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Abstract

A detailed description of the Kiwi Transient Nuclear Test (Kiwi-
TNT) is presented in this report. Background information and the
objectives of the test are discussed in Chapter 1. A discussion of
the operations and test procedures at the Nuclear Rocket Development
Station (NRDS) employed prior to, during, and after the excursion is
presented in Chepter 2. A complete description of the Kiwi-TNT reactor
1s presented in Chapter 3 with an emphasis on the modifications used
in the Kiwi-TNT reactor as compared with the normal Kiwi-B-4 design.

A summary of all the test results is presented in Chapter 4. A large
number of auxilary external experiments are described briefly in
Chapter 5. These experiments were carried out to make use of the very
large, short neutron and gammse ray burst. A number of power reactor
fuels including numerous types of Rover "beaded" fuels were tested

in this way in a flux region previously unattainable.
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Chapter 1

INTRODUCTION

This report describes a full scale destructive excursion experiment
using the Kiwi type of reactor which is being developed for the nuclear
rocket propulsion program. The experiment was performed as a part of
the Rover Flight Safety program of the lLos Alamos Scientific Laboratory.
The name chosen for this experiment was Kiwi-TNT which is an acronym for
Transient Nuclear Test. Some preliminary reports have been prepared.l,?

A. Rover Flight Safety

Los Alamos has been engaged for several years in providing informa-
tion which will contribute to an understanding of some of the nuclear
rocket flight safety problems. An answer to the following questions was
desired. ?2) What is the probability, magnitude, and consequence of
various types of potential launch pad accidents? (2) What is a satis-
factory method of reactor disposal after operation in space?

The answer to the first question requires a complete understanding
of the behavior of a Kiwi type reactor under abnormal or transient oper-
ating conditions as well as the determination of the resulting release
and dispersion of fission products. An answer to the second question
would be the complete fragmentation and dispersal of the core in space
in a manner which would produce no public hazard on reentry of any par-
ticulate matter. The use of a nuclear excursion for such a purpose re-
quires a detailed knowledge of fuel breakup during a large reactor
excursion.

An extensive experimental and calculational program has been in
progress at Los Alamos for several years which has sought to understand
the reactor shutdown mechanisms and supply answers to these problem areas.
Accidental excursions which have been studied include inadvertent control
drum rotation, liquid propellant or water flooding of the core, core impact
on the launch pad, and core implosion from a booster explosion. Several

CNCLASSIFIED
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calculational schemes are in progress to understand the detailed frag-
mentational behavior of Kiwi "beaded" fuel. Numerous fuel samples have
been exposed to reactor burst facilities to obtain experimental data

on the properties of such fuel in rapid transients. Only threshold data
have been obtained by such means so far, since no facilities exist which
can provide an adequate neutron flux in a sufficiently short time.

B. Why Kiwi-TNT

Sooner or later in all reactor programs which can involve the safety
of the general public, government agencies seek to pin down the accuracy
with which calculations can predict various types of accidents. Typical
questions asked about any particular type of excursion are: (1) What is
the total energy produced? (2) What fission products escape and how are
they dispersed? (3) What is the kinetic or explosive energy release?

An enalysis of the accuracy in the estimation of potential accidents
at Los Alamos showed that the principal uncertainty lay in the lack of
knowledge of the physical properties of the core materials under acci-
dental conditions.

The Kiwi type of reactor is designed to run normelly at temperatures
in excess of 2200°C (LOOO®F). Under accidental conditions temperatures
are expected to be in the 4000-L500°C region. Such temperatures are
reached because a destructive shutdown mechanism requires the production
of a substantial internal pressure. The Kiwi core materials will not
produce disruptive vapor pressures without such extreme temperatures.
Little was known sbout the physical properties and equation of state of
grephite under the time-temperature-pressure conditions which are pre-
sent in a large nuclear excursion. It has furthermore been impossible
to achieve such conditions within the laboratory. The molecular species
of the vapor produced from high temperature graphite systemns 1s not well
known. Vapor forms ranging from Cj to C10 have been observed in experi-
ments. Since the latent heat of vaporization varies considerably be-
tween molecular forms, it is evident that it is difficult in a rapid
reactor excursion to predict accurately the fraction of the core veporized
and the kinetic energy released.

The only means of obtaining the necessary information on the reactor
behavior under transient conditions is through a full scale reactor ex-
cursion. The well instrumented, carefully controlled Kiwi-TNT experiment
was therefore carried out. It is only through such a test that a high
confidence level can be attained in calculational estimates of potential
accidents.

C. The Magnitude of the Kiwi-TNT Excursion

The size of the excursion desired was determined in advance as about
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fissions. This energy release was chosen to assure that there would

be adequate energy available to vaporize at least a portion of the core,
that sufficient fission products would be produced 1o permit refined

fission product dispersion measurements to 25 miles, and that the total
energy release would simulate reasonably well that of a maximum acecident

excursion.
D. ObJjectives
1. Primarx

E.

To supply experimental information on the total energy produced,
the kinetic or explosive energy release, and the fission product
dispersal from a maximum type of accidental reactor excursion. This
information is of great importance to the Rover Flight Safety program
since these results can be directly compared with theoretical pre-
dictions. Suitable parameters in such calculations can then be
adjusted so that they match the experimental results. The prediction
of any other type of accident can then be made with confidence since
extrapolations and uncertain essumptions are eliminated.

2. Secondgsx

a. To supply experimental information on core fragmentation
which is of interest to the Self Destruct Concept® of reactor
disposal in space.

b. To supply information on decontamination problems, potential

missile damage, and reactor component dispersal from an accidental
excursion.

c. To supply a large short burst of neutrons to external sample
experiments. This wag of particular importance to power reactor
and Rover type fuel studies since experimental results could be
extended into a transient flux region hitherto unattainable by
any other means.

Analysis of the Kiwi-TNT Results

The experimental results from the Kiwi-TNT excursion have provided

the basic experimental information required for the general analysis of
potential accidents of interest to the Rover Flight Safety program. A
report, LA-3358-MS, "Sefety Neutrenics for Rover Reactors," describes a
analysis and application of the Kiwi-TNT results to potential nuclear
rocket accidents.*
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APPROVED FOR PUBLI C RELEASE

" . 4
I Y T A ccra— ¢,

UNCLASSIFIED ==t i

Chepter 2

OPERATIONS AND TEST DESCRIPTION

A. Test Planning

l. Facilities Descriptions

The Kiwi-TNT was conducted on January 12, 1965, at a point 630
feet from the face of Test Cell C (ch) at the Muclear Reactor De-
velopment Center (NRDS). Figure 2-1 shows the general area. The
reactor was mounted on a test cart positioned at the teat point.

The test point was located on top of & railway f£ill which crosses

a dry wash near TCC, approximately 10,000 feet from the Control
Point (CP). A concrete pad, 50 feet long by 30 feet wide, ellowed
working space around the cart. Instrumentation was routed through
& bunker at the base of the fill, and data acquisition was performed
with TCC equipment.,

2. Reactor Cart

The TNT reactor cart was of special design to accommodate the
reactor, the test equipment, and auxiliary irradiation experiments.
The rod motion for the TRT excursion was provided by modified rod
drive actuators supplied by two hydraulic accumulators mounted be-
neath the reactor. A 5 horsepower hydraulic pump mounted on the
cert supplied the accumilators.

3. Reactor (at NRDS)

The TNT reactor (Figure 2-2) was composed of Kiwi-B-4D type fuel
and wes shimmed to provide a shutdown margin of epproximately 0.60$.
Additional shutdown margin was obtained by the use of two boral safing
venes inserted from above the reactor into the annular region be-
tween the reflector cylinder and the reflector. These vanes, cover-
ing 120° of the reactor perimeter, could be withdrawn remotely from
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Figure 2-1.

General Test Ares Before Excursion
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Figure 2-2. Reactor at Pad
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the CP. Until shortly before the test, additional safety was pro-
vided by cadmium strips in the remaining 240° sector.

k. Operational Procedures

The operational philosophy for the TNT was quite similar to that
uged on Kiwi tests, the salient points of which are covered here.

Pre-test setup calibration was performed using a written check-
list. Eech participating group was required to submit a written
checklist to the test group for review well in advance of test days.
These checklists were also used for preparing systems for the dry
runs preceding the test,

All operations during the setup day preceding each test were
formally controlled by a status board which consisted of members of
the test group. In addition to approving the start of checklist
items and deviations from submitted checklisis, the status board
controlled access to the test aresa.

Control room operations proceeded according to & written check-
list prepared by members of the test group. All operations and
monitoring functions, which were performed at the CP during the test,
were coordinated by the test group by incorporation into the control
room checklist. Control room operations fell into three major phases.
The first involved checkout of the equipment by operation from the
CP or by remote calibration. The second involved the arming of sys-
tems prior to the test. The final phase was the activation of the
timing and firing sequencer with the appropriate Go/No-Go imputs
activated. The completion of the timing and firing sequence re-
sulted in the Kiwi-TNT control rod induced excursion.

Controls

1. Description of Chassis

Control of the TNT experiment was centered in the arming and
firing chassis (Figure 2-3) which were mounted in the TNT control
console. Commands from these chassis and responses to them were
interchanged directly with some end item of equipment, and indirectly
with others via one of three subcenters. The data confirm chassis,
the photo distribution chassis (Figure 2-4), and the neutronics
control chassis (Figure 2-5) served as subcenters for the various
systems, distributing commends to the end items involved and col-
lecting responses which were subsequently returned to the arming
and firing chassis. Figure 2-6 is a signal flow diagram of the
control system.
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a. Arming Chassis

Functions which had to be handled prior to F-1 minute were,
in general, assigned to the arming chessis. These functions
were not extremely critical with respect to when they were exe-
cuted or with respect to the allowable hold time. Push buttons
which would illuminate to indicate the status of the item being
controlled were used.

Meters were incorporated in the chassis to indicate the
value of the following criticel parameters: hydraulic sump
level, hydraulic pressure, firing battery voltage, and poison
vane position. Lights were used to indicate when the five
master control switches had been thrown to transfer control of
the experiment to the CP.

Key locks were inserted in the command lines for the poison
vanes, cable cutter, and test fire circuit, to preclude inadver-
tent operation.

b. Firing Chassis

To initiate the firing sequence, the Chief Test Operator
(CT0) depressed the Run button on the firing chassis. This
started the sequencer which generated all commands from F-l
minute through firing (F-0) to F+1 second. The sequencer was
designed to lock in with the base time system, thus placing the
excursion at a time which simplified data reduction. Progress
of the sequencer was indicated by 13 countdown lights, one of
which illuminated at the end of each 5 second interval, and
by & mechanicel countdown timer which registered seconds to
F-0.

As a prerequisite to initiating the countdown sequence,
Go signals had to be received from nine critical areas. These
signals were fed into relay logic circuits which inhibited the
operation of the sequencer. ILoss of any one of these Go signsls,
even momentarily, would ceuse the sequencer to stop before it
issued the next command. The operation of the sequencer could
be resumed from this hold position by depressing the Run button
agein. At any point in the countdown the CTO could stop the
sequencer by depressing the manual Hold button.

A mechanical hold-time read-out wes provided which indicated
in seconds the length of time the sequencer had been in a hold
condition. This was necessary because some items, once started,
were operational for a very limited period of time.

R
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Twelve countdown command lights were provided. Transmission
of each commend from the firing chassis was indicated by 1llumi-
nation of the appropriate light. Upon receipt of the command
and execution of the required function, each end item returned
a Go signal to the firing chassis. Receipt of these signals was
also indicated by lights. Relay logic evaluated the Go signals
received, and the sequencer automatically went into a hold con-
dition when a required Go signal was not present or was lost.
Table 2-1 is a 1list of firing instructions and Go/No-Go inputs.

Bypass switches were provided for each of the inhibit and
countdown inputs. When an input was bypassed, the Go/No-Go
logic was satisfied; and a Go input was not required from that
specific end item.

Failure of either AC or DC power to the chassis was indicated
by lights, and the system would automatically revert to a hold
condition.

Key switches were provided in the fire and high speed camers
command lines to prevent inadvertent operation.

Y

2. Operational Capability and Flexibility

The equipment just described provided a wide range of operation-
al flexibility. Separation of the arming and firing functions per-
mitted extensive hold time for such things as weather, after the
system had been pleced in a state of readiness.

Incorporation of complete bypass capebility permitted the CTO to
proceed with the experiment even though a mslfunction had been de-
tected in some area. This judgment capebility proved quite useful.

Even though the last 1 minute of the sequence was completely
automatic, the CTO retained his ebility to control the experiment
through the use of the Run, Hold, and Abort circuits.

During the actual experiment it was deemed desirable to bypass
certain noncritical countdown inputs. However, all equipment per-
formed flawlessly.
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TABLE 2-1
Firing Instructions and Go/No-Go Imputs

Item Time Command. Prerequisite

1 F-60 sec Start tape recorders Run button has been de-
pressed. Hydraulic pressure
within tolerance. Voltage
of firing battery within
tolerance. Neutronics os-
cilloscopes not fired.

Gamma discriminator not
triggered. All rod sole-
noids activated and rod po-
sition power supplies on.
Reutronics power supplies

on. Transducer excitation
oscillator operating. 10 kc
oscillator operating. Pin
DC power applied. All 12
pneumatic pins are withdrawn.

F-60 sec Start group I cameras Seme as #1
3 F-60 sec Start tape recorders, Same as #1
(5-8)
4 F-60 sec Start tape recorders, Same as #1
(J-12)
5 F-55 sec -
6 F-50 gec Continue operation Same as #1 plus data tape

recorders running. J-8
tape recorders running.

T F-U45 sec Continue operation Same as #6 plus J-12 tape
recorders running.

8 F-40 sec ———

9 F-35 sec -———
10 F-30 sec Start group II cemeras Same as #7
11 F-25 gec -
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TABLE 2-1, continued

Item Time Command Prerequisite

12 F-20 sec Continue operation Same as #T7 plus core Dyna-
fax camera motors (2) run-
ning at proper speed and
core flash bulb voltage
within tolerance. Pin
Dynafex camera motors run-
ning at proper speed.

13 F-15 sec Continue operation Same as #12 plus AC power
line to bunker open.

1k F-10 sec Start Milliken cameras Same as #13 plus cloud
cameras running, group I
cameras running, group II
cameras running.

15 F-10 sec Start CEC tape recorders Same as #1L

16 F-5 sec Continue operation Same as #14 plus Milliken
cameras running, CEC re-
corders running.

17 F-5 sec Fire timing flash Same as #16
18 F-1 sec Open pin scope camers Same as #16
shutter
19 F-1 sec Open neutronics scope Same as #16
camere shutter
20 F-1 sec Turn N-1 heaters off Same as #16
21 F-T700 msec Start Fastax cameras Same as #16 plus neutronics

oscilloscope camera shutter,
pin Dynafax shutters open.

22 F-700 msec Arm pin scopes Same as #21
23 F-0 Commend to open valves Same as #21 plus Fastax
to rod actuators cameras running. Pin
scopes armed.
2k F-0 Fire hash mark Same as #23
25 F-0 Timing and simulation Same as #23
26 F-0 Timing (data) Same as #23
L B
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TABLE 2-1, continued

Item Time Command Prerequisite
27 F-0 Timing (J-8) Same as #23
28 F-0 Timing (J-12) Same as #23
29 F+l sec Close neutronics scope None
camers shutter
30 P+1 sec Close pin scope camersa None
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: C. Reutronics

System Description

2. Uncollimated Gamma Detectors

The majority of gamma profile date was obtained from six
uncollimated photofluor detectors, two of which were located at
pressure vessel contact (Figure 2-T), two at 24 feet (Figure
2-8), and two at 800 feet from the reactor. The two detectors
at each location covered the seme three to four decade range
giving complete redundancy.

