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Introduction

Increasingly complex satellites and spacecraft developed by the U. S.
in recent years have creaited demands for larger amounis of auxiliary
electrical power than can be economically supplied by batteries, solar
cells, and other means. Longer-lived orbital vehicles, especially the
manned versions now being developed, have increased these demands for

power.

Since nuclear powered sources are the obvious solution to these re-~
quirements, development work was begun several years ago under contracts
from the AEC and DOD., This work is now resulting in operative nuclear
systems which produce power for these new applications. Designated
Systems for Nuclear Auxiliary Power {(SNAP), these power sourceg can
be divided into two g eneral categories: those using radioisotopes for heat

generation, and those using operating nuclear reactors.

Each of these nuclear power systems presents radiation hazards when~
ever it or its debris is within the earth's atmosphere. Considerable effort

has been expended in studying and determining the extent of this radiation

hazard.

In the latter half of 1961, Sandia Corporation was approached by the
AEC Division of Reactor Development to consider serving as their technical
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contiractor for the purpose of examining the safety of aerospace nuclear
power sources and per ~form1ng noeded bagic research and development
work in that field. A‘" the present time, four distinet work areas have
been delineated by AEC/DRD as follows:

1. A Basic Aerospace Safety Resesrch and Development Program

2. An Aerosgpace Safety Ground Test Program

3. An Aerospece Sai'ety Flight Test Program

i

4. An Indapundem As&esoinent of t’1e Safety of all Aerospace
Nuclear Power S ou;ceq
The Aerospace Safety CGround Test Program will be described in this

per. A paper by Mr. A. J. Clark, Jr. which will be presented in

ko)
07

2
®

)ession V of this meeting will describe the Aerospace Safety Flight Test

.

rogram.

‘Sandia Corporation, under 2 prime contract with the Atomic Energy
Commission, operated two laboratories and a test range, all of which are
engaged in weapon work for the AEC, capabilities have been developed

1

that are directly applicable and hig chly valuable to work in the Aercspace

Nuclear Safety FProgram. Some of these capabilities are:

gx
i. A research’organization with .q.ci-entivfic fiélés of interest
including physical electronies, plasma ")ﬂj‘:lf‘S high :
temperature physics, solid state ph} sics, radiation
effecis, theoretical mechanics, molecular and crystal
structure studies, high rate chemical kinetics, and

nuclear burst phenomena.

EX)

An environmental testing organization equipped with

% ey . 3 1 rd . .
complete faeilities to perform many types of environ-

ot

mental tesig including rocket sgled impacis, drop tower,
radianl heat, vibration, shock, chemical interaction,

acoustical, explosion, etc.




3. A materials and processes organization that develops new
materials, keeps sbreast of research and development in its
fields, evaluates commercially availablie materials, and

operates its own analytical and maéterial properties laboratories.

4. A field testing organization that performs and supports Sandia
test programs at its own ranges and at other locations around

the world.

The Aerospace Nuclear Safety Organization at Sandia Corporation is
under the Director of Aerospace Programs, Don B. Shuster, reporting to
the Vice President of Development, Mr. G. A. Fowler. The Department
Manager in direct charge ig Mr. V. E. Blake, Jr. The Aerospace Nuclear
Safety Department, 7410, is divided into three divisions whose responsibilities

follow:

. 1. Division 7411, under H. E. Hansen, is to perform the Basic

Aerospace Safety Research and Develecpment Program.

o

2. Division 7412, under A. J. Clark, Jr., has full responsibility
for the Aerospace Safety Ground Test Program and partial
responsibility for the Aerospace Safety Test Program. In

for the

-

w

iiie latier program, this division is responsibl
mechanical and thermal design of flight test hardware as well
as fabrication, environmental and development testing,
compatibility with nuclear test articles, launch vehicles,

etc. Nuclear and thermal studies and analyses are included in

the work of this division.

3. Division 7413, under A. E. Bentz, is responsible for the design,
development, test, and operation of the telemetiry systems used
in the flight testg, and all range instrumentation, both electironic
and optical. This division is the contact with the ranges used

for flights and makes all arrangements with the launch agencies.




In addition to the work done on the Aerospace Nuclear Safety Program
in Department 7410, many other groups within Sandia Corporation make

sizeable contributions.

