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I. SUMMARY

A, Scope

As part of the Atomic Energy Commission's Reactor Safety Program,
a SNAP 10A/2 reactor core was subjected to rapic water immersion such as
might result from an aborted space mission. The resulting reactivity
excursion was designed to represent the upper limit attainable from such
an accident and was destructive in nature. The test was conducted in
Idaho at the National Reactor Testing Station by Phillips Petroleum

Company with the assistance of Atomics International.

The objectives of the test were to provide information concerning:
(1) the radiological results of the test, and (2) those aspects of the
reactor behavior which influenced the radiological results. More specifi-
cally, the radiclogical results dealt with the release and migration of
radioactive fission products while the particular aspects of the reactor
behavior which affect the radiolegical results were related to the energy

release and to the mechanical mode of disassembly during the destructive

excursion.

B. Test Package Description

Tests had shown that all components external to the reactor vessel
(including the berylliium reflector) become disengaged upon rapid entry
of a SNAP 10A/2 reactor into water(l). A reactor configuration for this
test was therefore chosen in which a SNAP 10A/2 reactor vessel with
enclosed core was mounted in the center of a large environmental water
tank. The core consisted of 37 SNAP fuel elements (4.75 kg of U-235)
and six beryllium inserts used to retain the hexagonal fuel element array
within the cylindrical vessel. A sleeve, fabricated from a thermal
neutron absorbing material (Binal), was positioned around the reactor
vessel to maintain subcriticality and was rapidly withdrawn from around
the vessel to initiate the destructive transient. The reactor system,
including the envirormental tank, was mounted on a railroad flatcar which
was used to transport the reactor remains to the TAN hot shop for post-
test examination.

IR
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C. Conduct of Test

Preliminary to the SNAPTRAN 2/lOA-3 destructive test program, static
physics measurements were performed to determine basic physics parameters
expected to affect the reactor behavior during the destructive excursiocn.
In addition, several dry runs were performed to establish that a high
degree of reliability of the experimental equipment could be expected.
Weather requirements were imposed to insure that the fission preduct
release would be directed toward the heavily instrumented sector of the

radiclogical grid.

The destructive test was conducted on April 1, 1964 and a summary of

the data is presented below:

Asymptotic Period of the Power Rise 6LO + 30 usec
Peak Power 18,000 = 2000 Mw
Total Muclear Energy Release ks + L Mu-sec
Maximum Core Averaged Fuel Temperature 1300 + 200°F
Excess Reactivity 3.75 % 0.25 dollars
Maximum Disassembly Pressure 1000 + 300 psi

Radiation Level at the Rim of the
Environmental Tank (2 hrs after test) <25 r/hr

(24 hrs after test) = 3 r/or
Peak Dose Rate 100 meters downwind ~ 2 r/br
Noble Gas Release 5%

D. Analysis of Results

The power-time history associated with any nuclear excursion depends
primerily on the reactivity driving function and any feedback mechanisms
which come into play. An excess reactivity of 3.75 dollars was calculated
from the asymptotic power rise (T = 640 psec) using a value of 1.75 msec
for E/Beff' Up to the time of peak power, the reactivity feedback appears
to have been linear with fuel temperature and was determined to be
-O.l9¢/°F. Since no appreciable core vessel expansion cccurred until
at or immediately after the time of peak power, it was concluded that
nearly all reactivity compensation to that time was due to the intrin-

sically neutronic behavior of the fuel material.
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After peak power was reached, a more rapid power decline occurred
coincidental with the explosive expansion of the core vessel. Once dis-
assembly started, the reactivity compensation no longer depended on

energy or temperature level but rather cn the deranged condition of the

core.

The most probable value of the energy release resulting from the
destructive power excursion was determined from a number of different

measurements to be 45 * 4 Mw-seconds.

Moderate radiological effects resulted from the test. A direct
dose of only 150 rem was recorded at a point eight feet above the reactor.
This measurement encampassed the direct radiation from the burst and the
decay, during a one hour period following the burst. The halogens that
escaped from the fuel were retained in the water, and as a result, no
airborne iodine was detected. The radiocactive cloud resulting from the
destructive excursion consisted primsrily of noble gases and their
daughters. It was estimated that less than 5% of noble gas present in
the core were released. The radiation from this cloud decreased to
background about 12 miles downwind. Sensitive alr monitors revealed

no airborne beryllium contamination.
E. Conclusions

As a result of this test, it can be concluded that minimal radio-
logical hazards result from the rapid water immersion of a SNAP lOA/2
reactor. In addition, the information gained concerning the reactor
behavior provided a basis for predicting the consequences of similarly

fueled reactors under accident conditions.
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II. INTRODUCTION

A. Background

Consistent with the Atomic Energy Commissicn's goal of achieving a
high degree of safety in the muclear indusiry, an experimental program
has been initiated to assess the safety of aercospace nuclear systems. A
portion of this safety program is directed toward determining the con-
sequences of nuclear incidents under actual accident conditions and pro-
viding physics and engineering information of importance to understanding
the kinetic behavior, assessing the muclear safety, and improving the

design of aerospace nuclear systems with respect to safety.

A test designated "SNAPTRAN 2/10A-3" was performed to provide this
kind of information as it pertains to SNAP 10A/2 reactors under transient
conditions. Phillips Petroleum Company, Atomics Intermational, and
Edgerton, Germeshausen and Grier were the major participants in the
SNAPTRAN 2/10A~3 program.

SNAP lOA/2 reactor systems are subject to large reactivity insertions
upon accidental water immersions. Very rapid reactor water immersion, as
could be experienced from a launch abort, has been shown to result in the
separation of the external beryllium reflector from the reactor vessel.
The resulting supercritical configuration is that of a standard SNAP lOA/2
reactor core and vessel surrounded by water as a reflector. The SNAP-

TRAN 2/10A-3 destructive test was performed to simulate this accident.

B. Objectives of Test

The objectives of the SNAPTRAN 2/lOA-3 destructive test were: (1)
to assess the radiological hazards resulting from rapid water immersion
‘of a SNAP 10A/2 type reactor, and (2) to gain information on those aspects

of reactor behavior which contributed to the spread of fission products.

! g>5'b i 15
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ITT. TEST ARRANCEMENT

Al Descrinption

The SNAPTRAN 2/lOA-3 reactor was a modification of the small, zir-
conium-hydride-uranium fueled, beryliilum-reflected SNAP 10A/2 reactor.
The core was a cylinder approximately 9 inches in diameter by 13 inches
long. The fuel rods were fabricated of an alloy of zirconium-hydride and
fully emriched uranium and were clad with Hastelloy-N. The core was
composed of 37 fuel rods arranged in a close-packed hexagonal array and
contained 4.75 kg of U-235 and 464 gm-moles of hydrogen. These rods were
contained in a stainless steel vessel having a wall thickness of 0.032
inches. Allowance was made in the reactor vessel for containment of Nak
in the core and for installation of in-core instrumentation. Table I
summarizes the reactor characteristics and Figure 1 shows a cross section

of the core and beryllium inserts.

The reactor was controlled by a l/h inch-thick cylindrical neutron
absorbing Binal sleeve which surrounded the vessel. Two sleeve drive
mechanisms were used to remove the sleeve from around the reactor vessel
and raise the reactivity state of the reactor. A slow drive with an
electrical motor drive and a gear train mechanism was used for non-
destructive operations. The destructive reactor excursion was initiated
by means of the pyrotechnic actuator which was directly coupled to the
Binal sleeve and allowed free vertical movement of the sleeve by raising

and lowering the piston located inside the actuator cylinder.

The reactor vessel was surrounded by a lucite calorimeter during
power calibration runs. The calorimeter was removed for the destructive
test. Figure 2 is a diagram of the core, vessel, calorimeter, and support

pedestal.

The reactor vessel containing the ccre was located on a pedestal
centered in an envirommental tank having an internal diameter of 14 feet
and a height of 10 feet as shown in Figure 3. The tank walls were fabri-
cated from 0.75 inch-thick carbon stesl and the base was fabricated from
1.5 inch-thick carbon steel. The size and construction of the environ-

mental tank was selected to simulate a large body of water, to facilitate
; 7 L i o
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TABLE I

SNAPTRAN 2/10A-3 REACTOR CHARACTERISTICS

Reactor Design

Fuel Elements

Number 37

Fuel diameter (inches) 1.212

Cladding material Hastellcy-N

Cladding diameter, OD (inches) 1.25

Cledding thickness (inches) 0.015

Fuel alloy (wt% U in Zr) oo 3 10

Degree of hydriding, Ny (10°° a/cm”) 6.5

Active fuel length (inches) 12.25

U-235 enrichment (percent) 93

U-235 loading/fuel element (gm) 127.16 * 1.16

U-235 total core loading (kg) L.75
Internal Reflectors

Composition Beryllium
Lower Grid Plate

Material Hastelloy-C

Thickness (inches) 0.500
Upper Grid Plate

Material of standard grid plate Hastelloy-C

Thickness (inches) 0.125
Core Vessel

Material 316 ss

Internal diameter (inches) 8.875

Thickness (inches) 0.032

Neutron Absorbing Sleeve

Material
Natural boron content (wt%)

ByC dispersed in Al
10.5

Diameter ID (inches) 9.5
Length (inches) 30
Thickness (inches) C.25

pressure measurements, and to permit evaluation of the effect of possible
metal-water reactions and secondary criticality. In order to maintain
integrity during the high pressure surges which were expected during the
destructive disassembly of the reactor, the tank was backed on the sides
by concrete which was 1 foot thick at the top and 2 feet thick at the
base. The entire é&stem was mounted on a flatcar to facilitate transport

to the hot shop for examination following the test. The test package was

(290017
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housed in a mobile test building which was removed before initiation of

the destructive excursion.

The reactor contrcl console was located in the Initial Engineering
Test Facility (IET) control room. The console panels were equipped with
reactor controls, startup instrumentation, power level recording instru-
mentation, period and power level safety instrumentation, televisicn
monitors, and a program sequence timer. Recorders indicating water level
and temperature in the envirommental tank were located in the control

room in the process contrcl panel.

Scram shutdown of the reactor during normal operation could be
accamplished by dropping the poison sleeve from the raised position or
by rapidly draining water from the calorimeter to an evacuated tank.
Dropping the sleeve was accomplished by de-energizing the electromagnet
which coupled the poiscn sleeve to its raising mechanism. Draining of
the water from the calorimeter could be accomplished by de-energizing
the solenoids which held the calorimeter dump valves closed. Filling
and draining the environmental tank was accomplished by a 350 gpm cen-

trifugal pump which was controlled from the control console.

An electrically driven mechanism was used to vertically position the
poison sleeve with respect to the reactor core. Cam operated switches
were provided to give indication at the limiting drive positions: (1)
mechanical lower limit, (2) mechanical upper limit, and (3) the position
at which the bottom of the raised sleeve was one inch below the top of

the reactor vessel {upper limit).

A pictorial representation of the sleeve ejection mechanism showing
the powder chamber and detonating squibs in the safe position is presented
in Figure 4. A key switch on the console activated the powder chamber
rotating circuit. Arming for the destructive test consisted of running
the electromagnetic drive to its upper limit, rotating the powder chamber

into the actuator cylinder, and activating the squib detonating circuits.

Additional information concerning the test package can be found in
ID0~16929, "Safety Analysis Report - SNAPTRAN 2/10A-3 Water Immersion
Tests'.

10
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R. Conceptual Considerations

Several experimental techniques of reactor water immersion were
investigated with respect to ease of instrumenting, reliability, re-
activity insertion rate, and typification of the actuzl accident.

Dropping the reactor into a body of water would most typically similate
the actual accident, but the need for internal and surface-mounted
instrumentatién presented a nearly insurmountable design problem. Instead,
the reactor was permanently mounted in a fixed position and provision made
To rapidly introduce the effect of full water immersion as test initiation.
In addition to facilitating adequate reactor instrumentation, complete
water immersion without spurious void pockets was considered desirable

in similating the maximum reactivity accident. Complete water immersion
was considered ilmpertant since it would have been very difficult to pre~
dict and/or simulate the voids developed in the actual case and also since
any void formation would reduce the reactivity state, thereby reducing

the severity of the excursion. A bubble collapse technique proved to be
too slow to insert all available reactivity before feedback effects could
cause distortion of the asymptotic reactor power rise. Since the excess
reactivity was to be determined by the asymptotic period of the power

rise, a faster mode of reactivity insertion (or effective water immersion)
was sought to insure that adequate asymptotic period data without feed-

back would be available.

Experiments performed by Atomics International (2) indicated that
a l/h inch-thick Binal sleeve placed around the periphery of the water
immersed reactor vessel was capable of maintaining the shutdown state of
the reactor. A cylinder and piston arrangement using black gun powder as
the driving force was chosen as the means for rapidly removing the sleeve
to initiate the destructive excursion. Subsequent tests proved the
feasibility and reliability of attaining adequate reactivity insertion
rates by means of the cannon arrangement. The reactor was fixed on a
pedestal through which instrumentation leads were routed from the reactor

vessel to the terminal sirips below the flatcar.

v
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C. Measurement Considerations

The measurements required to define’ the phenomena of interest can
be placed in three categories: (l) measurements concerning the radio-
logical effects resulting from the test, (2) measurements of the nuclear
and physical phenomena which define the reactor behavior and resulting
consequences to the environment, and (3) the photographic coverage
which, while mainly for documentary purposes, has definite value as
experimental data. The location and types of measurement devices and a
description of the signal conditioning and recording eguipment for the

first two categories is discussed in detail in Appendix A.

A brief discussion is given here to provide some insight into the
considerations attendant to the various kinds of measurements made during
the test. Initially, consideration was given to the expected ranges, rise
time, accuracy, and redundancy required of the analog detector signals
describing a given phenomenon during the test. The selection of detectors
and signal conditioning equipment was based on these considerations and
the specific locations of detectors were based on range and the capability
of describing spatial and time-of-event information. The magnetic tape
recording eqguipment used during the test to record the analog detector
signals had provisions for rapidly transferring the recorded analog
signal to a digital tape for use in computer data treatment. Strip chart
recorders were used as backup and for less rapidly occurring phenomeno-

logical event recording.

Measurement of the radioclogical consequences as a result of the
destructive test include fission product release, direct gamma and neutron
doses, spread of airborne contamination and the release of beryllium. The
measurements were accomplished by use of a radiological monitoring grid
which was set up as a series of concentric arcs with the reactor test pad

as the center.

The heavily instrumented sector of the grid was oriented about a
centerline on 30° east of true north which is in line with the direction
of the prevailing winds. Weather conditions required for performance of
the destructive test were established by the AEC and U. S. Weather Bureau
in order that the fission product relesase would be directed toward the

heavily instrumented sector of the grid.
Pl SN
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In addition to the grid sampling equipment, radiological sampling
equipment was placed on a 150 foot tower and on the existing IFT stack.
Water catch cans and trays were located on the reactor dolly. Film-
vadge-drop devices were located on an approximate 10 meter arc and
special high range dosimefers and activaltion fcill boxes were erployed in
the immediate reactor area. Clothesline-type sample stations were

located east of the reactor and an aircraft was provided to follow the

radicactive cloud.

D. Photographic Coverage

Photographic datz and documentary coverage were provided for the
destructive test through the use of 21 cameras. Camera types included
2-1/4 x 2-1/4% inch (70 mm) rapid-sequence cameras and 16 mm standard-
speed framing cameras. Table IT summarizes the camerz types used for

direct viewing of the destructive test.

TABLE II

SNAPTRAN 2/10A-3 DESTRUCTIVE TEST CAMERAS

Camera Framing Film Film MNumber
Type Rate Size Capacity Used
Photosonics 300 to 16 mm 100 and 9
16-18 1000 f/sec 40O feet
Waddell 2000 to 16 mm 100 and 3
16-1 10,000 £/sec* LOO feet
Bell and 16 to 48 16 mm 100 and -2
Howell f/sec 40O feet
Arriflex 16 to 48 16 m 100 and 1
LOO feet
Hulcher Press single framing 70 mm 100 feet 2
to 20 f/sec o2&t in.
Dynafax (EG&G) 17,680 £/sec 16 m 22k 16 mm 2
and 8,840 f/sec fr on 35 mm  frames
E0-600 (EG&G) 1 fr every I x5 in. 6 frames 2
20 usec

* Limited lighting restricted these cameras to a framing rate of
3000 £/secord. © L {j b o
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Selection and Positicning of Cameras

Four camera positions were selectec’ to obtaln photograpns of the
disassembly (Stations 1, 2, 3, and 10 in Figure 5). A combination of
camera type and positioning was chosen winlch was expected to result in
comprehensive and interpretable films. Each station contained at least
two high speed cameras (300 - 10,000 f/sec). These nigh speed cameras
were fitted with lenses which afforded an optimum corpromise between
field-of -view and closeup detail capabilities. Slower cameras (one 2k
f/sec and one 4B f/sec) were placed 600 and 180 feet from the reactor.
Seventy millimeter rapid sequence cameras were placed at 600 and 180
feet. These slower cameras and ragpld sequence cameras were fitted with

lenses which afforded a large field-of-view.

Camera Stations 1 and 2 were positioned 180 feet from the reactor
at ground level. Camera Station 3 was positioned at the top of a 150
foot tower. Camera Station 10 was positioned 650 feet from the reactor
and elevated about 20 feet. Weather ard temperature protection was pro-

vided by these stations.

Specialized Ultra High Speed Cameras

Ultra high speed framing cameras were emplcoyed by Edgerton, Germes-
hausen and Grier (EG&G) to obtain silhouette photographs of the reactor
vessel during disassembly. Water filled periscopes attached to the

inside of the envirommental tank were used in obtaining these photographs.

The two EO-600 cameras were triggered by breakbands set to start at
the time radial vessel expansion began. These cameras were adjusted to
operate at framing intervals of 20 microseconds. The purpose of these
cameras was to record the occurrence of very rapidly changing phenomena.
Two Dynafax motion picture cameras operated at rates of 17,680 and 8,340
f/sec respectively. These cameras provided broader coverage of less
rapidly occurring phencmena than those covered by the E0-600 cameras.
The Dynafax cameras were triggered by a gamma chamber at about 200 kw of

reactor power.

