis, the fuel analysis was not started until nearly one month
following the test. Because of this relatively long time interval, only
the longer-lived isctopes could be quantitatively measured.

Four samples from each of three fuel pins were analyzed for I-131,
Ba-La-1k0, Ce-141, Zr-Nb-95, Cs-137 and Sr-89. In addition one fuel
pin sample was analyzed for Kr-85 to measure the quantity of ncble gas
retained.

3.2 Fragmentation

Fission product sampling of the various fuel sizes, while
not completely rigorous because of difficulties in obtaining represent-
ative samples, showed a trend towards higher levels of activity in the
more finely divided fuel. While the reason for this trend is not
completely clear, it can be pcsutlated that in part it was due to the
finer particles coming from the regions of the core having the highest
flux.

Table I shows the approximate size range and quantity of the reactor
fuel foliowing the test. Ess2ntially all of the fuel was conteined with-
in the environmental tani.
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TARLE I

FUEL PARTICLE SIZE RANGE

Particle Size Range

(a)

Granms

less 74 mlecrons

74 to 149 microns

149 to 1,000 microns
1,000 to 4,760 microrns
Creater 4, 760 microms

Total

13.0

.9
1,015.17
2,T76.C

Total Grams

S 5. Prior tc Test

57,215.00 57, 720

(2) Includes fuel, cladding, and end caps.

Percent

Recovered

99.2

VII. DATA ANALYSIS

A number of conclusione can be drawn from the destructive test
data; some of which, including the distribution of radiocactive iodine,
and the fraction of fission products released to the atmosphere, are

explored in this section.

1. Todine Distribution

Because of its potential biological effect a great deal of
interest has developed in the release of iodine from damaged reactor
fuels, especially in fuels ruptured under accident conditions. For
this reason an attempt was made to account for the iodine produced
durirg the destructive excursion.

1.1 Available Iodine

The numhber of curies of variocus iodine isctopes which were
prcduced during the destructive excursicn and were, therefore, avallable
for ralease to the atmosphere at the tims of the test are shown in

Table IT.
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TABIE TI

CURIE CCDE DATA FOR IODTNE

Conditions:

Genesration Time L msec

Enerzy Relezse €0 MW-sec

Decay Time 0 sec
Isotope TL Curies Available
1-129 107 yr 1o x 10
I-130 ——- ————
I-131 €.05 day 0.1
1-132 2.3 hr Lk x 207"
1-133 20.8 hr 3.4 x 10'6
T-134 52.5 min 7T
1-135 6.7 hr L7
1-136 86 sec 1.1 x 10h
I-137 2L.4 sec 6.1 x 10
I-138 0.3 s=c | 1.€ x 105
I-126 2 sec 2.7 % 105

These quentitiazs were calculated with the CURIE computer code,
using a fission-proiuct generaticn time of 4 msec and & total energy
velease of 50 megawstt seconds. A more refined estimate now indicates
th.at the ernersy released during the test wac cn +ne order of 45 £ L
mer awatt seconds. Ian addition, the core had experienced an energy
release during prior power calikrations or 13.1 rmegawatt seconds. How-
ever, since the power calitrations were spread cver several months the
fouire coptritution rrom thig source was negligible.

1.5 Irdine Releuzed to the Cloud

Although much of the grid instrumerntation was orientated
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towards highly sensitive detecticn of airborne radicactive ilodine,
iodine was nct detected in the radioecrtive cloud.

The minimurm concentration of iodine detectable by the sampling and
counting system under test conditions was 2.98 x 107/ uc/cc. This assumes
100 percent collection efficiency for the charcoal bed, & cloud sampling
time of 10 seconds, and a samp;xng rate §f 20 cfm. Using an estimated
upper-limit cloud vo¢um9 of 4.17 x 0% m this zoncentration yields an
estimated upper-limit of 0.012 curies of 1udine that could have been
released without detection. This corresponds to approximately 0.03
percent of the available iodine-135. The resulis of the field measure-
ments and the sensitivity calculations indicate that the iodine release
Trom the destructive excursion, 1f any, was insignificant.

1.2 1Iodine Releesed to the Water

Radiochemical analysis of the environmental tank water,
two days following the test alsc showed surprisingly little iodine.
The two-day dslay interval reduced the amount of direct-yield iodine by
radicactive decay; however, if large amcunts of iodine had been re-
leesed, it would have been readily detectable. On the date of analysis,
the environmental tagk water {=G500 gal) ccntained 3.15 x 1077 Lc/ml or
a total of 1.2 x 107° curies cf I-131, compared tu the total available
quantity of 0.92 curie calculated by the CURIE ccde.