Ground Test Program Description

The Aerospace Safety Ground Test Program at Sandia is broadly

defined asg that effort to

Q

independently a2szess the effects of mechanicsel
actions, thermal and chemical interactions, and nuclear reactions upon

By L

the safety of nuclear power scurces which are intende

L')..
by

or aerospace
applications. This program is responsible for.assessing all effecis
resulting from conceivable accident ¢conditions from the time of factory

shipment until terresirial re-eniry.

Work underway in this program is listed on Figure 1 and will be

briefly described under the titles shown.

Project Engineering - This tagk includes planning the work to be

performed in this program. Ii includes necessary lisison work with the
various governmental agencies concerned with aerospace nuclear safety,
especially in those fields which are not gpecifically concerned with an
existing or already programmed nuclear power source. Also included in
this tesk is the preparation of reports, budgets, and other administrative

details necessary to the successful performance of the over-all program.

Mechanical Actions - Present efforis under mechanical actions can

be divided into three general areas. As experience|is gained in this field,
and as additional programs are insiituted, it may be necessary to add

»

additional studies in this category.

Impact Tests - The first task in thif category is planning, performing,

L

analyzing and reporting impact tesis upon complete power units and their

individual component parts. These impact tests are performed under




conditiong that might.exist under any conceivable accident situation which
the unit being tested might encounter. These tests are run using non-
radioactive or inert simulations of radioactive materials. Various methods
using different types of test equipment (such as rocket sled {racks, recoil-
less rifles, centrifuges, and drop towers) are used to perform impact

testing.

Associated with this task is a generalized siudy to develop a method
of specifying the design of an impact target fabricated from goil that simulates
the earth's surface. This study consigis of both: (1) analytical work to set
up a mathematical model of the mechanisms that occur in soil ﬁpon impact;
and (2) experimental work to empirically deiermine the relationships that

result from impact.

A study will be begun to determine the exient to which craters are
formed by impacting bodies and the extent to which the crater will coniain
the projectile. The objective of this study is the definition of crater formation
and retention of projectiiles in the form of reacior core vessels impacting at

various velocities into a variety of soil types and conditions.

Dynamic Analysis Studies - The second task is dynamic analysis

studies to predict the effects of mechanical actions on nuclear power units
and their individual components. These studies are performed by specially
trained personnel using the latest available types of computers for problem
solutions. Improved computer codes permit analysis of the effecis of
dynamic loading on such items. Dynamic analysis studies are performed
as soon as design information is available in order to provide information

for planning an impact testing series on the design.

Terminal Velocity Studies - The third task under this effort is terminal

velocity studies, conducted both by calculation and by experimentation. These
studies are performed for entire nuclear power units as well as certain of

their components. The velocity determined could result from accidental




conditions imposed upon the power unit at various periods during its factory

shipment to re-entry seguence.

Thermal and Chemiceal Interactions - At the present time this area

encompasses five separate tasks. Addition of further tasks will be made

as conditions warrant.

Chemical Interaciion Tests - The firgt task under this effort is the

performance of chemical interaction tests. With certain designs of
nuclear power units it is necessary to experimentally determine the inter-
actions that may occur between various chemicals associated with the
design of the unit. These tests are non-nuclear (any nuclear items in

the design are simulated by inert or non-nuclear substitutes).

Beryllium Compound Formation and Dispersal Studies - The second

tagk in this effort is an extensive study of the formation and dispersal of
beryllium compounds. Of particular concern is the toxicity hazards that
exist in the formation and dispersal of this material. Sandia Corpora’cion
is using the services of cther laboratories under contract for experimental
work in this task. However, experimental work is being performed under
this task by Sandia using its own laboratory facilities in order to be able
to evaluate clearly and completely work done by other contractors in this

specialized field.

Launch Pad Abort Pressure and Temperature Studies - The third

task in this effort is launch pad abort pressure and temperature siudies.
These studies are both analytical and experimental. The services of
other laboratories under contract to Sandia Corporation will also be used
in this task. Design and development of specialized instrumentation to
obtain necegsary pressures and temperatures required for this task is
being done by Sandia Corporation. Calibration, fabrication, and instalia-

tion of such devices is included under the scope of this task.




Self-Welding Design Analysis and Studies - The fourth task under

this effort is vacuum self-welding design analysis and studies of those
materials that are specifically used in existing designs of nuclear power
units. This task supplements similar work being done in the Sandia
Aerospace Research and Development Program but is limited to specific

applications.