These detectors were modified Edgerton, Germeshausen and
Grier, Inc. L2k detectors. Each canister contained a 6 inch
cube of MEL 510 plastic fluor and two FW 127 photodiodes. The
diodes were operated at 1,500 volts and were connected to the
test cell recording system through approximately 800 feet of
RG 8/U coaxial cable.

Power supplies for the detectors were located in the TCC
penthouse. Additional capacitors on each detector were used
to supply the charge necessary to maintain detector voltage.
Total capacity for each detector was 16 millifarads.

The detector canisters were fitted with a section contain-
ing 23 photoflash bulbs. The bulbs were used to light the
fluor and simulate a signal on dry run. Flash bulbs were
selected by a stepping relay. Advance and fire commands came
from the CP. Figure 2-9 shows & block diagram of the signal
flow in the uncollimated gamms detector system.

The four close~in detectors covered a dynamic range of
three decades each, and the two far out detectors covered a
range of four decades each. Overall system coverage was from
1010 to slightly more than 1025 fissions per second.

The output of each detector developed a voltage across a
50 ohm terminating resistance. This voltage was routed to three
or four inputs (one per decade) of an FM tape recording system
using two Ampex FR 600 recorders. Amplifiers and attenuators
vere used to condition the signal to the 0.5 volt full scale
channel level used. Diode clamps prevented the voltage con-
trolled oscillators from deviating outside acceptable limits.

A total of 20 channels were used for the six uncollimated
detectors. These data were recorded on two lh-track tape re-
corders. The voltage controlled oscillators and signal
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conditioners were located in the electronics room in the TCC
basement. Tape recorders were located in the CP building. Nor-
mal voltage controlled oscillator units have a 108 kilocycle
center frequency, but these were modified slightly so that O
volts input resulted in a VCO output of 64.8 kilocycles. Tape
recorders were run at 60 inches per second. Recording bandwidth
was 20 kilocycles. A 100 kilocycle signel, which was an output
of the frequency standard used to drive the time code generstor,
was lmposed upon one track of each tape recorder.

The magnetic tape was played back for digitization using the
100 kilocycle signal as & data sample command for the digitizer/
CDC 160A computer combination. The data were played back at
one-eighth the recorded speed to enable the digitizer and CDC
160A to accept the high sempling rate.

Three Tektronix type 545 oscilloscopes and polaroid cameras
were located in the control room to provide gquick-look data
(Figure 2-5). These worked well and gave good estimates of
fission yield, peak rate, and time interval between the gamma
trigger and the peak rate immediately after the test.

b. Gamma Trigger

A gamms. trigger pulse was used to start core photography
cameras and to trigger pin experiment, control room, and Compton
detector oscilloscopes. This pulse was to be generated at 1015
fissions per second. Figure 2-10 shows a signal flow diagram
of the gamma trigger system.

The signal was supplied by two NPM2B photomultiplier fluor
detectors located at 24 feet from the reactor. Seperate coaxial
lines ran to a discriminator chsssis in the TCC electronics room.
Power to the photomultipliers was from separate 2 kilovolt
supplies in the TCC penthouse.

The discriminator chassis was constructed using Philbrick
type P65 and PP65 solid state operational amplifiers. The OR
gate diodes were Fairchild FDLOOS. The silicon-controlled rec-
tifiers were Solid State Products types 3B30S.

When & current from either of these detectors exceeded the
trip level, the trigger pulse was generated. A premature trip
from either discriminator circuit would produce a gammsa discrim-
inator trigger No-Go to the firing chassis. A small incandescent
light bulb installed in each detector could be pulsed remotely
to produce & trigger on dry runs.
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c. Other Detectors

A collimated gamma detector was located at 800 feet from
the reactor (Figure 2-11). The field of view of this detector
wag restricted by two lead baffles to a 5k inch diameter circle
centered on the reactor. This detector consisted of a 3 inch
disc of MEL 150 plastic fluor and a FWllk photodiode. The detec-
tor has approximately 1/50 the sensitivity of the larger, un-
collimeted detectors. Its purpose was to see if gemmas caused
by neutron scattering contributed significantly to the shape of
the pulse as seen by the uncollimeted detectors. The collimated
detector was expected to see only the peak. Data from this de-
tector were recorded on two tape channels, essentially the same
as the uncollimated detector data.

A fast neutron detector was also placed 800 feet from the
TNT test point. TE&F was a U238 fission chamber having a sensi-
tivity of 1.5 x107<" coulombs per fission. Four decades of
current were compressed onto a single channel through an Optical
Electronics solid state log amplifier located in the TCC elec-
tronics room. Recording electronics were similar to that des-
cribed for the other detectors. Figure 2-12 shows a signal flow
diagram for the collimated and fast neutron detector channels.

d. Count Rate System

Three scalers and count rate meters were used in the control
room for reactor multiplicetion monitoring and on those experi-
mental plans that involved reactivity measurements. Amplifiers
in the test cell were used to drive the 10,000 foot coaxial lines
to the CP. These scalers were connected to the three output
lines of a reactor safety monitor system while the reactor was
on the pad.

The scalers were also used to count pulses from detectors
used previously by N-2 at Pajarito Canyon. This equipment was
used on an experimental plan whose objective was to compare the
shutdowvn reactivity with that on the Kiva assembly.

The safety monitor was removed the day of the TNT test and
the system was switched to monitor the output of two borpn tri-
fluoride detectors located at the test cell. The count rate
system was monitored after boral vane withdrawal to insure that
a rod had not stuck in the out position, and that the reactor

was really subceriticel for the test. This system would have bheen
~used, in the event the reactor did not completely come apart, to

determine if any fissioning fragments remained. The count rate
system was capable of detecting a reactor power level of 1 watt

..: .E. 523 .E. E.. E’:
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at the TNT pad using the chambers at the test cell.

Instrumentation

1. Displecement and Pressure Measurements

Twenty pressure transducers and five displacement transducers
were used to measure core pressures and displacements as well as
blast pressures at various distances. The locations of the measure-
ments follow:

a. Pressure Measurements Internal to the Pressure Vessel

Three active and three dummy variable reluctance (VR) trans-
ducers were located inside the pressure vessel. Four were at
Station 10 in the core, snd two were in the core inlet plenum.

b. Blast Pressure Measurements

Three active and two dummy transducers (VR) were located
in the reactor midplane at a distance of 5 feet from the reactor
centerline, and three active transducers (VR) were located in
the midplane at a distance of 30 feet.

8ix unbonded strain gauge pressure transducers were mounted
at 100 feet fram the reactor in the reactor midplane with an
angular separation of 120°, Three units were Statham Instrument
Co. Model PM6 transducers with a + 0.5 psid range; the other
three were Statham Model PM T32 pressure units scaled for % §
psid.

c. Displacement Measurements

Three active and two dummy displacement transducers were
mounted on the pressure vessel to measure reflector to pressure
vessel displacement.

All of the variable reluctance pressure and displacement trans-
ducers were manufactured by Physical Sciences Corporation. The
pressure units were Model 1021 flush diaphragm transducers. The
transducers inside the pressure vessel and those at 5 feet from the
reactor center were modified to include a 20-foot-long rigid tube
which carried the electrical leads and was evacuated and sealed to
prevent ionized gas from shunting the electrical signals during
the nuclear transient. The 20-foot evacuated leads were terminated
in hermetically sealed connectors, which were joined to standard
shielded cables in conduits buried in the earth. The connectors
were placed a minimum of 4 feet below the surface of the ground.
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Dumnmy transducers, modified to be insensitive to pressure, were
included inside the pressure vessel and externally at 5 feet from
the reactor centerline, to measure the effects of radiation on the
pressure transducer sensing elements.

The variable reluctance transducers were all electrically con-
nected to Physical Sciences Model 801-D AC carrier system demodulators
operating &t 20 kilocycles. The demodulators were all driven in
synchronism by means of a 20 kilocycle square wave, crystal controlled
generator. Since all the electronics circuits were transistorized,
they were shielded by means of a tunnel dug horizontally from one
wall of the bunker. The tunnel was covered by & minimum of 3 feet
of earth. The demodulators, square wave generator, and automatic
calibration circuits were all battery powered. The signals from
the demodulators were conducted by underground shielded cable to
TCC and connected to the standserd data system there. Internal LASL
memorands describe the circuits, transducer specifications, and
general considerations in transducer selection. A complete demodu-~
lator, oscillator, and transducer system was checked for response to
transient nuclear radiation using the Sandia Corporation's Godivae
reactor. The system exhibited about a 10% transient drop in sensi-
tivity at approximately 20 times the gamma dose rates expected during
the TNT transient.

Simultaneous failure of all variable reluctance pressure and dis-
placement channels occurred just prior to the time of peak power in
the Kiwi-TNT excursion. This was indicated by erratic full scale
rendom oscillations of the output signal. All failures occurred at
the same time and in the same manner even though the transducers
themselves were in radiation fields differing by three to four orders
of magnitude. This indicated that the cause of failure was due to
the demodulator system.

An overheating problem in the shielded tunnel Just prior to the
excursion required the removal of some of the shielding to permit
gir circulation. It is believed that the removal of this shielding
from the tunnel caused a higher than originally planned for radia-
tion level which probably resulted in the instrumentation failure
noted.

The unbonded strain gauge pressure transducers at 100 feet used
DC excitation, and did not require any signal conditioning in the
bunker. The cables from these transducers went directly to the
TCC date system. The 100-foot transducers faced directly toward
the reactor and had standard 0.25 inch flare fittings with no tubing
attached.
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Tive of the six transducers produced useful signals in spite of

transient nuclear and thermsl radistion effects. All of the low
range signals gave full scale deflection when the pressure pulse
arrived.

2.

Reactor Temperature Measurements

A total of ten thermocouples were used to measure reactor tem-

peratures. The three different types and their uses are described
below:

UNCLASSIFIED

a. Two tungsten vs. tungsten, 26% rhenium (W/W26Re) thermo-
couples of standard construction with a relatively long response
time were mounted at 00C-S26 and 210E4G-S26. Their purpose wes
to measure reactor temperature in the event of & low power
fizzle.

b. Six fast response W/W26Re thermocouples were located in the
core. Their locations and performance are indicated in Figure
4-8. Their purpose was to measure the neutron density & few
decades before the power peak. They were not intended to meas-
ure the complete transient if its magnitude followed predictions.

The thermocouples contained an 80% niobium- 20% uranium-235
alloy tip epproximately 0.3 inch long x 0.050 inch in diameter.
One end of the tip had two 0.0005 inch diameter wires approxi-
mately 0.125 inch long, one of tungsten, the other of tungsten-
26% rhenium attached to the alloy tip forming a thermocouple
junction. The other end of the wires were attached to 0.010
inch diameter thermocouple wires contained in a stainless steel
gheathed, megnesium oxide insulated cable. The tip and cable
were supported by means of a stainless steel case spproximately
0.007 inch thick attached to the end of the cable. Calculations
of heat loss due to thermal radiation from the tip during a
1 millisecond period transient established that the error caused
by thermal radiation is completely negligible up to LOOOCF.

Because of the uranium loading the tip heated much faster
than the case which surrounded the tip. The heating during the
nuclear transient caused melting of the tip, and probably
shunting of the thermocouple leads due to decrease of the re-
sistivity of the magnesium-oxide cable insulation, and possibly
shunting by ionizing nuclear radiations.

c. Two dummy thermocouples were built similar to the thermo-
couples in section b above, except that both of the thermo-
couple wires were tungsten. They were located at 00C-S26, and

3
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210ELG-S26. No signal output was observed from these thermo-
couples until after the active thermocouples had started to
fail.

The thermocouples described in sections b and c were fabricated
by Physical Sciences Corporation according to their drawing #50551.

3. Pin Instrumentation

Barly displacements of the reactor core and reflector cylinder
were measured through a relatively small distance by a pin technigue.
Ten locations were instrumented with a group of seven pins at each
location. BEach pin within a group, when struck by the moving surface
being monitored, produced an electrical pulse having a unique com-
bination of polarity, decay time, and overshoot for purposes of
identification. These pulses along with timing pulses were recorded
by oscilloscope-streak camera cambinations for primary acquisition
at TCC (see Figure 2-13), and back-up recording was on magnetic tape
at the CP. Twenty-one coaxiel wire assemblies were inserted in
selected propellant passages in the core as an experiment to deter-
mine the times of closure of these core passages. Signals produced
by the collapse of these wires were similar in form to the pin sig-
nals and were recorded in the same way as the pin signals. A com-
plete description of the pins, wires, circuits, and results may be
found in LA-3388-MS, "Pin Techniquesfor Displacement Measurements
in Kiwi-TNT,"

L. Fireball Temperature Estimation

The radiation from the fireball was measured by two detectors
located on the CP roof. The ratio of the detector signals was used
to determine the temperature.

The detectors consisted of lead sulphide cells mounted behind
an IR and a UV filter. The signal flow diagram is shown in
Figure 2-1k. The sensors were 10 x 10 millimeter Infratron lead
sulfide cells purchased fram Infrared Industries, Inc. The IR
filter was an interference filter with a band pass at_. 10,400 X
and the UV filter was glass with a bandpass at 3,000 A. A potential
of 157 volts was supplied from two dry cell batteries. The signals
from each detector were measured by a John Fluke Voltmeter during
calibration and recorded on magnetic tape during the excursion.

The system was calibrated at two points by taking simultaneous
readings on each detector, first viewing & sun gun with a Sylvania
DWY lamp and then a carbon rod arc lamp with current supplied by
a velding machine. There was no problem with the sun gun which
appeared to generate constant radiation.
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The arc radiation used for calibration was in a direction at X
right angles to the plane of the two carbon rods. Difficulties -
were encountered because the output radiation from the arc varied.
When the radiation stabilized momentarily, the detector output

signal, in millivolts, and the arc potential and current were re-
corded. The signals measured from the two detectors were then

adjusted to compensate for the difference in electrical power input
into the arc at that moment. The ratio (Sl/SQ) for the two sources
is shown in Figure 2-15.

This system of temperature measurement is based upon the follow-
ing assumptions:

a. The fireball, sun gun, and carbon arc radiate thermal energy
as a blackbody in the two bands used.

b. The signal level for each lead sulphide cell is proportional
to the incident radiation in each band.

c. The ratio (S1/Sp) of signals is a linear function of the
gbsolute temperature of the source.

d. The thermsl radiation from the carbon arc is directly pro-
portional to the electrical power input.

e. The power factor of the carbon arc is unity.

f. The temperature of the carbon arc is 4,300°K. This is ap-
proximately the average of 4,2000C boiling point of carbon and
a value of 4,2000K given in handbooks for the temperature of a
carbon arc.

g. The temperature of the carbon arc is constant, even though
the input power veries somewhat.

h. The temperature of the sun gun is 3,400°K, as rated by the
manufacturer.

5. Data Processing

TNT data processing differed drastically from Kiwi data reduc-
tion since all TNT channels were wideband frequency multiplexed and
continuous recorded rather than PAM time multiplexed. The require-
ments were for a sampling rate of 100 kilocycles in the neutronics
channels and 10 kilocycles for all other wideband channels (pressure,
temperature, and displacement), instead of the usual 40 samples per
second. In order to process these data, gsome hardware changes had -

to be made in the enalog to digital converter and some new programs
written,
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The required digitizer modificetion consisted of the following:

a. Adaption of the sampling circuitry to enable it to use the
100 kilocycle tape speed compensation signal recorded on tape

as a sample command. One track on each magnetic tape recorded
had a 100 kilocycle signal from the timing system recorded by an
Ampex direct record module. The 100 kilocycle signal was an
output of the frequency standard used to drive the time code
generastor. As a result, this signal was phase and frequency
coherent with all timing signals used in the TNT test. When the
magnetic tape was played back for digitization, the 100 kilo-
cycle signal was used as a data sample command in the Astrodata
Digitizer/CDC 160 Computer combination.