13
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Iv.  TEST RESULTS

A. Sequence of Events

Before discussing the detalled features of particular categories of
experimental data, it is appropriate to consider the gross correlations
of many of the nuclear and physical phenomena occurring during the test.
Table ITI lists the relative times of the significant events during the
test referenced to peak power. The symbols used in the "Source of Infor-
mation" column designate by code the type and identification number of
the detector and recorder channel used. For example, N-13 T-6 - 10

designate a nuclear detector on tape transport 6 channel number 10.

Figure 6 presents the long term time dependent behavior of the more
significant events. Trace SW-1 indicates the motion of the poison sleeve
being ejected from around the reactor. The trace indicates the cessation
of sleeve withdrawal at about 20 msec prior to peak power. An analysis
of the data has shown that the sleeve was off the reactor ~ L0 wsec prior
to the onset of any cbservable feedback mechanisms, thus providing 60
e-folds of unperturbed asymptotic rise. The power trace N-13 appears as
a spike and is included for completeness-in presenting the long term
behavior of other effects. Trace P-9 represents the pressure generation
in the envirommental tank as a result of reactor disassembly. This
pressure, seen to last in the order of 30 msec, initiates water expulsion
shown by the point plot from the motion picture analysis. The water is
shown to rise to a height of about 25 feet at about 1000 msec after peek
power. At this time, the temperature as determined by a fast response
thermocouple (TC-2) placed above the environmental tank for sensing of
the potential hydrogen-oxygen and other chemical reactions, shows a rise
of about 20°F which persists for the duration of the water plume. Data
from temperature traces and the air pressure data reveal no evidence of
severe disturbance from chemical reaction. The severe spikes shown on

the figure are the result of electromagnetic noise.

Trace P-28 indicates a plot of the air pressure generaticn resulting
from the water expulsion. The spikes have been correlated with the time

of (1) squib firing, (2) gas release from pyrotechnic actuator, and (3)
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TABLE IIT

RELATIVE TIME OF SIGNIFICANT EVENTS DURING THE TEST

Time Referenced to Source of
Event N-13 Peak Power (msec) Information

Timer contact closure -119.0 N-13 T6 -10
Squib flash - 71.0 L-3 Camera
Sleeve initial motion - 68.6 SW-1 T1l-1k%
Criticality positicon of poison
sleeve and lower breakwire signal - 52.7 Bw-1, SWw-1 T11-9
Sleeve clearing top of vessel - 4h.s5 BW-1, Sw-1 T11-9
Upper breakwire signal - 42.0 Bw-1, SW-1 T11-9
Smoke from pyrotechnic actuator
cylinder - 38.2 L-3 Camera
EG&G chemical flash trigger - 11.8 EG-1 T1ll-4
Cavitation in water above vessel
becomes evident - 9.7 L-3 Camers
Cerenkov becomes evident - 5.6 L-3 Camera
First EG&G Dynafax-frame - 1.03 EG-1 T11-L
Peak power N-13, N-17 0.0 T6-10, T6-12
Peak paower N-10 + 0.18 T3-11
Xenon flash + 0.81 Dynafax Camera
Cerenkov obscured, NaK reaction
begins + 2.0 L-3 Camera
NeX reaction flow ends + 18.0 L~3 Camera
Explosive flash on lip of tank
Number 1 + 58.0 L-3 Camera
Red glow, Number 2 +263-285 L~3 Camersa
Water plume peak +1100 L-3 Camera
Peak gamma dose rate passing
500 meter point dowrnwind +65,000 F-19
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onset of water expulsion. The lower plot shows the gamma dose rate which
was measured at 500 meters downwind from the reactor. A detailed dis-
cussion of photographic, nuclear, non-nuclear, radiological, and post-

test results follow.

B. Photographic Results

The photographic documentation to record the reactor disassembly
and resulting effects was accomplished by employing a variety of fast
and standard speed, color and black-and-white cameras around and above
the test area. Figure 7 shows a series of photographs taken by EG&G
depicting a two-dimensional profile of the reactor during disassembly.
These photographs were taken through a periscope arrangement by a
Dynafax camera at a speed of 17,580 f/second. The salient features of
these photographs are described in the following table.

TABLE IV

BEG&G DYNAFAX PHOTOGRAPHIC RESULTS

Picture Frame Time from peak
Number Number power (msec) Event

1 12 ~0. 41 Binal sleeve removed - Cerenkov
glow masks reactor

2 30 +0.61 Vessel begins to expand - Cerenkov
glow still observable

3 3k +0.83 Xenon lights flash illuminating
"brezk bands"

Ly 39 +1.12 Expansion continues - dome begins
to bulge

5 L5 +1.46 Displacement of water environ-
ment begins

6 51 +1.79 Outline effect caused by a
fractured internal Be reflector
seen on left

7 55 +1.96 Venting begins

8 59 +2.25 Vessel has expanded to an approx-
imate spherical shape - venting
is profuse -

P 7et
P8 ,th AME F« ] ?

20



Fig. 7
WA

EG&G High Speed

. 1 FRAME 12

e

Photographs of Reactor Disassembly

21

NO. 6 FRAME s1




Figures 8 and 9 show a series of "rapid sequence” photographs taken
from ground level (camera Station 2). The events depicted, with time

referenced to peak power, are as follows:

1. The pyrotechnic actuator has been fired, the shock absorber
(A) is compressed indicating sleeve removal, the drive

mechanism (B) is in place.

2. The shock absorber is still compressed, the drive mechanism

cap has been thrown off, water expulsion has tegun.
3. Water expulsion continues.

L, A bright spot (D) presumed to be NaK-water reaction, about

9 inches in diameter is seen above the envirommental tank.
5. The bright spot diminishes in size and intensity.
6-7. The water spout reaches maximum height.

8-9. The upper grid plate (C) is seen falling back onto the test
pad.

10-11-12. Expelled water falls onto the test pad and forms secondary
"elouds" which begin drifting with the wind, the environmental

tank is seen still intact.

Figure 10 shows a sequence of pictures taken from a camera located
150 feet asbove the test area (camera Station 3). Picture A shows the
pyrotechnic actuator squibs firing; B shows the beginning of the Cerenkov
glow; C shows the Cerenkov glow at maximum intensity and the EG&G lights
illuminating the entire tank interior; and D shows the water plume as it
engulfs the superstructure. A red glow, which occurred about 300 msec
after peak power and which is believed to be caused by a NaK-water
reaction, was photographed from the tower camera station on color film.
The intensity of this glow however, was not sufficient to be seen through

the water plume on black and white film.

C. Nuclear Measurement Results

The nuclear data to be presented are the result of digital pro-
cessing and computor treatment of analog date originally recorded on

magnetic tape. The digitally processed data are accurate to within # 3%.
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Fig. 8 Elevation View (1 through 6) of Destructive Test Sequence
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No. 7 (T, + 550msec) No. 8 (To + l.31lsec)

No. 9 (To + 1.96sec) No. 10 (T, + 2.bsec)
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Fig. § Elevation View (7 through 12) of Destructive Test Sequence
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Fig. 10 Overhead View (A through D) of Destructive Test Sequence
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In addition to the error present in the digita'ly processed data, un-
certainties due to intercalibration of detectors, detector linearity, and
field effects were included in the interpretation of the data shown in

Table V.

Table V is a summary comparison of the salient nuclear information
indicated by the various nuclear detectors. Two gamma detectors (N-9
and N-11) were used for the intercalibration of detectcrs between the
power calibration and the destructive test. This intercalibration was
required to encompass the range of lOlO nv occurring during power cali-
bration to J_Orr nv occurring at peak power of the destructive test. The
gamma. detectors provide a straight forward correlation of the power

calibration power level to the destructive test power level.

During the power calibration both delgyed and prompt gammas con-
tributed to the observed signal, however, the bulk of the delayed gammas
(90% or more) lag the prompt gammas by greater than 10 milliseconds.

Thus for short period transients such as the destructive test, the
gamma. signal seen by gamma detectors is, at any given time, reduced by
the amount of the delayed gamma contribution. The delayed gamma
contribution amounts to about 42% of the total‘gamma signal. Because
of the short period and duration of the destructive power burst, the

delayed gamma distortion of neutron detector output is insignificant.

Figure 11 shows linear power versus time for detectors N-10, N-13,
and N-17. Detectors N-10 and N-17 have been normalized to the N-13
peak power and N-10 has been normalized in time to coincide with the
time of peak power as seen by N-13 and N-17. From this figure it is
apparent that the detectors N-13 and N-17 give essentially the same
value for the total nuclear energy release, while N-10 gives a slightly

larger value.

From Figure 12, showing log power versus time for detectors N-2,
N-9, N-10, N-13, N-17, and N-19 it can be seen that, with the exception
of N-10, all detectors within the range capability of each detector
channel follow the burst shape of N-13. Detector N-10 was shown to
have non-linear gamma sensitivity over a large portion of its dynamic

range. This non-linearity results in distortion of the burst shape.

f 2 ﬁ & ﬁ q & 20

5



gLyt

10309930 J01BTTTIIUTOS
6 7 th gt 0 ¢69 ‘WA aqn UOIFNAN agny, o3oud
8o T 1s8d LLI 6T-N
Ie) wm:|m% BUBY
6 7 €5 22 0 099 WA 98Td 10399330 §03[03 5199134
JIBoUTT Japup BUIB D) LT-N
M
10109138 J03BTTIIUIOS
g T tY o3 0 0{9 WA a2qny, uoIINSN aqny, 0304d
I89UTT BT 4884 LI £T1-N
2100 WOIJ 10709920  TLG-uf pRY TWSS
€T 7 &% 61 gr’o 0gl W 92 Mued UOIINAN §o07 819113y
I8aut] Jaq8M-UT TBUWISY], o0T-N
|
2I0D WOJIJ

Jsnod Nead ® pIisIngeg 0£9 ‘WA ,GH dued 10293331 ZETTE T BwueDd
Fo1 I998M-UT sumieg) 90 6-N

G(m(t) o=
J9mod N84 ® PIIBINIES 0£9 WA W2+ =1 uoI3naN THOSWGH TUTH
J89ut] 8100 -ug TBWIUT, S0 2-N
TB8AI23UT Amppdzmmﬁwv mommev Aomev 9POR U0 T3}8207 adAy, ‘NS % 9MBH

aouaplIJuo) %46 ¥ I9MOd Jsnod Head L 2p1g PIODAY
(095 -ny) 1830y wBad JO W] quo g

VIVd gYEIONN J0 AYVWANS

A dTEVL



TS _
16 - -
— N-13, SCINTILLATION DETECTOR BENEATH o
FLIGHT TuBE
4 - \ -
‘ 4 N-17, GAMMA DETECTOR UNDER 2
FLAT CAR \
2 o N-IQ, SEMI~RAD 26" FROM \@ .

(qw)

CENTERLINE

REACTOR POWER

-4 -3 -2 -1 Q +1 +2
TIME [msec)

Fig. 11 Burst Shape Comparison of Linear Nuclear Detector Signals

Figure 12 also indicates that the logarithmic output of detectors
N-9 and N-19 can follow a short period burst with reasonable accuracy

after the log converter overcomes the response lag.

Table V indicates that the time of peak power for detector N-10
occurs 0.18 milliseconds after that indicated by detectors N-13, N-17,
and N-19. This delay can be attributed to neutron residence time in
water. Detectors N-13 and N-19 are fast neutron detectors located
below the flight tube and have essentially no delay time. Detector N-17,

a2 gamma detector, likewise has no delay in response.

Since detector N-13 most accurately represents the power-time history
throughout the reactor excursion, the output of this detector was used

for all computational treatment involving transient power.
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D. Non-Nuclear Measurement Results

The non-nuclear information is considered to include reactor temper-
ature, reactor diassembly behavior, environmental pressurs generation in
the water, and other envirommental effects such as water expulsion,
flatcar displacement, air pressure generation and air temperature rise
above the tank. The data presented were reduced from the original
analog tape recordings by means of a time-base-expansion process using
the recording techniques. The time-base-expanded data restain the raw
signal information to a real-time bandwidth of about 10 kc. These data

are accurate to within * 6%.

Core Temperature

The reactor fuel temperature generated during these tests was not
measured directly but has teen implied from measurements derived from
the energy proves placed in interstices throughout the core, and from

information concerning nuclear power, flux distribution, and heat capacity.

Data from the energy probes are presented in logarithmic form in
Figure 13 for 10 wt% energy probes (typieal of reactor fuel loading)
and in Figure 14 for the 5 wt% loading. For comparative purposes, a
trace of energy deposition as determined from the scintillation detector
N-13 is also shown. The energy prcbe traces in both these figures are
seen to rise at an asymptotic rate similar to the energy trace. The
deviation of the energy probe trace from the energy trace is the result
of the heat capacity change attendent to the temperature rise of the
fuel. These figures are arranged to show the top trace as the outermost
energy probe in the reflector while the Tth trace from the top shows the

energy probe located closest to the center of the core.

The 10 wt% reflector energy probes shown in Figure 13, display
erratic behavior and ultimate failure at a temperature of about 1800°F
a millisecond prior to peak power. The flux peak in the reflector
causes early failure of these probes. Trace EP-6, located about 0.06
inch inside the core boundary, shows that the fuel near the outer ring

of the reactor is at a considerably lower flux level than that in
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either the reflector or the center of the reactor. The region in which
EP-6 is located does not reach the lSOO°? point until about a millisecond
after peek power. Probe EP-1L which is near to the center of the core
reaches 1800°F about 600 microseconds after pezk tower. Probe EP-20,
located 5-1/2 inches below the core centerline, reaches only 1300°F and
does not fail until about 2 milliseconds after veak power. Fallure of
these energy probes appears to result at higher temperatures than 1300°F

or at a time characteristic of gross cors disassemply.

The 5 wt% energy probes, as seen in Figure 1&, reveal much the same
general characteristics as the 10 wt% energy probes. The top three
traces in this figure represent the reflector thermal neutron density
and show fallure pricr to peak power but at a later time than that shown
by the corresponding 10 wt% probes. The remairder of the 5 wt% in-core
probes reveal temperatures not exceeding 1500°F. A detailed analysis of
these probes in providing both fuel temperature indication, flux distri-

buticn, and total energy release information is given in Section V-C.

Reactor Disassembly

The time history of the reactor vessel disassembly is indicated by
(1) vessel strain measurements, (2) the signal from an EG&G bresakband,
(3) the rapid sequence photographs taken by EG%G, and (L) the onset of

pressure generation in the water created by vessel expansion.

Strain Measurements - Data from the strain gauges attached to the

reactor vessel are shown in Figure 15. The top trace represents a
dummy gauge attached to the vessel wall and is useful for its time of
failure and for revealing any environmental tempersture or radiation

sensitivities.

Traces SG-4, SG-5, and SG-6 represent strain as indicated from
gauges placed at 90° intervals around the vessel. The bottom two traces
represent strains occurring on the reactor vessel bottom which, because
of the inverted orientation of the vessel for this test, was on top.

With the exception of the durmmy gauge, all other gauges are indicated on
a scale of 2000 miéroinches/inch/division. This represents an elongation
at the point of measurement of 0.2% which is considered to be the

beginning of yield.

RN 33

T



{2000 uin/in / div)

STRAIN

{250 pin/in/div)

DUMMY STRAIN

GAUGE FAILED

|

EG 8G BREAK BAND

T7-6 SG—-6 VESSEL

|
|
l GAUGE FAILED
|
|
|

ﬁ‘

i I | |

GAUGE FAILED

T7-7 $G-7 VESSEL SIDE =X
CIRCUMFERENTIAL DUMMY

SIDE —Y CIRCUMFERENTIAL

TI-5 SG-4 VESSEL SIDE +Y CIRCUMFERENTIAL

GAUGE FAILED

T7-5 SG-5 VESSEL +X CIRCUMFERENTIAL

GAUGE FAILED

T7-3 SG-97 VESSEL BOTTOM
X=—1" RADIAL

GAUGE FAILED

T7-4 SG-—|
¢ RADIAL

VESSEL BOTTOM

Fig. %S

n

oy
;

/
[ il

‘Indipated Str

il

[0 et

TIME (msec)

ain on Reactor Vessel and Pedestal

3L




Trace T7-6, reveals a disturbance beginning about 2 msec prior
to peak power. This disturbance shows a slight tendency toward vessel
expansion followed by a relaxation and ultimately a very rapid strain

increase to gauge failure at 100 microseccnds prior to peak power.

Trace T11-5 from the gauge located diametrically opposite the
gauge Jjust discussed shows a lack of any significant phenomens prior
to peak power except for the spike seen at the time of severe vessel
expansion, as shown by trace T7-6. The rupture occurring on the minus
T region of the reactor permits a momentary relaxation in the plus Y
region for 200-300 microseconds after which severe strain is indicated
in the plus ¥ region. The characteristics of trace TT-5 appear to
indicate radiation sensitivity although the dummy gauge (SG-7) shows
none. In this particular case, the resulte are sufficiently close to
the behavior of a differentiated power burst that little significance
should be attached to the data. However, at about 1 millisecond
following peak power the abrupt deviation from this trend indicates a

severe strain increase at that location.

Gauge SG-97, located on the vessel bottom, indicates much the same
behavior regarding radiation sensitivity as gauge SG-5. However, at
1 msec after peak power, an increase of sirain azppears at a time com-
mensurate with the gauge fallure of SG-5. Gauge SG-1, similar %o SG-97,
was located at the very center of the bvottom head, and indicated the
existance of a spike at the time the plus X gauge appeared to fail.
Beyond the time of this spike, the behavior of both bottom gauges is
very similar in character and both show failure at about 1.8 msec
following peak power. It should be noted here that the gauges repre-
sented by traces T7-6 and T11-5 are mounted on the outer vessel surface
adjacent to the beryllium filler pieces. These gauges would not be
expected to experience a great deal of vessel expansion until such time
as the beryllium filler pieces were broken, after which a severe strain

at a rapid rate could be expected. This effect can be seen in the

figure.