Thermal Analysis - The fifth task in this effort consists of thermsl

analyses. These analyses are performed on specific nuclear power units
and their components. The work consigts of analytical studies with

experimental determinsations being performéd when needed.

Nuclear Reactions - This effort presently consists of five individual

tasks. Additional tasks will be added as warranted.

Nuclear Power Unit Safety Design Reviews - The first task under

this effort is nuclear power unit safety design reviews. These reviews

are conducted on the design of specific nucleer power units during all
stages of design from their conception to their final configuration. This
task is performed with the design group of the nuclear power unit designer-
fabricator organization. The object of this task is to acquaint Sandia
Corporation with new designs and to provide the designer-fabricator with
specialized information which may be incorporated in the design at an

early stage to insure adequate nuclear safety.

Hazardous Conditions Analysis - The gsecond task in this effort is

the preparation of hazardous conditions analyses. The entire life cycle,
from factory shipment to terrestrial re-entry, of each nuclear power unit

is closely studied to determine the existence of potentially hazardous

conditions. These conditions are set forth in chart form so that they can

be recognized at an early siage of the gsystem design. With information
gained in the nuclear power unit safety design review described immediately

above, probability figures for the occurrence of any hazardous conditions

are assigned. From this hazardous condition analysis, it then becomes
apparent where special emphasis on safety devices and/or designs should

be placed.




Reactor Transient and Excursion Tests - The third task in this effort

is reactor transient and excursion testing. In this task the experimental
work is performed by others but the planning, execution, and evaluation of
these tesis are monitored by Sandia Corporation. The objective of this
task is to thoroughly acquaint Sandia Corporation with the design and
experimential performance of safety devices included in the nuclear design

of the power unit.

Critical Configuration Testing - The fourth task under this effort is

critical ¢onfiguration testing., Again, the experimentsl werk is performed
by others but the planning, execution, and evaluation of resulis are monitored

by Sandia Corporation.

Fission Product Release Tests ~ The fifth task under this effort is

de

fission product release testing and studies. As with the two tasks immediately
above, the experimental work ig performed by others but the planning, ex-

ecution, and evaluation of results are monitored by Sandia Corporation.

Current Reactor Safety Ground Test Pregram

The safety assessment of any nuclear power supply that is to be used
in aerospace @applications must be as complete and factual as it is possible
to make it. Unlike a ground-based nuclear power facility, it becomes
imperative that all possible effort must be exerted to insure the safety
of the general public regardless of the location and condition of the aero-

space unit,

The safety ground test task is chargerﬁ with providing the factual,
engineering information {to the extent that it can be obtained from ground-
based tests) needed to fully assess the gafety of the nuclear aerospace
power unit during its entire lifetime, including shipment from the factory,
launch, flight, terrestrial re-entry, and impact on the earth. At present,

some of the environments which the unit will face cannot be duplicated or
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The general study embarked upon under this program consists of

the following phases:

1. A survey of available information, analytical studies and ex-
perimentation on the subject of massive fireballs to attempt
to understand in betier detail their hydrodynamics and related

effects.,

2. Participation and cooperation with other governmental agencies
in planning and designing instrumentation for installation on '
certain existing miggile launch pads to measure pressurées and
temperatures existing within firebails that may result from
future launch aborts. Sandia Corporation will uvtilize previous
experiencge in instrumentation gathered from yvears of partiecipa-

tion in weapon testing activities,

a2

Development of a previously designed Sandia passive thermal
sensor device to extend its range to a lower level to permit
its use in recording the cloge-in temperatures of fireballs that

may occur from missile aboris on any launch pad.

4, Design and development of a4 passive pressure sensor to be used
P & P

in conjunction with the thermal sensor described above,

5. Participation and cooperation with octher governmental agencies
in future scheduled missile launch abort fireball studies and

experimenis.

The objective of this effort is to obtain a reliable, quantitative definition

i

of the environment resuliing from a launch pad abort of a rocket vehicle to
be used for the transportation of 2 SNAP power supply. Based on this definition,
laboratory and field tests can be performed to simulate the environment on

SNAP hardware to determine the extent of the hazard that might resuit.

Beryilium Compound Formation and Dispersal Study -- Many present

and proposed SNAP reactor type power supplies (as well as other nuclear

propulsion reactors) use quantities of beryllium in their design. The high

10




lemperatures snd pressures from launch pad aboris dbee-ie to which these

units might accidentally be subjected could ¢ause the formation and dispersal

of highly toxic compounds of beryllium. The fundamental mechanisms causing
the formation and dispersal of beryllium compounds is not well undersiood.
This study is intended to c¢larify the understanding of these mechanisms and to
guanitatively define the amount, iype, and particle size of berylliuin compounds

released under various conditiong of press'ure; temperature, aimosphere, etc.