Similarly, the iodine-133 data showed a smell amount (4.4 x 10-3
curies) of I-133 in the water, compared to the calculated quantity of
4.3 curies for the corr esponding time.

The evidence from thest two isotopes of iodine indicates that the
release of iodine into the water was guite low.

1.4 Iodine Retained in the Fuel

Radiochemical analysis of the twelve samples of fuel taken
from four different fuel pins showed an average concentration of 17 pc
of I-131 per gram of fuel at this time. This average value gives a
total of 0.87 curies of I-131 remaining in tne fuel compared with the
CURIF code calculated quantity of 1.0 curles. Thus, it appears that
roughly 87 percent cf the I-131 was retained in the fuel. While this
average value does nnot take into account the variation of neutron flux
Trom cemple to sample and the degree of fragmentation of fuel pins, it
dces serve toc show that a ma'or poertion of the I-121 remained in the
fuel. It can te speculated that other isctopes <f iodine tehaved in a
similar manner.

1.5 Todine I'late-Cut

An additional locaticn for the deposition of iodine was
the surface wrea of the environmental tank and pipings leading from the
eavircmrental tunk to the liguid waste tanks into which the environ-

-

Penv¢l water was emptied. It is well known that the
iodine readily plates out on vescel surfzces {ror an aqueocus solution.
This zlong witn the fu-t that indine was detectsd evelviag from the
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eavircnmental tenk tfollowing its dreining, indicates that a portion of
the iodine irnventory was held cn these surfaces. Since no specific
sampling for indine plateout was performed all that can Te said is that
an undetermined portion ¢f the iodlue inventory was deposited on various
surfaces In the system.

1.6 Icdine Balance Surmary

Although a ~cmplete accounting ¢f the tctal iodine inventoery
was not reallzed, the lack of iodin=2 in the cloud and the low concentration
in the envircnmental tank water indicate that the majority of the lodine
remeined in the fuel. The radiochemical analysis of the fuel, at a some-
what later date, confirms thl: conclusion, Indicating an iodine retenticn
on the order of 20 perceunt, witn *he bslance being rlated-out on tank
piping surfaces.

2. TFracticn of Noble Geas Released +o Environment

It is not possible to perform a calculaticr con the guantity of
radioactive gases released from a full scale reactor destructive test
without necessarily making = number cf assumptions. It is however
possible, in most cases, to select a set of assumptions that can
reasonably be expected to zive en upper limit tc the guantity released
and this mode <f approach nas been used in the following section. Three
methods have been used to determine the {raction cf noble gases released
during the destructive test.

2.1 Diffusicn Calculations Using Kr-91, Kr-92, and Xe-139
Decay Chains

An estimate of the fraction of the noble gas fission
products released to the atmosphere was made using the data from the
guantity of gas daughters ccllected by high-volume air samplers. First

a release mecdel which corresponded to the ovserved data was postulated.
THL% model was then combined with a Sutton type diffusion equation to
d=termine a scurce release term from the reactor.

Since only daughters frcm short lived noble gas fission products
were observed on high-volume air sampler filters, it was concluded that
only noble gases were released to the cloud. fTraces from recording
remote area monitors, Figure 8, indicate that the cloud was 1in the form
of a single “puff" type release. Beta film dosimeters data from the
radliological tower, Figure 9, indicate that the radicactive portion of
e dloud was be*ween 9 and 13 meters abocve the ground at the tower

ios of Sr-92 +to 3r-91 indicate thet tre releasge was
sug one croncurrent with the time of the excursion but
rether wne that wacs loyed several se-onds. The chserved ratio was

s¢ thar. wHuld have heen obtained by ua ipstantanenus release. In
rder‘ to az-ount fr»r the ohserved retic the noble iizzes wers assumed o
:ave been held up tor 3 secunds in the column of water expelled during
the excursion. It was further assumed thut all particulate daugnters

Trormaed during Lhic time remsined in the environmental tank water. A

F18b3b9
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hold-up time of 3 seconds predicts a ratio of Sr-92 to Sr-91 in good
agreement with the observed data. It also ccincldes favorably with
the time interval during which the elected column of weter remained
above the envirommental tank following the excuregion, Figures 10 and 11.

The 3-second-delay model was edopted on the above basis, although
the lack of agreement between the predicted and ctserved ratio of Ba-1l39
t0 Sr-91 indicated additional uncertainties in the model or in the
inventory calculations performed with the CURIE code.

The postulated release model was then combirned with Suttons
diffusion equation and the high volume air sampler data in order to
calculate the quantity of noble gases released tc the cloud. To édo
thls, the cloud was assumed to follow the basic metsorological diffusion
eguation for & ground level release.

