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Introduction 

A L ' ^ T E R 

Increasingly complex satellites and spacecraft developed by the U, S, 

in recent years have created demands for larger amounts of auxiliary 

electrical power than can be econoraically supplied by batteries, solar 

cellst, 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 r e ­

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 sources can 

be divided into two genera l 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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contractor for the purpose of examining the safety of aerospace nuclear 

power sources and performiing needed basic research and development 

work m that field. At the present time, four distinct work areas have 

been delineated by AEC/DRD as follows : 

1. A Basic Aerospace Safety Research and Developmient Program 

2. An Aerospace Safety Ground Test Program 

3. An Aerospace Safely Flight Tesi Frograni 

4. An Independent As&essment of the Safety of all Aerospace 

Nuclear Power Sources 

The Aerospace Safety Ground Test Program will be described m this 

paper. A paper by Mr. A. J. Clark, J r . which vvili be presented in 

Session V of this iraeting wall describe the Aerospace Safety Flight Test 

Program. 

Sandia Corporation, under e prime contract v/ith the Atomic Energj*-

Comsnission, operated two laboratories and a test range, all of which are 

engaged in vveapon work for the AEC, capabilities have been developed 

that a re directly applicable and highly valuable to work :n the / erospace 

Nuclear Safety Program. Some of these capabilities a re : 

J. A research organizalion with rcienlific fields of interest 

including physical electronics, plasma physics, high 

temperature physics, solid slate physics, radiation 

effects, theoretical mechanics, molecular and crystal 

structure studies, high rate chemical kinetics, and 

nuclear bvrst phenoinena. \ 

2. An environmental testing organiaaticn equipped with 

complete facilities to perform many types of environ­

mental tests including rocket sled impacts, drop tower^. 

radianl heat, vibration, shock, chemical interaction, 

acoustical, explosion, e t c 



3. A materials 4nd processes organization that develops new 

materials , keeps abreast of research and development in its 

fields, evaluates commercially available materials, and 

operates its own analytical and m4terial 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, Dbn B. Shuster, reporting to 

the Vice President of Development, Mr. G. A= Fowler, The Department 

Manager in direct charge is Mr. V, E. Blake, J r . The Aerospace Nuclear 

Safety Departnnent, 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 Development Program, 

2. Division 7412, under A. J. Clark, J r . , has full responsibility 

for the Aerospace Safety Ground Test Program and partial 

responsibility for the Aerospace Safety Test Program. In 

the latter program, this divisica is rccponsible for the 

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 telemetry systems used 

in the flight tests , and all range instrumentation, both electronic 

and optical. This division is the contact with the ranges used 

for flights and makes all arrangements with the launch agencies. 
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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 as that effort to independenfy 8?';'=8s the effects of mecbamcpl 

actions, thermal and chemical interactions, and nuclear reactions upon 

the safety of nuclear power sources '.vhich are intended for aerospace 

applications. Thio prograiii is responsible for adsessiag all effects 

resulting from conceivable accident conditions from the time of factory 

shipment until te r res t r ia l re-entry. 

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

briefly described under the titles shown. 

Project Engineering - This task includes planning the work to be 

perforraed in this program. It includes necessary liaison work with the 

various governmental agencies concerned with aerospace nuclear safety, 

especially in those fields which are not specifically concerned with an 

existing or already programmed nuclear power source. Also included in 

this t€Lsk is the preparation of reports , budgets, and other administrative 

detfiils necessaiy to the successful performance of the over-all program. 

Mechanical Actions - Present efforts under mechanical actions can 

be divided into three general areas . As experience'is gained in this field, 

and 33 additional programs are instituted, it may b^ necessary to add 

additional studies in this category. 

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

analysing and reporting imipact tests upoft complete pov/er units and their 

individual component parts . These impact tests are performed under 



conditions 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 tracks, recoil-

less rifles, centrifuges, and drop towers) a re used to perform impact 

testing. 

Associated with this task is a generalized study to develop a method 

of specifying the design of an impact target fabricated from soil that simulates 

the earth 's surface. This study consists of both: (1) analytical work to set 

up a mathematical model of the mechanisms that occur in soil upon impact; 

and (2) experimental work to empirically determine the relationships that 

result from impact. 