The neutronics data were played back from magnetic tape
recorders at one-eighth the recorded speed through Ampex M
reproduce units. This enabled the digitizer to sample the data
signal at an equivalent 100 kilocycle sampling rate since the
sampling commend was the 100 kilocycle signal slowed down by &
factor of one-eighth.

The balance of the wideband data (pressure, temperature, and
displacement) were played back and digitized at the recorded -
speed. The 100 kilocycle signel was divided by ten by the digi-
tizer and used as a sample commend, thus yielding a 10 kilocycle
sampling rate.

b. Changes to the time code translator to enable it to operate
upon a time code signal played back at one-eighth the recorded
speed. The time base provided for the digital data was derived
by translating the magnetic tape playback 1 kilocycle modulated
carrier time code in the digitizer. The digitizer time code
translator detects axis crossings of the 1 kilocycle carrier
and accumulates the axis crossings in a counter which is reset
at the beginning of each second. The 1 kilocycle carrier thus
acts as a millisecond time base. The 1 kilocycle carrier signal
used in the modulated carrier time code is derived internally
from the time code generator logic and hence is phase and fre-
quency coherent with the 100 kilocycle sampling signal as well
as the actual test time,

New programming requirements for TNT consisted of the following:
8. Modification to the high speed acquisition code to accommo-

date the 12.5 kilocycle date rate (12.5 kilocycles obtained from -
using the 100 kilocycle sampling signal with 8:1 tape slow down).
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b. A new formatting code which translated and formatted digital
data acquired in high density form to a low density format. The
digital data were recorded on one of the CDC 160A computer tape
units in high density form and later reformatted in low density
form for entry into the IEM TO4 which then operated upon the
data, voltage calibration, and transducer calibration to produce
plot tapes.

c. An IBM TO4k code to convert the new formatted data to finished
data plots. The code, which was especially prepared for TNT,
performed & test of the consistency of the time code with the
data sampling rate. This code used the full scale and zero scale
calibration steps to establish the channel range. The data were
then scaled within the range. For channels with nonlinear trans-
ducer calibration, a transducer calibration table was used which
is accurate to 0.1% of the standard table over the channel range.
The output of this code was a tape, formatted for one of the
standerd plotting codes.

Since time was only given to 1 millisecond accuracy once every
50 date points, the time put on the plots had to be generated in-
ternally. This generated time wes compared to input time whenever
it was available, and a summary of encountered errors was printed.

The time delays of the data channels and processing equipment
wver:s measured for typicel neutronics, rods, and tempereture channels.
The following values were obtained:

Channel Typicel Channel Time Delay, msec

10 ke Sampling Rate

Time 1.70
Rods Position 2.68%
Pressures 0.30 to 1l.1l1%*
Temperatures

52 ke Carrier 0.99

TO kc Carrier 0.59
Displaecements 0.59

100 kc Sampling Rate

Time 1.k2
Neutronics 0.1h4
Gamma Pulse
Direct 0.016
Neutronics/MM 0.1k

*Inmproved measurements in progress
¥¥Dependent upon data channel utilized
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6. Photo Coverage

The exposed hot end of the core was photographed from the north
camers bunker through a large mirror mounted on the poison vane
support structure (Figure 2-8). The visible graphite support blocks
were painted white, and the core end was illuminated by 200 flash
bulbs which were fired from a gemme pulse triggered at 1015 fissions
per second. Two Dynafax cameras (Figure 2-16) with a 3 x 4 foot
field of view were operated at 10,000 and 23,680 frames per second,
respectively, to record initial lateral core motion.

High speed photo coverage of the excursion was provided by four
Fastax cameras. A LOOO frames per second camers and a 2500 frames
per second camers were located in each bunker and covered roughly a
100 x 40 foot field. There were also three 96 frames per second
Mitchell cameras and a 400 frames per second Milliken camera located
in the bunkers to provide general coverage (Figure 2-17).

Cloud photography and larger field of view pictures were obtained
from cemeras in the west tower, the east tower (Figure 2-18), the
CP roof, the Reactor Maintenance and Disassembly (R-MAD) building
roof, and a portable upwind station. The last three of these were
manned stations. General orientation of photo stations can be seen
from Figure 2-19.

The high speed photogrephy gave some information on core dis-
integration and growth of the fireball. The first evidence of the
motion is at the top of the core. The hot vapors first erupt out
of the top of the core and then can be seen bursting out near the
bottom of the pressure vessel.

Excellent color film was obtained of the cloud formation and
its travel to 25,000 feet at an average azimuth of 300°. Its in-
stantaneous height, azimuth, and velocity were plotted. Some of
these results are discussed in Chapter 4. The film shows & stem
of rising dust and debris during the initiel stage connecting the
upper portion of the cloud to the test pad. This stem is graduelly
dissipated (see Chepter 4, Figures 4-19 through 4-22). Effects of
wind velocity and shear are also clearly visible and have been
meeasured.

E., Operations
1. Shutdown Reactivity Test

The first safety test of the TNT device was conducted December
3, 1964. The primary objective of this test was to ensure that the
reactor assembly was subcritical with all rods out and with the
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cedmium strips end boral vanes in place. The secondary objective
vas to see that each rod would follow a command from the CP and to
neasure simulteneity of rod motion. With the 4O cadmium strips

in place, both boral vanes inserted, and the control rods out (180°),
the shutdown reactivity was measured to be 5$. The checkout of the
rods showed a 20 millisecond spread in reaching the 90° position.
Vork was started to reduce this value to below 10 milliseconds.

2. Criticali@z;mest

On December 9, 1964, an operational check of the poison venes
was conducted. The objectives of this test were to check the opera-
tion of the vanes from the CP and to measure the reactor shutdown
wvith the poison vanes out and the cadmium strips and control rods
inserted. A lesser objective was a calibration of the poison vane
position indication. In this configuration the reactor shutdown
was apgroximately 5$. The time spread for the control rods reach-
ing 90 was measured at less than 10 milliseconds on this test.

This improvement was made by adjusting the electric delay circuits
¢on each rod.

3« Dry Runs

The first TNT dry run took place on December 22, 1964. A number
c¢f circuit problems were incurred making it impossible to perform
g complete dry run; however, these were corrected, and a complete
dry run was performed December 23, 1964. Essentially all systems
were operated, and some inconsistencies were discovered.

A formal dry run was conducted December 29, 1964, and involved
all systems. Results were better than those obtained on previous
dry runs. Most systems operated in a satisfactory manner. On
January 6, 1965, the cadmium strips were removed and the shutdown
reactivity was quite large. With the boral vanes withdreswn, end all
control rods in, shutdown reactivity was measured at 0.60$.

A successful dry run was conducted on January 7 in preparation
for a TNT test date of January 8, 1965; however, weather caused
postponement of the test. Run status was held over the weekend of
January 9 in the event weather was favoreble and sampling aircraft
were available. Another dry run was performed on January 10.

4, Hot Run

The nuclear excursion of the TNT device occurred at 10:5T7:45
a.m. PST, January 12, 1962. The excursion was within predicted
limits, yielding 3.1 x 1020 totel fissions. The minimum period vag,
measured at 0.60 milliseconds with a peak fission rate of 1.1 x 10<3,
and the full width at half-meximum was 2.4 milliseconds. The rod
simulteneity to 90° was 6.5 milliseconds.

G bl Lot
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Chepter 3

REACTOR DESCRIPTION

A. Introduction

The Kiwi-TNT was & nuclear transient reactor having the same basic
configuration and nuclear characteristics as the Kiwi-B-4E-301. The
primexry function of this reactor was to generate a nuclear transient of
an appropriate order-of-megnitude for evaluation and study. No pro-
pellant was used.

To generate the desired amount of excess reactivity, the reactor
core was adjusted or shimmed to & reactivity level closer to the deleyed
critical point than has been normal practice with the Kiwi nuclear
propulsion reactors. Safe working conditions were ensured by providing
a clear annular space between the core and the reflector cylinder. Poi-
son strips or blades were inserted in this space to partially or com-
pletely surround the core as required during the work and check-out
phases.

B. Design Consideretions

To design a reactor for a destructive experiment such as the TNT
excursion required a different philosophy than that normaelly used in
nuclear reactor design. Flow, pressure, and temperature considerations
were essentially eliminated. It was necessary to provide for a very
repid control drum movement, adjustable-after-assembly core poisoning,
and installation of rather unique instrumentation and test evaluation
devices; while retaining the basic geometry and nuclear characteristics
of the Kiwi-B-4 reactor. It was desirable where possible to simplify
fabrication of needed components, to substitute less expensive for
costly materials, to use propulsion reactor reject parts such as fuel
elements and support blocks, and to use obsolete on-hand components.
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Figure 3-1 is & perspective of the Kiwi-TNT reactor and test cart.
Figure 3-2 is a section view of the reactor assembly.

A ggtailed description of the Kiwi-B-4E-301 reactor is given else-
where. Only a few of the basic dimensions will be given here along
with design changes and modifications pertinent to the Kiwi-TNT reactor.

C. Core

l. Core Dimensions

The basic core configuration and perimeter geometry remains un-
changed. The reactor core was 35 inches in diameter and 53-1/2
inches long. The fueled region was 33-1/2 inches in dismeter and
52 inches long. The core contained 1542 fueled elements and 259
unfueled elements.

2. Fuel Elements

The fuel consisted of pyrocoated uranium carbide beads admixed
in a graphite matrix.

The fuel elements were hexagonel in cross section, 52 inches
long, and approximately 3/h inch across the flats. The element
contained 19 cylindrical coolant channels or holes on a triangular
array.

The fuel elements extruded particularly for the TNT reactor were
uncoated. Those elements used that were rejects from propulsion
reactor production lots (about 800) were coated with niobium cerbide
in the 19 coolant holes and for approximately 1 inch axially on the
exterior surfaces of the hot end.

Twelve different types of elements were used to assemble the
TNT core. By means of different uranium loadings or densities
the radial power distribution in the reactor core was flattened as
is normally done in the Kiwi nuclear propulsion reactors. Table
3-1 lists the types and number of fuel elements in the Kiwi-TNT core.

3. Clusters

The fuel elements were assembled into clusters for support and
convenience of handling. There were 169 regular clusters made up
of 6 fuel elements surrounding & central or support unfueled ele-
ment. A graphite block supported the hot end of the assembly, and
an aluminum cluster plate held the cold end of the assembly. Tips
on the hot ends of the elements were located in recesses in the
support blocks to position the elements at the hot end. An aluminum
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TABLE 3-1

Types of Fuel Elements Used in Kiwi-TNT

U/Element Nb

Type No. of Holes (Average) Coating No. Used
L5 19 135.3 gm Yes 295
Ll 19 135.9 No 179
4o 19 115.0 Yes 30
39 19 117.1 Yes 60
3k 19 99.1 Yes 36
30 19 87.2 Yes T8
26 19 T5.5 Yes 5
22 19 63.3 Yes 54
20 19 h7.6 Yes 18
156 16 35.7 Yes 42
17 19 Lg.T Yes 60
15 19 43.3 Yes 36
Total 1542
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plug in each fuel element positioned the cold end from the cluster
plate by means of projecting bushings.

There were 30 perimeter clusters of 5 irregulsxr shapes that
transformed the hexagonal form of the core to a twelve-sided con-
figuration with recessed corners. Bach of the perimeter clusters
had 3 support elements. The clusters were supported through the
central or support elements by means of stainless steel tie rods.
These served as tension members between the support blocks and the
support plate. Pyrographite tubes were positioned inside the sup-
port element hole. These were in turn lined with an 0.005-inch-
thick stainless steel tube.

The unfueled central or support elements are normelly made of
unloaded graphite. To adjust reactivity of the core they may be
replaced by elements made of graphite containing tantalum loadings.
The Kiwi-TNT core contained S5k of these.

For post-test radiochemistry examinstion, 13 of these central
or support elements were replaced by stainless steel elements.
These center elements and T8 other fuel elements spaced throughout
the core were periodically marked for identification and axisl
position. The support blocks were all uncoated cold-flow reactor
blocks. The support cones were made of aluminum rather than molyb-
denum. Only the central hole in each fuel element had an orifice
Jet and these were flow reject Jets of any size. The cluster plates
were unplated aluminum since no core-inlet poisoning was required.

4., Perimeter Filler Slats

The perimeter slats were located at the periphery of the core.
The normal function of these slets is to transform the geometry
firom the modified twelve-sided polygon of the losded core to a
cylinder, to provide an initial support for the pyrographite in-
sulating tile, and to remove the radial heat leakage from the core
by coolant passages. This last function was not a requirement for
the Kiwi-TNT.

A complete set of perimeter slats previously used in zero-power
assemblies were modified by removing the retaining lugs. Coolant
passage liner tubes were left in these components, although they
were not a requirement. The metal wrapper normally placed over the
slats to prevent radial propellant leakage was omitted from the
assembly.

... .E. E h.:. E:. §.E
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5. Core Axial Support ’ :

The 259 fuel clusters were attached to an aluminum support
plate as the clusters were "stacked" or assembled to form the re- .
actor core. The support plate was 4O inches in diameter and h-l/2
inches thick. It was perforated axially with epproximately 1900
holes, located in a triangular array of about 3 4 inch centers. The
perforations gave a void fraction of about 42%.

A flange on the outer edge of the plate was held in position
against the reflector cylinder by 15 spring and retainer stud as-
semblies which were screwed into the pressure vessel dome.,

Support rods were all 17-T PH stainless steel made obsolete by
a change of material.

6. Core Lateral Support

The lateral core support requirement for the Kiwi-TNT reactor
consisted of providing for retention of the core clusters and peri-
meter slats in a closed cylindrical configuration during the assembly,
movement, and checkout phases of the TNT experiment. This did not
require the sophisticated lateral support system used for the Kiwi-
B-LE reactors.

After the core was “"stacked" or assembled onto the support plate .
and the perimeter slats placed in position, the core was "closed" -
or radially squeezed by a series of inflatable bands. While in this
closed position it was banded by fiberglass reinforced filament tape
at five different axial stations. The inflatable bands were then
removed.

The reflector cylinder assembly of the Kiwi-B-4E was replaced
by a simplified graphite cylinder that did not incorporate the
lateral support load rings, seal, springs, and plungers. This
cleared the annular space between the core slat periphery and the
reflector cylinder of obstructions, and provided an accessible area
for the insertion of poison strips or blades during and after reac-
tor assembly.