The study will be conducied aleng two paths: One, by means of a sub-
contragt from Sandia to 2 qualified laboratory. The othér, by means of a

laboratory investigation conduycied at Sandia,

Earth Target Simulation Study -~ There is reason to believe that targets

commonly used for earth impact tests do not actually simulate a condition of
the surface of the earth to a point sufficient to conclude that the effect on a
projectile of impaeting into such a target duplicates the effect that would be
gotten from an actual earth impact. This study has been underiaken to
determine if the present earth impact tests do simulate impact into the
surface of the earth; and, if found not to do so, tc develop a method of
specifying the design of an earth target that does indeed simulate the earth's

surface.

No statement can be made about wfiai:"‘an 7 item will do when it impacts
the surface of the earth unless some specific point is defined since the
earth's surface is not homogex}ecus and isotropie. In the space of a very
few feet the properties of ﬂaé' So‘il can vary considerably both horizontally
and vertically. This study will set up certain boundary conditions.for a
limited number of surface soil iypes so that earth impact *‘tes’té. can be run
on a limited number of s}mulai’ed earth targets that will encompass the range

of surface soil gonditions upon which a falling test item might impact.

The study will consist of both (1) analytical work to attempt to set

up 2 mathematical model of the mechanisms that occur upon impact and

{2} experimental work to empirically determine the relationships that




result from impact. The experimental work will consist of laboratory model

. work, field model tests, and fullscale field testis.

Earth Cratering Studies -- An environment which might, in certain

SNAP reactor designs, lead to 2 critical configuration could resuli from
water gathering in a crater caused by and containing a non-dispersed core
following accidental impact into a soil. The exient to which craters are
formed and to which the crater will retain the original projectile is not
quantitatively known for projectiiles in the configuration of reactior core
vessels impacting at various velocities into a variety of soil types and

conditions.
The objectives of this effort are:

1. To perform an analytical study of the mechanisms of crater
formation from projectiles impacting at various attitudes

and velogities.

2. To perform a series of impect cratering tests to gather
empirical daia on the formation of craters and their retention
of the impacting projectile under various impact attitudes and
velocities. The test series will be of a generalized nature.
Simulated test items will be used that will resemble in size,
weight, and configuration the core vessels of presently con-
ceived SNAP reactor type power gupplies. The impacting
velocities and attitudes used in this series will be selected to
include those that could reasonably be expected from the -
presently conceived SNAP reactor designs. The soil types
tested in the cratering studies will be as nearly those selected

in the earth target simulation study as is reasonable.

Terminal Velocitly and Attitude Study -~ The terminal velocity and

its accompanying aerodynamic attitude achieved by a free-falling SNAP power
supply or its components is necessary to completely define the environment

‘ for a test series intended to determine the effects of impact. The experimental

12
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determination of the terminal velocity and attitude of a free-falling con-
figuration is necessary to supplement aerodynamic calculations of these

values.

The objective of this effort is to perform a series of tests to experi-
mentally determine the terminal veloéity .and' aéc‘ompanying aerodynamic
attitude of different configuratibns of test items simulating generalized
SNAP reactor power supplies .and'core vessels. Simulated test items will
be used that will resemble in size, weight, and aérodynamic characteristics
(1) presently conceived complete SNAP reactor power 'éupplies less shield

and {2) presently conceived SNAP core vessels.

Core Vessel Impact Survival Study -- Thel‘strimtural effects sustained

by a reactor core vessel upon impact with a variety of target materials at
various velocities must be known to evaluate its safety under ail possible

conditions.

Demonstirations of the resulting strvuctural effects is necessary to

supplement and verify calculations of the core vessels structural integrity.

The objective of this effort is to calculate the structural integrity
and to experimentally determine the siructural effects on test items simulat-

ing generalized SNAP reactor core vessels impacting agéinst a variety of

targets at various attitudgs end velocities. ‘Simulated test items will be
' C g ' y A 319 . T ‘
used that will resemble in gize, weight, shape, and structural strengih
a range of generalized examples of preser’ttly conceived SNAP reactor core -

vessels.