A study will be begun to determine the extent to which craters are 

formied by inapacting bodies and the extent to which the crater will contain 

the projectile. The objective of this study is the definition of crater formation 

and retention of projectiles in the form of reactor 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 effects 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 desigia. 

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

velocity studies, conducted both by calculation and by experimentation. These 

studies a re 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 sequence. 

Thermal and Chemical Interactions - At the present time this area 

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

as conditions warrant. 

Chemica.1 Interaction Tests -'T'he first 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 

task in this effort is an extensive study of the formation and dispersal of 

berylliumi compounds. Of particular concern is the toxicity hazards that 

exist in the fo3rmation and dispersal of this material. Sandia Corporation 

is using the services of other laboratories under contrf.ct 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 tempeTature studies. 

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 necessary pressures and temperatures required for this task is 

being done by Sandia Corporation. Calibration, fabrication, and installa­

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 Developinent Program but is limited to specific 

applications. 

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

analyses. These analyses are performed on specific nuclear power units 

and their components. The work consists of analytical studies with 

experimental determinations being performed 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 re\dews. These reviews 

are conducted on the design of specific nuclear power units during all 

stages of design fromi their conception to their final configuration. This 

task is performed with the design group of the nuclear power unit designelf-

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 second task in this effort is 

the preparation of hazardous conditions analyses. The entire life cycle, 

from factory shipment to te r res t r ia l re-entry, of each nuclear power unit 

is closely studied to determiine the existence of potentially hazardous 

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

be recognized at an early atage of the system design. With information 

gained in the nuclear power unit s&fety design review described immediately 

above, probability figures for the occurrence of any hazardous conditions 

are assigned. Frona 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 tests are monitored by Sandia Corporation. Th6 objective of this 

task is to thoroughly acquaint Sandia Corporation with the design and 

experimental performance of safetj^ devices included in the nuclear design 

of the pov/er unit. 

Critical Configuration Testing - The fourth task under this effort is 

critical donfigur&tion testing. A.gain„ the experimental work is performed 

by others but the planning^ execution, and evaluation of results are monitored 

by Sandia Corporation. 

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

fission product release testing and studies. As with the two tasks immediately 

above, the experimental work is performed by others but the planning, ex­

ecution, and evaluation of results are monitored hy Sandia Corporation, 

Current Reactor Safety Ground Test Program 

The safety assessnaent 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 ixjssible 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 charged with providing the factual, 

engineering information (to the extent that it can be obtained from ground-

based tests) needed to fully assess the safety of the nuclear aerospace 

pov/er unit during its entire iifetim.e, including shipment from the factory, 

launehj, flight, t e r res t r ia l re-entry, and iixipact on the earth. At present, 

some of the environments which the unit will face cannot be duplicated or 
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simulateu in ground-oased f?cilities. For that veason, sub-orbiial and 

orbital flight testG are being planned and performed. Hovvever, many 

cnvironment3 seen during the entire ?drespan oC (.he unit can no./ be 

duplicated or simulated in crdsting ground-based laboratories and test 

facilities. 

A fully comprehensive safety ground test program nrtust be based 

on a Lacrough analysis of ?il cf the hazardoxis conditions to which a n.uciear 

power unit can be subjected during its lifespan. All possible consequences 

of failures affecting safety during any of the hasardovxs conditions postulated 

must be fully assessed. A complete engineering analysis of those aspects 

of the design of Ihe i*eactor that a re of concern to the safey of the system 

\a l l be necessary to insure that ell possible consequences have been 

accurately stated. A thorough understanding of all of the system design 

data is I'equired to fully co.rtplete such an analysic. 

A study of the probabilitjr of the occurrence of a sequence of con­

sequences resulting £'--oxn sll hazardous conditions Is required. From the 

results of Uiis sLud}', a comprehensive ground test program for a specific 

design can be formulated. 

The current safety ground tect program for reactor-type power units 

can be broadly divided into two parts . One, a general studies program 

includes those efforts whose resultc can be applied to the safety assess ­

ment of many types of nuclear power units. The other, a program of 

testing to evaluate the safety of specific nuclear powei' unit designs and 

hardware. Each of these parts will be described. 