The reflector cylinder was lowered into position over the
stacked core. Centering of the core within the reflector cylinder
wag provided at the cold end by the support plate and the aluminum
spacer ring. The core was positioned within the cylinder at the -
hot end by means of six graphite plungers threaded through the re-
flector cylinder for adjustment. The plungers were located so as
not to interfere with movement of the boral blades of the remote
poison fixture.
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T. Core Component Weighte

Following is a tabulation of the core and reflector cylinder
agssembly weights as assembled at NRDS:

Avg. Wt., Total Wt.,
Cluster Assemblies kg No. Matl. kg
Fuel Elements 1542 c 818.08
Nb . shk.27
U-235 181.36
Support Element, Unloaded 0.610 192 c 117.12
Support Element, Te Loaded 0.607 54 c 32.78
0.076 Ta 4.10
Support Element, Stainless
Steel ' 3.300 13 304s8 k2,90
Support Block, Regular 0.086 169 o 14,53
Support Block, Irregular 0.271 30 c 8.13
Support Rods 0.095 246 17-T PH SS 23.37
Support Cones 0.001 24h6 Al 0.26
Pyro Sleeves, etc. 0.097 2U6 c 23.81
Stainless Liner Tubes 0.024 2k6 30kss 5.90
Sleeve Positioner Spring 0.001 246 30258 0.18
Cluster Plate, Regular 0.012 169 Al 1.96
Cluster Plate, Irreguler 0.037 30 Al l.11
Bushing, Cluster Plate 0.007 259 Al 1.81
Bushing, Orifice Jet 0.0002 1542 AL 0.29
Orifice Jdet 0.0002 1542 Al 0.2k
Preload Spring 0.050 259 30288 12.95
Holder, Support Rod 0.026 259 303SS 6.63
Nut, Support Rod Holder 0.015 259 Fe 3.89
Filler Elements C 20.53
Perimeter Slats 48 c 98.76
Coolant Tubes 0.011 432 Invar 4.o5
Reflector Cylinder 1 C 368.29
Support Flate 122.00 1 Al 122.00
Spacer Ring 20.42 1l Al 20.42
Core-Cylinder Assembly
Total Weight, kg 1990.62

In addition the in-core instrumentation consisting of four pres-
sure probes at Station 10, 21 pin shorting gauges, and 10 thermo-
couples contribute@ epproximately 0.83 kg of primarily stainless
steel to the core weights.

As & verification, the total calculated weight of all assembled

clusters was 1L376.20 kg.

The actuasl total weight of the cluster

UNCEASSIFIED:




APPROVED FOR PUBLI C RELEASE

oY SRR

UNCLASSIEIED-. .

agsemblies as recorded during the NRDS assembly sequence was
1375.36 kg. Figure 3-3 shows the fuel loading arrangement.

Reflector System

l. General Description

The principal side reflector of the Kiwi-B reactors was of
beryllium metal, 14--1/2 inches thick radially and located within
the pressure vessel outside of the graphite reflector cylinder.
The control rods were located within the beryllium reflector, and
functioned by rotating a strip of poison toward or away from the
core. There were no exial reflectors.

The reflector system was assembled from 12 sector assemblies.
Bach sector assembly was composed of two axial halves, held together
by tie tubes. Coolant holes were drilled the length of the sectors.
Other holes contained beryllium filler rods, which could be replaced
by aluminum rods if necessary to shim the reactivity. BEach sector
assembly was supported at the pressure vessel dome end by two
standoffs which located the assembly and also took the axial load.
At the nozzle end two standoffs were guided by the pressure vessel
cruciform bracket, and were constrained by & nickel hold ring. This
design positioned the twelve sector assemblies into a cylindrical
configuration to form the reflector system.

Each sector assembly contained one control rod, mounted cen-
trally in the sector. The control rods were of beryllium with &
120° sector poisoned by B0 boron-sluminum plates. Control was
achieved by rotating the rods in unison from the maximum poison
position with the plates facing the core, to the minimum poison
position with the plates facing outward. Spiral springs held the
rods in meximum poison position ageinst stops until the rod actu-
ators were ingtalled.

Each control rod was assembled from 4 axial segments and two
bearing shafts, all held together by means of four tensioned tie
rods. The control rod was located and supported within the sector
assembly by two radial ball beasrings. The bearing at the dome end
of the assembly provided axial support and positioning for the con-
trol rod, while the bearing at the other end provided radial po-

sitioning only.

Figure 3-4 shows the sector assembly components.
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Kiwi-TNT Core Loading Arrangement

QIHISSY1NN

)

ASv3aT13d O 119Nd d04 d3aNodddv



GILISSYIOND

REFLECTOR
... SUPPORT
"~ BRACKET

-~

/O ddV

~

. - ’
-
Q)

® op
L1 T T XGe Aalnlt

: -

< P4
ET I I
sRosihsiuoghsii

3SvVaT3d O I7aNd 8@%

\
REFLECTOR SECTOR

FLOATING SHAFT

Figure 3-4. Sector Assembly Reflector System

- GIHESYmin

3ASV3134 O 179Nd d04 d3aNodddv



2.

APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED

TNT Modifications

a. General

To provide for pin-gauge instrumentation, eight penetrations
1l inch in diameter were made through the reflector system. These
vere located between adjacent sectors at 6 = 15° and 285° at
Stations 13, 26, 39 and 51.

Control drums were assembled without the normal annular flow
impedance rings. The tensioning tie rods were tightened to a
high stress level to provide additional friction loading between
the flange and segment interfaces. Control rod bearings were

carefully selected and lubricated to obtain & loose-but-smooth
internal fit-up.

Drive shaft agsemblies procured for a discontinued Kiwi-B-
5 reactor were used. The floating shaft length was adjusted
to suit the reactor test cart requirement. Minor assembly com-
ponents were modified to permit the use of these drive shafts
with the Kiwi-B~LE assembly hardware.

The sector assembly tie tubes were tightened to a higher
stress level. The dome~end standoffs used had & heavier cross
section than the Kiwi-B-L4E design.

At final assembly of the reflector system, fiberglass re-
inforced filament tape was used to band the system around the

perimeter to help retain it in a closed configuration. Clamp
bands between adjacent sectors were not used.

b. Control Rod Actuation

The hydraulic control rod actuators used for the Kiwi-TNT
were the normal Kiwi~B type with incorporated velocity-increasing
modifications. The normal Kiwi-B actuators were required to
rotate at & maximum limited velocity of 459/sec in the "out"
direction and 400°/sec in the "scram" direction. For the Kiwi-
TNT reactor the actuators were required to rotate in the "out"
direction at a velocity of approximately hOOOO/sec, or at nearly
a factor of 100 times the normal rate. In addition the actu-
ators and control rods were required to reach the 90° position
simultaneously within 0.010 seconds (10 milliseconds).

Changes made in the actuators and the hydraulic systems were:

(1) The area of the hydraulic ports into and out of the actu-
ator was increased by 50%.
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(2) The diemeter of the hydraulic lines from menifold to con-
trol valves to actuators was increased.

(3) Close-coupled hydraulic manifolds with accumulators were .
used.

(4) Control valves with a capacity of 30 gpm were used instead
of the normal 3-1/2 gpm capacity valves.

(5) Hydraulic oil pressure was increased from TOO psi to 1350
psi.

(6) Delay circuitry was used in the firing control chassis
to obtain the necessary simultaneity.

Detailed information concerning these modifications and
the development testing may be found in an internal N-4 docu-
ment, titled "Kiwi-TNT Control Rod Actuator Changes and Test
Results." Figures 3-5, 3-6, and 3-7 show the hydraulic actu-
ator, the control rod arrangement, and the actuation "package"
during reactor assembly.

Pressure Vessel

1. The aluminum pressure vessel was mede in two sections, joined

by a clemp ring over clamp ring segments. The dome end had an
instrumentation pass-thru opening in the center. It also provided A
axial support and positioning for the core and the reflector system.

2. At the nozzle end the cruciform bracket was bolted to the pres-
sure vessel. It served as a handling fixture for the reflector
system during the reactor assembly sequence.

No nozzle outer impedance rings, flow separation screen, or
seals were used on the Kiwi-TNT reactor. All unused holes were
plugged. An. external cover plate with drein was used on site

prior to the test.

Remote Poison Fixture

The remote poison fixture replaced the nozzle of the reactor. It

served the following functions:

1. Positioned and held down the reflector cylinder and core at -
the exit end.

2. Housed the mechanism for insertion and removal of two opposed
poison blades in the annular space between the core and reflector

cylinder.
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Hydrauliec Control Rod Actuator

Figure 3-5.
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3. Provided a means for tie down and clamping or supporting of
instrumentation originating at or routed through the core exit.

h. Structurally supported s mount for an adjustable mirror aligned .
to obtain photographic coverage of the core exit end.

The poison blades and insertion mechanism consisted to two 3/16—
inch-thick commercial boral plates curved to fit the annuler space.
Each blade or vane was mounted on a holding fixture arranged to operate
vertically along two guide rods by means of a driven ball lead screw,
When fully inserted the blades covered or curtained two complete 60°
sectors for the entire fueled length of the core. When fully withdrawn
the blades did not curtain any part of the core or reflector system in
the radial direction. The driving motor for the mechanism operated
both blades in unison. It was remotely operated from the control room.

Figure 3-8 shows the assembly arrangement of the poison fixture.

G. Reactivity Measurements on TNT

The reactor was assembled at the Los Alamos Critical Assemblies
Laboratory for messurements to calibrate the control rods and determine
the shutdown mergin provided by the boral safety vanes in combination
with control rods. .

Chronologically, the measuring proceeded by assembling the TNT core .
with 135 Ta support elements and obtaining delayed critical with all -
control rods at 95.9°. The control rod worth was then determined by
incremental messurements of one rod over the entire range from 0° to
180°. The reactor was re-shimmed with only 60 Ta supports in the core
and the new D.C. was found at 50.4°.

Additional rod worth measurements showed the control rod span to
have increased by 13.6%, so the previous rod calibration date was ed-
Justed by this amount. The resulting rod worth curves are shown in

Figure 3-9.

Reactivity values of the two boral safety vanes were measured, and
the results for several configurations are given in the first column
of Teble 3-2. TNT was 1.3% subcritical with twelve control rods "IN"
and the safety vanes "OUT". Upon re-assembly at the NRDS MAD Building,
only 54 Ta supports were used in an attempt to gain 0.25$ and hit the
design point of 1.00$ shutdown. Multiplication meassurements performed
at the MAD Building indicated that TNT would be 1l.1$ subcritical (rods
"IN", vanes "OUT"). Comparison with the Kiva date is given in Figure
3-10.
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TABLE 3-2

Kiwi-TNT Reactivity

Configuration

Number of Ta Supports

1.

2.

2 boral vanes in
12 control rods at 0°

1l boral vane in
12 control rods at 0°

Both boral vanes out
12 control rods at 0°

2 boral vanes in
12 control rods at 180°

Control rods at 50.4°

Control rods at 180°

Reactivity, $

UNLLARJIJU e

"200
Delayed Crit.

+7.6

NRDS test point

54

-300

-0.6

-1.3

+0.T

+8.3
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After the reactor had been teken to the Test Point and the remain-
ing equipment installed on the exterior of the pressure vessel (test
samples, instrumentation, etc.), a final reactivity measurement was
made to cdetermine the starting point of the power excursion. Deta were
taken for a number of shutdown cases, and are compared in Figure 3-10
with date from the Kive check-out. At this time, TNT was found to be
0.6$ subcritical. The corresponding increase in reactivity was attrib-

uted to eadded reflection from the equipment installed on and above the
pressure vessel.

The final point of significance is that for control rods all the
way out during the test, TNT was T.3$ above prompt criticel.
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Chapter 4

RESULTS OF THE KIWI-TNT EXPERIMENT

A. General

An extensive measurements program was undertaken for the test which
included conventionel instrumentation as well as techniques developed
especially for this test.

Measurements were made of the following quantities:

1. Reactivity time history

2. TFission rate time history

3. Total fissions

k., Core temperatures

5. Core pressures

6. Core and reflector motion

T External pressures

8. Radistion effects

9. Cloud formation and composition
10. Fragmentation and Particle Study
11. Geogrephic distribution of debris

In addition to these measurements, high speed framing cameras
recorded details of the excursion. Figure 4-1 is a color photograph
taken about 5.4 seconds following initiation of the excursion.
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Figure 4k-1. Appearance of Kiwi-TNT Excursion at +5.4 Seconds

| UNCLASSIFIED

APPROVED FOR® 15U.Eﬂ: I .C. IiEL I.E,'A.\Si; )




APPROVED FOR PUBLI C RELEASE

eruy

PL it 1% S

#
Ny
¥




UNCLASSIFIEY

UNGRASSIGHED

APPROVED FOR PUBLI C RELEASE

0

1.

L35 ALAMOS
U0 L-0 NUTORY

FRES -3 -7

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

hiiahnienini UNCLASSIFIED

The results reported here were ebstracted and summarized from the
referenced reports. For details of the measurement techniques and ine
terpretation, the reader should refer to these reports.

B. Detailed Results

1. Reectivity Time History

At the initiation of the excursion the reactor was about 0.60$
suberitical. The twelve control drums were rotated outward at a
rate vhich varied from an initial rate of 1500°/sec to a maximum
rate vhich exceeded 4000°/sec. Table b-l 1lists the time history for
position and corresponding reactivity insertion, zero time being
taken as the second during which the excursion took place. Table
-2 lists the times of other phases of the excursion. The photo-
graphically derived events shown in the table sppear to be timed to
within 0.4 msec. This allows for subjective errors in picture in-
terpretation and for the time resolution of the Fastax film. All
times are related to the peak of the excursion given by the collima-
ted genmma detector.

In addition to other measurements, the excursion was photo-
graphically recorded by high speed cameras. This system, described
in Chapter 2, utilized four Fastax cameras for overall views of the
reactor and two Dynafex cameras for photography of the upper core
end. An eight picture Fastax sequence taken at 3830 frames/sec is
shown in Figure 4-2, Each photo in this sequence was scanned with
a microdensitometer using a Wratten No. 96 filter to determine the
time of maximum air fluorescence corresponding to peak power which
occurred between frames four and five. This event and the time base
recorded on this film were used to correlate these data with the
fission rate time history. The three encapsulated flux monitors
placed 1 £t above the core top were obscured by the rising vapors
between frames five and six in this sequence. These monitors can
be seen in the first four frames of this sequence, in the top ele-
vation of the core shown in Fig. 3-3 and in Fig. i\-3. This event
was us2d to esteblish time correlation of the Dynafax films with
the Fastax film. Unknown time delays in the electrical timing and
time correlation signals to these films precluded their being used
for the intended purpose. Also both Dynafax films contained a mul-
titude of marks rather than a single time correlation mark; thus,
the need to correlate these data in the above manner.

Two six-frame Dynafax sequences taken at 23,680 frames/sec are
shown in Fig. 4-3., The streak of light on the left of the pictures
in Flg. 4-~3a is a sun reflection from the aluminum structure. The
dim illumination of the surface of the core is due to the light from
the two banks of photo-flash bulbs which were.fired by the 105
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TAELE L-1

Control Rod Performance

Avg. Rod Avg. Rod Reactivity
Position, Avg. Time for Simulteneity Velocity, Reactivity, 1Insertion Rate,
Degree Rod Angle, msec  Range, msec ° [sec $ $/sec
cevact 10 . 9Tk 11.0 1550 -0.65 12.7
- 20 102.5 8.8 2500 -0.53 40.6
IR 30 106.2 8.6 2990 -0.26 89.0 Jeseee
ceoven 4o 109.4 8.8 3230 4+0.07 134.0 Seeted
- 50 112.5 T.1 3360 +0.5h 172.0 Sounnt
sesoTh 60 115.3 9.0 3470 +1.13 213.0 o T
Seevel T0 118.2 9.3 3580 +1.76 247.0 .t
T e 8o 121.0 9.0 3690 +2.50 2740 Jreees
et et 90 123.6 9.2 3790 +3.28 29k .0 secees
100 126.2 8.9 3880 " +h.05 303.0 JETIN
110 128.8 9.2 3970 +4,83 295.0 o e
120 131.3 9.1 4050 +5.54 298.0
130 133.9 9.3 hako +6.25 280.0
1k0 136.2 9.k 4220 +4 .40 250.0
150 138.5 9.8 4260 +T.45 209.0
160 141.0 10.0 4030 +7.88 139.0
170 1kh.0 8.0 2680 +8.13 48.0
180 151.24 - - +8.30 -

[ R,
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TABLE L2

Time History of Excursion

Event

70

Rod Motion Starts (Av Time)

Rods &t Delayed Critical (38°-Av Time)
Rods &t Prompt Critical (58°-Av Time)
Gamme Trigger (101® Fissions/Sec)

Rods &t 180° (Av Time)

First Visible Internal Nuclear Heating
Core Motion Starts (Center)

Cooled Vepor Starts to Obscure
Core End

Meximum Alpha (1680 sec™!)