X = Q

P
nQ ay az

where

X 1s the peak time-integrated doncentration at downwind distances
P obtained by dividing the activity collected on each filter by
the flow rate of the sampler

Q 1is the source term, curies released
u 18 the mean wind speed, meters per second
o 1s the lateral cloud spread, meters

g is the vertical cloud spread, meters.

An average value of 0.20 x 0.85 was determined from the lateral
cloud spread, ay, as a function of distance. This value compares very
well with other”NRTS measurements made by the U. S. Weather Bureau for
30-minute traces released under similar metecrclogical conditions. In
contraat to the measured g parameter, essentiaslly no measurements of
the vertical cloud spread, 0., Were obtained. Therefore, an estimate
of the g, parameter was necessarily used in determining the source term,
Q.

NRTS experience indicates thet for slightly unstable conditions
observed during the test the distance dependency of o will not exceed
that of o, and that normally it would be on the order’of 2/3 Oye Usingo 8
tne maximim condition of g, = G and the measured value of g, = 0.20 x °° >
yields s straight line curve frzm equation one with a slope df -1.7, whose
value at a distance of one meter is numerically equal to the curies
released.

Figure 12, shows the peak time integrated concentration X_ obtalned

from air sampler measurements made on each arc. The height of*the
terraln as a function of distance from the reactor is also shown. The
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dark straight line curve drawn through the last three measured pointa
is a theoretical line with a slope of ~1.7 celculated from the diffusion
equatiocn.

The theoreticszl line was drawn through the last three points of the
experimental data on the basis of the postulated release of the radio-
active clouwd at a height of eleven meters.

The cloud was then assumed to remain at a constant level above the
ground out to about 1600 meters where terrain takes a sharp rise of
about 10 meters. At this point it is assumed the terrain intersected
the cloud trajectory and measured values of X8 from the three remaining
arcs represent true ground level diffusion. he maximum value of Q is
then cbtained by drawing a curve with this slope through the points
from the last three arcs on the grid which represent the highest values
of Xp with respect tc distance.

A curve with a slope of -1.7 drawn through X_ from the lagt three
arcs gives an extrapolated source release term opr = 1.0 x 10° micro-
curies. :

The source term calculated from the extrapolated curves 1s the
microcurie amounts of Sr-9l at the time of 2.28 hours after the test
assuming a puff relemse. According to the CURIE code calculations,
the total S3r-Ql inventory available from its krypton parent at this
time was 25.6 curies. Comparing the largest or upper limit extrap-
olated source term with this inventcry determines a release fraction for
the Kr-91 decay chain of about 4 percent. By similar comparisons, the
upper limit release fraction for the Xe-139 chain was about 3.0 percent
and for the Kr-92 chain about 3.0 percent. One cen assume ccmparable
release fractions for other noble gases. However, the fisslon ylelds
and decay modes of these other noble gases were such that thelr daughters
were not detected by gamma spectroscopy of the alr sampler filters.

2.2 Cloud Volume Calculation - Xe-138 Decay Chain

The gquantlity of notle gas released can be calculated from
a knowledge of the cloud volume and the concentration of the noble gas
in that volume.

The concentration of the noble gas (Xe-138) detected by a fission
gas detector on the 25 meter arc was calculated to be 1.7 x 10™* pc/cc.
This corresponds to the ccllection of 1.4 pc of Xe-138 in the detector
balloon during the 10 second cloud passage time and a sampling rate of
830 ce/sec. Air particulate samples showed that the maximum concen-
tration recorded from the cloud was nearly L4 times that detected at
positicn A-3. Accordingly the cloud concentration of Xe-138 wes
incrzased ty 2 factor of L to obtain an upper limit estimate of 6.8 x
1074 pc/ce.

The clcud volume was estimated as follcws:

(a) The height of the clcoud at the 27 meter arc was determined
by visual inspection of motion pictures =nd by beta £ilm dosimeter
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readings cn the tower. Both of these deierminations indicate that the
top ¢f +the cloud was approximately 12 meters.

1 from mobtion
onds for the cloud to
ith speed of 25 mph

(o) The length of the cloud was also ca
sicture data which showed that it foox 10 sec
pASE the 25 meter avc. This time combined w
gave a cloud lengtn of 110 meters.

(¢) The cloud width wes zracketed with air sampler data. Redio-
active particulates were detected or s+%ation A-3 and Ay of the 25
meter arc and were not detected on A-Z2 and A-5. CZince these statlons
are located approximately 13 meters apar®, 1t was estimated that the
loud width was on the order of 30 meters. Using these Yracketing
igures which should cver estimate the cloud glves 2 volume of %.13 x

N
»

cubic meters.