General Studies 

Launch Pad Abort Environment Study - - One of the more severe 

environments to which a SNA? power supply can be subjected is that 

resulting from ti'e explosion and fire from the accidental abort of a 

rocket vehicle on its launch pad. The overpressures and temperatures 

of this environment are known to be extreme but quantative values have 

not been fully defined by close-in measurements within the fireball itself. 



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 m^assive fireballs to attempt 

to understand in better detail their hydrodynamics and related 

effects. 

2. Participation and cooperation with other governmental agencies 

in planning and designing instrumentation for installation on 

certain existing missile launch pads to measure pressures and 

temperatures existing within fireballs that miay result from 

future launch aborts. Sandia Corporation will utilize previous 

experience in instrumentation gath.ered from years of participa­

tion in weapon testing activities, 

3. 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 close-in tem.peratures of fireballs that 

may occur from m.issils aborts on any launch pad. 

4. Design and development of a passive pressure sensor to be used 

in conjunction with the thermal sensor described above. 

5. Participation and cooperation with other governm^ental agencies 

in future scheduled missile launch abort fireball studies and 

experiments. 

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

of the environment resulting from a launch pad abort of a rocket vehicle to 

be used for the transportation of a 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 result. 

Beryllium Compound Formation and Dj.spersal 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 



lemperatures and pressures from launch pad aborts ^Smff^Si^ tp which these 

units might accidentally be subjected could cause the formation and dispersal 

of highly toxic compounds of beryllium. The fundamental mechanisms causing 

the formation and dispersal of beryllium compounds is not well understood. 

This study is intended to clarify the understanding of these m^echanisms and to 

quanitatively define the amount^ type, and particle size of beryllium com.pound3 

released under various conditions of pressure, temperature, atmosphere^ etc. 

The study will be conducted along two paths s One, by means of a sub-

contraot from Sandia to a qua!,ified laboratory. The other, by means of a 

laboratory investigation condi?cied at Sandia. 

garth Target Simulation Study -- There is reason to believe that targets 

commonly used for earth impact tests do not actually sinaulate a condition of 

the surface of the earth to a point sufficient to conclude that the effect on a 

projectile of impacting into such a target duplicates the effect that would be 

gotten fromi an actual eerth impact. This study has been undertaken to 

determine if the present eaiHh imipact tests do simulate impact into the 

surface of the earth; and, if found not to do so, to develop a method of 

specifying the design of an earth target that does indeed simulate the earth*s 

surface. 

No stateriient can be made abort wiiat'any item will do when it impacts 

the surface of the earth unless some specifii,c point is defined since the 

earth 's surface is not homogeneous and is£>tropic. In the space of a very . 

few feet the properties of the soil can vary considerably both horizontally 

and vertically. This study will set up certain boundary conditions for a 

limited number of sui-faee soil types so that earth impa<?t tests can be run 

on a limited number of simulated eai^th. targets that will encompass the ra£i|^ ' 

of surface soil conditions upon which a failing test item might itnpact. 

The study will consist of both (1) analytical work to attempt to s*t 

up a matheraaticai model of the mechanisms that occur upon impact and 

(2) experimental work to empirically determine ihe relationships that 
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result from impact. The experimental work will consist of laboratory model 

work, field model tests , and fuUscale field tests. 

Earth Cratering Studies --• An environnaent which miight, in certain 

SNAP reactor designs, lead to a critical configuration could result from 

water gathering in a crater caused by and containing a non-dispersed core 

following accidental impact into a soil. The extent to which craters are 

formed a:ad to which the cra ter will retain the original projectilf is not 

quantitatively known for projectiles in the configuration of reactor core 

vessels impacting at various velocities into a variety of soil types and 

conditions. 

The objectives of this effort a re : 

1. To perform an analytical study of the mechanisms of crater 

formation from projectiles impacting at various attitudes 

and velocities. 

2. To perform a series of impact cratering tests to gather 

empirical data on the formation of craters and their retention 

of the impacting projectile under various impact attitudes and 

velocities. The test ser ies 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 supplies. 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 Velocity 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 
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determination of the terminal velocity and attitude of a free-falling con­

figuration is necessary to supplement aerodynam^ic calculations of these 

values. 