EG&G Photographs - Additional information regarding the _

disassembly behavior in the region of 1-2 msec following peak power

is presented by the EG&G photography and associated timing signals.
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Specifically, the reactor vessel was encircled by breakbands used to
trigger the Xenorn flash lamps. These breaktands, designed to cause
electrical circuit discontinuity at about 1/2% elongation, revresented

a gross measurement of the change in vessel circumference. The break-
bands were determined to have broken at about 800 microseconds following
peak power. The EG&G photographs presented in Figure 7 show evidence

of vessel expansion as a function of time following veak power. From
these photographs 1t can be seen that pictures 1 through 3 show very
little vessel enlargement. However, beginning with frame 4 at 1.1 msec
after peak power, vessel expansion becomes apparent and continues to

total disassembly.

Onset of Pressure - It can generally be concluded from the

above information that water was not significantly displaced from its
original position until sometime between peak power and 1 msec after
peak power. This same interval of time also marks the onset of severe
reactor disassembly as revealed by the pressure information to bte

discussed next.

Pressure Generation

Information on the pressure generation and propagation within the
water environment around an expanding source or vessel can be useful
in determining the pressure at the source and the mechanical energy
generated by the expanding source. The mechanical erergy is manifested
by work done on the environment, viz., causing disarray within the tank,

expelling water, displacing the environmental tank, etc.

For this particular test, a detailed understanding of the pressure-
time history can also provide information on the partition of expansion
forces between hydrogen pressure buildup and the combination of steam
generation and NaK-water reaction. Although it is beyond the scope of this
document to attempt a complete analysis of the pressure information, some

discussion of the data will be made to indicate its interpretability.

In order to interpret the various pressure-time histories, consider-

ation must first be given to certain acoustical aspects of the test
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configuration, e.g., size of expanding source, rrcpagation velocity in
the medium surrounding the source, distance to relief and reflecting
boundaries, effective wave length characteristics, volume rate-of-
change or the rise time represented by the expanding source, location

of pressure measuring detectors with respect to source and boundaries, etc.

An examination of the pressure-time history data presented in Figure
16 reveal the generel features of a 1 millisecond rise time, certain high
frequercy modulations near the beginning of a relatively long pulse decay,
and a duratior cof about 25-30 milliseconds. t can be shown that a 1
millisecond rise time is equivalent to a characteristic frequency of
300-L00 cycles per second which represents a wave length in water of
about 15 feet. Since the diameter of the reactor at thé time the first
pressure peak occurs 1Is approximately 13 inches as seen in the bottom
trace of the ERG photographs, Figure 7, the source size is therefore
considerably less than the wave length represented by the rise time.
The source can thus be considered spherical and the propagation from
that source treated as a spherical wave. As most other portions of
the pressuré pulse represent longer wave lengths than the initial rise,
the entire pulse can be treated as a spherically propagating disturbance,

implying a 1/R pressure dependence with no severe directionality effects.

It is of interest that the rise time is several orders of magnitude
longer than that considered to represent a shock wave generation. Also,
the peak pressure is two orders of magnitude lower than that required
for "shocking up" of a simple acoustic disturbance. Therefore, standard
"small amplitude” techniques are adequate for analyzing the water pressure

disturbances resulting from the destructive test.

The 1 millisecond rise time represents an effective wave length,
until time of rupture, of greater than 50 feet implying that the pressure

environment within the vessel can be considered to be isotropic.

Since the propagation velocity for a disturbance traveling in water is
about 5 feet per millisecond, the initial pressure rise and first peak will
be unaffected by the physical boundaries represented by the water surface or

tank walls. This permits treatment of the early portion of the pressure
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rise according to compressible flow theory. The significance of this
result is that the volume expansion created by the growing vessel ig
acting on the bulk mecdulus of the water resulting in a pressure which

1s equal to that within the reactor vessel.

The pressure pulse following the first peak persists for many
complete transit times from source to boundary and boundary to boundary.
The fundamental mode represented by the pressure pulse can therefore be
treated according to a combination of incompressitle and compressible

flow theory.

The significance of the detailed long-term portion of the pulse is
of lower interest here since it is characteristic of the effect of the
experiment geometry cn NaK water reaction and steam generation and not
indicative of the reactor diassembly. Emphasis has therefore been placed
on the initial rise and the fine structure associated with the first few

peaks in the pressure pulse.

Pressure Data

Before discussing the detailed features of these pressure traces
certain aspects of pressure measurements will be considered. The pressure
measurements indicated were made at several positions within the
environmental tank as shown in Figure 17. These measurements taken at
the wvariocus radii have been corrected for the propagation distance
compared to the source size at a particular time in order to accurately
predict the pressure being generated at the source. The delay time
represented by the various detector locations was alsoc accounted for in
correlating time history features from one detector to another, and in
correlating the events generated at the source referenced to the time

of events at the source.

Al]l pressure transducers for which traces are presented were capable
of DC to 20 kc or greater response. Three of the pressure transducers,
P-1, P-9, and P-17 are scaled to 100 psi per division. P-5 is shown on
a logarithmic scale. The tfaces on the figure have been arranged accord-
ing to those locations which are similar in direction away from the

reactor such that comparison of detailed features can be readily made.
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The general fsatures presented
by these traces reveal a reasonable
similarity between transducers, there-
by verifying the existance of a simple
spherical source. The detailed modu-
lations, however, show an apparent
lack of similarity. If, however, the
difference in distance between the
transducers and the source is accounted
for as the source size grows, the

magnitude of the difference of the

2 ‘ .
if 0 ! modulations on these traces can be

easily accounted for.

S:0%at + Y In the near-field region of a

ENVIRONMENTAL TANK WALL ot R =7 15"
ENVIRONMENTAL TANK FLOOR at Z:=—15" &"
WATER SURFACE at Z = 40"

spherical source, a close approxima-

tion of the pressure at the surface

Fig. 1T Pressure Transducer may be obtaired by extrapolation on
Locations in Environmental Tank .

a 1/R basis to one source-radius from
the source center. Therefore, the magnitude of the first pressure peak
indicates a pressure at the surface of the vessel of 1320 psi for P-9
and 850 psi for P-17. The difference between these two values is
thought to result from the different geometry between the detector and
the center of the source caused by preferential disassembly. The exist-
ence of preferential disassembly is supported by the difference in
pressure indicated by these two transducers and also by the motion pictures
from the tower station (camera station 3). The preferential venting was
in the northwest direction (6 = 315°). Since the reactor vessel had
ruptured at the time of peak pressure, the pressure within .the vessel
should be very near that at the surface. The trace showing reactor
pedestal strain indicated the onset of significant downward thrust at this

time, giving further evidence that the vessel had ruptured.

Table VI lists the calculated pressures at the vessel surface
using the extrapolation process described previously and the appropriate
source diameters indicated in the bottom trace in Figure 16.
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TABLE VI

PRESSURES AT THE VESSEL SURFACE

Calculated
Assumed Pressure Pressure
Pressure Radius From Source Time After Measured at at Source
Transducer Source Center Radius Peak Power¥* Transducer Surface
(in.) (in.)  (msec) (psi) (psi) .
P-9 38.5 4.8 1 60 L&
38.5 6.4 2 220 * 1320
38.5 9.5 L 135 550
P-17 60.5 4.8 1 Lo 500
60.5 6.4 2 90 850
60.5 9.5 L 110 700
P-1 36.5 L.8 1 30 230
36.5 6.4 2 120 680
36.5 9.5 L 70 270
P-5 Ll 4.8 1 55 500
Ll 6.4 2 160 1100
LL 9.5 Ly 86 Loo

¥ Pressure information corrected for propagation time.

These figures indicate that at about 1 millisecond after peak power
the vessel surface pressure was about 500 psi. This value was obtained
assuming the source to be an expanding sphere. The spherical approxi-
mation in this case yields pressures slightly lower than actually
existed at the moving portion of the vessel. The vessel as it expanded
acted on the bulk modulus of the water. . Since the water represented
a considerably stiffer impedance to motion than d4id the vessel retention
strength which was about 500 psi static at 50% elongation, the pressure
magnitude within the reactor was only slightly more than that indicated

at the surface.

The source surface pressures calculated at a time of +4 milli-
seconds show a shift in the source center toward the -X direction
indicating venting is profuse at this time. The pedestal strain trace
shows a complete unloading of the pedestal at Lt milliseconds sub-
stantiating that the vessel must be completely ruptured. The remainder
of the pressure pulse is presumed to be due to steam generation and

NaK-water reaction. Not included in the above table are the effaective
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source surface pressures represented by certalin fine siructures
modulating the gross fundamental of the pressure trace. One example

is the spike most evident on P-9 at 900 microseconds (more clearly

seen in Figure 27 of the next section). This spike when conservatively

treated as a 10 inch diameter piston radiating into "free space”

extrapolates to a pressure at the vessel surface of about 2000 psi.

In summary, the information from vessel strain gauges, Xenon.
flash break band, onset of pressure generation, and the vessel
expansion photographs give conclusive evidence that reactbr disassembly
was initiated at about 500 microseconds following peak power. The
pressure information during the next 15 milliseconds indicates that
the pressure magnitude at the reactor surface and within the reactor
was about 1000 psi with local regions reaching two or three times
this value. The forces resulting from hydrogen release persist to
about 5 milliseconds after peak power - at which time the steam
generaticn and NaK-water reactions persist for an additional 20 milli-

seconds.

Miscellaneous Effects Following Pressure Generation

Since the pressure generation and propagation is primarily a
manifestation of mechanical energy development, it is appropriate to
consider the manner in which the pressure affected the environment .
following the excursion. Figure 18 shows several physical phenomena
resulting from the pressure generation. Trace T1-5 reveals a fTypical
pressure. One consequence of the pressure generation was water
expulsion from the tank. Traces T6-7, T9-9, and T9-11, indicate the
water surface displacement as derived from a float-slidewire arrange-
ment located at positions near the edge of the tank, halfway between
the édge and the center, and near the center of the tank. This
information is primarily useful in determining the energy imparted to
the water expelled from the tank and in determining transport character-

istics of fission products.

A second consequence of the pressure generation in this particular

experimental configuration is the flatcar displacement. This is shown
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in trace T9-3. The excursion of the flatcar was teyond the range of the
analog detector and data from the motion pictures are shown to supple-
ment the information covering this time period. The flatcar is shown
to be accelerated in a downward direction for the duration of the
pressure pulse. Higher frequency modes superimpcsed on the natural
ringing frequency of the flatcar are evident in trace 15-3. The
residual position of the flatcar was measured to be lower than the

original position, indicating permanent deformation of the flatcar

frame.

Trace T3-6 indicates the environmental temperature existing above
the tank as measured by one of the fast resnonse thermocouples. These
data were intended to show evidence of hydrogen-oxygen sxplosions or
NaK-steam reactions existing above the tank. The trace reveals a
gradual rise in temperature consistent with the water surface expulsion

giving no evidence of hydrogen-oxygen explosion or Nax-steam reaction.

Trace T2-12 represents the air pressure as seen 150 feet above the
tank. This information has been studied in detail on a2 much more ex-
panded time scale and the various spikes have been identified as shown
on the plot. Air pressure information at ground level and at various
distances from the reactor tank show similar behavior at considerably
lower levels of pressure. The interpretation of the air pressure measure-
ments has revealed that the mechanical energy generation in the air
environment agbove the tank was considerably less than the 200 kw-sec

used to remove the poiscon sleeve with the pyrotechnic actuator.

The discussion presented in the foregoing represent a limited
analysis of the data available. Further examination should reveal con-
siderably more detail on rate of effects, on intercorrelation between
the various phenomena, and on accuracy by statistically treating the out-
puts from several detectors. In addition, several types of detectors
reveal evidence of severe electromagnetic interference taking place during
the excursion. This interference is presumed due to NeK-water, hydrogen-
oxygen, or other exothermic reactions. There is evidence that these
interferences correlate with observations of flashes seen in the motion
pictures. In no way, however does the electromagnetic interference
seriously obscure information to be gained from the experimental data.
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E. Radiological Measurement Results

Introduction

Monitoring of the radiological effects of the destructive test
include measurements of the fission product release, direct gamma and
neutron doses, and spread of airborne contamination. Measurements
concerning the release of beryllium are also included in this section.
A radiological monitoring grid was set up as described in Appendix A.
The grid, with the reactor test pad as the focal point, was arranged
as a series of concentric arcs with a heavily instrumented 60° sector

centered on 30° east of true north.

Weather criteria for performance of the destructive test were

established as follows:
(1) Wind direction variance: 180° to 24Q°
(2) Minimum wind speed: 10 mph
(3) Lapse conditions
(4) No precipitation.

Phillips Petroleum Company Health and Safety personnel were respon-
sible for radiological measurements to approximately 2500 meters and
measurements beyond this arc were the responsibility of fhe AEC-ID
Health and Safety Division.

In addition to the sampling equipment in the grid, radiological
sampling equipment was placed on a specially constructed 150 foot tower

and on the existing IET stack. Water catch cans and trays were located

on the reactor dolly, film-badge-drop devices were located on an approxi-

mate 10 meter arc, air support to follow the radioactive cloud was pro-

vided, "clothesline-type" sample stations were located east of the reactor,

and special high range dosimeters and activation foil boxes were employed

in the immediate reactor area.

Radiological wmonitoring results from the grid and reactor area during

and after the test are summarized in this section. A detailed analysis of

the radiological results will be published in IDJ-17038, "Radiological
Aspects of the SNAPTRAN 2/10A-3 Destructive Test'.
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Direct Radiation Measurements

The direct radiation resulting frcm the excursion and the residual
fission products was monitored by both remote radiaticn monitors and
film badge dosimeters. A remote radiation monitor with a 1,000 r/hr
detector was located on the edge of the enviromnmental tank. The reading
from this monitor went off scale at the instant of the power burst and
then failed as it was deluged by water and debris from the environmental
tank. A remote radiation monitor 20 feet directly west of the reactor
which was shielded by the envirommental tank gave a peak reasding of
30 r/nr. This radiation field decayed to 0.055 r/hr 120 minutes after
the test. Twenty four hours later the field was 2 mr/hr at this point.

The readings from the film badge dosimeters that were on or near
the environmental tank are shown in Figure 19. The film badges situated
around the top of the environmental tank recorded an average gamma
dose of approximately 25 rem resulting from the power burst and 24

hours exposure to the residual fission product decay radiation.

The highest reading of the three film badges attached to the
clothesline was 150 rem. This high reading resulted from the badge
dosimeter being pcsitioned in the most direct line of sight with the
reactor core. The "clothesline" film badge dosimeters were retrieved

approximately one hour after the test.

Doses measured by the film badge dosimeters on the radiological
tower are shown in Figure 20. The indicated beta readings up to and
including the L0 foot level were due to the radioactive cloud. The
low readings in some of the areas can be explained by the presence
of various amounts of shielding between the film dosimeter and the

reactor and its remains.

Radiocactive Cloud

Within milliseconds following the initiation of the reactor
excursion, a cloud of steam and water was ejected. The cloud main-
tained its symetrical shape for a short time until the majority of the
water fell back into the environmental tank. At this point, a

visible vapor-filled cloud arose and was blown down over the instrumented
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60° section of the radiolo ical grid.
g g

8 00SE(R) ' Movies indicate that there may have

been three distinct airborne releases
of fission products from the test,
one during the initial burst which

did not collapse with the cloud, a

a
<]
T

second that rose up with the vapor
filled cloud, and a third that came
from the environmental tank following
the collapse of the cloud. The

TOWER HEIGHT (1)

third release appeared to merge with
the cloud by the time it reached

L tl v - the radiological tower.

oo N The airplane intercepted the

R main cloud at one mile from the test
Fig. 20 Dose &::::;ements from site and followed it for 21 miles
Radioclogical Tower Locations before cloud dispersion and radio-
active decay reduced the radiation
levels to background. Eleven miles from the test site the airplane,
employing a scintillation type detector, measured a peak reading of

0.1 mrem/hr while flying at 1200 feet above the terrain.

Radiocactive Noble Gas Release

Iwo independent methods were used to calculate the quantity of
fission gases released from the reactor during the destruct test. The
first method utilized data from the balloon type fission gas detector
(descrived in Appendix A). Using an estimated upper limit for the
cloud size of 1.46 x 106 cu. ft. at the detector position, calculations
indicate that 13.8 curies of Xe-138 ( roughly 2% of the amount available)

was released.

The second method compares the amount of Cs-137 remaining in the
fuel to the amount ideally available from the total chain yield of
Cs~137 for the integrated energy release from the fuel. The difference
between the calcuwlated value of available Cs-137 and the measured value

remaining gives the number of parent atoms (I-137 and Xe-137) that

12541 1@ 49



were released. The second technique indicates that the maximum

release of Xe-137 from the reactor was less than 5%,

Based on these twc measurements and the assumption that all noble
fission gases behave essentially the same as Xenon, it appears that
only a few percent of the noble gases were released under the imposed

test conditions.

Radiation Exposures From the Radicactive Cloud

The radiation from the small quantity of fission products released
to the cloud was insufficient to give positive readings on the film
badge dosimeters at most positions on the grid. Those dosimeters which
did show significant readings from the cloud are listed in Table VII.
This table indicates that the maximum cloud dose beyond 25 meters from

the reactor was less than 1 rem.

TABIE VIL

DOWNWIND INTEGRATED RADTATION DOSE

Film Dosimeter Gamma, Beta
Location Reading Reading
(mrem) (mrem)
A-1 130 100
A-2 130 0
A-3 115 450
A-L 170 850
A-5 195 800
A-6 180 270
A-T %0 220
A-8 115 150
A-9 60 0
A-10 65 150
A-11 80 120
A-12 95 0
B-1 15 60
B-2 10 60
B-3 30 0
B-k 140 500
B-5 15 0]
B-6 25 0
B-7 20 0
B-8 50 30
B-9 35 0
P2obl vl
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TABIE VII (cont'd.)