. -4
This volum= combined with the concentration of Xe-138 of 6.8 x 10
Lo/ce gives a total release of 27.6 curies or roughly 4% of the 630
curies producud in the excursicn.

2.3 Fuel Analysls Xe-137 Chain

An indirect approach to the measurement of the release of
the noble gases can be made by analyzing the reactor fuel for the
guantity of the daugh“er activity remaining in the fuel. This approach
was used on the Xe-137 decay chain by comparing the samount cof Cs-137
remaining in the fusl to the amount ideally available from the total

Aaln yield of Cs-137 for the integrated energy release from the fuel.
> difference between the calculated value of the available Cs-137
and the measured value gives the number of parent atoms (I-137 and
Xe-137) that were released. By combining the fuel analysis with a
normalized flux distribution over the core, this comparison technique
indicates that an upper limit on the release fraztion of the xenon-
137 chain wes less than £ percent.

4 similar indirect measurement was possible using Kr-85 because
its 10.4 year half-life allowed little decay.

One sample of fuel from fuel pin E-147 was enalyzed and showed

3.9 x 103 te of Kr- 85 pa2r gram pf fuel. This value, normalized cver
the eﬁre, irndicates that 2 x 107" curies of Kr-85 remained in the fuel,
cr nearly 87 percent of the CURIE code quantity. It is felt that this
quantity is less than the percent retained during +the test Lecause of
the opportunity for the gas to diffuse frcm the fuel subsequent to the
destructive excursion. The results do, however, indicate that the .
najfority of the Kr-85 remained in the [uel.

2.4 Swmmary < Noble Tission-3es Release

Tnree independent methads were usea to calculate tne
ction of noble fission gases releasel during the power burst. Two
these depended upen actual measurement of the clcouwl and cne on
lysis of the fission products remaining in the fuel. A*l indicate
o low percentase relesse. Tt is felt $1o0 the 34 ftusional caleoulstions
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using the Kr-9l chain represent the most reliable determination tecause
& of the considerably larger numoer of measurements used tc establish the
mcdel. On this basis it appears that the percentage releasse of the noble
fission gases should be considered to be con the order of four percent.

The sumaticn of noble gases formed directly by the excursica was
calculated by the CURIE code to be 8 x 107 curles, svout 10 percent of
the total fissicn product inmventory. Four perceant of the notle gases
corresponds to & release of 32,000 curies.

VII. CONCLUSIONS

The hazards involving the release of toxie end rediological
material to the environment in conjuncticn with the destruction of a
SNAP 10A/2 reactor were considerably less than anticipated. The
general conclusions which can be drawn from the SNAPTRAN 2/10A-3
destructive test are:

(1) No beryllium was released with the radiocactive cloud.

(2) More than 99 percent of the fission products were retained in
the envirommental water and reactor fuel remains.

(3) Halogens, released from the fuel, were retained by the
environmental tank water, with the result that no detectable
iodine was released to the radloactive cloud.

(4) The radioective cloud contained only noble fission gases and
thelr daughters. Calculations indicate that the noble gas
release fraction was less then L4 percent of the total nodble
gas inventory.

(5) There was little dispersion of radioactive debris in the
vicinity of the test area. Contamination levels approached
background levels three days after the test.

(6) Based on the available data, the most dependable method for
determining the fission-product release from the reactor was
the diffusion-type calculations based on the spread and
dispersion of the radioactive cloud.

The experience gained from this test indicates that (a) better
definition of the cloud trajectory and diffusion cculd be obtained
with more closely spaced sampling stations on the monitoring arcs;

(b) measurements of the cloud diffusion in the vertical direction were
reeded for the source term calculations; (c) earlier radiochemical
enalysis of the fuel would have aided in determmining the fraction of
the fission prcduct retained in the fuel; (d) continuous pen-type
recorders, connected to beta-sensitlve, gamma-insensitive detectors,
would have provided better definition of the cloud &ynamicz by re-
sponding only when in the immediate vicinity of the cleoud.
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In general, it can be concluded that the destructive test was
successful in clearly demcnstrating that a water immersion accldent of
a SNAP 1CA/2 reactor does not presant a serious radiological hazard to
the public. It was also successful in demonstrating the conzervatism
inherent in the analytical procedure for perfcrming safety analysis on
this type of reactor, e.g., ectual release of less then 4 percent cf
noble flssion gases compared with the 100 percent release porwmally
pestulated.
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