Pressure Vessel Rupture
Excursion Peak

Flux Monitor Capsule Obscured by
Rising Vapors

Vapors at Mirror Bottom
Mirror Half Obscured by Rising Vapors

Initial Vapor Jet Velocity (at Core Top)

Relative
'I'imez msec
41 .45
88.7h
110.7h4
117.24
143,30
151.2k4
152.6L
152.96

153.14

146.2 -
153.2

155.32
155.45%

155.85%*
157.93
159.59

CIWWLHITIEY

Time from Start
of Rods, msec

0

22.00
28.50
54,56
62.50
63.90
64,22

6k4.ko

5746 -
64 .46

66.58
66.71

67.11
69.19
70.85

1250 ft/sec

¥ Fastax timing correleted to neutronic measurement timing through
maximum air fluorescence at this event.

** Dynafax and Fastax films time correlated by this event.

e
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Figure 4.2, TFastax Sequence, West Bunker, at 3830 frames/sec
(Sequence 154.54 to 156.36 msec, Peak Power 155.45)
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Figure bL-3a.

Figure 4-3b.

Pictures 1 to 6.

Pictures 1 to 6.

Alternate Dynafax Camera Views of the Top of the Reactor
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fissions/sec trigger. The thin black lines are joints in the mir-
ror. The encapsulated flux monitors can be seen at the 90, 180, and
270° positions. The diagonal bar supporting internal instrumenta-
tion can also be seen. Only alternate pictures, or every second
frame actually teken, are shown in these sequences. In the upper
portion of picture number 1 in Fig. 4-~3a one sees the first visual
indication of self illumination due to fission heating. Thils appears
as pin points of light emerging from the interior of the reactor
through coolant chennel passages. The highest number of fissions
per gram of uranium is known to occur at the fuel-reflector inter-
face. This probably accounts for the more intense illumination at
the core edge. The other frames in this sequence show increasing
self illumination around the edge as well as in the upper sector of
the core. Picture number 6, Fig. L4-3b, was exposed at peak power
and shows flux monitors at the 180° position to be nearly obscured
by the rising vepors. Other frames in this sequence are prior to
peak power and show the rising torus of vapor increasing in bright-
ness with time.

2. Fission Rate Time History

The time history of the energy generation was of prime importance
in the understanding of the energy release mechanism. The fission
rate was inferred from a measurement of prompt gamme ray emission
using a system of photocells and fluors. The system, described in
Chepter 2, consisted of six uncollimated detectors and one fast
neutron detector. These detectors were celibrated during previous
reactor tests in the Kiwi~B4E-301 test series to obtain the ratio
of gamma flux at the detector to neutron fissions in the core. Two
were placed on the pressure shell to record early history, two were
positioned at 24 feet from the reactor to detect intermediate gamma
levels, end four were positioned at 800 ft to cover the pesk rate
of the event. The ranges of sensitivities of the detectors were
selected so as to include approximately seven decades covering power
levels between 1016 fissions/sec and 1023 fissions/sec. Individual
detectors recorded over a range of one and two decades. Measurement
of alpha, or the reciprocel period, was obtained by taking the loga-
rithmic derivative of these records.

A semilog composite plot of these detectors is shown as a part
of Fig. U-lk. The shape of the peak in this curve was obtained from
the collimated detector trace also shown in the figure. The peak
rate was 1.1 x 1023 fissions/sec. This value is believed to be
within better than 50 percent of the true value, the error in mea-
surement arising from uncertainties in detector calibration and
variation in the core flux distribution during the test from that
which existed during the callibration runs.
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Figure U4-5 shows the results of the logarithmic derivation.
The alpha was sensibly constant over approximeately 6 decades with
a value of 1680 = 50 gen/sec.

3. Total Fissions

The primary measurements of the total energy release and the
fission distribution were obtained by radiochemistry.5 Total fis-
sion data were obtained by three different methods. The first was
based on enalysis 88 the stainless steel center elements giving a
value of 3.12 x 10 fissions. The second method was based on an
analysis of the identifigble pieces of inlet end fuel still remain-
ing on the test cart. This determination gave 3.08 x 10=Y fissions.
The third method made use of one external neutron flux monitor which
was recovered after the test. A value of 3.5 x 1020 fissions was
obtained from it. This latter determination was expected to be
about 10% high due to external modifications in Kiwi-TNT as compared
with Kiwi-B-4E on which the flux monitors had been calibrated.

Radial and axial fission distributions were determined® by
analysis of 13 solid stainless steel elements which were substituted
for graphite center elements at four different radii along three
radisl lines and one along the core axis. All of these elements
were recovered following the excursion. The axial fission distribu-
tion was derived from results of radiochemical analysis of samples
cut at five axial locations from the center element. The radial
fission distribution was determined from samples cut near the mid-
plane. The results are shown in Figures 4-6 and 4-7.

The results of the analysis of fuel samples5 collected on the
ground after the test are shown in Table k-3,

. Core Temperatures

a. Thermocouple Measurements

Six of the seven W/W-Re thermocouples gave traces as shown
in Figure 4-8. The identification in this figure includes chan-
nel number and location in the core, e.g., T.105.YA is the chan-
nel number, 210E4G-S26 indicates the location as being element
G of the fourth cluster in the E row in the 60° sector centered
about the 210° azimuth (see Figure 3-3) and S26 or Station 26
gives the axial location as 26 inches above the core inlet end.
These measurements were made in the event of a low yield excur-
sion. Since the excursion was large, the traces level off or
decrease in emplitude before thelr full temperature capability
was reached. This is due to shunting effects in the megnesium
oxide at high temperature and possible radistion induced loni-
zation.
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TABLE 4-3
Resulic of Analyses of Fuel Samples Collected on the Ground afler ihe TNT Test
Source of sample
In core /
~ Fissions/gm Oy
:%_ Lo I;:h;" Redius | M®® als? Fractional retention referred to Mo®® or Nal47
i) eesses On desert inlet | (4n.) | (units of 10**) sr® | Y1 | zr% | aptit | cat2sm | re?32 | 230 | cs?37 | Bal40 | celdt
[ ]
’ﬁ: Se Fuel recov- 2,5° 2.3 | 8.8 7.85 | 0.4 | 0.07 | 0.6¢ { 0.32 | 0.1 0.17 | 0.08 |o0.as [ o012 |o.5
[ X ]
m eoe :u";;of,:“;]“e 2.5: v2 | 7.63 6.80 | 0.6 | 0.08 | 0.f0 | 053 |0y |o.20 |0.08 |08 | 0,09 |[0.50 LI
obd Seves, 2.5 6.6 | 7.9 748 | 0.6 | 0.07 | 0.66 | 0.1 |00 [o0.21 |0.05 |08 | o011 |o0.53 '"“:
[ )
o Tl 2.5" 7.8 7.93 7.09 | 0.21 | 0.08 | 0.60 | 0.58 | o0.13 0.20 | 0.0 |09 | 013 |05 el
%‘ 4.0 9.9 | 8.20 8.08 | 0.26 | 0.20 | 0.96 | 0.70 | 0.09 0.20 | 0.9 | 0.25 | 0.26 |0.89 N .
.:._.0 3,3 10.5 | 7.96 7.76 | ok1 ] 0.28 | 0.90 | 0.80 |03 [o0.39 |om1 |o0.36 | o2 |o.90 gseves
.%: 3.1 1.2 | 7.70 748 | om0 | 0.37 | 0.4 | 0.77 | 0.12 ok2 | 0.59 | 037 | 051 | 0.9 .S
k. 3.1 12,3 | 7.3 7.38 | 043 | 0.3 | 0.96 | 0.78 | 0.17 o2 | 047 | 039 | 0,50 |1.00 acesen
- Fuel picked up| 52 T bas | 077 | === [ 0.98 | 11 [2.33 - 0.8t | o.74 | 0.78 | o0.98 ®eoes
A
O 1007 from cart | ; 2 | --- 7.9 | 031 | - | 076|205 |o0.96 |--- o032 |02k | ok1 [0.76 . ¢
Py Sampling trays o..o :
m 1000 ft - e 12.2 0.06 | 0.17 | 0,58 | --- — - _— - 0.16 | 0.kb ¢ ®
— 2000 ft - e | - 12,4 0.03 | 0.1k | 0.53 | =-- - - - —- c.1 | o0.38
g from test site
& Average: 0.28 | 0.18 | 0.76 | 0,72 [ 0.33 0.28 | 031 | 031 | 0.30 | o.70
I a

*cas passages lined with nicoium carbide,
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The curves should be accurate.to approximately 60% of the
meximum reached. The initial scatter is due to improper zexro
suppression on the thermocouple channels. Two dummy thermo-
couples (210E4G-S26 and 00C-S26) utilizing tungsten-tungsten
junctions gave no noise or radiation pickup indications during
the time interval shown in Figure L4-8.

b. Brightness Temperature Measurement

Brightness temperatures (3750 to 6750 f\) shown in Fig. 4-9
were obtained by three calibrated cameras.® The Photo-Sonic
camera results are considered more reliable and indicete a maxi-
mum brightness temperature of 3520°K at 10 msec. A calibrated
gratipg spectrograph recorded the spectral brightness (4000 to
6900 A) as a function of time” as shown in Fig. 4-10. The maxi-
mum brightness temperature observed was 3200°K at 25 msec, The
observed spectrum was generally a continuum with a few bpoad ab-
sorption bands. An early absorption band at about 5900 A could
be due to the high pressure Cp system but this cannot be conclu-
sively confirmed. The early attenuation of green and blue wave-
lengths may be due to self absorption or CO absorption bands.

At 30 msec several weak absorption features correspond closely
to CO band systems. A possible gource for the emission band
starting at 4O msec is the 5586 A Co system.

The difference between the two measurements of brightness
temperatures arises from the difference in the analysis of the
two sets of data. The brightest spots of a rather inhomogeneous
luminous mass were used in the anslysis of the camera data,where-
as the spectrograph slit integrated the light emitted by a larger
area. It should be pointed out that these measurements provide
information on surface temperature only; therefore, a lower limit
to the maximum internal temperature.

Core Presgsures

None of the three measurements made of internal core pressures

yielded meaningful results. Apparently these transducers, Physical
Sciences Corporation, type PT1021, did not function properly in the
radiation environment of the test. The fault is thought to he due
to radiation effects upon the transistorized AC demodulators in the
bunker rather than in the transducers themselves (see Chapter 2, D-1).

6.

Core and Reflector Motion

Core and reflector motion was successfully measured at four

axial locations on the outer surfaces of these components using a

"shorting" pin technique developed for this test.® The displacement
ve. time history is shown in Figure %-11.
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Core displacement measurements using & linear variable reluc-
tance transducer did not give meaningful data.

T. External Pressure

Dual range varisble reluctance pressure transducers placed at
two radial (5 ft, 30 ft) positions from the Kiwi-TNT location gave
erratic indications starting at the time of peak power and did not
yield data. Two sets of unbonded strain gauge pressure transducers
were located at 100 feet., One set scaled for £ 0.50 psid full range
went full scale at approximately 69 msec after peak power. Two of
three pressure transducers set for * 5 psid indicated approximately
3-5 psi at 69 msec after pesk power. All pressure transducers at
100 feet exhibited sensitivity to transient gamms and thermal radia-
tion effects and were quite noisy at the time of the pressure pulse.
The pressure pulses decayed with approximately a 10 msec time con-
stant.

8. Radiation Effects

Documentstion of the radiation ei;i‘ects was accomplished by
integral neutron and gemms dosimetry, gamma dose rate determina-

tiondy and air sampling instrumentationt®

Integral neutron and gemms dose re.tes9 were determined by a
large number of neutron threshold detectors and gamma-sensitive
glass detectors. The actual integral doses as a function of dis-
tance from the test point are shown in Figure 4-12. The integral
neutron flux distribution is shown in Figure 4-13,

Isodogse radiation contours resulting from the dispersal of
debris nesr the test pointere shown in Figure L-1%, The data are
normalized to one hour past test time., Similar downrange velues
are shown in Figure U-15.

The radiation levels produced by the effluent cloud were mea~
sured?by & variety of equipment including air samplers, resin-
coated trays, and dosimetry systems. These were located at 10°
intervals between 180 and 270° on 4000, 8000, 16000, and 32000 feetl
as well as at approximately 12, 25, and 50 miles. The actual dos~
ages on the ¢loud centerline at the time of cloud passage are shown
in Figure 4~16. Measurements on the activity deposited per unit
area are shown in Figure L-1T7.

The calculated thyroid dose due to inhalation of iodine iso-
topes present in the effluent cloud is shown in Figure 4-18.
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9. Cloud Formation and Composition

The rapid insertion of 10h MW-sec of thermal energy into the
fuel fragmented and partially vaporized the core. After one second
the hot vapor and pulverized material was about 150 feet in diam-
eter.

After three minutes the resulting cloud had stebilized at an
average height of 2500 feet with a vertical and horizontal diameter
of about 2000 feet. Typicel views of the excursion at 0.05, 0.5,

1.5, and 5 minutes after initiation are shown in Figures 4-19 through
4-22. Cloud heights at 0.5, 1.5, and 5 minutes are about 650, 1450,
and 2600 feet, respectively.

The cloud was elongated vertically with a stem extending toward
the ground and was driven downwind at 15 to 25 miles per hour. A
wind shear at 6000 feet caused the cloud to separate into two parts
which merged agein asbout 12 miles downwind. Figure L4-23 gives the
wind conditions which existed during the test and the general direc-
tion of the cloud motion.

Two B-4T7-C aircraft began collecting samples from the cloud at
a distance of about one mile from the test site and continued sam-
pling until the cloud had moved about eight miles farther downwind.
The first cloud penetration occurred about seven minutes after the
test and the last 25 minutes after zero time. Each plane in ten
passes collected the fission products from about 1014 fissions in
each of two wing tip sampling units.

Teble L-4 shows the results of e fission product analysis® of
a sample collected in the cloud. Within a factor of gbout 1.5, all
fission products were released to the cloud to the same extent. It
is estimated from two independent meﬁ?ods that about two-thirds of
the refractory materials such as Nal*! and Mo99 generated in the
core were released into the cloud and a larger fraction of some of
the more volatile materials. Such a large release is presumably due

to the explosive veporization of the pyrocarbon coated UC, fuel beads.

The maximum energy per cubic centimeter of fuel material was
sufficient to veporize only a small fraction of the graphite matrix
surrounding the fuel beads. In the region of maximum fission density
sbout one-third of the graphite matrix might have been veporized
while in the minimum energy density region this would be & factor of
five lower. Any fine particles of graphite presumably were burned
in the alr or quickly fell to the ground since no significant amount
was detectable in the cloud. An apprecieble amount of niobium oxide
was present in the cloud from vaporization of the niobium carbide
cladding materisl used on fuel components.
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TABLE 4~k

Results of Analyses of a Sample Collected
From the TNT Cloud by B-5T7 Sampling Aircraft

Ratio to Uranium Enrichment Ratio:
(fission/gram_Oy) Ratio to Nal*7
Isotope (units of 1010{ (fissions/fissions)
sr®® 2.57 1.16
yo?! 2.88 1.30
7roS 2.88 1.30
Mo®® 2.22 1.00
Agttt 2.19 0.99
cgl1s 2.4 1.09
Spt2? 2.87 1.30
13t - 1.8 - 2.8%
Tel32 3,11 1.4
1iee cn 1.3 - 1.9%
1138 - 0.6 - 0.8%
csl®® 3.1k 1.k42
0137 2.33 1.05
Bal4° 2.88 1.30
Celd* 2.52 _ 1.1k
Na147 2.21

* Values for I enrichment are qualitative and were obtained by gamms
analysis of two pleces of filter paper from the cloud samples.
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10. Fragmentation and Particle Study

A considerable effort was expended in eveluating methods and
developing technical skills in collecting, sizing, and characterizing
particles which resulted from the Kiwi-TNT excursion.