INTEGRATED DOSES FROM THE RADIOACTIVE CIOUD

Film Dosimeter Gamma Beta
Location Reading Reading
(mrem) (uren)
B-10 50 30
B-11 25 60
B-12 50 50
c-8 30 250
D-8 ks 0
E-18 25 0
7-18 Lo 0
A-3 Well 50 190
A-5 Well 30 260
B-4 Well 75 0
B-5 Well e} 0
C~-7 Well o) 0
C-8 Well 35 0
C-9 Well 0 0

Fallout Plates

Only trace amounts of radioactive material were indicated by the
fallout plates.

Iodine Release

Although many samplers on the grid were specifically set up to
collect icdine, iodine isotopes were not detected except in the
environmental tank water. Since these instruments are sufficiently
sensitive to have detected trace amounts of any iodine released, the
apparent conclusion is that very little if any was released. Recent
work at BNL(3) offers a possible explanation for this minimal iodine
release. The BNL work indicates that iodine reacts with hydrogen to
form hydricdic acid (HI) if there is sufficient free hydrogen available
as 1s thought to have been the case with SNAPTRAN fuel where high energy
densities existed. Since HI is nearly infinitely soluable in water,
all of the direct yield iodine (iodine available for reaction while
the hydrogen was available) could have been trapped and retained in

the environmental tank water as hydriodic acid. Tellurium-preduced
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iocdines I-131, I-132 and I-133 were detected with a grid type sampler
(highvolume air sampler with a carbon trap) two days later as they
evolved from both the envirommental tank and from the vent of the liguid
hot-waste tank. At this time free hydrogen was no longer avallable %o
combine with the iodine as it evolved from the water surfaces upon which
the tellurium parent had plated. These iodine concentrations were below
the values contained in the Recommended Concentration Guides for con-

tinuous breathing.

Fission Products Released to the Environment

All data from the grid measurements indicate that the quantity of
fission products released from the reactor and the environmental fank was
much lower than expected. Table VIII summarizes the post-test fission
product activity detected on the grid, normalized to 2.28 hours following

the test (i.e., the time when the first sample was counted).

TABLE VIII

ATIR SAMPLER FILTER DATA

Sample 9.7 hr Sr9l 2.7 hr Sr92 55 min Y9lm 3.6 hr Y92 85 min Bal39
Location d/s d/s a/s d/s i/s
A-3 1.30 x 10XL 1.20 x th 1.10 x 1oIL 5.64 x 103 8.40 x 109
A-L 2.7 % 1oLL 2.58 x 1ou 2.29 x J.oLL 1.21 x 1.oLF 3.52 x 10l+
B-3 1.09 x 1oh 1.11 x 10LL 9.26 x 103 5.22 x 103 1.60 x loLL
B-4 2.90 x 10LL 2.94 x 10LL 2.47 x 10“ 1.38 x _mlF L,22 x 10lL
c-8 1.86 x 10“ 7.07 x 103 1.58 x 1oLL 3.32 x 103 L.75 x 1oLL
D-8 7.63 x 105 6.08 x 103 6.48 x 10° 2.85 x 10°  8.92 x 10°
E-16 1.27 x 103 1.05 x 103 1.08 x 103 L.93 x 102 1.82 x 103
F-18 7.99 % 102 3.82 x 102 6.79 X 102 1.79 % 102 5.75 x 102
F-20 1.06 x 103 8.85 x 102 9.01 x 102 L.,16 x 1o2 1.60 x 103
G-15 5.1 % 102 3.56 x 102 4.33 x 102 1.67 x 102 7.00 x 102
H-11 h.6 x 102 3.61 x 1o2 3.91 x 102 1.69 x 102 8.8 x 102
H-12 6.1 x 102 L.84 x 102 5.18 x 1o2 2.27 x 102 1.03 % 103
Touer b b L L 4
(15’ high) 5.0k x 10 5.36 x 10 4,28 x 10 2.52 x 10 1.64 x 10
Tower I L L 3 3
(30" high) 1.91 x 10 1.92 x 10 1.62 x 10 9.02 x 10 7.20 x 10

ory
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The fact that the detected fission products are all daughters of short
lived (half life < 50 sec) radiocactive noble gases demonstrates that
only noble gases were released. The balloon fype fission-gas-detector
with its built in delay system showed that 17 minute Xe-138 was also
released although its daughter Cs-138 was not detected by the grid

alr samplers.

Remote Radiation Monitors

Five remote radiation monitors located on the radiological grid
detected the gamma dose rates from the cloud and also measured the dose
rates from the fission product decay following the test. These
measured dose rates are shown as a function of time in Figure 21.

The recorder connected to the D-8 station failed to ink until the cloud
reached the D arc therefore a broken line is used to extrapolate results

prior to that time.

Water Samplers

Water ejected from the environmental tank at the time of the
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Fig. 21 Transient Dose Rate Measurements at Downwiné Locations
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excursion was trapped in each of the four water trays and in severs]
catch cans positioned on the lip of the environmental tank. This water,
as well as the water samples taken from ‘the environmental tank, was
analyzed. The analysis showed that the water outside the tank and that
remaining in the tank had essentially the same concentration of radio-

active isotopes.

Beceuse NaK coclant was present in the vessel during the destructive
excursion, the analysis of the reactor water shortly following the test
showed only 15 hour Na-2k. After 120 hour decay time, trace amounts of
the following isotopes were found: Ce-141, Ce-1L3, Np-239, Na-24, Te-132,
I-131, I-132, I-133, Ba-146, La-140, and Sr-89-90. After 30 days, Zr-95
and Nb-95 were also found to be present.

Beryllium Data

All data from the alrborne beryllium samplers, including the
particle size detectors, showed that no beryllium was released during

the test.

F. Post-Test Material Analysis

The destructive excursiocn resulted in the complete dispersal of the
reactor fuel within the environmental tank and the rupture of all fuel
elements in the core. Figure 22 shows the fuel and reactor components
scattered over the bottom of the envirommental tank after the tank water
had been drained and the superstructure removed following the test.
Approximately 98% of the fuel and cladding was recovered from the
environmental tank by remote manipulation in the TAN hot shop and ex-
amined for identifying marks. The original core layout is shown in
Figure 23. Figure 24 is a composite picture of the identifiable fuel
and cladding pieces in their relative locations in the original core.
The core location number is shown above and the fuel element number is
shown below (i.e., E-66). Examples of the extent of the fuel element
damage are shown in the four pictures of Figure 25. The plctures are
identified as follows: A - Cross section L-1/2 inches from the bottom
of fuel element E-65; B - Broken end of E-9 three inches from the
bottom; € - Fuel element E-80; and D - Small pieces of unidentified fuel.
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Fig. 22 Post-Test Remains of Reactor after Removal
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Fig. 23 SNAPTRAN 2/104-3 Core Layout
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Fig. 25 Views (A through D) of Miscellaneous Pieces of Fuel Remains
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Sample wafers have been cut Ifrom several of the fuel elements for
both chemical and. metallurgical analysis. The elements sampled were
E-65, E-151, E-153, and the bottom of element E-84. The sample
wafers from E-65, E-151, and E-153, for chemical analysis, were cut
from each end cf each fuel element as well as from either side of the
missing center secticn resulting ir four wafers Irom each fuel element.
The wafers were numbered 1 through 4 starting at the bottom of each
element and are identified as 65-1, 65-2, £5-3, etc. Their location on
the original fuel element and approximate thicknesses are given in
Table IX. The analyses completed to date include hydrogen distribution,
fission product distribution, Cr-51 in the Hastelloy-N cladding by
activation and total chromium, and U-Zr in the cladding to determine
if & eutectic was formed at ~ 1700°F. Included in the metallurgical
analysis of wafers from E-65, E-151, and E-153, and longitudinal
slices of E-8L is the examination for phase changes, temperature

gradients, melted zones, etc.
TABIE IX

SAMPLE WAFER IDENTIFICATION AND IOCATION

Sample Approximate

Identification Original Location Thickness
65-1 12-1/4" to 12-1/2" from %tov shoulder 1/
65-2 8" to 8-1/2" from top shoulder /2"
65-3 3-1/2" to L from top shoulder 1/h"
65-4 0" to 1/4" from top shoulder /4"
151-1 12-1/8" to 12-1/2" from top shoulder 3/8"
151-2 10-3/8" to 10-3/4" from top shoulder 3/8"
151-3 2-1/8" to 2-1/2" from top shoulder 3/8"
151-4 0" to 3/8" from top shoulder 3/8"
153-1 12-3/8" to 12-1/2" from top showlder /8"
153-2 9-1/k" to 9-5/8" from top shoulder 3/8"
153-3 2" to 2-3/8" frem top shoulder 3/8"
153-L 0" to 1/8" from top shoulder /8

NOTE: The cladding was removed from all <he sample wafers immediately
following cutting except 55-3 and 151-3. These twc cladding ringz were
used for Cr-51 activetion analysis and U-Zr esutectic investigation which
are discussed elsewhere in this section. Also, the sections of the orig
fuel elements between the -2 and -3 wafers were missing feollowing the
destruct tasg.

Y
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The hydrogen distribution was determined for ezch of the three
elements both radially and longitudinally. Five radial samples from
the center outward were taken from each Qafer listed in Table IX. These
samples are identified by H-1 at the center to H-5 at the edge. Small
unidentifiasble fuel pieces recovered from the environmental tank were
analyzed and found to contain only 22% of the original hydrogen content.
The results of the hydrogen analyses are listed in Table X with the
original hydrogen content of each fuel element also given. The listed
values have a 95% confidence interval of * 0.02 wt%. The results indicate
that there was essentially no hydrogen loss from the extreme ends of the
fuel elements and only a 10-15% loss at the btroken ends of elements E-65
and E-151 near the center of the reactor core. Element E-153 located at
the cutside edge of the core apparently had a negligible hydrogen loss
even at the broken ends. A close examination of the hydrogen content
of the five samples from each of the -2 and -3 wefers indicates that the
surface appearance (cracks and fissures) probably explains the wide
range of results reported. In several cases the edges of the cracks
were a much darker color than the remainder of the wafer indicating an
oxide formation or a change in structure. Figure 25-A is an example of
crack formation in E-65-3. The results reported in the table are an
average of duplicate analyses having a difference no greater than 0.02
wt%. However, the range for individual wafers is from 0.06 wt% in

153-3 to 0.35 wt% in 65-2.

The remaining portion of each fuel wafer was analyzed for the
following fission products: I-131, Ba-La-140, Ce-14l, Zr-Nb-95, Cs-137
and are presented in Table XI. The results give a longitudinal but not
a radial distribution of the fission products for three fuel elements
and indicate that the flux was higher near the center of each fuel
element than at the ends. The variations in the I-131 results may be
attributed to sublimation and/or migration of the iodine. Although
the strontium analysis was made for both the Sr-89 and Sr-90 isoctopes,
the disintegrations from the Sr-89 represents > 99% of the total
strontium activity at that time. Consequently, the Sr-90 was not

detectable.

125514 3¢
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TABLE X1

FISSION PRODUCT DISTRIBUTION
(EXPRESSED AS uc/gm AT T, + 2.28 hrs.)

Sample No. I-131 Ba-La-140 Ce-1kl  Zr-Mb-95 Cs-137 Sr-89

65-1 16 2L 3.3 L.3 .026 L.7
65-2 23 L7 5.9 9.1 .0kg 8.8
65-3 8 Ly 6.1 9.2 .057 8.4
65-L 23 23 1.3 L.2 .029 3.5
151-1 10 25 2.5 4.8 .025 L.6
151-2 22 39 3.6 7.8 .0L6 7.3
151-3 27 L6 4.5 9.1 .057 8.1
151-k 15 23 2.4 L4 .028 k.5
153-1 15 21 2.1 k.1 .02k 3.8
153-2 17 3k 3.4 6.7 .036 5.8
153-3 12 3% 4.0 8.0 .026 6.6
153-4  emmmmeeemmeeeaes Lost Sample--===-cecccmmmccacmmnan

The two cladding rings from fuel wafers 65-3 and 151-3 were analyzed
for both total chromium and Cr-51 to determine the extent of chromium

activation. The results corrected to ¥)+ 2.28 hrs are as follows:

Sample Identification Total Chromium % Cr-51 uc/am
65-3 7.36 1.07
151-3 7.36 1.07

The Hastelloy-N cladding for both E-65 and E-151 fuel elements came
from the same original tube prior to fabrication and would be expected
to have the same total chromium analysis. The reason for identical
chromium activation from two different areas of the core is covered

later in this section.

It is possible that above approximately 1700°F a eutectic
composition can be formed between the Hastelloy cladding and the Zr-U
fuel. As a preliminary investigation of such a eutectic formation the.
dissolver solutions of the cladding rings of 65-3 and 151-3 were

analyzed for both zirconium and uranium. The surfaces of both
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Hastelloy-N cladding rings had been thoroughly cleaned prior to

dissolution. The analytical results were as follows:

Sample Uranium pgms/gm Zirconium wt %
£-65-3 <9.15 x 1073 0.13
E-151-3 <2.31 x 1072 0.0k

It must be pointed out that although the zirconium content of both samples
appears rather low for a eutectic composition, the eutectic may have

been formed in only one small section of the ring. In such a case,

since the entire ring was dissolved, the eutectic concentration would

be greatly diluted. The foregoing results represent approximately

L0% of the planned post-test analyses.

NaK Analysis

The extent of the NaK-water reaction can be used to determine
the overall mechanical and thermal energy release. An analysis of the
environmental tank water gave a result of 15.4 % 0.8 ppm Na which
indicates that 6-1/2 pounds of NaK reacted with the 10,800 gallons of
water initially available. Further sodium analyses on the water in a
catch can at the top edge of the environmental tank and in a 5 section
water catch tray located on the flatcar gave comparable sodium concen-
trations. Using these results, it can be concluded that all of the
available NaK reacted with environmental tank water during and )

immediately following the reactor disassembly.



v. ANALYSIS OF RESULTS

Analysis has been performed on thosé phenomena which affect the
general reactor behavior during the destructive test. A general
discussion based on this analysis is presented to describe the phenc-

menological sequence following the initiation of the destructive test.

A, Phenomenclogical Time Sequence

Figure 26 represents the details of nuclear and non-nuclear
phenomena that are salient in describing this test. The nuclear
power, energy, and calculated fuel temperature are shown plotted in
logarithmic form for easy comparison and identification of the time
at which these traces deviate from the exponential rise. The reactivity
trace shows deviation from the exponential rise at about 3 msec prior
to peak power. The compensated reactivity is seen to vary inversely
with energy until near to peak power when 2 significant increase in the
reactivity compensation takes place. The rapid decline of the reac-
tivity immediately following peak power is due to core disassembly.
Since disassembly takes place after peak power; no contribution to
the reactivity feedback up to peak power is seen to result from core

expansion.

Once sufficient energy had been deposited in the various regions
of the core to cause these regions to reach a temperature of about 1500°F,
hydrogen gas commenced to pressurize the fuel elements. Until the load
pressure exceeded the 1500 psi containment capability of the fuel cans,
little reactivity was lost from the system due to hydrogen evolution
phenomena. The onset of failure of the first vessel wall gauge at
100 pusec prior to peak power gives evidence that one or more fuel
elements had either thermally expanded or ruptured due to hydrogen
evolution. During the next 1.2 msec, the strain gauges, as discussed
in Section IV-D, showed evidence that the vessel walls had exceeded
an elongation of 0.2%. The generation of pressure in the water as
shown in the pressure trace of Figure 26 indicates that core disassembly
began at this time. This pressure trace has been moved back in time

to account for the propagation time from the reactor to the location of
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the gauge. This trace shows the initiation of a disturbance at the
reactor surface very near the time of peak power, with a2 rise to the
pressure peak consuming the next 2 msec. Since the expansion of the
fuel cans due to hydrogen release would be primarily in a radial
direction during this time, the vessel walls would assume the greatest
degree of displacement. Not until the vessel walls had reached the
rupture point, would a reaction force appear on the pedestal. This
reaction force is shown by the strain trace from the pedestal strain
gauge located six inches below the reactor. This trace shows the
forces generated by continued hydrogen expansion lasting approximately
3-1/2 msec. This would imply that the displacement forces from
hydrogen release were probably terminated at about 2-1/2 msec after
peak power after which the steam generation from hot core components
and chemical reaction between water and NaK provided the continued
expansion forces which maintained the environmental pressure at a

significant level for approximately the next 20 msec.

The EG&G photographs as discussed in Section IV-D can be correlated
with the above phenomena. The various frames of the EG&G pictures are
indicated by the encircled numbers at the bottom of this plot. Pictures
1, 2, and 3 show very little evidence of vessel expansion indicating
that very little reactivity loss resulted from displacement of the
water reflector. Picture 4, however, shows the onset of rapid vessel
expansion which continues to the near spherical shape of the vessel
shown in picture 8. These pictures support the reactor disassembly
evidence indicated by the vessel wall strain gauges, environmental
pressure generation, EG&G breakband failure, and pedestal strain infor-
mation. It can be concluded from this information that the contribution
to negative reactivity from disassembly did not begin until 200-300
usec after peak power and that the reactor power rise was terminated
as the result of prompt reactivity effects due to intrinsic neutronic
effects.

B. Feedback Analysis

A value of 0.19 cent/OF for the negative prompt temperature coeffi-
cient was determined from the destructive test data. A discussion of

some of the important considerations follows.
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In selecting a mathematical model which accurately defines the
dynamic SNAP 2/10A reactor tehavior, the major considerations are the
ratio of prompt neutron lifetime (£) to the effective delayed neutron
fraction (Peff) and the relation of reactivity feedback to various
time dependent phenomena. While the value of E/Beff nas been measured
and is known to within 15%, the relationship which exists between the
reactivity feedback and a timne-space related reactor phenomenon 1s
very difficult to define. In models which attempt to predict the SNAP-
TRAN 2/lOA—3 dynamic reactor behavior, two basic phenomena are consi-
dered as contributors to the non-destructive reactivity feedback
coefficient, spectrum hardening as a Tunction of temperature and
gecmetric changes which may be either linearly or non-linearly dependent

on core temperature.