The experimental portion of this effort will includg several serigs

of tests to determine the following:
1, The effect of; iméact attitude versus velocity
2. The effect of target m"a’serials‘ versus velogity
The impact velocities and attitudes to be é::a&ni'ned will be selef:’ted from the.

results of the study described in "Terminal Velteity and Atftitude Study” above.

13



The target materials to be used will be conerete, water, and earth

"

simulations selected from the study described in "Earth Target Simulation

Study" above.

SNAP 10A Specific Studies

Phase I Mechanical and Thermochemical Test Series on the SNAP 10A
was conducted by Atomics International with the Air Force Special Weapons
Center at Holloman Air Force Base, New Mexico as one of the projecis in
the SNAP Aerospace Safety Program. The principal objective of the tests
wag to obtain data and information which could be analyzed for evaluating
the hazards that may occur before, during, and after the flight of a SNAP 10A

reacior,

Phase Il of the SNAP 104 Safety Ground Test Program was performed by

Part A

Sandia Corporation.
of the Phase II plan consisted of several impact tests, a series of fire tests,

an explosion test, and a chemical interaction te

4 degsoribeg the shemical dnterantion ftest and its

_mu]{-m Ml o camagallo ~f dloo ciaizib S agengranantigana faad grana dnarmcat el dia
- LY L

The explosion test was pogiponed from Part A and will be performed

when the overpressure environment of a2 launch pad abort is more clearly

defined.

Part B of the Phase Il program consisted of a complete analysis of

quences, dynamic analyses of impact

6]
)]

hazardous conditions and possible cons

configurations, impact tests required to verify calculations, and laboratory

& o

tests to determine i

Sy e - - -
mation and Lau:)—Zf‘Sa-..

Py £ T “ o ey - ‘e .
series of laboratory tegis has b

continued as pavrt of the General




Presently planned tests on the SNAP 10A reactor include the following:

1. Terminal Velocity and Attitude Study

The objectives of the terminal velocily and attitude test series are:

a.

To experimentally determine the terminal velocity achieved
by four specific configurations of the SNAP 10A system during

free fall in the atmosphere.

To experimentally determine the aerodynamic attitude of
four specific configurations of the SNAP 10A system at

terminal velocity during free fall in the atmosphere.

2. Impact Survival Study

8,

Terminal Velocity Impact Series

3
Fete
™

"
®

The objectives of the terminal velocity impact test series are:

(1} To experimentally determine the structural integrity

at gea level terminal velocity under various impact
attitude angles and temperatures when these configura-

tions are impacted against a simulated earth target.

(2) To experimentally determine the fuel rod dispersion

characteristies under the same conditions as in (1) above.

{3) To experimentally determine the structural integrity of
the reacfor sysiem under the same conditions as in (1)
above, except when the sysiem is impacted against an

infinite water target.

(4) To experimentally determine the fuel rod dispersion

characteristics under the same conditions as {3) sbove.

The objective of the reflector separation drop test series
is to determine the minimum impact velocity at which the

reactor reflector will separate from the reactor assembly.

15
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. Explosion Survival Studieg Rk o 4
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a. Launch Pad Abort Overpressure Series

A series of tests will be ¢onducted to determine the structural
damage susiained by specific configurations of the SNAP 10A
reactor system at the launch pad overpressure. The earlier
explosion test run as part of SNAP 10A Phase [ series is
believed to have provided little data useful for fully assessing
the gafety under this environment. PFurther explogion tests
musgt be performed when eveluation and definition of the over-
pressures in a launch pad abort environment ere completed.
Work on this definition is being performed as described
earlier in this report. Details on the explosion testing of
SNAP 10A hardware will be decided when adequate information

becomes available from the launch pad abort environment study.
b—Fefiecior-SeparationOveryressure—Sertes

iermination of the explosive overpressure level at which

the rea®tqr reflectors separate from the core vess

necesgary as axeference for evalusating thg ent of possible

short explosion oy ressure. er limit would be a

basis for eacior design likely to reach critieality with
<

paTimum submergence in water.

Current Isotopic Power Supply Safety Ground Test Program

This program is divided into two parts as is the program for reactor power

units.