Dete on fragment size and distribution were obtained with a wide
variety of sampling techniques which ineluded macrotrays, microtrays,
resin-coated trays, ground survey, and ground pickup. An evaluation
of the collecting techniques and experimental results along with &
comparison of the fragment size and distribution with other Rover
fuel fragmentation experiments is reported elsewhere.l3

At leest three systems of particles or fragments can be identi-
fied from numerous photographs such as shown in Fig. 4-1. The first
consisted of the large fragments including particles greater than
0.5 in. The second system of particles are those that were slowly
drained from the rising debris, while the third system includes par-
ticles adsorbed on the dust and sand which admixed with the debris
were deposited downwind.

Six general classes of individual particles were identified
in the reactor debris, (1) fuel cores, fuel core shells, and fueled
metrix < 3/4 in. > 150 u; (2) fuel core shells and fragments < 150 ,
fuel cores < 100 u; (3) pyrographite pieces with dimpled, flakey
surfaces; (4) unloaded graphite 200 y to 15 in. long; (5) spherical
glass balls of fused sand 53 to 2000 y in diameter; and (6) miscel-
laneous debris making up 23% by weight of the total sample collected,

The results of these experiments were not expected to be appli-~
cable to a deliberate post-operational destruction of a reactor in
space due to the large amount of desert debris present and the
insufficient magnitude of the excursion for complete fuel fragmen-
tation by uranium bead explosions. ‘

Within a 25,000-ft radius, only ebout 50% of the core material
could be accounted for. The remainder presumably either burned in
the air or was so fine as to be carried further downwind in the cloud.
The combined distribution data for the material collected is shown
in Table 45, The average weight in each particle size class was
determined experimentally from 100 to 100,000 y. Fig. 4-24 represents
the total weight in each size class for the material that was recovered.

'The radiocactivity of the larger particles was found to be homo-
geneous and proportional to the surface area of the particles, pre-
sumably due to fuel vapor deposition. The gamms spectrum was essen-
tially the seme for all particles except for the case of the glass
beais found in the thermally hot cloud which were somewhat enriched
within elements in the 140 chain.
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TABLE 4-5 .

Number of Reactor Fragments in Various Size Classes

% of Particles
Smaller Than
Upper Size Limit

No. of % of
Size Range Particles in Particles in

Diam, p Size Range Size Range

2.8 - 3.2 7.8 x 10° 10,4k

3.2 - 6.0 1.2 x 10%° 16.35

6 - 11 2.h x 10%° 27.26

11 - 22 2.1 x 10%° 27.62

22 - Il T.6 x 10° 10.10

Ny - 53 4.0 x 10° 5.33

53 - 62 1.0 x 10° 1.36

62 - ™ 5.2 x 10% 0.70

™ - 88 2.6 x 108 0.34

88 - 105 1.3 x 108 0.17

105 - 125 9.4 x 107 0.13

125 - 149 8.5 x 107 0.11

9 - 250 4.8 x 107 0.06

250 =~ 500 1.1 x 107 0.02
500 - 1000 1.9 z 107
1000 - 2000 1.1 x 10°
2000 =~ L4000 1.6 x 105
Looo - 8000 6.3 x 10%
8000 -~ 16000 2.6 x 10%
16000 - 32000 1.3 x 10*
32000 - 64000 6.8 x 10°
64000 - 128000 2.8 x 10°
> 128000 1.6 x 10°
Total T.5 x 101°
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10,4k
26.79
54,05
81.67
9L.TT
97.10
98.46
99.16
99.50
99.67
99.80
99.91
99.97
99.99
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11, Geographic Distribution of Debris

It is estimated on the basls of the total energy which was pro-
duced by the excursion that only 5—15% of the core could have been
vaporized. The uncertainty is due to lack of knowledge of the exect
isotopic composition of the graphite vapor released under the time-
temperature-pressure conditions which existed in the core.

The wind at the time of the experiment affected the geographical
distribution of both small and large fragments. A numerical count
and geographic location of the larger reactor fragments was obtained.
Two categories (fuel elements and unloaded center support elements)
were sized and found to fit a normal distribution with a mean value
of 0.90 inches and a standard deviation of 1l.1l5 inches. The smallest
gize was limited to 1/h inch since this was the smallest fragment
that could be easily seen in the field.

For collection purposes of the reactor fragments, the test area
wag divided into 50 foot, 450 annular sectors from the test point to
8 500 foot radius with 250 foot, 450 annular sectors from 500 to
1000 feet. Seven size classes ranging from 1/h inch to 32 inches
were used to categorize the fragments.

Full length fuel elements were nonexistent after the test. The
core support plate survived and was the source of identifiable
pieces of fuel from the inlet end of the core (Figure 4-25). Most
pieces were about U inches long. The desert around the test site
(Figure 26) was strewn with short pieces of fuel. On many of these
pieces a boss, characteristic of the outlet end of the fuel elements,
was still visible so that it seems likely that most of these pieces
originated from the lower flux region at the upper end of the core.

A large number of graphite support element pieces about 4 inches
long were collected as well as fragments of the graphite reflector.
Due to the absence of uranium in these fragments, they were not
heated to as high & temperature as the fuel or subjected to the in-
ternal fragmentation forces produced by the explosion of fuel beads.
The fuel plus support element fragments collected accounted for 28% by
weight of the initial core materisl. This included 19% of the initial
fuel element meterial and T4% of the initial support element weight.

For the purpose of debris mapping, the area around the TNT site
was divided into seven sections, six 60° sectors plus the area with-
in the TCC perimeter fence. Seven teams were organized to locate,
identify, mark, and record the position of reactor debris. Pieces
smaller than about three inches in length were not mapped. Position
estimates are probably accurate to 5% in overall value. Table L-6
is the record of debris located in the mapping effort. The position
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View of Test Cart after Excursion

Figure L-25.
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LOCATION DESCRIPTION

A-1
A-2
A-3
Ak
A5
A-6
A-T7
A-8
A-9
A-10

A-11
A-12
A-13
A-1l
A-15

A-16
A-17
A-18
A-19
A-20
A-21
A-22
A-23
A-2h

A-25

A-26

A-27
A-28

A-29

A-30
A-31

Sheet metal with hole

Mirror mounting plate

Ring, 4' OD, 3' ID, 3/%" thick
Pressure vessel section
Aluminum chunk

Shim
Angle
Angle, 2" x 2"
Shim, 2*' x 3°

Shim triangle, 4' x 4' x k' covered
with thin aluminum sheet

Angle 1" x 1" x 3°

Aluminum, I beam, 1-1/2" x 3/b"
Aluminum sheet

Mirror mounting plate

Bracket with socket screws, 2" x 2" x
30" (Used across top of core to
support transducers) -

3t' x 3' x 4* with vertical projection

Alumipum block 4" x 4" x 6"

Thin metal (Reflector bracket)
Pressure veseel section, 1*' x 2!
Beryllium reflector sector

Control rod section, 10" long, 9 1b ~
Beryllium reflector sector

Control rod section 1' long, 9 1b
Metal piece, W' x 4" x'6" with 3"
hole and cover O-ring (Furpace for
fuel sample)

Graphite reflector cylinder sector
2" x 4 x 6" ’

Block, 4" x 4" x 6" with 1-1/2 ft cable

attached (Furnace for fuel sample)
Shiny rod, 1" x 10"

Block, 4" x 4" x 6" with 3" dia. hole
(Furnace for fuel sample)

Beﬁlliun reflector sector, 2" x 3"
x

Beryllium reflector sector

geryllium reflector sector, 2 " x 2" x
"n

Qecgraphice Lecation of Debris

DESCRIPTIOR

LOCATION
A-32

E-1
E-2

E-24

E-26

E-27

B-28
E-29

E-30
E-31
E-32

Ber*llium reflector sector, 2" x 3"
x 3

Reflector sector 6" long

Graphite reflector cylinder sector
3" x 4" x 6"

Graphite reflector cylinder sector
2" x jll x "II

Flat plate with hole, 6" x 6"
Reflector sector, 3" cube
Aluminum pressure vessel section
1/211 x "Il x 6"

Reflector sector, 1" x 3" x 3"
Bronze actuator part

Prgﬁsure vessel section, 1/2" x 1"
x

Support block

Reflector sector, 2" x 3" x 4"
Reflector sector, 2" x 2" x 3"
Graphite reflector cylinder sector
2" x 3" x 4"

Reflector sector, 2" x 5" x 3"
Reflector sector, 2" x 5" x 3"
Aluminum actuator parts, 1/4" long
x 3" dla. '
Bronze actustor part

Reflector sector, 2'x 1/2" segment
Reflector -sector, 2" x 2" x 3"
Reflector sector, 1" x 2" x 2"
Reflector sector, 1" x 2" x 2"
Reflector sector, 2" dia.

Control Rod section, 1' long
Control rod section, 14" long
Beryllium reflector sector, 2' x 6"
Unistrut, 3' long

Control Rod section, 1' long
Reflector sector

Graphite reflector cylinder sector
2" x 2" x 5"

Channel, 4" x 18" 1ong

Unistrut, &' long
Vane fixture top torus, 3' x 6" wide

LOCATION  DESCRIPTION

E-35
E-3k4
E-35
E-36

B-37
E-38
E-39
E-UO
E-b1
B-k2
E-k3
E-kk
E-k5
E-46
B-47

‘Vane fixture top torus, 3" x 6 wide

Unistrut, 18" long

Vane fixture top torus

Pressure vessel section up from clasp
21 x 2-1/2' :

Aluminum dbar, 1' x 1" x 1"

Sheet metal, 1' x 6"

Reflector sector, 5" x 5" x 6"
Auminum bar, 1' x 1" x 1"

Auminum tube, &' long x 1" dia.
Metal plate, 3' x 1/4" x 2"

Top support plate of vane fixture
Box channel, 3' x 2" x 3" (mirror fixture)
Ring of vane fixture 90° segment
Remainder of the top ring of vane fixture
Aluminum channel, mirror fixture
Vene fixture pullez and bearing
Auminun channel, 4" x 18" loog

Rod drive shaft and bearing

Sheet metal can, 6" dia.

Aluminua flash fixture, 3' x 1/8" x 6"
Actuator parts

Boral sheet 1' x 1/k" x 8"

Support block

Rod drive bearing support

Vene fixture side support

Sheet metal, 1' x 2' x 1/16"
Beryllium reflector sector‘ 1'x 6"
Sheet metal, 1/8" x 5" x 8

Aluminum sheet, 1' x 1/16" x 8", vane
fixture

Aluminum sheet, 1/16" x 6° x 8", vane
fixture

Mirror mount piece, 8" x 10"
Reflector sectar, 3" x 3" x 4"
Control rod bearing and shaft

Upper belt from vane fixture
Reflector sector, 3' x 6"

Clamp band segment, 2' long, 17 1b
1/2 of top hat - mirror fixture
Boral vane section, 10" x 14"
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LOCATION DESCRIPTION

E-81

E-82
E-83

F-1

F-3
F-b

F-5
r-6

F-7

r-8

r-9

P-10
F-11
F-12
F-13
F-1k

F-15
r-16

P17
r-18

e

Reflector sector, 6" x 10"

Reflector sector, 6" x G"

Reflector sector, 1/2" x 8"

Slat, 4" long

Reflector sector, 2" x 3" x 4"

Reflector sector, 2' x 68"

Reflector sector, 1/2" x 8%, 8 1b

Graphite reflector cylinder sector,

7!1 % en' 3 1b

Sheet aluminum vane fixture, 1/16" x

8" x 10"

Graphite reflector cylinder sector,

4" x 73 1b

Gsaphéte reflector cylinder sector,
x "

Reflector sectar, 2' x 6", 32 1b
Sheet aluminum vane fixture, 1/16"
x 5" x 8"

Plate, 1/8" thick, 6" dia. with 12
screws, 3/4" dia. hole in center
Control rod section, 3" dia. x 1' long
9 v :

Graphite reflector cylinder sector,

5-1 x 6"

Pressure vessel 1ift ring, 2' long,
green

Plate, 1/8" thick, 8" die.

Plate, cylindrical, 1/8" x 3" wide

x 8" long

Graphite reflector cylinder sector,

6" x 187 29 1b

Boral sheet, metal, 1/8" x 7" x-16"
Boral sheet, metal, 1/8" x 6" x 6"
Boral sheet, metal, 1/8" x 8" x 16"
Control rod section, 1' x 3" dia.,9 1b
Wrapper sheet, metal, 1/8" x 7" x 16"
Control rod part

Pressure vessel section, 2" x 3" with
mounting holes

Steel rod, 1" die. x 10" long, No.
881826 .

Metal rod, 1' long, 3, dia.

Plate, 1/ﬂ” x 6" x’s"/8

Pressure vessel section, 5" x 16"

TABLE 4-6, continued

LOCATIOR  DESCRIPTION

F-19 Pressure vessel band, 5" x 18"

F-20 Control rod gection, 1' long x 3"
din, Y Ib

F-21 Plate 1/8" thick, 6" dia. with 12
screws, 3/4" hole in center

F-22 Mirror superstructure

F-23 Unistrut 3°

F-24 Beryllium reflector sector, 1' x 6"
x 6%, 17 1b

F-25 Pressure vessel band, 16 1b

P-26 Polyurethane piece with semple

F-27 Aluninum channel

F-28 Reflector sector, 7 lbs

F-29 Angle aluminum

F-30 Reflector band

P-31 Bottom piece of pressure vessel, 1' x 3'

F-32 Plate 2' x 6"

P-33 Sheet metal, 2 pieces, one {s a clamp

P-34 Part of flash bulb fixture

F-35 Graphite reflector cylinder sector,
6" x 10"

F-36 Instrument box, 2 pieces

F-37 Control rod section, 1' long x 3"
dia.