The spectrum hardening as a function of temperature rise which

ocecurs in zirconium-hydride fuel material has been described and

(1)

International and Phillips Petroleum Company have made measurements

(5,6)

concerning the neutron scattering phenomenon in zirconium-hydride .

experimentally examined by General Atomics In addition, Atomics

Defining reactivity perturbations due to spectrum hardening is complex
and requires careful treatment. Atomics International made such an
assessment and determined the temperature feedback coefficient (OT)

to be approximately -0.1 cent/CF. In Zr-Hy fuel the reactivity feed-

back due to spectrum hardening is manifested as a prompt effect.

In considering the wvarious kinds of non-destructive geometry changes
which are related to temperature changes (e.g., fuel expansion, grid
plate growth, and fuel rod bowing), only those effects which are prompt
in nature are of interest in defining the reactor dynamic behavior
during the destructive excursion. In addition to spectrum hardening,
the fuel growth as a function of temperature is thought to ke the only
other possible prompt contributor to the reactivity feedback coefficient.
However, fuel growth affects the feedback coefficient cnly if it is
accompanied by movement of the reflector-core interface. Axial and
radial fuel growth have been examined separately as contributors to

the prompt negative temperature coefficient.
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The axizl fuel growth affects the reactivity in three ways. The
first, which is positive, results from coupling the fuel to the reflector.
This effect is small due to the effectivé 1 to 2 inch void between the
end of the fuel and the water reflector. The second, which is negative,
results from reducticn of the fuel density. This effect is larger and
is essentially proporticnal to the density change. The third, which is
also negative, is due to the transverse leakage. This effect is small
in magnitude due to the low importance of the leakage in the corner
region of the core. The axial fuel growth contribution to Qg was
calculated to be small (i.e., ~ 0.01 cent/9F), due primarily to the

compensating effects.

The radial growth of the fuel has been found to result in very
little reactivity change provided the core-reflector interface remains
stationary. However, if this interface moves with the fuel growth,

a reactivity coefficient of $lO/in. of vessel radius growth results

in a fuel temperature coefficient of about -0.09 cent/CF. However,

if the interface is held fixed, the rearrangement of fuel within this
boundary causes a very small amount of reactivity change. This is due
primarily to a cancellation of the negative effects of reduction in
fuel density and increase in neutron leakage by the positive effect of

reflector to core coupling.

The movement of the fuel-reflector interface as a result of fuel
growth depends on the following: (1) the radial clearance between fuel
and clad, and (2) the ability of NaK between fuel elements to transmit
clad motion to the vessel. The model chosen by Phillips Petroleum
Company to predict the destructive transient reactor behavior of
SNAPTRAN 2/lOA—3 was based on spherical geometry in which the buckling
was normalized to cylindrical buckling. The fuel to clad clearance was
assumed to be the design clearance of 3 mils. Using a 3 mil clearance,
the fuel expansion was predicted to affect the radial reflector boundary,
and nence reactivity, when a fuel temperature of 90C°F was reached.
However, the average fuel-clad clearance in the SNAPTRAN 2/lOA-3 fuel
rods was 4.2 mils instead of 3 mils thus requiring & higher temperature
for the onset of the negative feedback caused by vessel expansion. As
a consequence & higher energy release resulted from the destructive
test than would have been expected based on the 3 mil clearance.
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The results of Phillips' "Reactivity" code treatment of N-13 power
data are plotted in Figure 27. Compensated reactivity vs average core
temperature is plotted in Figure 28. At a fuél temperature of about
1500°F, the reactivity deviates from a linear relationship with tempera-
ture indicating the introduction of a different mode of feedback which
is attributed to core disassembly. Up to this point, the 0.3% radial
growth (indicated by the vessel wall strain gauges) contributes only
about 10 cents of reactivity compensation leaving approximately $2.70
having been compensated for by axial expansion and intrinsic neutronic
effects such as spectrum hardening. Since the axial growth results in
less reactivity compensation than does the radial growth, nearly all
of the 0.19 cent/OF negative temperature coefficient may be attributed

to intrinsic neutronic effects.

After peak power, core disassembly resulted in a rapid reduction
of reactivity and hence power. The reactivity as a function of radial
core growth was calculated from the EG&G pictures to be 10$/inch.
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C. Energy Prote Behavior

The temperature of the energy probes.followed the integrated
power burst shape indicated by nuclear detector N-13 with a linearly
increasing departure over the temperature range from 300°F to 1500°F.
For those probes which reached a temperature rise of 1500°F after peak
power, the energy-temperature rise relationship at an individual probe
is distorted by the onset of core derangement. It therefore appears
that the specific heat of the fuel is linear with temperature up to
approximately lSOOOF. It would also appear that the energy deposited
in an energy probe is proportional to that deposited in the fuel.

~ The ratio e(t)/06(t), was computed for each probe where e(t) is
the time dependent integrated power indicated by N-13 and 26(t) is the
time dependent temperasture rise in degrees F of a given energy probe.
The experimental determination of this ratic was found to be propor-
tional to (1.0 + 4.5 x 10'“ 26) with an average deviation in slope of
less than 5% from 300°F to 1500°F. The above factor of linearity
agrees well with the specific heat data for the fuel reported by Atomics
International<5). A value of 0.0097 Mw—sec/oF for the total fuel heat
capacity at 68°F was derived from these reported data. The ratio
e(t)/08(t) for each energy probe was normalized to the averaged heat

capacity, Eﬁ, where:

68+46
/
e 5]
. 68mvp(6)d Cc (1epae)
P AB o
-3 -L
= 9.7x 107° (1L + Lk.5x 10 a8)
where
; Mw-sec
Cp = gpecific heat [ETT—UT)
o = hest capacity (EH%%EE) @ 680F
g = linearity constant op~t

= core fuel mass (grams)

The plots of the comparison of the energy probe data with the theoreti-
cal curve are shown in Figures 29 and 30. Previously reported data(6>
indicate a heat capacity of 1.1 x 10-2 Mw—sec/oF for the SNAPTRAN 2/10A-3
core (for temperatures up to lhOOOF). A high degree of linearity for the
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experimentally determined averaged heat capacity is observed fram the
energy probe data; however, there is considerable uncertainty about

the magnitude of the heat capacity at 68°F.

If a linear heat capacitv is assumed, then

1
EJ/a 8 = f;

c, (1 + g8 )
where Ef is the average prompt nuclear energy release deposited in the
fuel, Aﬁn 1s the temperature rise of the n-th probe, CO is the heat
capacity of the fuel at 68°F (A@n =0), f  1is the point to average source
factor for the n-th probe, and B = 4.5 x lo'k/oF, the linearity factor
described above. If the integrated detector output is designated as

€ (%), then E, =g« (t) where g is a proporticnality factor.
Therefore,

o € (¢)
Tz 51 +p8)

n

i

The quantity on the right was computed for each energy probe at t = 1.6
msec prior to peak power, with the 5 wt% probes normalized to the lO‘;t%
probes by a factor of 2. An integration over the core volume was per-
formed on the quantities of fng/co to determine a core averaged value

of g/CO. The experimentally determined radial and axial relative

source distributions are shown in Figures 31 and 32. The value of g
determined was then applied to the integrated nuclear detector output
and the results corrected to provide a value for the total nuclear
energy release. The resulting energy release as determined from detector
N-13 was 37 Mw-sec, using CO = 9,7 x 10-3 Mw-sec/oF. The principal
uncertainty of this method, in addition to the lack of definitive heat
capacity data, is the difficulty in determining an appropriate average
of the quantities fng/CO over the core volume or, alternatively, chosing
& computer-generated power shape to which the quantities fng/Co may be
fitted.

The time variations in the temperature profile (see Figures 33 and
34) could arise from slight differences in hydrogen content (and there-

fore specific heat) and from spatially dependent spectral changes.
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Because of the unknown flux shape within an interstice, uncertainty exists
in interpreting the source shape of the core from energy probes. This
consideration is important since it permits a misinterpretation of the

energy release from energy probe data by introducing a bias to the data.

The two unfueled energy probes included to study the effect of
gamma heating on zirconium hydride showed a temperature rise of approxi-
mately 8% of the temperature rise of an equivalently positioned 10 wt%
U-235 probe or about 16% of that of a 5 wt% probe. In order to use
data from the 5 wt% probes to interpret fuel temperature of 10 wtd
fuel, the gamma heating contribution was accounted for in determining

the 5 wt% to 10 wt% correlation factor.

D. Energy Determination

Several methods were used in the determination of the nuclear
energy reliease and are listed in Table XII with the mean energy as
determined by each technique. A discussion of each method follows tie

table.
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TABLE XTI

it —————

DESTRUCTIVE TEST ENERGY DETERMINATION EY VARIOUS METHODS

(3) Method Energy Release Uncertainty* (203)
(1) Nuclear Detector Calibration  L46.0 Mw-sec + 13.2 Mw-sec
Against Known Static Power
Level
(2) Flux Wire (in-core) 61.3 Mw-sec + 14,5 Mw-sec
(3) Flux Wire (out-of-core) 55.2 Mw-sec * 15.0 Mw-sec
(4) TFission Product Radio- 53.4 Mw-sec t 7.0 Mw-sec
chemical Analysis
(5) LASL Capsule Irradiation 56.6 Mw-sec + 10.6 Mw-sec
(6) Envirommental Tank Water L3.2 Mw-sec + 15.7 Mw-sec
Temperature Rise ‘
(7T) Energy Probe 36.8 Mw-sec + 4,1 Mw-sec
Most Probable Value 45,3 Mw-sec + 3.6 Mw-sec .

* The value of uncertainty for each method represents a 95% confidence
interval for those uncertainties which are known to influence the
energy computation for each method and are treated as a standard
deviation. While all contributing uncertainties for each method are
not precisely known an attempt was made to evaluate each to the
extent possible.

Normally, with the performance of a steady state, calorimetrically
recorded power run followed by several high level, fast transient power
excursions, the nuclear detectors can be calibrated against power level
to within 5% accuraéy. However, in the power calibration run performed
on the SNAPTRAN 2/1QA-3 reactor, the coolant mixing was insufficient to
allow high reliance in calorimetric power determination. Instead, a
transient heat flux balance on the energy probes was done to determine
a value of 1.94 kw for the power level during the run. Compared to this
value is the flux wire calibration data which yieldéd 2.08 kw. A value
of 2.0 * 0.1 kw was used for all subsequent power calibration correlations.
Since chambers N-9 and N-11 indicated during the power calibration and
destructive test, an intercalibration was made between these chambers
and those linear chambers which followed peak power. The output signals

from N-9 and N-11 were recorded in logarithmic form which normally

75



reduces the accuracy of indicated output. However, with 20 point/decade
log-linear calibration, the error is less than 5%. In addition, although
the raw data from these chambers (N-@ and N-11) had slightly different
periods, the log-linear calibration resulted in somewhat better period
agreement and both indicated the same power level at 117.5 msec after
test initiation. The energy release as determined from N-10, N-13, N-17,

and N-19 were respectively 45.4, 42.5, 52.7 and L3.L MW-seconds.

Gold, cobalt, and uranium-235 flux wires, contained in the core
during the destructive transient, were analyzed to determine total nuclear
energy. The integrated flux for the power calibration was accounted for
in determining the integrated flux for the destructive test. Source
weighting factors were used to relate the localized activation to the
average core energy. While the gold activation analysis is questionable
due to spectrum or fast fission corrections which are not well understood,
the cobalt and uranium activations are considered to be relatively accurate.
The results are: gold -~ 39 MW-sec, cobalt - 67 MW-sec, and U-235 - 55 MW-
seconds. Fifteen samples were analyzed from each wire to determine

statistical variance.

The out-of-core flux samples which were located 1-1/2 in. from the
vessel wall consisted of gold, copper, U-235 alumimum alloy, zinc, and
nickel wires. A fast neutron activation analysis was made on the
nickel and zinc, and a thermal neutron activation analysis was performed
‘on the copper and gold wires. (The U-235 Al alloy exceeded the melting
point and was not usable). Wires of these types were positioned l-l/2 in.
away from the vessel wall during the power calibration, located radially
opposite the middle of a beryllium filler piece and axially 4 in. from the
bottom of the fuel. During the destructive test the wires were located
radially opposite the gap between two beryllium filler pieces and axially
6 in. above the lower end of the fuel. Calculations were performed in
which the power calibration power level and the different geometries were
taken into account. Values for the nuclear energy release were deter-
mined to be 34 and 57 MW-sec for the thermal and fast neutron analyses
respectively, with a much higher confidence level being imposed on the

fast flux analysis.
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The Cs-137 content from several fuel elements has been analyzed.
Examination of these results has been related through source factor
corrections to the average number of fiséions which occurred in the
core during the destructive test. Corrections for the fission product
accumulation during the power calibration have been made. The samples
which were closest to the average core source were weighted most heavily
and resulted in an average energy release of 53.4 Mw-seconds. The amount
of noble gas release is normally important in this determination. How-
ever, since a very low percentage (< 5%) of noble gas release was detected,

these values have not been corrected for this effect.

A capsule containing LASL fuel was positioned relative to the core
in the same positions for power calibration and destructive test as
those described above for the external flux monitors. The relationship
of the measured fissions in the LASL fuel samples to the fissions taking
place in the core yielded an energy release of 56.6 Mw-seconds. The
change in geometry and attenuation medium was accounted for; however,
the capsule fuel self-shielding factor was not known for the SNAPTRAN
spectrum but is believed to constitute less than 5% reduction and was

therefore not included.

The temperature rise in the environmental tank water resulting from
the destructive test was 0.60 * 0.15°F. Relating this to the heat capacity
of.TOOF water, the total amount of thermal energy required to yield this
temperature rise is 58.4 * 15 Mw-seconds. Since the result of the NaK
water analysis yielded a non-nuclear thermal energy generation of 15.2
Mw-sec, the nuclear energy contribution is about 43,2 Mw-seconds. This
value assumes a thermal energy release which is adiabatic with respect
to the water. Any heat which is given to the environmental structure
and the air will raise the calculated value of nuclear energy. Since
there is photographic evidence that a NaK water reaction probably took
place in the northeast corner above the tank and temperature rise above
the tank is noted after the excursion, the value of 43.2 Mw-sec is

thought toc be a lower limit to the nuclear energy release.

The energy probe data have been analyzed. By relating the prompt
temperature rise to the fitted heat capacity relationship, values of

37 and 42 Mw-sec were obtained depending on the initial value of heat

1256148 -~



capacity chosen. This technique is very inter-consistent from probe
to probe but some uncertainty exists in relating to probe tehavior to

the core fuel bvehavior.

Using the uncertainty associated with each method as two standard
deviations,a systematic statistical approach was used to arrive at a
most provable value for the energy release. In general, the statistical
technique considered the propagation of errors throughout the various
methods and accounted for the co-variance of systematic uncertainties.
This technique is felt to represent the best possible approach to
statistically treating systems in which some uncertainties are independent
while other uncertainties are interdependent from one system to another.
This treatment of the data listed in Table XTI ylelds a most probable
value of 45.3 with a 95% confidence interval of 3.0 Mw-sec for the

destructive test nuclear energy release.

The energy value of 37 Mw-sec determined from the energy probe
treatment agrees very well with the Atomics International determination
from the energy probes. This value is approximately 20% lower than the

value obtained when all measurements are included.

Mechanical Energy

The mechanical energy generated during the destructive test is the
result of: (1) hydrogen release from the Zr-H, fuel matrix, (2) hydrogen
release from the NaK-water reaction, and (3) steam generation causgd by
hot core components coming into contact witﬁ water. This mechanical
energy was manifested as a series of pressure disturbances which lasted
until the hydrogen burned or combined chemically with some other element
or until the steam vapor pressure was reduced to the point of bubble
collapse. All mechanical energy was ultimately returned as heat to the
environment or was deposited in mechanical displacement or deformation

(e.g., ejection of envirommental tank water).

(7)

in a spherically propagating acoustic wave (including the "afterflow"

Using the relationship given by Cole for the energy contained

term), 1.8 Mw-sec of mechanical energy was calculated to have been

released.

T8
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The flatcar absorbed about 0.9 Mw-sec from the initial pulse and
later returned all but 0.2 Mw-sec (dissipated in permanent deformation
of the flatcar) to the environmental tank system. Air pressure measure-
ments indicated that 0.1 Mw-sec was absorbed in the air while an
additional 0.k Mw-sec was dissipated in ejecting water from the environ-
mental tank. The remaining 1.1 Mw-sec is assumed to have been dissipated

as cavitation at the free surface of the environmental tank water.

The chemical reaction of 6-1/2 pounds of NaK with water theoretically
vields about 3.2 Mw-sec of mechanical energy. While this amount of
mechanical energy was not measured, the series of long term "red glows"
which can be seen in the color motion pictures indicates that much of
the NaK reacted in the vapor cloud. This appears to be the result of a
sizeable quantity of the NaK having been trapped inside the vessel head

as it was blown free of the environmental tank water.

While the various manifestations of mechanical energy were not well
defined, the value of 1.8 Mw-sec is throught to represent a good assess-
ment of the total energy release. This amount of mechanical energy is
equivalent to that which is released from one pound of TNT. The SNAPTRAN
2/10A—3 destructive test mechanical-to-nuelear energy release (determined
to be 4%) is in the same range (0.3 to 3.0%) as that resulting from the

SPERT I, SL~I, and Borax I destructive excursions.
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VI. CONCLUSIONS

The objectives of the SNAPTRAN 2/10A-3 destructive test are funda-

mentally related to reactor safety. Major emphasis was given to the
determination of (1) the radiological hazards and (2) the dynamic reator

behavior.

The general conclusions which can be drawn from the destruc-

tive test analysis are:

(1)

(2)

The radiological hazards as determined from this test were
considerably less than were calculated. First, an indescern-
able amount of fuel was thrown from the tank which implies
that in such an accident confinement of reactor components can
be expected. Secondly, even with this close confinement of
fuel components, the radiation levels were very low and radio-
active iodine release to the atmosphere was negligible. It
was also shown that less than 5% of the fission products were
released from the fuel. Complete reactor disassembly pre-
cluded further buildup of fission product inventory which

could have resulted from continued operation,

The dynmamic reactor behavior is better understood. The temper-
ature dependent reactivity feedback coefficient has been
determined to be 0.19 ¢/°F. Since this coefficient is between
2 and 3 times the previously estimated value, the SNAP 104/2
type reactors can be expected to be more self-1imiting than

previocusly anticipated.