The objective of this effort is to perform a ser ies of tests to experi­

mentally determine the terminal velocity and accompanying aerodynamiic 

attitude of different configurations of test items simulating generalized 

SNAP reactor power supplies and core vessels. Simulated test itemis will 

be used that will resemble in size, vveight, and aerodynamic characteristics 

(1) presently conceived complete SNAP reactor pov/er supplies less shield 

and (2) presently conceiVed SNAP core vessels. 

Core Vessel Impact Survival Study - - The structural effects sustained 

by a reactor core vessel upon ir-ipact with a variety of target materials at 

various velocities mLUst be known to evaluate its safety under all possible 

conditions. 

Demonstrations of the resulting structural effects is necessary to 

supplemient 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 structural effects on test items simulat­

ing generalised SNAP reactor core vessels impacting against a variety of 

targets.at various attitudes and velocities. Simulated test items will be 

used that will resemble in sizd, weight, shap^, and structural strengtli 

a range of generalized e3j;amples pf presei^tly conceived SNAP reactor core 

vessels. ' | 

i 
The experimental portion of this effort will inqlude several ser ies 

of tests to determine the following: 
1, The effect of impact attitude versus velocity 

2, The effect of target materials versus velocity 

The impact velocities and attitudes to be examined will be selected from the 

results of the study described in "Terminal Velocity and Attitude Study" above, 
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The ta rge t ma te r i a l s to be used will be concre te , water , and ear th 

s imulat ions se lec ted from the study descr ibed in "Ear th Target Simulation 

Study" above. 

SNAP lOA Specific Studies 

Phase I Mechanical and The rmochemica l Tes t Ser ies on the SNAP lOA 

was conducted by Atomics International with the Air F o r c e Special Weapons 

Center at Holloman Ai r F o r c e Base , New Mexico as one of the projects in 

the SNAP Aerospace Safety P r o g r a m . The principal objective of the t e s t s 

was to obtain data and information wliich could be analysed for evaluating 

the haza rds that may occur before , during, and after the flight of a SNAP lOA 

reac to r . 

Th« tes t s&ries and the reawXts obtaaaad a,ro deiBCsribed in Roforonoe lo 

Phase n of the SNAP lOA Safety Ground Tes t P r o g r a m was performed by 

Sandia Corporat ion. Reference 2 desc r ibes t?iio part of tho program. P a r t A 

of the P h a s e II plan consis ted of s e v e r a l impact t e s t s , a s e r i e s of f i re t e s t s , 

an explosion tes t , and a chemical in teract ion tes t . 

Tha rasiiltir nf tha barjrlUum fflsiriia ffirirramtir?)-(i tacv agyiac vyoyo napia r̂tĵ i!̂  

in Rgfergagg 3. UstU^-vf^rtcf? 4 flp-arY-iheffli ihe rhe.rrvif'i'A Intprffrtion te'i'' sunrl iiS' 

riciimitau Tha reflviliic mf tha entiib t-Brniipaii'-ariira tast wara riitrifigtad .ia 

RiTiffarfiiiniiia ^ 

The explosion tes t was postponed from Pa r t A and will be performed 

when the o v e r p r e s s u r e environment of a launch pad abort is m o r e c lear ly 

defined. 

Pa r t B of the Phase II p r o g r a m consis ted of a complete analysis of 

hazardous conditions and possible consequences , dynamic analyses of impact 

configurations, impact t e s t s requ i red to verify calculat ions, and labora tory 

t e s t s to de te rmine bery l l ium compound formation and d i spersa l . The l a t t e r 

s e r i e s of l abora tory t e s t s has been removed from Pa r t B and is being 

continued as par t of the Genera l Studies P r o g r a m descr ibed ea r l i e r . 



Presently planned tests on the SNAP lOA reactor include the following: 

1. Terminal Velocity and Attitude Study 

The objectives of the terminal velocity and attitude test series a re : 

a. To experimentally determine the terminal velocity achieved 

by four specific configurations of the SNAP lOA system during 

free fall in the atmosphere. 

b. To experimentally determine the aerodynamiic attitude of 

four specific configurations of the SNAP lOA system at 

terminal velocity during free fall in the atmosphere. 

2, Impact Survival Study 

a. Terminal Velocity Impact Series 

The objectives of the terminal velocity impact test series aris: 

(1) To experimentally determine the structural integrity 

of three specific configurations of the reactor system 

at sea level terminal velocity under various impact 

attitude angles and tem.peratures when these configura=-

tions are impacted against a simulated earth target. 