P-38 Plate, 1/8" thick x 6" dia. with 12
screvs, 3/4" dia. hole in center

F-39 Poison vane drive motor

F-ko Poison vane fixture

PF-41 Pressure vessel section, 2' x 5" x 5"

F-h2 Vane assembly, drive screw

F-43 Aluminum strut- chapnel 4' long

F-bk Sheet metal cover 6" x 10" channel
shape

P-45 Sheet metal circle

F-h6 Pressure vessel stop net

r-b7 Reflector sector

F-L48 Plate, 2' x 8"

F-k9 Mechanical drive shaft, 1" dia.,
2' long ' '

P-50 Angle

F-%51 Mechanical rod, 2°' long, same as F-49

r-52 . Reflector sector, " cube

F-53 Plate, 2' x 1/32" x 8"

F-54

Control rod drive part

LOCATION  DESCRIPTION

F-5)
F-56

-
0
—

oo
0 t

]
O o= QW &\ N

tl::lx::x:

H-10
H-11
H-12
H-13
H-1b
H-15
H-16
H-17
K-18
H-19
H-20
H-21
H-22
H-23
H-24

H-25
H-26
H-27

H-28
H-29

B-30
H-31
H-32
B33

H-34
B-35

Stator and gear box from poison vane
Pressure vesgel, top sector 3-1/2' x
5', green

Control rod section, 16" long, 9 1b
Beryllium reflector sector, 6" x 6" x
2+, 28 1v

Control rod section, 14" long, 9 1b
Control rod section, 12" long, 9 1b
Beryllium reflector sector, 2' x 6" x 6"
Beryllium reflector sector, 4" x

6
5" x 16" e0e®

ATRSYTNG

17 1b Ceoeee ¢
Bracket o o of
Rod e © .: .
Beryllium reflector sector, 5" x 6" x 8" eee®

T 1

Ring section 1/2" x k" x 26"

Tube, 2" x 8", (A.I. Sample)
Unistrut and plate, 8' x 1" x 6"
Plate, 1/16" x 6" x 15" :
Angle, 1" x 1" x 20"

Drive screw assenbly, 6' x 6" x 14"
Channel, 1' x 2" x &

Channel, 1" x 1" x 16"

Channel, 2" x 2" x 6"

Ring section, 1" x 4" x 15"

Rod, 1-1/2" x 9"

Bracket, 4" x 7"

Aluminum chunk, 3" x 3" x 6", 9 1b
Pressure vessel section, 3" x 1" x 10", red
Schedule 80 pipe, 4' long, 10" dia. (Gas
bottle)

Pressure vessel band, &' x 1/2" x 5"

Boral, 1' x 1/4" x 10"

Dome ring, 1" x 4" x 18" (clamp band
segment )

Bracket, 3' x 1" x 8" (2,1-3/4" volts thru)

. Beryllium reflector sector, 5" x 6" x 14",

19 1b

Beryllium reflector sector, 6" x 7" x 10"
Control rod section, 1' long,9 1b

Control rod section, 14" long, 9 1b
Bzrylnun reflector sector, 3" x 4" x 13",

16 1b

Pressure vessel section, 3! x 3/4" x 168" red
?;ri%nun reflector sector, 6" x 6" x 14",

:0"‘”.:
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TABLE 4-6, continued

LOCATION DESCRIPTION JOCATION DESCRIPTION LOCATION  DESCRIPTION
u-gs Gear sestio;\f' 8 "8313. L-26 Unknown N-12- Aluminum plate, 1/4" x 4" x 6",
H-37 Band, 1" x x 1 . L-27 Metal angle mirror mounting plate
H-38 Unistrut, 5' x 1" x 1-1/2" L-28 Control glod section, 6 1b " F-13 Aluminum plat;e,S I1)/10" x 3" x 6",
H-39 Beryllium reflector sector, 4" x 6" L-29 Control rod section, 10 1b mirror mounting plate -
x 6", 81 . L-30 - Reflector sector sector, 2' x 6" R-14 Auninum T 3/8" x 2" x 2-1/2" x 8" long
> H-40 gﬁryllium reflector sector, 4" x 6" x ~ 1-31 Pressurz vessel/Sﬁction, 63 1b R-15 Boral piece, 15' long, looks like >
, 10 1b 1-32 Angle t x 1-1/2" - section of piping ned
% H-U41 Pressure vessel section, 3/4" x 14" x L-33 Angle’ ’ §-16 Piece of fozmpangl:fela" ® %
18" 2k 1b, red L~34 . Clamp band section, 15 1b N-17 Unistrut, 1" x 2" x 30"
H-42 Beryllium reflector sector, 6" x 6" L-35 Angle N-18 Large piece of mirror mount consisting
. . o x 18", 23 1b 1-36 . . Pipe {A.I. Sample) of 8" channel, 4" angle, 1" plate, 1/4*
Te o e e H-U3 Control rod section, 12%,9 1b 1-37 Flow separator section, 8 1b webbed plate, 200 1b Imi
o o oo H-U4 Control rod section, 12", 9 1b L-38 Reflector sector, 29 1b K-19 Web plate, 1’ x 1/4" x 10", mirror O
(Y . H-45 Cyiinder, 11" long (M}C sample) 1-39 Pressure vessel section, 48 1b mounting plate
D seccos H-46 Beryllium reflector sector, 2' x 4" L-ko Control rod'section, 9 1b N-20 Web plate, 1/4" x 16" x 20", mirror T
x 6", 31 1b L~k Control rod section, 9 1b mounting plate : 9
U segcee H-47 Beryliium refjector sector, 4" x 4" L-42 Experiment cannister (AGC sample) N-21 Rod drive shaft, 1-1/4" dia. x 6" long
. ° x 10", 9 1 1-43 Pressure vessel section,22 1b N-22 Angle, 3/4" x 15" long
g. . 1-1 Control rod section T1-lh Experiment cannister (AGC sample) N-23 Foem, 6" x 14" . U
...E -2 Metal angle 45 _ Control rod support, 2 1b N-24 Unistrut, 3' long C
o ” 4 -3 Rod drive shaft 146 - Reflector segment support N-25 Control rod section, 1' long W
— ooﬂ XX L-4 Reflector sector, 12 1b b7 Reflector sector, 11 1b N-26 Stainless steel center rod —
®e s 3 -5 Metal angle 1-48 Control rod section,.9 1b N-27 Stainless steel center rod
0O°*Y 4 L-6 Electrical harness 1-49 Reflector sector N-28 Reflector segment end plate @)
b Secees -7 Electrical gutter L-50 Reflector sector N-29 ., Flash bulb mounting pleces - light sockets
ﬁ ¢ X ) eoee -8 Greder car (toonerville trolly) 1-51 Reflector sector, 33 1b and wiring I-;PI
— 1-9 Grader blade (toonerville trolly L-52 Experiment sample N-30 - Reflector sector, 4" x 6" x 7", 9 1b —
"cow catcher") 1-53 Reflector sector N-31 Bolt circle section of pressure vessel,
g 1-10 Part of grader car -5k Control rod section, 9 1b 4" high x 20" long g
n L-11 . Pipe, 7" long {A.I. Sample) N-1 Metal angle, 1" impact damage on K-32 Angle, 4' x 5/1." n
m L-12 Aluminum angle : fallout collector tray R-33 Unistrut, 15" long m
L-13 Aluminum angle N-2 Angle, 3/8" x 8" long N-3k4 Lift bail on pressure vessel, 4" x 20"
1-1% Experiment capsule { AGC sample) R-3 Aluminum retainer plate, clamp, 3°' N-35 Reflector sector, 1' x 4" x 5", 15 1b
1-15 Metal engle x 1" x " N-36 ' Reflector sector, 1' x 2" x 5", 6 1b
1-16 Control rod support N-4 Aluninum plate, 1' x 1/32" x 8" N-37 Cylinder, 1' long x 1" aia.
17 Metal plate " R-5 Auioun engle, 2-1/2' x 1/4" x 1/2" §-38 Reflector sector, 4* x 5" x 157, 15 1b
..C: ]ﬁg . ;i:;al angle 6 ’1:1 i;i/a" , " 2%  o" N-zg Reflector sector, ::: x 5: x 18:, 32 1w
- N- . bum engle, 2' x 1/: x2"x2 N- Reflector sector, 4" x 5" x 157, 31 1b
P 1-20 Experiment cannister (AGC sample) N-7 Aluninun angle, 1/8" x 3/4" x 3/4 N-41 Control rod section, 14 long, 9 1b =
— 1-2) Metal angle x 8 . . . N-k2 Furnace for fuel sample, 4" x 4" x 7%, —
1-22 Pipe (A.I. sample) N-8 Alumipum plate, 1/4" x 6" x 8 two cable connectors ‘
.-_“?' 123 Metal angle N-9 Aluminum angle, 1/8" x 1-1/4" x 8" longT-1 Beryllium piece, 4" x 4" x 18" ;
Liey 2% Control rod support N-10 Aluminum angle, 1/b" x 1-1/4" x 1-1/4" T-2 Control rod section, 10 1b
L 1-25 Fxperiment cannister (AGC sample) 10" long, buckled -3 Beryllium, 1' x 4" x 4" o
-y K-11 Aluminum plate, 1/4" x 8" x 16", Tk Not marked recognizably |
m pirror mounting plate —_
o
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LOCATION DESCRIPTION

-5
-6
™7

-8

T-9

7-10
T-11
T-12
T-13
T-14
T-15
.16
T-17
T-18
T-19
T-20

T-21
T-22
T-23
T-24

™25
T-26

z-1
2-2
2-3
z-h
5
z-6
z-7

z-8
z9

Z-10

Beryllium piece, 1' x 4" x 4"
Beryliium piece, 1' x 4" x 4"

Be%.}'y band segment, 6' arc 6' x 1"

x

Alurimm angle, 2-1/2' x 1-1/2" x 1-1/2"
Aunimm angle, 4' x 1-1/2" x 1-1/2"
Mirror fixture

Mirror fixture

Beryllium piece, 4" x k" x 8", 9 1b
Pressure vessel section‘ 2' x 2
Beryllium piece, 1' x 4 x k"

Metal angle, 2' x 2" x 4"

Metal angle, 2' x 2" x 4"

Belly band segment

Mirror frame

Beryllium piece, 2' x 4" x 4", 32 1b
Band from pressure vessel 2" x 6" x 18"
Sixth clawp band segment, 17 1b
Graphite reflector cylinder sector,
1-1/2 1b

Begllium reflector sector, 4" x 4"

x

Beryllium reflector sector, 4" x 4"
x 8", 61b

Beryllium reflector sector, 4" x 4"
x 8", 6 1b

Beryllium reflector sector, 4" x 4" x 6"
Pressure vessel section, 4' x &', red
check with soeme blue

Pressure vessel section, 3' x 8"
Slat section, 2" x 10"

Control rod section 1' long

Lead tube, 6" dia. x 6" long
Alumimum tubing,5" long x 6" dia.
Reflector sector, 6" x 6"

Grsghibe reflector sector, 1" x 2"

x

Steel rod, 2 pieces, 1' long x 1/2"
dia.; 1' long x 1" dia.

Graphite reflector cylinder sector,
2" x 2" x 8"

Pressure vessel section, 1" x 30%,

green

TABLE k-6, continued

LOCATION  DESCRIPTION
z-11 Steel rod, 1/2" dia. x 6" long
Z-12 Control rod section, 1' long
Z-13 Reflector sector, 5" x 6" x 8"
2-14 " Pressure vessel section, 2' x 6", blue
2-15 lgressu.re vessel band, 6" x &" x 10"
1lb, green
2-16 Control rod section, 14" long, 9 1b
z-17 Reflector sector, 6" x 6" x 15"
20 1b
z-18 Aluminum angle, 1" x 1" x 18" long
Z-19 Aluminum angle, 3' long x 1" x 1"
2-20 Pressure vessel section, 6" x 6",
1-3/% 1b, green
z-21 Reflector sector, 1' x 5" x 6"
z2-22 Pressure vessel section, 3' x 3', 148 1b
green blue
Z-23 Reflector sector, 5" x 8" x 14", 17 1b
z-2k Pressure vessel section, 14" x 15", green
z-25 Reflector sector, 6" x 6" x 20", 21 1b
z2-26 Control rod section, 15" long
z-27 Reflector sector, 6" x 6" x 15", 28 1b
z-28 Reflector sector, 5" x 5" x 8", 10 1b
2-29 Reflector sector, E" x 5" x 8"
Z-30 Reflector sector, 4" x 4" x 4"
Z-31 Reflector sector, 2' x 6" x 6", 34 1b
Z-32 Control rod section, 1' long, 9 1b
Z=33 Control rod section, 1' long, 9 1b
Z-3k Reflector sector, 1' x 6" x 6", 15 1b
z-35

Pipe, 2" dia. with cable boss

DEBRIS SAMPLES NOT IDENTIFIED BY NUMBERS

Angle, Distance,
ft Description
0 1500 Control drum section, 9 1b
325 T00 Control drum section, 9 1b
286 1450 Beryllium reflector sector,
21 b
1500 Control drum section, 9 1b
235 2000 Control drum section, 9 1b
310 1300 Beryllium reflector sector,
23 1b
278 1500 Beryllium reflector sector,
331b
180-225 1750-2000 Beryllium reflector sector,
32 v
180-225 1750-2000 Control drum section, 9 1b
225-270 1750-2000 Control drum section, 9 1b
225-27T0  400-450 Control drum section, 9 1b
225-270 450-500 Control drum section, 9 1b
180-225 1500-1750 l;gessure vessel section,
1b
90-135 1500 Control drum section, 9 1b
50 1950 Control drum section, 9 1b
120 2300 Control drum section, 9 1b
180-225 1500-1750 Control drum section, 9 1b
322 600 Beryllium reflector
sector, 13 1b
30 1350 Beryllium reflector sector,
32 1
225-270 1500-1756 Control dnum section, 9 1b
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is plotted in Figure 4-27 which shows the center of the gite; Fig-
ures 4-28, 4-29, 4-3Q, and 4-31 show the surrounding quadrants.

The heaviest piece found was a portion of pressure vessel ap-
proximately three feet square and weighing 148 pounds. It was
located 750 feet east of the reactor on the railroad track. Another
riece of pressure vessel weighing 98 pounds was found between 180°
and 225° at 1500 to 1750 feet. A number of pieces weighing a few
pcunds were found between 2000 and 2500 feet from the reactor.

Atout 90% of the beryllium control drums were found in pieces a foot
or so long and weighing espproximately nine pounds each. The re-
ccvered pressure vessel fragments are shown in Figure 4-32.

Cleanup of the area was performed by segments, and debris
picked up was marked to identify the angle and distance of its loca-
tion. After the activity of the recovered debris had subsided, it
wes examined to chéck preliminary identifications, and some of the
rieces were weighed. Some external samples which had previously
been overlooked were identified.
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Fragments of Pressure Shell

Figure 4-32.
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Chapter 5

ADDITTIONAL EXTERNAL EXPERIMENTS

A. Why the Auxiliary Experiments?

The Kiwi-TNT experiment was expected to provide an external flux
of a magnitude and character which was unobtainable by any other means.
It therefore seemed desirable to do a number of experiments which would
extend the knowledge of fuel damage into a hitherto unknown region.
Many external fuel samples from the LASL and other invited orgenizations
were included.

Since results of the primary Transient Nuclear Test would show only
what happens to a specific type of Rover fuel material, it was felt that
a better understanding of the mechanism of fuel breakup might be ob-
tained if & number of experiments were carried out which used various
fuel modifications??* This would not only refine the input data for cal-

culations used in predicting the behavior of nuclear transients in Rover
type reactors} but would also contribute to an understanding of the
fuel breakup mechsnism of interest to ultimate reactor disposal in space.

Bo Pre-Tm‘

In connection with fuel fragmentation studies, there were several
preliminary experiments in 1963 and 196L4. Small samples of Rover type
fuel were irradiasted during transients in the following reactors:

TREAT (assisted by Argonne National Leboratory at National Reactor Test-
ing Station, Idsho), SPERT-1 and SNAPTRAN 2/10A-3 (assisted by Phillips
Petroleum Company at National Reactor Testing Station, Idaho), and
TRIGA (a General Atomics reactor, assisted by U. S. Naval Radiological
Defense Laborstory). Another irradiation was made during ALVA, an un-
derground bomb test in Nevada.

The first significant result was obtained in the SNAPTRAN 2/10A-3
test. This indicated that there was significant matrix damage if the

*
[
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fuel sample underwent at least 1015 fissions 'per gram U-235 during a
transient whose period was about 0.7 millisecond.

C. Preparations for Kiwi-TNT

1. Shock Tests

It had been calculated *%hat velocities of pieces of beryllium
reflector and aluminum pressure vessel thrown from the TNT might
be like 1000 feet per second, and there was concern about the sur-
vivability of samples in capsules. Several tests'? were performed
to study and improve the chance of recovery.

Initially, two proposed capsule designs, with dummy graphite
samples, were impacted by an aluminum projectile from & propellant-
fired cannon. The capsules were severely demaged and the samples
were shattered.