The maximum core temperature threshold for the onset of reactor
disassembly was determined to be about l900°Ff While this
threshold is dependent on the rate of energy deposition, the
threshold for this test is thought to represent the value
which could be expected for most accidents involving the

SNAP 104A/2 type reactors.

When the SNAPTRAN 2/10A-3 reactor reached the L900°F thres-
hold it disassembled at a slower rate than predicted. However,
with higher energy deposition rates and hence higher tempera-
ture thresholds for disassembly, reactor disassembly can be

expected to occur more rapidly and more violently. This would
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serve to disperse fission products to a greater extent than
exhibited in the SNAPTRAN 2/10A-3 test.

It is felt that this type of test is valuable in determining
and confirming the existence of disassembly thresholds. In
addition, considerable information with respect to reactor

kinetics can be gained for application in the Reactor Safety

Field.
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APPENDIX A

EXPERIMENTAL MEASUREMENTS

I. Reactor Behavior Measurements

A. Experimental Measurements Criteria

-The SNAPTRAN 2/10A-3 program differed from normal operational
and transient test programs in that the SNAPTRAN 2/lOA-3 test series was
érimarily concerned with a single-event nonrepetitive destructive test
with limited statics testing being performed only for the purpose of
checkout and instrument calibration. The destructive test rquired an
extensive measurement process not only because of the importance of the
test but also because of the uncertainty in predicting the reactor
behavior under the conditions in which it was to be tested. The
measurement process necessarily included: primary measurements for
providing a basic understanding of the destructive event; protective,
redundant, and backup measurements for providing coverage of the
upper and lower limits of the expected phenomena range, and for
providing several independent sources of -data; and redundant and

academic measurements supplementing the more important measurements.

A discussion of the experimental measurements must ineclude the
measurement requirements, instrument capabilities, and other factors

governing the choice of the measuring unit.

The measurement criteria of primary importance adhered to for the
destructive test were: (1) amplitude accuracy, (2) rise time, (3)
dynamic range coverage, (l4) time history and event time coverage,

(5) spatial coverage, and (6) supplementary coverage.

Amplitude Accuracy - The most important aspect of the nuclear

and physical events occurring during the destructive test was the
amplitude variation in time; therefore, the majority of measurements
were concerned with obtaining information describing the magnitude
of the phenomena. This was especially true of nuclear and pressure
measurements because of thelr importance in satisfying the technical

objectives,
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Rise Time - Another measurement requirement to satisfy was
that of rise time. Accomodations were made tg measure phenomena
expected to vary rapidly in time exhibiting rise times of the order
of pseconds - requiring broad bandwidth instrumentation having a

frequency response capability of 20 kcps - 100 kcps or bvetter.

Dynamic Range - Much of the destructive test phenomena

was expected to extend over several decades of dynamic range. For
example, nuclear phenomena was expected to vary from background
source level %o 1018 nv, while pressure phenomena were expected to
reach a maximum of 6 X 104 psi. Signal conditioning equipment limits
the dymamic range coverage to 6-7 decades for logarithmic current
amplifiers, to 3 decades for logarithmic voltage amplifiers, and to
2-1/2 decades for linear amplifiers. The measuring unit is further
limited to 1-1/2 decades per recorder channel. The limitations of
the conditioning and recording equipment necessitated the use of a
large number of amplifiers and recording channels to cover the

dynamic range of a single parameter. Several techniques were used

to reduce the amount of equipment necessary for a given measurement:

(1) Range compression - Logarithmic currént and voltage amplifiers
were used to compress several decades of detector output
current or voltage into the 1-1/2 decade range coverage of

the recorder channels.

(2) sSignal mixing - The outputs from several transducer elements
were recorded by the same recorder channel. By this means
several events separated in time were observed on the

same analog trace - thus conserving recorder channels.

(3) Amplifier "stacking" - Where more than 2-1/2 decades of
linear range coverage was required, two amplifiers were used.
The ranges of 2-1/2 decades per amplifier were overlapped to
give a total range coverage of L-1/2 decades of coverage
using one transducer, two linear amplifiers, and four

recorder channels.



(4) Range staggering - Since a total of L-1/2 decades of coverage
was the maximum range coverage.obtainable from a single
measuring unit, several units were used to provide a complete
measurement of the nuclear power. By slightly overlapping
the lower portion of the range coverage from one measuring
unit with the upper portion of the coverage from a second
measuring unit, the dynamic range coverage was extended to

cover the total range.

Time History Accuracy - A knowledge of the time-dependent

behavior of a parameter is essential for interpretation of a specific
measurement and for correlating parameters to acquire an understanding

of the entire destructive event.

A system was used by which a timing signal was placed on one
channel of each recorder transport. The signal began several seconds
before test initiation and continued through the test. All events were
referenced to this signal, thus providing a means of correlating data
on different transports and channels. All data channels on the
oscilllographic recorders were printed in analog form on a single photo-

graphic chart giving a visual event-time -correlation.

Spatial Coverage - A knowledge of the spatial distribution

of all phenomena is essential in analyzing the disassembly behavior of
the reactor. Information concerning flux peaking in the core and
reflector, vessel strain, and pressure generation and propagation were
obtained from nuclear energy and flux measurements at various locations
in the core and in the water, from strain gauges on the vessel bottom
and sides, and from pressure transducers along several radii and

above the environmental tank. The information obtained from these
measurements was necessary for determining the nuclear and mechanical
energy release and energy partition. Time-of-arrival type data was

acquired from detectors positioned a known distance apart.

Supplemental Coverage - Since neither phenomena nor electronic

systems are completely predictable, protective and redundant measurements
were made for the purpose of providing coverage in the event of loss or

malfunction of the primary measuringgﬁnits and in the event the excursion
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was not of the predicted magnitude.

B. Detector Selection

Transducer selections for the destructive test were dependent
on the type of information desired and on the availability of suitable
commercial detectors. Other factors which determined the choice of the

transducers were:
(1) transducer capability,
(2) transducer sensitivity to environmental effects,
(3) transducer sensitivity to directional effects,
(k) stability and reliability of transducer, and
(5) compatability of transducer with facility and other systems.

Since most transducers were not capable of satisfying all
measurement requirements simultaneocusly, several different transducers
were used - one type of instrument for rise time coverage, another for

accuracy, and a third for protective coverage. -

Most transducers were installed several weeks before the test was
conducted; therefore, in order to reduce or prevent detector failure
NaK resistant materialswere used in the fabrication of in-core detectors
or the detector was covered with a protective coating. The detectors
in the environmental tank were sealed against the effects of moisture
and those detectors in the atmosphere were removed between calibrations

and checkouts.

To reduce gamma and neutron contributions to non-nuclear measure-
ments, detectors were tested in radiation fields and only those transducers
having comparatively low sensitivity to radiation were chosen. To
further reduce spuriocus outputs caused by radiation, inactive transducers

were used for cancelling radiation effects.

Nuclear Detectors - Thermal and fast neutron detectors and

gamma detectors were used at various locations in the core, in the

environmental tank, and under the flatcar. The locations of these



detectors are summarizZed in Figure A-1 and their intended range coverage

is shown in Figure A-2.

Four miniature ion chambers were sealed in the reactor vessel and
three identical chambers were located 1-1/2, 2-1/2, and 3-1/3 inches
from the Binal sleeve. These chambers were to have provided information
concerning the in-core and reflector flux distribution; however, three
of the four in-core chambers were found defective before the destructive
test was conducted. As a backup and protective measure, three neutron
and two gamma detectors were installed in protective canisters in the
environmental tank. A 20th Century neutron chamber, located 2 feet
from the vessel provided protective coverage over the low power levels
if the nuclear excursion falled to reach the expected magnitude. Two
semi-rad neutron detectors at 9 inches and 2-1/2 feet from the vessel
provided peak power, period, and flux distribution coverage. Two gamms
chambers, one approximately 3 feet from the vessel and one near the
environmental tank floor were used to provide data concerning burst
shape, period, and peak gamma flux. The chamber at 3 feet from the
vessel monitored the lower portion of the burst. Its range coverage

overlapped the range coverage of the chamber near the tank floor.

Because of problems caused by environmental effects, attenuation,
thermalization, etc., a flight tube (Figure A-3) was designed and installed
in the reactor pedestal. The flight tube was a steel tube 84-3/L inches
long with a 3 inch 0.D. and a 2.6 inch I.D. having a water tight
aluminum cap nominally 2 inch thick at the vessel end. The flight tube
was located off center below the core parallel to the pedestal. Neutrons
leaving the core passed through 1 inch of water and entered the aluminum
cap. The neutrons traveled down the tube and through a lead plug at
the bottom end. By attenuating gammas more than neutrons, the lead
plug increased the neutron-gamma ratio; thereby giving better neutron
measurements. The tube was devoid of water thus eliminating thermali-
zation of fast neutrons, and since the detectors were more than 7
feet from the vessel, minimizing the possibility of the chawmbers being
destroyed befeore termination of the power burst. The following
detectors were stacked beneath the flight tube: one semi-rad neutron

detecto;, three fast neutron scintillators, and a 20th Century neutron

chamber.
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Fig. A-la SNAPTRAN 2/10A-3 Muclear Detector Layout
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CODE DETECTOR LOCATION
N—| A | GENERAL ELECTRIC {DAMAGED)
NEUTRON MINI-CHAMBER, S/N 5452640 IN-CORE  (1)(3)(4) Z=-3"
N—2 B | GENERAL ELECTRIC IN-CORE  (1)(4)(5)
NEUTRON MINi-CHAMBER, S/N 5452641 z=+2"
N=3 C GENERAL ELECTRIC , (DAMAGED)
NEUTRON MINI-CHAMBER, S/N 5452642 IN-CORE (4)(12)13) Z=+2%
N—4 D | GENERAL ELECTRIC (DAMAGED)
NEUTRON MINi-CHAMBER, S/N 5452639 IN-CORE (12)(26)(27) Z=-I3
N—5 E | GENERAL ELECTRIC 15" FROM BINAL SLEEVE
NELUTRON MINI-CHAMBER, S/N 5452251 Z=+2%, 8~ 200°
N—6 F | GENERAL ELECTRIC 25 FROM BINAL SLEEVE
NEUTRON MINI-CHAMBER, S/N 5452262 z=+2%, 8~ 200°
N—7 G | GENERAL ELECTRIC 35  FROM BINAL SLEEVE
NEUTRON MINI-CHAMBER, S/N 5452243 2=+2%, 8~ 200°
N—8 H | 201" CENTURY ~X AXIS, X=-26%, r=a4l"
NEUTRON CHAMBER, S/N TE 845 2=-313, R=33"
N—9 I GENERAL ELECTRIC -x AXIS, X=-20" r=50"
GAMMA CHAMBER, S/N 4131132 2:-486", R=43"
N—10 J | REUTER STOKES x:94, vY=-18", r=26"
SEMI-RAD NEUTRON CHAMBER, S/N E-53I Z=-18", R=20"
N=TI K | REUTER STOKES x=8%", Yv=-15", r=38"
GAMMA CHAMBER, S/N E-643 z=-34", R:=3"
N—12 L | REUTER STOKES x=8%, Y=8%), r=38"
SEMI-RAD NEUTRON CHAMBER, S/N D-1542 z=-30", R=30"
N—I3 M | ITT PHOTOTUBE WITH FLIGHT TUBE
PILOT SCINTILLATOR B, S/N 1462 POSITION 2
N—ta N | ITT PHOTOTUBE W!TH FLIGHT TUBE
PILOT SCINTILLATOR B, S/N 1421 POSITION 1
N—15 O 20l CENTURY FLIGHT TUBE
NEUTRON CHAMBER, S/N UH-164 POSITION 5
N—I6 P | REUTER STOKES FLIGHT TUBE
SEMI-RAD NEUTRON CHAMBER, S/N E-530 POSITION 4
N—i7 Q | REUTER STOKES UNDER FLAT-CAR
GAMMA CHAMBER, S/N E-498 X~1y, Y~i§, Z~-9%
N—i18 R | GENERAL ELECTRIC UNDER FLAT-CAR
GAMMA CHAMBER, S/N 5451839 X~l, Y~T5, Z~-93%
N—I9 S | ITT PHOTOTUBE WITH FLIGHT TUBE
PILOT SCINTILLATOR B, S/N 1478 POSITION 3
r:= CENTER OF CORE TO CENTER OF CHAMBER
R= CENTER OF CHAMBER TO SURFACE OF VESSEL

Fig. A-1b SNAPTRAN 2/10A-3 Nuclear Detector Summery
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GRID PLATE

VESSEL PEDESTAL

FLATCAR BED-—

. -—— CORE

N : ] ‘
o ;
1K : K
. N
- iy T ALUMINUM  CAP
s
ot
4 U
A s K
B T' i““} Z= |
o v
N i | ~
N i N
N it
{ i
E | __——FLIGHT TUBE (3" scH
—_ ‘jr‘i. e 160 STEEL PIPE 7'-0 3/4"
. 1 ; . 1 LONG)
\\~ ;ii ‘:'"‘“
1
i q
__——ENVRONMENTAL TANK
‘ - BOTTOM
4 \@ £
~ Yol Z
<< | AN
f V4 Z A
3
\
N
N
N
N
| S
/
/ — SCINTILLATORS
¢ POSITION | S/N 142)
: POSITION 2 S/N 1462
0 POSITION 3 S/N 1478

PARAFFIN- -

REUTER - STOKES
SEMI-RAD—— - -—_
POSITION 4 S/N E-530

TEST CELL FLOOR—

N

20" CENTURY

POSITION 5 S/N UH-I64

LEAD HOUSING
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Fig. A-3 SNAPTRAN 2/10A-3 Flight Tube Arrangement



Two gamma chambers were located under the flatcar to provide
information regarding peak power, burst shape, period, and total
nuclear energy release. These chambers were chiefly for backup and

protective purposes.

Energy probes fabricated from two 0.5 mil chromel-alumel wires
embedded in a small fuel sample were used to obtain information con-
cerning the space-time history of nuclear energy deposition in the
fuel, power, period, flux distribution and hydrogen release. Three
types of probes were used: (1) 10% enriched fuel sample, (2) 5%
enriched fuel sample, and (3) zirconium-hydride sample. Fourteen
probes were sealed in the core in the following distribution: six
10% enriched probes, six 5% enriched probes and two zirconium-hydride
probes. Six probes (three 5% and three 10%) were located outside the
vessel. The probes on the outside of the core were aligned in a radial
array with those on the inside of the core (Figure A-4) to provide a

megsurement of the flux profile in the core and reflector.

Non-nuclear Detectors - Pressure transducers were positioned

along the negative X and Y axes in the environmental tank (Figure A-5).
The detectors along the negative X axis were considered primary sources
of data, while those along the negative Y axis were considered slightly
less important because of reflection effects caused by the photographic
periscopes. Three sets of two transducers each were located in the
tank at 09, 45°, and 90° to determine the extent of disassembly
symmetry. Several transducers were located beneath the calorimeter
support flange, near the tank floor and walls, and near the water
sﬁrface. The transducers beneath the support flange were expected

to be important for giving a time history coverage of the excursion,
and the transducers at the tank walls and bottom and at the water
surface were located to provide information concerning pressure

reinforcement and reflection at the boundaries.

Strain gauges (Figure A-6) were installed on the reactor sides and
bottom for the purpose of investigating pressure buildup in the core

and expansion and disassembly of the vessel. Each of the gauges on the

1256153
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4 0 oe0 —4—PLANE -0
|
—j—PLANE-E
NOTES
.. TOP VIEW OF CORE BEFORE INVERTING \ ¥
FOR INSTALLATION ON PEDESTAL. _
2. ALPHABETICAL LETTER BEFORE ENERGY VERTICAL POSITIONS

PROBE SYMBOL INDICATES VERTICAL POSITION,

Fig. A-4 SNAPTRAN 2/10A-3 In-Core Energy Probe Locations
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COOE DETECTOR LOCATION

P—t A KAMAN NUCLEAR Y ~-ig" IN TANK
MODEL K-1200-3, S/N 47 . Z~=32"

pP-2 B CRYSTAL RESEARCH Y=-24" IN TANK
MODEL R-863, S/N 43} =-32%

P-3 ¢ NORWQOD Y=-28" IN TANK
MODEL 114, S/N 65i4 =-2%

P-4 O CRYSTAL RESEARCH y=-37" IN TANK
MODEL R-63, S/N 432 2=-2%

P-5 E KAMAN NUCLEAR Y=-44" IN TANK
MODEL K-1200-3, S/N 49 z=0"

P—6 F CRYSTAL RESEARCH ¥z-47§  IN TANK
MODEL R-63, S/N 441 Z=2%

P=7 G KISTLER Yz-72§% IN TANK
MODEL 61T A, S/N 4387 =)

P—-8 H CRYSTAL RESEARCH . =-69" IN TANK
MODEL R-83, S/N 442 -3

P—9 I CONSOLIDATED ELECTRODYNAMICS CORP. xx-24" IN TANK
MODEL 4-317, S/N 2156 Z=-30"

P10 4 CRYSTAL RESEARCH xz-27" IN TANK
MODEL R-83, S/N 433 z=-23%

P=Il K NORWOOD -27% iIN TANK
MOOEL 14, S/N 6477 Z:-2%

pP—i2 t CRYSTAL RESEARCH xz-29% IN TANK
MODEL R-€3, S/N 434 z= 3"

P~I3 M NORWOQD X:-434 N TANK
MOOEL N4, S/N 6479 Z=-13

pP~18 N CRYSTAL RESEAACH z-434 IN TANK
MODEL R-63, S/N 435 z=2%

P-1i5 0 NORWOQD x=-71% IN TANK
MQDEL 114, S/N 6484 B 3

P=ig P CRYSTAL RESEARCH X=-714 IN TANK
MODEL R-63, S/N 437 ) z=0"

P-17 Q CONSOLIDATED ELECTRODYNAMICS CORP. X:-24% IN TANK
MODEL 4-317, S/N 2293 re-igf z=-53§

P-i8 R KISTLER xz-45" IN TANK
MODEL 6i7 A, S/N 4388 Y=-26" z=z25"

P=19 S CRYSTAL RESEARCH x=18%" IN TANK
MODEL R-63, S/N 438 ¥=-26% z=-55"

P-20 T CRYSTAL RESEARCH x:=54% IN TANK
MQDEL R-63, S/N 439 Y=54% 2:-57"

p—2i U NORWOOD x= 42§ IN TANK
MODEL 114, S/N 6649 z-44

P—22 v CRYSTAL RESEARCH x=a14 IN TANK
MODEL R-63, S/N 440 z=-94

pP-23 W NORWO0OD ) x= 30" IN TANK
MODEL 14, S/N 6485 Y=30" Z=-4%

P24 X CRYSTAL RESEARCH x=28" IN TANK
MODEL R-63, S/N 444 y=28" Zz=-113%

p-25 Y NORWOQOD ! vy=a2§ IN TANK
MODEL 114, S/N 6486 Zz-4%

P-26 2 CRYSTAL RESEARCH Yyz40% IN TANK
MODEL R=-83,  S/N 443 Z:=-12%

Fig. A-5b SNAPTRAN 2/10A-3 Pressure Transducer Summary
i
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reactor walls were installed 9OO apart to provide information describing
the disassembly process - indicating whether the excursion was symmetric

about the core centerline or whether perferential rupture occurred.

train gauges were installed at various locations on the reactor
pedestal, flight tuke, inside and outside the environmental tank walls
and in the concrete backing surrounding the tank. Two hoop gauges
were placed around the outside of the concrete. Several strain measure-
ments were made at positions near the ends and center of the flatcar
to determine the mechcanical energy converted to stress and deformation

of the flatcar.