(2) To experimentally determine the fuel rod dispersion 

characteristics under the seme conditions as in (i) above. 

(3) To experimLentaily determine the structural integrity of 

the reactor system tinder the same conditions as in (1) 

above, except when the system is impacted against an 

infinite water target. 

. (4) To experimisntally determine the fuel rod dispersion 

characteristics under the sarxie conditions as (3) above. 
M 

^' Heflector Separation Vslocity Impact Series 

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. 
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3. Explosion Survival Studies 

a. Launch Pad Abort Overpressure Series "^^^'^%^0%>'' 
A series of tests will be cSonducted to determine the structural 

dariiage sustained by specific configui-ations of the SNAP lOA 

reactor system at the launch pad overpressure. The earl ier 

explosion test run as part of SNAP IOA Phase I ser ies is 

believed to have provided little data useful for fully assessing 

the safety under this environment. Further explosion tests 

must be performed when evaluation and definition of the over­

pressures in a launch pad abort environment ere completed. 

V/ork on this definition is being performed as described 

earl ier in this report. Details on the explosion testing of 

SNAP iOA hardware will be decided vmen adequate information 

becomes available from the launch pad abort environment study. 

•hi—Itcflcctor Separation Ovqi'iayeaBura Caries 

Current Isotopic Power Supply Safety Ground Test Program 

TM^ program is divided into two parts as is the program for reactor power 

units. 

• 
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Genera l Studies 

Fuel Cspsule Impact Tes t ing Progr^Lm - - A fuel capsule impact test ing 

p r o g r a m is undei-v/ay to s ta t i s t ica l ly de te rmine the effects of impact loading 

upon the s t ruc tu r a l integrit.3/ of fxiel capsules ( s imi la r to then© of the SNAP 9A 

s e r i e s ) when fuel configurations, fuel m a t e r i a l s , operating t empe ra tu r e s , 

capsule designc, and impact att i tudes a r e changed for various t a rge t s . Test 

i tem ma te r i a l s have been ca.refully se lec ted to s imulate at j.nibient t empera tu re 

the p roper t i es of the actual ma te r i a l s when they a r e used at the i r operat ing 

t e m p e r a t u r e s . The t s s t i t sms a r c special ly designed to permit fabrication 

at a modest cost to allow extensive tes t ing. It is expected that sufficient 

t e s t s will be performed to pe rmi t s ta t i s t i ca l analysis of the x-esults. 

Concurrent ly , with the per formance of the above impact tes t ing p rogram, 

a dynamic analysis: study of the per formance of the fuel capsule tes t i tems 

will be pursued. Th:la ts:3tiug p r o g r a m will be modified according to the 

resu l t s obtained from the dynamic analysis study. 

Although the impact tes t ing s e r i e s v/ill test i tems s imi l a r to SNAP SA 

fuel capsules , the r e su l t s obtained from the tes ts and the accompanying 

djmamic analysis vvdll be sufficiently broad that they can be applied to design­

ing and test ing fuel capsules which .will be used in subsequent isotopic SWAP 

uni ts . 

SNAP 9A Specific Studies 

nea'd'ewe" S eaegei-ibea the Borias of SNAP OA ggounlfrtootB uwiloiiialton 

on thio oyotomt It oiatoo tho o"ajooi:i-roD eto folloiro; 

1. To verify aerodynamiic calculat ions by experimental ly de te rmin­

ing the t e rmina l velocity and i ts accompanying attitude of: (a) the 

SNAP'OA genera tor , with and without rad ia to r fins; and (b) the 

SNAP-9A fuel capsules both with the CG located where it v/ould 

be when the fuel is in the as - ins ta l l ed configuration and with the 

CG located where it would be v/hen the fuel has melted and run 

into one end of the fuel rod. 
• -
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2. To analyze the s t ruc tu ra l and dynamic effects on the SINTAP-SA 

fuel capsule and genera tor of impact loading under the determined 

te rmina l velocity conditions and under the most adverse conditions 

of impact atti tude and loading conditions. 

3. To per form impact t e s t s on the fuel capsule and genera tor requi red 

to verify the s t ruc tu r a l and dynamic effects ana lyses . 