16
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program is underway to statistically determine the effecis of impact loading
upon the structural integrity of fuel capsules (similar to those of the SNAP 9A
series) when fuel configurations, fuel materials, operating temperaiures,
capsule designs, and impact attitudes are changed for various targets. Test
item materials have been carefully selected to simulate at ambient temperature
the properties of the actual materials when they are used at their operating
temperatures. The test items are gpecially designed to permit fabrication

at a modest cost to allow extensive testing, It is expected that sufficient

tests will be performed to permit statistical analysis of the results.
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a dynamic¢ analysis study o

will be pursued. This testing program will be modified acrordin
[va)

results obtained from the dynamic analysis study.

Although the impact testing series will test items similar to SNAP SA

fuel capsules, the results obtained from the tests and the accompanying

ing and testing fuel capsules which will be used in subseguent isotopic SNAP
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SNAP QA Specific Studies

7///[ OB ECTIUES oF v#HE SNAFP P4 &SLocrp T ESs7T sEL/ES m:g/{ﬁ.":
3 . - » 3 & . L

1. To verify aerodynamic calculations by experimentally determin-
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ing the terminal velocity and its accompanying attitude of: {2} the
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CG located where it would be when the fuel has melted and run




23

. To analyze the structural and dynemic effects on the SNAP-9A
fuel capsule and generator of impact loading under the determined
terminal velocity conditions and under the most adverse conditions

of impact attitude and loading conditions.

3. To perform impact tests on the fuel capsule and generator required

to verify the structural and dynamic effects anslyses. %

The following tests on SNAP SA hardware have been completed and the
results have been used in the independent safety assessment of this system.

This assessment has been forwarded to the AEC/DRD.

Drop Tesis -- IhRe-tiop lesct e — ot et ettt R et e e

Llishosiii > +. The test units listed in the teble below were

» o 24

dropped from aircraft at altitudes of 10, 000 and 15, 000 feet above the

Tonopah Test Range and were tracked by cinematic theodolites. All units

tumbled randomly and evidenced reasonable agreement with theoretical data.

SWAP-SA Generator and Capsule Drop Tests
Rl ssrdviiton 2ialinadtyr T8 Bs
Maximum '.IKZV'.QC_'_?,J’ l.!.,/ seC,;
o N o by 43 erexl
Test unit No. corrected to sea level)
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fuel capsules were staried in December 1862, Work to date has provided
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test conditions for a series of impac




Impact Tests -- Eleven simulated SNAP-0A fuel capsules were impacted

against granite and angle-iron targets. This test series was reporied in
Reference 8 The object of the impact tests was 1o deiermine whether the
fuel capsule would contain the radionuclidé fuel under the most severe
predicted impact conditions. OGranite and steel angle-iron targets were
propelled into the suspended fuel capsules by a 155-mm recoilless rifle for A
five of;""'che tests and by a rocket-powered sled for the remaining six tests.

All capsules were stabilized ai 2 nominal 1150°F before impact.

The reé:xlts of this test series indi¢ated that the flight gquality capsules
did not rupture when i_mpacted‘ end-on or side-on against a flat granite target
and when impacted side-on against a2 steel angle iron target at velocities
appreciably greater than the predicied impact velocity. However, when
impac‘ced at a 45° angle against a flat granite target, the capsule ruptured
t a velocity of 276 feet per second, which is near the predicted impact

velocity.
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45-degree TRCt attitude against a granite target because of theTailure
experienced during the™eagt series of tests. This 1€ test series was

halted, however, after six capsu wod ba

o

11 tested because the capsule
failure threshold appeared to ho#Tthin or lowtwilan the predicted terminal
velocity range of 238407260 feet per second at 2000 feet aMeug mean sea
level. A _peeTliminary repori of this abbreviated test was submitted 10

» {AEC) for review,
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TABLE 1

SANDIA AEROSPACE SAFETY GROUND TEST PROGRAM

| Project Engineering |

—

| Mechanical Actions|

[Thermal & Chewmical Inr.cactions| |Nuclear Reactions |

e

 Planning

Beport preparation

*Indicates experimental work periormed by others,

Impact testis

f

Chemical fnzccaction tests

i {Barth target study

Earth cratering
study

5
{ Dynamic analysis
studies

Terminal velocity
studies -

evaluation is monitored by Sandis.

BE compound formation and

dispersal studics

Liaunch pad abort pressure

rang temporature ctudies

Self~welding design analysis
and studies

Thermal analysis

but planning, execution, and

Nuclear safety
design review

Hazardous conditions
analysie

!

#*Reactor transient

1208 cxcursion tesis

*Critical configuration

tests

¥*Figsion product
release tests dnd
studies
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