A number of special measurements were made during the destructive
test for the purpose of obtaining information which would supplement
other measurements and which would aid in interpreting data from other
sources. The chief purpose of most of the miscellaneous measurements
was to tie together information from the primary measurements such as
nuclear and pressure with information from strain, acceleration, and
temperature measurements to obtain a complete interpretation of the

test.

Due to the relatively short period of time required for hydrogen
release and vessel rupture as compared with the time necessary for
heat transfer from the fuel to the cladding, no cbservable temperature
changes were expected to occur outside the fuel material until after
disassembly and non-nuclear sources of thermal effects came into
existence. For this reason, temperature measurements by standard

thermometry techniques were not made in the reactor vessel.

- Several temperature measurements were made at positions above the
environmental tank and on the photographic tower to pravide information
concerning the mechanical energy appearing as thermal energy, to
provide information concerning the magnitude of steam, NaK-water and
zirconium-air interactions and to show the energy release of each
interaction, and to determine the thermal contributions tc other

measurements - particularly pressure measurgments.

Miscellaneous Detectors - Two types of acceleration

measurements were made during the destructive testis: (1) water

125b1b8 7T



acceleration measurements, and (2) flatcar acceleratlion measurements.
Small floats, free to travel along a slidewire, were used for deter-~
mining the displacement and accelercmeters were installed beneath
the flatcar to measure vertical and norizontal acceleration.

Other miscellaneous measursments included: measurements to show

-

that the maximum amount Of

d

activity was inserted, measurements to
show that the photographic lights and cameras wers oOperating at the
ritical moment of vessel expansion and disassembly, measurements to
show the profile and velocity of water expulsion from the tank, and
finally measurements to give velocity of pressure provagation in water

and air.

Two types of passive measurements were conducted during the test:
(1) neutron flux measurements, and (2) peak pressure measurements.
The purpose of making flux measurements was to determine the total
energy release, and to determine the peak power and flux level
achieved during the excursion. Flux wires were placed in the following
locations: (1) below the flight tube, (2) inside the core, (3) inside

the environmental tank, and (4) above the environmental tank.

C. Signal Conditioning and Recording Equipment

In order to satisfy the measurements criteria, a variety of
fast-response, wide-dynamic range, high-performance signal conditioning
and recording equipment was used. Figure A-T shows a schematic represen-
tation of typical channel arrangements for the various types of signal

conditioning and recording equipment used.

Configurations A and B are indicative of channels used for low-
impedance detectors such as displacement potenticmeters, thermocouples
and bridge-balance strain gauges, pressure transducers, and accelerometers.
The signal conditioning is accomplished with low-level, high-common mode
rejection dec amplifiers with frequency response capability to 150 kcps.
Two outputs, at 100% and 10% of the amplifier full scale (10 volts),
are provided to permit recording the full dynamic range available from
the amplifier. The uncertainties of gain stability, linearity, drift,

noise for each type of channel is nc greater than * 2% of full scale.

1256159 .
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Fig. A-T SNAPTRAN 2/10A-3 Signal Conditioning and Recording
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Configuration C represents a channel used for crystal accelerometers
and pressure transducers where impedance conversion is required near the
detector to prevent loss of frequency response by cable loading. TFor
this configuration, the detectors have sufficient cutput so no
additional gain is required prior to the recorder amplifiers. The
impedance conversion cathode follower and charge amplifiers are generally
capable of 20 cps to 200 kcps with overall uncertainties no greater

than * 5% of full scale.

Configuration D, also used for crystal type detectors, represents
a channel where impedance conversion is not necessary but additional
gain is required. The signal conditioning equipment for these channels
is capable of 200 cps to 200 keps in frequency response and is provided
with two outputs similar to configuration A and B for recording the
amplifier entire dynamic range. This type of channel is intended
primarily for sensing ultra-fast changing phenomena, e.g., impact

loading, shock generaticn, etc.

Configuration E is used primarily for low-level current generating
neutron and gamma detectors. The signal conditioning is accomplished
with "micro-microammeters" where the output is a voltage proportional to
the logarithm of the input current signal. The frequency response of
this type amplifier is 10 kcps for greater than 1077 amps and is
directly proportional to the input current below lO_7 amps. This frequency
response is that associated with the linear amplifier in conjunction with
the logarithmic converter and input cable capacity. It can be
shown however, that as a result of the logarithmic conversion, a 10 kecps
frequency response is equivalent to 150 kc at the detector. The uncer-
tainties for this type of channel when referred to a twenty point per

decade linearity calibration are less than * 5% per decade.

Configuration F is used for current source detectors similar to

those described in configuration E. However, the conversion from current

to voltage is linear. The signal conditioning is accomplished with dc
low-level amplifiers with an upper frequency response of 40 keps. In
order to acquire the meximum dynamic range from the detector, the source
signal is tapped for 100% and 1% of the detector full scale and is

conditioned by an amplifier channel at each tap and recorded on four

125617 -



magnetic tape channels, permitting a usable dynamic range at the detector
of nearly five decades. The uncertainties for this configuration are no

greater than * 2% of full scale.

The signals from all detectors are amplified such that the required
normal full scale output at the particular detector is equivalent to
1 volt at the 10% output tap of the signal conditioning equipment.
Recording of the 100% tap, in addition to the 10% tap, permits acquiring
the full three decade dynamic range capability of the signal conditioning
equipment. Where accuracy 1s not important, a voliage logarithmic ampli-
fier is available for compressing 3-1/2 decades of amplifier capability
output onto a single recording channel. The accuracy of these units is

within about * 10% per decade and was used for protective range coverage.

The outputs of the signal conditioning equipment are terminated at
a patch and monitoring facility using patch boards. This provides flexi-
bility in utilizing a variety of recording chammel arrangements for
selected types of measurements as well as permitting isolation of signal
conditioning and recording equipment for troubleshooting and calibration.
The patch approach used also permits oscillographic reproduction of
information acguired on magnetic tapes without disturbing the calibrated

state of the signal conditioning equipment.

The recording equipment used consisted of analog magnetic recording,
oscillograph recording, and strip chart potentiometric recording. The
magnetic tape recording, using "FM" and "direct" modes, was capable of
dc to 20 kcps on M and 250 to 250 keps on direct. These are high per-
formance recorders with record, store, and reproduce uncertainties less
than + 1% of full scale (% 1.4 volt) for ™ and + 10% of full scale for
the direct mode. Table A-I lists the recording channel requirements.
‘The oscillographic recorders are capable of dc to 3500 cps with uncer-
tainties less than 3% of full scale. The potentiometric recorders,
although capable of only 3 cps, have accuraciles to within * 0.2% of
full scale and are used primarily for slow changing phenomena during

static testing.

The system calibration techniques used to place the entire signal

conditioning and recording equipment in a calibrated state consists of

{2561 712 101



TA3LE A-T

SWMARY OF SNAPTRAY 2/104-3 RECCRDLNG JHANEL ITQUIRRMETS

Measursament Cezactors Recoriar
Location or Tyve Moritered éH;“r;::
Ledliels
Nuclear
a In-core 1 L
0. Reflector 3 p
c. Envirommental fank 3 13
d Flight tube g ih
e Under flatcear 2 L
1o L1
Temperature (Energy Probe)
a. In-core 13 21
b. Reflector A 7
15 23
Pressure
a. Environmental tank L& L4
b. Ar T 9
33 55
Strain
- a. Vessel - 6 11
b. Envirormental tank L L
c. Flight tube 2 2
d. Pedestal 2 2
e. Flatcar i 5
f. Concrete outside 2 2
20 27
Temperature (thermocouple)
a. In-core 1
b. Above envirommental tank L 5
C. Photographic tower 2 3
—
T d
Acceleration
a. Under flatcar 5 7
5 7
Miscellaneous
a. Time-of-arrival 3 3
t. Sleeve velocity 1 2
c. Sleeve displacement 1 2
d. Flatcar displacement 1 2
e. Water surface velocity 5 5
f. - EGG lights 1 2
- g. NaK reservoir pressure T B 1
n. Water surface displacement 3 &
i. EG&G electronic signal 1 L
1T oL
Timing P 16
12561173 102 33 506
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inserting bipolar, ramp, and step signals of known amplitude into the
detector cable termination peoints and recording the programmed calibration
signal. The magnetic tape information is then reproduced on recording
oscillographs to verify overall system performance of gain setting,
polarity, frequency response, linearity, noise threshold, zero offset,
overload recovery time, etc. For highly accurate calibration reduction,
as well as test information reduction of magnetic tape signals, real-
time analog-to-digital conversion with a bandwidth of 10 kc was used
where the information was digitally recorded on magnetic tape and later
plotted on high accuracy potentiometric digital recorders. The ac
channels were calibrated by inserting a monopclar cne kilocycle square
wave into the signal conditioning equipment at 1/2 decade increasing
steps. This technique permitted a check on frequency response, gain
setting, and linearity. Calibration information was reduced in a manner

similar to that for the ramp signals discussed above.

II. Radiological Measurements

Details of the sampling devices and grid sampling equipment used to
instrument the grid are given below along with measurements which were
expected to be made with each instrument. The radioclogical grid layout

is shown in Figures A-8 and A-9.

Radiological Tower and Stack-Cloud-Height Samplers - In order

1o measure the height of the radiocactive cloud as it left the reactor

area, sampling equipment was located at various heights on the downwind
side of the reactor. Part of the elevated samplers were fastened to a
150 foot metal monitoring tower which was instelled at approximately

20 meters northeast of the reactor. The remaining samples were placed on
a rope elevator which was fastened to the top of the 150 foot IET stack

located approximestely seventy five meters north of the reactor.

Water Semplers - Three types of water samplers were set up to

obtain data concerning fission and neutron activation products retained
in the water. These samplers included long compartmented trays, water
catch cans with three inch diameter tops and environmental tank drain

sample bombs.
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Compartmented trays (Figure A-10) were set on each corner of *he
railroad dolly to catch waeter and debris that might be expelled from the

environmental tank immediately following the reactor excursion.

Supplementing the trays, a series of water-catch-cans (Figure A-11)
were located on the edge of the envirommental tank, the 10, 20, 25, 50,
and 100 meter arcs. Catch-cans on the edge of the environmental tank
and on the 10 meter arc completely surrounded the reactor while those
on the outer arcs were limited %o the 60° downwind sector. Each can
contained a filtér which screened the water sample before it was

collected in a reservoir at the bottom of the can.

Sample bombs were set up to draw off water samples from the water
remaining in the environmental tank following the test and prior to

emptying the water to the liquid waste tank.

Film Badge Drops - Two sources of radiation exposure occur in

this type of reactor experiment, that which accompanies the excursion and
that which occurs as a result of the fission products produced during
the excursion. To separate the contribution of each of these sources,
nine film badge drop stations were located on an approximate ten meter

arc surrounding the reactor.

The film badge drop station consisted of two identical £ilm badge
dosimeters, one was permanently attached to the station while the other
badge was held in place by an energized solenoid which released the bhadge
immediately following the power burst. The released badge dropped into
a shielded receptacle buried in the ground, measuring only the excursion
dose, while the duplicate badge at that station was exposed to obtain the

total integrated dose. The contribution from fission product radiation

1

was then obtained by subtracting the "burst' dose from the integrated dose.

Air Support - Air support fof the destruct test was provided by
the ID Health and Safety Division. An airplane equipped with radio-
logical monitoring instruments was used prior fto the test tg check con-
ditions in the immediate ares and to confirm that downwind restricted

areas were cleared of vehicles and personnel.

Following the excursion, the aircraft was used to locate and follow
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Catch Trays for Destructive
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the radicactive cloud as 1t passed beyond the monitoring grid and the

boundaries o) the testing station.

"Clothes-Line" - To avoid excessive exposure during the early

recovery of the priority samples located near the reactor a 'clothes-
line" type device with pulleys was utilized. With this arrangement,

the priority samples could be positioned and recovered by a recavery
team at the end of the 200 foot clothes-line. This system was used to
position two Nuclear Accident Dosimeters (Hurst Threshold Detectors)(Al>,
two film badges. (ID-NRTS type), a section of copper wire, an activation

foil box, a sample of human hair, and a high range gamma dosimeter.

High Volume Air Samplers and Filters - Because very low

concentration of some of the fission produced isotopes are biologically
significant, the classical technique to obtain measurable samples for
analytical work has been to draw large volumes of air through a high
efficiency aerosol filter assuming isokinetic sampling. Since a high

flow rate 1s necessary, the Staplex model high volume air sampler was used.
The average flow rate of these samplers was approximately 22 CFM. The
high volume air samplers placed on the outer arcs were modified to
increase the air flow to approximately 4O CFM by enlarging the inlet

side.

Particle Size Distribution Samplers - Selective samplers were

placed on the grid in an attempt to distinguish between particle sizes.

The three types of particle sizing samplers used were the cyclone

(82) (a3) (ak)

sampler , the Unico cascade impactor , and the Anderson sampler

These particle-sizing samplers were positicned in the 60° downwind

sector of the grid.

Noble Fission Gas Sampler - The radicactive ncble gas

concentration in the cloud near ground level was measured by drawing a
sample of the cloud through a high efficiency filter and then into an
air tight balloon. The entrapped ncble gases were then allowed to decay
until recovery teams made re-entry and deflated the balloons through &
second high efficilency filter. The radiocactive daughters from the gases
were trapped on the second filter and on the inside of the balloon. The

balloon and filters were analyzed on a multichannel analyzer to determine

FZ56180



the quantitative amounts o7 the daughters deposited.
Eleven of these samplers were used on the £0Y grid sector out L0,
ard I1ncluding, the & arc.

Beryllium Sampling Equivment - Beryllium sampling was

performed by utilizing beryllium free filtering media on air samples
taken for radicactive analysis. The mejority ci the radicactive analysis
were made by gamma ray srectrometry after which the samples were
analyzed on a mass spectrometer for beryllium. In addition, two
sequential samplers (Figure A-12) with 12 sampling stages and four
stationary air monitoring samplers were used specifically for beryllium
menlitoring.

Remote Radiation Mconitors - Twelve direct radiation monitors
2

commonly known as remote area monitors, were utilized for the test,
These remote units coasisted of detector units, housed in weather preof
containers, which were connected by cable to a central recording and
control panel located in the IET building. The gamms ray dose rates
from the remote staticns were indicated on the rate meters at the
central control panel and also on continuous strip chart recorders.
These detectors recorded primarily gamma rays since beta particles are

for the most part shielded out by the detector housing assembl

Film Packet Dosimeters - Two types of film dosimeters were used

for passive radiation monitoring during the test. The majority of these
dosimeters were made up of a2 beta and gamma sensitive film packet
(a5)

hermetically sealed in a special plastic film holder The remaining

film type dosimeters were identical to the f£ilm badge monitors worn by

nearly all personnel at the NRTS:

The hermetically sealed packets included a single lead insert to
provide independent measurement of the teta and gamma doses by comparing
the density of the film under the lead filter to that of the unshielded
portion. The film packet was the Dupont packet which contains both
sensitive and insensitive film for measuring high and low range exposure.
A special red plastic convering was selected to reduce the effects of
exposure to the sun's rays since many of the film packets were positicned

on the grid several days prior to the actual test.
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Teleme=sring Network - A telemetering radiatiln mcnizoriag

aetwork consisting of 25 remate stations (Figure 4-13) 22¢ 2 master read-

out control panel was used during the destructive test. The network was
designed to measurs and ilmmediately report the cloud gamma integrated
dose and the relative amount of gross airborne rarticulate beta and

gamme activity near grcund level due to the passegs or 2 radicactive
cloud. FEach station unit contained both a high level and low level ion
chamber for measuring cloud gamma dose and an 2ir particulate monitor

for measuring airborne activity. Each station also contained a motor
generator set and a voltage coaverter which converted the voltage induced
on the memory unit due to radiation exposure to an audible tone which
was broadcast to the central unit. The central unit printed out this

information on an IBM ftypewriter and a punched tape.

Mobile HP Field Office - A 35 foot trailer was modified for use

as a mobile central control facility for the dispatching, installation
and recovery of the sampling media on the exterior arcs immediately
preceeding and subsequent to the destructive test. Equipment in the
trailer_included a radio, partable survey instruments, scalers, air
monitor, clothing, hot and cold change areas, shower and lavatory

facilities.