The following t e s t s on SNAP 9A hardware have been completed and the 

resu l t s have been used in the independent safety a s se s smen t of this sys tem. 

This a s s e s s m e n t has been forwarded to the AEC/DRD. 

Drop Tes t s - - Thp rlrnp teiirt'i' wara csmplotod and tho rcaultB were 

published ir. P.iefos'on&o 7. The test units l is ted in the table below were 

dropped from a i rcraf t at al t i tudes of 10, 000 and 15, GOO feet above the 

Tonopah Tes t Range and were t racked by cinematic theodolites. All imits 

tumbled randomly and evidenced reasonable agreem^ent with theore t ica l data. 

SNAP-9A Genera to r and Capsule Drop Tes t s 

Maximum velocity ( f t /sec, 
Tes t unit No. co r rec ted to sea level) 

Simxilated genera tor with fins 

Simulated genera tor without fins 

Fu l l - sca le s imulated fuel capsule 

Scaled-up s imulated fuel capsxile 
It 

, . . I • 

Structura l and Dynamic E.ffect Anal;fses 

Strxictural and dynamic effect analyses on the SNAP 9A genera tor and 

fuel capsules were s t a r t ed in December 1962. Work to date has provided 

tes t conditions for a s e r i e s of i m p a c t 4 e s t s . UoB-aVta »'£ Vtteaa aiaaiyooo aire 

ropop^od in Bofoponoo 8̂  

2 

no 

12 

118 •' • 

: _, • 230 

253 . . . 

301 
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fotpact Tests - - Eleven simulated SNAP-9A fuel capsules were impacted 

against granite and angle-iron targets. This lest series was reported in 

Reference 8, The object of the impact tests was to determine Vî hether the 

fuel capsule would contain the radionuclidfe fviel under the most severe 

predicted impact conditions. Granite and steel angle "iron targets were 

propelled into the suspended fuel capsules by a 155-mm recolUess rifle for 

five o^''the tests and by a rocket-powered sled for the remaining six tests. 

All capsules were stabilized at a nominal 1150 F before impact. 

The results of this test series indicated that the flight quality capsules 

did not rupture when impacted end-on or side-on against a flat granite target 

and when impacted side-on against a steel angle iron target at velocities 

appreciably greater than the predicted impact velocity. However, when 
o 

impacted at a 45 angle against a flat gra-:iite target, the capsule ruptured 

&t a velocity of 276 feet per second, which is near the predicted impact 

velocity. 

^^..^Nino additional oamploo V>TOPO obtaiwod fop furithoi" in%'ooti)rati<»H oiJi^ 

4 5-degree^!*iHJ4gtattitude against a granite target because ofJJ»«rfailure 

experienced during tn^^fiisstseries of tests . Thisj£i*t^rtest series was 

halted, however, after six capEm^S»4»,i^hd«tfTested because the capsule 

failure threshold appeared tohs-<??foin or low^?^4,^an the predicted terminal 

velocity range of 23^Ji<f^ob feet per second at 2000 feet"§b'»«e^ean sea 

level. Ajj*»(gTiminary report of this abbreviated test was submittedt&'*-«.....̂ ^_^ 

SfSuiAEC) for review. 



, » 
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TABLE 1 

SANDIA AEROSPACE SAFETY GROUND TEST PROGRAM 

Project Engineering j f Mechanical Actions | j Thermal ^, Chenucal I:>>-x'actions| j Nuclear Reacti.ons j 

Planning 

Report preparation 

Impact tests 

i jEarxIi target study 

Earth cratering 
study 

Dynamic analysis 
studies 

Tei'minal velocity 
studies 

Chemica' ::ni:traction tests 

I BE corxipound formation and 
I dispersal studies 

Launch pad abort pressure 
ana texn-.-craturs ctudicc 

Self-welding design analysis 
and studies 

Thermal analysis 

Nuclear safety 
design reviev/ 

Hazardous conditions 
analysis 

^Reactor transient 
s-.nd excursion tests 

^Critical configuratioii 
tests 

*Fission product 
release tests and 
studies 

^Indicates experimental work perfo.v-med by others, but planning, execution, and 
evaluation is monitored by Sandia. 