It was then suggested that a foamed Adiprene (a synthetic rubber-
like material containing C 63.3 w/o, H 9.3 w/o, N 4/23 w/o, and
0 23.17 w/o, of about 20 pounds per cubic foot density) could be
used to shock-mount small capsules. The stresses on a capsule vere
simulated by setting three dummy capsules into a 4-inch-diameter
cylinder of the Adiprene, and firing the assembly out of a gun so
as to accelerate it to 1000 feet per second in a distance of about
28 inches. The samples survived, and the mounting material was
adapted to the Group N-1 and N-2 experiments in the TNT.

2. Flux Calculations and Measurements

Machine ca.'Lcula,tions1 'sgave an average value of the flux ex-
pected at the surface of the reactor pressure vessel. Measurements
at the Pajarito critical assembly facility indicated the relative
drop-off of the flux in air, and the nuclear effect of the Adiprene
shock-mounting material.

Figure 5-1 is & plot of flux versus distaace from the pressure
vessel, adjusted to an excursion of 3.1 x 10" total fissions. The
bar values are those measured by radiochemistry®of actual samples
(which were mounted in Adiprene) in the TNT. The solid line rep-
resents average values for samples mounted in Adiprene. Note that
relative to its value in air, the flux is enhanced by the Adiprene
at: ¢close-in positions (by scattering and thermslization of the
neutrons) and farther away it is attenuated. The dashed line rep-
resents the value of flux in air, as determined by relative measure-
ments at Pajarito. All these values hold only on a radial line
midway between control rods and axially at the core centerline. The
TNT samples were positioned this way. There is & large radial

. - PR AT
. N !{‘7}" [
X $ P i . L

APPROVED Rtk BUbLI & rttease UNCLASSIFIED




APPROVED

UNCLAYMHED,

16

FOR PUBLI C RELEASE

10 —
FLUX

3.1 x 1029 TOTAL FISSIONS

[ I
VS. DISTANCE FOR

DISTANCE FROM PRESSURE VESSEL (FEET)

Figure 5-1

jt———— | VZ'L_——

¥ | —

A A

N

STAINLESS STEEL CAN

WELDED CLOSED
GRAPHITE CRUCIBLE AND CAP

SAMPLE

(i/4in.DIA. x 1/2in, LONG)

SECTION .44

N-2 CAPSULE DESIGN

Figure 5-2

fon i E

UNCLASSIFIED R

APPROVED

=
=
P
g —_
n
i KIWI —TNT
<2I o |0|5 \\\ I
(1 L:;:J \ '
s \I‘\\F\ IN AIR ,
n E $~~‘§
O g4 ADIPRENE ™~ T}N-I 8N-2 SAMPLES
0n o ~ (SPAN OF MEASURED
= & VALUES)
37 ]
3 o3 .
L. 9) ] 2 3 4 5




D.

APPROVED FOR PUBLI C RELEASE

SEREIDERT IR : UNCLASML D

variation (because of shielding by the poison material in the con-
trol rods) and a smaller exisl variation.

Rover-Connected Capsule Experiments

1l. General

The Director of Rover Flight Safety asked that the following
parameters be studied for their effect on breakup of fuel during
the TNT-type transient: bead size, pyrocoat thickness, temperature,
and previous irradiation. It was further planned to study the
temperature history of individual fuel beads with miniature thermo-
couples. A positive radiochemical measurement of the reactor fis-
sion yleld was also needed.

2. The Group N-2 Experiment

The pre-TNT and other preliminary work for the Kiwi-TNT external
experiments had been done with the aid of Group N-2. In number of
samples, the largest experiment in the TNT was performed by this
group. Samples of 20 variastions of fuel (Figure 5-5) were placed
at each of four general flux positions to cover a range from the
maximum available down to a value overlapping with the SNAPTRAN
experiment. These fluxes and positions are indicated by the bar
values on Figure 5-1,

Figure 5-2 is a drawing of the capsule used. The photograph,
Figure 5-3, shows the capsule and a typical block of Adiprene, and
Figure 5-4 shows the setup in place next to the reactor.

Detailed results have been reported in several papers.

In general, there were the following observations: (1) the most
significant parameter was fissions per gram of uranium, (2) at high-
er fluxes, samples with larger volume percent of particles showed
more matrix demage, (3) particles with larger cores are damaged
scmewhat more easily than those with smaller cores, (4) particles
with thicker coatings showed slightly less damage under similar
flux conditions, and (5) preirradiation in a full-power, full-dura-
tion run (Kiwi-B-UA) caused no observable difference in breakup.

Semples were studied in the following ways: (1) visually at
low magnification - to look at gross matrix damage; (2) metallo-
graphically - to look at migration of particle core material, coat-
ing ruptures, details of matrix ruptures, and resultant expulsion of
ccre material; (3) by microradiography and autoradiography - con-
firming and extending the information from metallography; and (4) by
radiochemistry - for relative gamms activity of ell samples, and
ccmplete analysis of a few to determine the absolute activity -

WRNGETIME NS

APPROVED® FOR PUBLI C° REI'EASE




APPROVED FOR PUBLI C RELEASE

UNULANSIFIED %, irz.o.: )

Figure 5-3
Eight N-2 capsules and
one Phillips capsule in a
typical block of
foamed Adiprene

Figure 5-4
Blocks of Adiprene
containing the N-2
and Phillips cap-
sules mounted next

to the reactor
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(adjusted fus iuss of fission products to the steel container) -
stated in terms of fissions per gram of uranium (93% enriched
U-235).

Figure 5-5 consolidates all these data. All samples were 0.25
inch in diameter x 0.50 inch long, with 0.1 inch diameter hole. All
were extruded except type 2. The particle volume loading is the
percent of total volume of material occupied by particles (core plus
coating). In the block for each sample is given the velue of flux
(fissions per gram uranium (93% enriched U-235) ) as determined by
gamms, count and radiochemicel anelysis.

The sketch at the left of each block pictures the condition of
sample matrix as removed from its capsule. Photographs in Figure
5-6 show four typical matrix demage categories; sample porous or
powdered, major cracks, minor cracks, and like new.

The sketch at the right of each block pictures the condition
of particles as examined by metellography, micro- and autoradio-
graphy. Photographs in Figure 5-T7 show six typical particle dam-
age categories: (1) particles completely destroyed, uranium dis-
tributed, metrix shattered, (2) particles all broken, associated
matrix cracks, uranium distributed, (3) particles cracked, &sso-
ciated matrix cracks, uranium along cracks, (4) no macroscopic
matrix demsge, broken particles, most uranium in particles, (5) no
macroscopic or microscopic matrix damege, some coating remained,
cores melted, and (6) no observable change in matrix or particles.

3. The Group N-1 Experiment

In order to study the effect on fuel breakup of a temperature,
representing "after-heat" in an orbiting reactor, N-1 was asked to
prepare samples which would be at elevated temperatures at the time
of the transient. Miniature shock-mounted furnaces powered by auto-
motive-type batteries were used. Figure 5-8 is a photograph of a
furnace, and Figure 5-9 shows six of them mounted next to the re-
actor. Two furnaces (one heated Just prior to the excursion to
2100°C and one to 2400°C) were placed at each of three different
flux regions. The samples themselves were identical to one of the
types in the N-2 experiment, and post-test examinations were con-
ducted together.,

The conclusion was that there is no significant change in deamsge
due to an initial temperature of the samplel® that is higher then am-
bient. The heated samples appeared to suffer only slightly more
damage under similar flux conditions. Detailed results are included
in References 3 and 1k, :
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Figure 5-6. Typical Matrix Damage Categories
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Figure 5-8
The N-1
‘Miniature Furnace

At right, six N-1 furnaces in Adiprene blocks
mounted next to the reactor

Figure 5-9 At left, 2k Argonne capsules spaced out on

hangers to provide wide range of flux
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L. The Group J-8 Experiment®°

Tiny thermocouples were placed on several individual beads with
different coating thicknesses for the purpose of describing the
time lag required for the heat generated in the core to travel
through the pyrolytic-graphite coating. This Information is to be
used in refining calculations intended to understand and describe
the detailed physical processes involved in deliberate and acci-
dental nuclear excursions.

5. The Group J-ll Experiment

Three identical capsules containing depleted uranium foils were
placed In the same position as similar detectors on previous Kiwi
power runs. The analysis by radiochemistry of these foils assisted
in evaluating the total yield of the Kiwi-TNT excursion,® 3.1 (*0.3)
x 1020 fissions.

Non-Rover Experiments

l. General

The TNT excursion provided & unique source of neutrons which
was utilized by several other groups within the LASIT, and other or-
ganizations. The wide distribution of participants is indicated
on the map in Figure 5-10. The possibility of interference with
the primary experiment, however, dictated thet these be kept to a
manageable number.

2. The Group K-l Experiment

Samples of fuel for the UHTREX reactor were irradiated. The
flux positions chosen for their four capsules were much lower than
those in the Kiwi-type samples, but higher than those expected in
a8 maximum credible accident in the UHTREX, Fuel damage and other
observations have been reported.®!

3. The Group J-12 Experiment

In cooperation with the U. S. Nuclear Defense Laboratory, Edge-
wood Arsenal, Maryland; Harry Diamond ILaboratory, Washington, D. C.;
and ELRDL, Fort Monmouth, N. J.; this group conducted neutron and
gamma spectral and flux measurements.>

L, The Aerojet General Corporation Experiment

Eighteen capsules, each containing 3.6 gram samples of high ex-
plosive or propellant considered for use on the NERVA destruct
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Figure 5-10. Kiwi-TNT Auxiliary External Experiments
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system, were irradiated; and those samples recovered were tested
for radiation effects. No significant changes were noted.=23

5. The Argonne National Leboratory Experiment

Fuels from four typical power reactors were irradiated in an
extension of & large evaluation program of that Laboratory. The
transient meltdown behavior in water of typical reactor fuels is
being investigated as part of a program on nuclear reactor safety.
The fuel types were: (1) Zr-2 clad UOp core pellets, (2) SS-30k
clad U0z core pellets, (3) uranium-zirconium alloy pins, and (&)
aluminum-uranium alloy pletes. Results have been described in a
paper®* presented at the ANS Gatlinburg Meeting.

The recovery record (23 out of 24) for these capsules was good.
Figure 5-9 shows them installed around the reactor.

6. The Atomics International Experiment

The SNAPTRAN program was supplemented by an irradiation of 32
fuel samples from the SNAP-10 reactor. HRdgerton, Germeshausen &
Grier agsisted in this program. Results were reported at the ANS
Gatlinburg Meeting.?®

T. The Kirtland Air Force Base Experiment

The Air Force Wespons Laboratory (Biophysics Branch) conducted
an experiment to evaluate collection and radiochemistry character-
istics of & newly developed filter medium consisting of a rayon pre-
filter, for particulate collection, backed by carbon fibers for
iodine retention.

Fourteen filters were mounted on Staplex air samplers and ex-
posed approximately 4,000 feet downwind from the excursion site.
Eight of these were new filter material, four were MSA 1106B fiber-
glass filters, and two were BM 2133 carbon-impregnated cellulose
dust filters. Analyses were performed at Kirtland Air Force Base.Z2©

8. The Phillips Petroleum Company Experiment

Samples of fuel for a proposed Power Burst Facility were ir-
radiated at and beyond the flux expected in that reactor. The
bressure generated by vaporizing fuel was evaluated for inclusion
in their Sefety Analysis Report.?? All four of their capsules
(2-1/2 inches in diemeter x 9 inches long), which were shock-mounted,
were recovered.
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C. The U. S. Naval Radiological Defense Laboratory Experiment

Under a contrect with the Atomic Energy Commission, this Labo-
ratory is studying the chemical reaction between fission products
snd. sea water.=® Beaded Rover type fuel was used. Probably due to
the very large size, their capsules were severely damaged, reducing
the amount of data gathered. One of three capsules was not found.

Test Operations

1. Installation

The arrangement of capsules around the Kiwl-TNT reactor has been
described in many phrases, from "Christmas tree ornaments” to "a
motley array of test objects.” (See photo, Figure 5-9).

Seversl considerations suggested the final installation. Among
them were: (1) to obtain maximum possible flux, capsules were
placed on radial lines between control rods; (23 the beryllivm re-
flector was segmented on these same lines, so it was believed the
location likely to give smallest demage by flying reflector and
pressure vessel pieces; (3) all experimenters desired to have cap-
sules at various flux levels; (4) the profile view seen by each
camera bunker should be kept clear, so that movement of the pres-
gure vessel might be observed; and (5) flimsy supports would allow
capsules to be thrown away from the reactor with & minimm of dam-
&geo

The location of capsules is shown in Figure 5-11. Test site
personnel fabricated the hanging equipment and placed the capsules
arcund the reactor. Because there were freezing temperatures during
the night, some capsules which contained water were installed the
norning of the test.

2. Recovery

Since speculation about the condition of the reactor and the
location of capsules after the test was so varied, it was essentially
impossible to plan recovery operations in any detail. Recovery was
dore this way: (1) special early recovery teams entered the area
within a few hours to bring out the Aerojet Genersl capsules (pro-
ject personnel believed that meaningful data required analysis
within 24 hours), (2) routine recovery of all other capsules was
caxrried out by reentry teams during the following week, and fin-
ally, (3) there was a complete cleanup of the area.

Test site personnel performed most of the recovery. They were
furnished with a Recovery Notebook which incm i‘?otos ’
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dimensional drawings, and a prediction as to the direction each
group of capsules would be thrown.

After recovery from the test ares, the capsules were decontemi-
nated and shipped to their owners. Particulerly, as the shipment
of radioactive, contaminated material via commercial truck lines is
not easy, assistence from test site personnel was invaluable.

A final tally of recovered capsules shows the following: N-2,
54 out of T2; N-1, 6 out of 6; J-8, not recoversble; J-11, 3 out of
3; K-4, 2 out of L4; J-12, all material recovered; Aerojet, 17 out
of 18; Argomne, 23 out of 24; Atomics International, 2k out of 32;
Kirtland, all material recovered; Phillips, 4 out of 4; and NRDL,
2 out of 3.

Suggestions for Possible Future Similar Tests

The N-2 capsules were so small that they were hard to find on
the desert. (Most of them were torn from the Adiprene - possibly
because it was shered with some much heavier capsules.) NRDL's
were so large that they suffered excessive damsge. The recovery
record indicated clearly that an intermediate size of about 2-1/2
inches in diameter x 10 inches long, with 1/L4 inch thick steel walls
(similar to those used by Argonne, Phillips, and J-11), is better.

Although there is no conclusive evidence except that based on
the sample shattering in the gun tests, it is felt that the shock-
nmounting was helpful.

The bright colors did not help in all cases. Most things were
blackened by graphite deposits or burned by high temperature gases
and fragments.

Mounting equipment should be kept as light as practical.

Since most of the rupture lines of the pressure vessel were
between control rods, this appears to have been a good choice for
the radial location.

It was believed necessary to keep & clear profile view of the
reactor for the cameras, thus meking some areas unavailsble for
locating capsules. However, since incandescent material streamed
out of the pressure vessel fissures obscuring the camera's view of
the profile, it seems that this restriction is no longer needed.

Anticipating that all large pieces thrown from the reactor

wowld again be mapped as to their location in the field, it is sug-
gested that external experiment capsules be included in this mapping.
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Ferly recovery (the day of the test) should be discouraged, in
favor of a more efficient, routine effort. One member of each re-
entry team might have the duty of recording the location of all
items retrieved.

Advance coordinetion with the road block operations and the
decontamination facility is important.

It is desireble to have a representative at the site from each
agency involved in the test who can mske all arrangements for the
return of radioactive materials to his own agency.

A pre-arranged schedule for the handling and exsmination of
multiple samples after their return is advantageous.
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