The trailer was located between the 1500 and 2500 meter arcs near

the obstruction fence 1000 feet west of the 60° arc. Samples recovered

were brought to the trailer by recovery teams. The seamples were monitored,

placed in containers and given to sample transfer taxis for delivery to

the Health and Safety Building, TAN-606, for analysis.

High Range Dosimeters - Since high dose rates from the reactor

transient were expected in the immediate vicinity to the test cell,
several types of high range dosimeters were installed. The commercially
available chemical and glass dosimeters were supplied by the Edgerton,
Germeshausen, and Grier Company. Two thermo-luminescent dosimeters were

acquired from the Control for Radiation Incorporated.
These high range dosimeters were positioned arcund the top of the

environmental tank, on the reactor dolly, on the EG&G dolly, on the

clothes-line, and on the ten meter arc to provide additional monitoring

on the reactor transient.

1256183
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Nuclear Accident Desimeter - The Nuclear Accident Dosimeters

(NADs) were of the ORNL Hurst type which utilizes bare zcld, cadamium-
covered gold, three Tission Toils and sulfur contained ia a fireproofe
can. This ccombination allows an approximate measurement of the reutron
spectrum.

Six of these NADs were placed around the reactor where they could be

recovered as soon as possible after the test.

Fallout Plates -~ Fallout plates (Figure A-14) were utilized

for obtaining the fallout distribution, conceniraticn and isctopic
identification of the fission products deposited on the grid from the
radiocactive cloud. ticky type fallout paper similar t0 transparent

office~tape was employed to retain the fallout particles.

Sticky paper was mounted on metal frames which were in turn mounted
cn a stand located at each grid position four feet above ground level.
In addition, fallout plates were installed on the radiological tower,

IET stack and at several locations in the proximity of the reactor.

Mobile Surveillance VehicleS - Recovery of test samples from

distant points @ the radiological grid was accomplished with several
four wheel drive vehicles equipped with radios and radiological monitoring

equipment including scintillation type dose rate meters and conventional

type alr monitors.
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Fig. A-14 Radiological Fallout Plate
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APPENDIX B

DETAILS CONCERNING CONDUCT OF TEST

I. Static Physics Measurements

A program of static physics measurements was conducted t¢ obtain
standards of reference for analysis of the data obtained during the
destructive test. The following is a summary of the results of this

program.

A, Sleeve and Water Height Critical Configurations

Investigation of the reactor's static characteristics was
begun by determination of sleeve and water height critical configura-
tions. Results of these determinations were compared with results of
similar experiments performed by Atomics International on the SCA-LB
reactor. This comparison was made to determine what reactivity effect,

if any, resulted from the use of NaK and in-core instrumentation.

Results showed that the SNAPTRAN 2/10A-3 reactor, using the
Binal sleeve (10.5 wt % Boron) and the calorimeter water volume, had
critical configurations similar to those of the SCA-U4B reactor (see
Table B-I). These results indicated that the introduction of NaK and

in-core instrumentation had negligible reactivity effects.

An attempt was made to measure the excess reactivity available
by means of adding boric acid to the water reflector. However, the
pump used to mix the solution was too small, and, consequently, the
data obtained had excessive statistical scatter. Therefore the
methcd used to determine the excess reactivity was integration of
a calculated differential sleeve-worth curve normalized to the
measured critical value. This resulted in a value of 3.80 #* 0.20

dollars for the excess reactivity.
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TABLE B-I

MEASURED CRITICAL CONFILGURATIONS

Critical Pcsitions

;
SCA-aB(*) SNAPTRAN 2/104-3

i+

Critical Water Height (inches) 9.02 £ 0.05 8.96 £ 0.05

Critical Sleeve Height (inches) 7.32 % 0.125 7.27 £ 0.05
Mean Change in Critical Water 0.0 -0.06 (within
Height (inches) measurement error)

. Mean Change in Critical Sleeve
Height (inches) 0.0 -0.05 (within
measurement error)

NOTE: The critical configurations were measured from the base of the
fuel. Critical sleeve height is the length of fuel not covered
by the Binal sleeve. Critical water height is the length of
fuel exposed to the water reflector with the Binal sleeve

removed.

B. Power Calibration

The initial attempt at obtaining a thermodynamic power
calibration by the use of a water-filled calorimeter tank, as a heat
sink, was not successful due to insufficient water circulation within
the tank. Poor circulation created temperature gradients and random
convection currents throughout the water volume and between the sleeve-
water Iinterface. Thus the resulting data were insufficient for =

calorimetric power determination.

However, during the power calibration experiment the outputs of
all the in-core energy probes and thermocouples were recorded on
magnetic tape, and these outputs indicated the heating and ¢ooling
rate for specific points within the reactor. A heating and cooling
curve for a typical energy probe, along with the current generated by
a typical ion chamber during this experiment, is depicted in Figure B-1.
The output of these probes was appropriately ncrmalized to the volume-
weighted average core temperature during the period immediately after

scram. The product of the maximum rate of change of temperature

1256189
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Fig. B-1 Time History of Typical Energy Probe and Nuclear Detector
During Power Calibration

(as a function of time along the cooling curve) and an appropriately

averaged fuel heat capacity permitted an energy rate determination.

The first step in reaching this determination was to make a
thermal energy balance for a particular volume element as represented
by the location of the energy probe within the cylindrical core. The
generalized partial differential equation representing thermal balance

of the heat conduction with a source term added is:
Sic(nn)r(nt) = Uk (mLn) VT (nt) +5 (%)

STORED TRANSFERRED GENERATED
WHERE : T is temperature

r 1s a space variable
t is time

C is volume heat capacity

(236190
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K 15 thermal conductivity

[y
o
0
ct

S i3 the source term ger unit volume, i.2., velumesric
generation ra .

If it is assumed that:

1. The fileld considered extends over a single homeganecus bedy

(the fuel),

2. The bcdy is isotropic,
The thermal conductivity, density, and svecific nezt, {(in
other words, the chysical properties which appear zs cceffi-
cients in the differential equation) are indevendent of
positicn and time,

4. No phase change takes place within the field,
then the heat balance equation can be written for a cylindrical geometry:

d K(T)—o 2 S(r,t)
— = r +
ps T (I‘,t) mv T ( ;%) —_CT%T
These assumptions are valid if the fuel is a uniform material and
the temperature peak and differences are not orders o< magnitude above

ambient, i.e., 265 °F and 152 OF, respectively. -

For the low peak temperatures involved and the small temperature
changes, the thermal conductivity K(T) is essentially independent of
temperature and can be written as a constant. The specific hea’
capacity of the fuel can be represented by the empirical equation
C_ =0.0898 + 8.4k x lO~5 T cal/gm-°C between the temperatures of 25 %
and 850 °C. The specific heat capacity used in these calcwlations was

an average heat capacity - cave - defined over the temperaturs range

involved as follows:

T
2
-9
fqz (0.0898 + 8.4k x 1077T) 4T (T

+ T.)
. = 0.0898 + 8.k x 157 —2 1
ave T2 - Tl 2

Thus, for a cylindrical gecmetry, the heat balance equation now takes

the form:

ave

e

Y

o
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Again, if it be assumed there is nc heat loss from the fuel other
than that removed by the coolant, then for large reactivity removals,
the pericd of the removal transient is so short that there is insuffi-
cient time for significant heat transfer from the fuel during the time
immediately following the transient. Therefore, the heat transfer
term can be eliminated from the balance equation without significant

error in the calculation, and

Thus, the meximum change in the slope of the temperature vs. time

curve corresponds to the maximum change in the source term, that is

8 (r,t) = Cave é@.%%zﬁl lmax

Each value of the source term thus obtained, representing the
volumetric heat generation rate at a particular probe location, must
be normalized to an average core generation rate. This normalization
factor was obtained from the point-to-average source edit of a R-Z
diffusion theory computer program which was written to satisfy the
critical configuration criteria achieved during the power calibration
experiment. As a point of interest, the two NeK thermocouples and all
energy proves, with the exception of EP-3, EP-6, EP-15 and those
probes located in the water, were evaluated to obtain a power level
using the CD of the fuel and the appropriate point-to-average
source factor. Temperature data and results of calculations are shown
in Table B-II. Probes Ep-3, Ep-6 and Ep-15 produced inconclusive data
in that they were highly insensitive to the témperature changes

encountered during the test.

Since the average heat capacity used in the calculation
represented that of the 10 wt % probes, only the cooling curves
(Figure B-2) represented by the 10 wt % probes were used to calculate
reactor power. Of the five 10 wt % probes thus available for calculation,
only four of these produced consistent values. These four probes
produced values that were averaged to obtain 1.94 Kw at the power level _

at which the ion chamber currents were read for calibration.
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Ep-12 R=185 Z:0 T5-5 256°F

EP-13 R:=371 Z:=0 T5-14 254°F
EP-14 R26.50 Z:0 T5-6 47°F

EP-19 R=6.50 Z:7.62 T 5-il 227°F |
EP-20 R=6.50 Z=140 T5-12 201°F |

20°F tx115°

L T R&Zincm. -
—divane

TIME (minutes)

v

/

TEMPERATURE (°F)

o L 5 L L I i L

Fig. B-2 Time History of 10 wt% Energy Probes During Power Calibration

The accuracy of this power calibration calculation depends primarily
on three things: a knowledge of the precise location of the active
portion of the energy probe within the core, the wvalue of the fuel heat
capacity over the temperature range involved, and the rate at which
power termination occurs. Because of the size of the SNAPTRAN 2/10A-3
core, the location of the active portion of the energy probe within the
core must be known to be within plus or minus 0.5 em in order to
obtain accurate point-to-average source factors. Flux gradients near
the reflectors and possible intersticial flux disadvantage factors can

introduce 10% errors.

One problem that arises in determining the power level is the
choice of the initial value of heat capacity to be used at ambient
temperatures. A more accurate value of heat capacity would reduce

much of the uncertainty in this technique.

1256194
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I the reactor had besn scrammed instead of driving the sleeve
electrically, 2 much better delined transition wculd
This rate of power reduction aprears to be adequate 4o reduce the

B

uncertainty to = 5%.

II. Destructive Test

A, Preparation

Upon completion of the static physics measursments, preparations
for the destructive test were begun. FPrior to an attempt to perform a
destructive test, a rigid set of requirements had to te ccmpletely

satisfied. A summary of the preparations made and requirements “c be

satisfied are enumerated in the following paragraphs.

Test Package Changes - During the static ohysics measurements,

several of the analog strain gauges and Edgerton Germeshausen and Grier
(EG&G) bresk bands located on the side of the reactor vessel were

destroyed. These straln gauges were replaced and the break bands were

put back in service.

Initially, the control drive rod attached to the Binal sleeve was
free to fall upon loss of power to the control rod drive magnet.
However, it was believed that,during the destructive test, the sleeve
might drop over the reactor after the explosive charge had removed the

sleeve. Therefore, a mechanism was installed to retein the ejected
sleeve in its uppermost position.

In the event the reactor was not disassembled during the destruc-
tive test but chugged along at some power level depending on its heat
dissipation rate, it would have been necessary to shut the reactor
down by removing the water from around the reactor before a large
fission product inventory was built-up. Therefore a large pump was

provided to quickly remove the water from arcund the reactor.

Observation and Measurement - During the preparation period

Phillips cameras were positioned at various stations. It was necessary
to align all cameras cn the test package with the test building removed

and run film through the camera to insure proper operaztions.

F256195
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EG&G cameras mounted in shielded "doghcuses" on a removal railroad
dolly required alignment and frame exposure staggering in order to
record the disassembly profile of the reactor vessel. In addition, the
mirrors attached to the three periscopes mounted on the environmental
tank required alignment. Timing signals from the break bands on the
reactor and gamma scintillation detector had to be coordinated with the
flash lamps, and they, in turn had to be ccordinated with the shutter
openings on the cameras.

The nuclear, pressure, temperature, strain and acoustical

detectors underwent a rigid continuity, polarity and sensitivity check.

The data acquisition and conditioning equipment was thoroughly analyzed

for noise on data channels, calibrated, and placed in a state of readiness.

An extensive radiological grid extending from the test pad had to
be placed into operation. The TAN Health and Safety organization,
responsible for the grid extending out 2500 meters, required the
systematic placement of telemetering stations and various radiation

detector and sampling equipment.

_ AEC site survey personnel, responsible for the radiclogical grid
network extending from 2500 meters to beyond 8000 meters required
placement of the various sampling egquipment for biological studies was

also placed on and next to the test pad.

The Weather Bureau, responsible for predicting and providing up-to-
the-minute atmospheric conditions during the test, required the place-
ment of telemetering weather stations, a radar station for tracking
tetroons, digital acquisition equipment for meteorological parameters
studies and the placing of existing IET weather data equipment opera-

tional.

Communication equipment was prepared or checked out for operational
service. Four separate radioc networks were employed tc tie together
site "C" network, mobile radiological sampling stations, radar, camera
stations, two aircraft, locomotive, radiological grid network security,
etc. Three separate intercom systems at IET were required. A

telephone was supplied for emergency purposes, direct telephone lines

12561 9% -



were used for weather control between CF, control trailer, and the
weather room at IET.

Dry Runs Requirements - Upon completion of zhe preparations

for the destructive test, three 2ll inclusive drv runs were rerformed,
The purpose of these dry runs was to insure that all 2quipgment and
pvarticipating personnel were prepared for the destructive test, to
insure that all the necessary steps and assignments cculd be carried
out efficiently and accurately in the time alloted in the countdown
schedule, to determine reliability of the equipment, to establish
confidence in the test personnel, and to establish where "holds"
could judiciously be performed with respect to the countdown orogress,
if required.

Weather Conditions Required - Because in a test of this type

significant amounts of radicactive fission products could be released

to the atmosphere, certain weather conditions had to ve met before the

destructive test couwld be initiated. These conditions were as follows:

(1) Wind velocity 10 - 30 mph
(2) Wind direction between 180° to 240° - 0° being south
(3) Wind persistency - 2 hr minimum

(k) Precipitation - none in immediate area

(5) Light conditions - greater than 2000 lumens

The aminimum wind velocity was established for rersistency, and the

maximum velocity was based on aircraft safety. The wind direction
requirements corresponded to the downwind radiological grid network.
Percipitation one hour prior to the destructive test could not be
tolerated because it might spot the mirrors of the EC&G periscopes

and might seriously affect fallout plates, etc. on the grid. Lighting
conditions had to be sufficient for data aquisition on bigh-speed

movie film.

Sequence of Events Prior to the Reactor Destruction - Once a

sufficient number of dry runs had been successfully completed and it
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was determined that the destructive test could be efficiently and
successfully performed, all equipment and personnel were placed in a
state of readiness, and the execution of the test was dependent upon
meteorological conditions. The weather bureau provided the test
personnel with two weather reports daily. Upon issuance of a 50-50
probability that the weather conditions would be suitable for perfor-
mance of the test, all participating personnel were notified and the
countdown which required 4% hours of count time before time zero (T-0)
was scheduled. Three attempts were made to perform the destructive
test. Two of these times, the test had to be aborted because of
unsuitable weather conditions. On the third attempt, the destructive

test was performed

B. Test Sequence

The test was initiated when the Binal sleeve was removed‘by
the explosive charge in the actuator. The reactor was allowed to
undergo an uncontrolled power excursion which resulted in disassembly.

The sequence of events is outlined below.

Steps Taken After Reactor Destructive Test - Immediately

following the nuclear excursion, the environmental tank drain systems
were actuated, the winch to remove the EG&G dolly from the test area
was started, and the cameras were turned off and camera shield doors
allowed to drop. The TV cameras were extended from their missile
shield houses for a close-up inspection of the inside of the environ-
mental tank.

When the water had been removed from the environmental tank, IV
observations revealed that the reactor had indeed completely disassembled

itself and posed no criticality problem.

Soon after the test was completed, site survey personnel entered
the area with an aircraft instrumented to track any radicactive cloud
evolved from the test. After the aircraft completed the tracking of
the radioactive cloud and left the grid area, & second aircraft

entered the test area and obtained aerial photographs.
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Re-entry - When it was resolved that the reacior wasg in a
safe shutdown conditior,and the remote area radiolcgical monizoring
equipment indicated that radiation levels in the rezcicr area were not
prohibitive and that there was no significant airborme contaminaticn,

approval was given Tor personnel to enter the test cell area.

Two health Physicists entered the coupling staticn to collect a
sample from the envirommental water sample bomb. The direct radiation
lavel in the coupling station was § mrem/hr. The first re-entry team
entered the test cell area at approximately LO minutes after the test.
Direct radiation levels were as follows: 0.2 mrem/hr in the change
room, 50 mrem/hr at the corridor shielding deor, 150 mrem/hr at the
test cell entrance and 400 mrem/hr on the test vad adjacent to the

environmental tank.

At approximately 1 hour after the test, recovery teams began
retrieving samples and sampling equipment from both the inner and
outer radiclogical grids. Upon notification of re-entry authorization,

the _camers recovery teams removed the film from the various stations.

The following day, detailed contamination and radiation surveys
of the test area were made. This survey indicated that a very
insignificant amount of fuel had escaped from the environmental tank.
A smear reading 800 dpm taken from the concrete pad 30 feet downwind
from the reactor was the meximum contamination found ocutside the
test cell. Most smears taken on the test cell floor showed less then
500 dpm/smear. A direct radiation survey showed readings of 5 to 8
mrem/hr at the west entrance of the test cell and 3 rem/hr at the

edge of the environmental tank.

Reactor Dolly Removal to Hot Shop - Once the dolly surfaces

external to the eanvironmental tank were decontaminated, the dolly was
prepared for removal to the Hot Shop for post-test examinaticn.

Removal to the hot shop tock place seven days after the test.

Test Pad Decontamination - After all samples were removed

and a detailed radiation survey had been completed, the test pad area

decontamination was undertaken. All fuel particles and debris from
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the reactor dolly and test pad floor was tlaced in plastic bags and
removed Trom the area. After the reactor ‘dolly was removed to the

TSF area, decontamination of the test area was periormed.
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