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As pazt of t he  Atomic Energy Commission's Reactor S d e t y  Program, 

a SNAP 1@A/2 reac tor  core was subjecte& t o  r a p i c  water immersion such 2s 

might r e s u l t  from an aborted space mission. 

excursion was designed t o  represent  the  q ~ e r  limit a t t a i n a b l e  from such 

an accident a d  was des t ruc t ive  i n  nature .  The t e s t  was conducted i n  

Idaho a t  the  Xational Reactor Testing S t a t i o n  by Phi l l i p s  Petroleum 

Company with  the  ass i s tance  of Atomics I- l ternat ional .  

The r e s u l t i n g  r e a c t i v i t y  

The object ives  of t h e  t e s t  were t o  provide information concerning: 

(1) t h e  rad io logica l  r e s u l t s  of t h e  t e s t ,  and ( 2 )  those aspects  of t h e  

r e a c t o r  behavior which influenced t h e  rad io logica l  r e s u l t s .  

ca l ly ,  t h e  rad io logica l  r e s u l t s  dea l t  wi th  t h e  r e l ease  and migration of 

rad ioac t ive  f i s s i o n  products while t h e  p a s t i c u l z r  aspects of t h e  reac tor  

behavior which a f fec t  the rad io logica l  r e s u l t s  were r e l a t e d  t o  the  energy 

r e l e a s e  and t o  t h e  mechanical mode of disassembly during t h e  des t ruc t ive  

excurs ion. 

More spec i f i -  

B .  Test  Package Description 

Tests  had shown t h a t  all components ex terna l  t o  t h e  reac tor  vesse l  

( including t h e  beryll ium r e f l e c t o r )  become disengaged upon rap id  entry 

of a SNAP 1042 reac tor  i n t o  water (l). 
t e s t  was therefore  chosen i n  which a SNAP l@M2 reac tor  vesse l  with 

enclosed core was mounted i n  the  center of a l a rge  environmental water 

tank. 

and s i x  beryll ium i n s e r t s  used t o  r e t a i n  the  hexagonal f u e l  element arrw 
wi th in  the  cy l ind r i ca l  vesse l .  A sleeve, fabr ica ted  from a thermal 

neutron absorbing m a t e r i a l  ( B i n d ) ,  was posi t ioned around the  reac tor  

v e s s e l  t o  maintain s u b c r i t i c a l i t y  and was r a p i d l y  withdrawn from around 

t h e  v e s s e l  t o  i n i t i a t e  t he  des t ruc t ive  t r a n s i e n t .  The reac tor  system, 

including the  environmental tank, was mounted on a r a i l r o a d  f l a t c a r  which 

was used t o  t ransgor t  t he  reac tor  renains t o  t h e  TAN hot shop f o r  post-  

t e s t  examination. 

A reac tor  configuration f o r  t h i s  

The core consis ted of 37 SNAP f u e l  elements (4.75 kg of U-235) 

1 



C .  Conduct of Test  

Preliminary t o  t h e  S P J L W I  2/10A-3 des t ruc t ive  t e s t  program, s t a t i c  

nhysics measuremerts were Cerf ormed t o  determine bas i c  gk j s i c s  p a m e t e r s  

expec5ed t o  d f e c t  t he  reac tor  behavior dwing  t h e  d e s x u c t i v e  excuzsion. 

Ir, addi t ion ,  severa l  dry rum were gerformed t o  e s t a b l i s h  t h a t  a high 

degree of r e l i a b i l i t y  of t he  e,xperimentd eqiipment could be  eaqected.  

Weather requirements were imposed t o  insure  t h a t  t h e  f i s s i o n  product 

release would be d i rec ted  toward the  heavi ly  icstrumented sec tor  of t h e  

r ad io log ica l  gr id .  

The des t ruc t ive  t e s t  was conducted on & r i l l ,  1964 and a summay of 

t h e  d a t a  i s  presented below: 

Asymptotic Period of t h e  Power Rise 640 2 30 psec 

Peak Power 18,000 f 2000 MN 

Total. k c l e a  Energy Release 

M a x i m u m  Core Averaged Fuel Temperature 

Excess Reac t iv i ty  

Maximum Disassembly 2resstL-e 

Radiat ion Level a t  t he  R i n  of t h e  
Environmental Tar& ( 2  hrs af te r  t e s t )  

(24 hrs a f te r  t e s t )  

Peak Dose Rate 100 meters downwind 

Noble Gas Release 

45 4 Pfw-see 

1900 k 200°F 

3.75 2 0.25 do l l a r s  

1000 2 300 p s i  

< 25 r / h  

= 3 r/hr 

= 2 r / b z  

< 5% 

D. Analysis of Resul ts  

The power-time h is tory  associated with any nuclear excursion depends 

pr imar i ly  on t h e  r e a c t i v i t y  dr iv ing  func t ion  and any feedback mechanisms 

which come i n t o  play.  

from t h e  asymptotic power r i se  ( T  = 640 psec) using a value of 1.75 msec 

f o r  a/Beff. 
t o  have been l i n e a r  with f u e l  temperature and was determined t o  be 

-O.lg$/OF. Since no agpreciable core  ves se l  expansion cccurred u n t i l  

a t  or immediately af ter  the  t i m e  of peak power, it vas concluded t h a t  

near ly  all r e a c t i v i t y  coqensa t ion  t o  t h a t  t i m e  vas due t o  the  i n t r i n -  

s i c a l l y  neutronic behavior of t h e  f u e l  material. 

An excess r e a c t i v i t y  of 3.75 do l l a r s  was ca lcu la ted  

Up t o  the time of peak power, t h e  r e a c t i v i t y  feedback appears 

2 



After peak Dower was reached, a more rapid _oower decl ine occurred 

coincidental  w i t h  t h e  e -q los ive  e q a n s i o n  of t h e  ccre  vesse l .  

assembly s t a t e d ,  the r e a c t i v i t y  cowensa t  ion EO longer depended on 

energy or temperatu-re l e v e l  but  r a the r  CE t h e  deranged condition of t he  

core.  

Once dis- 

The most probable value of t h e  energy r e l e a s e  r e s u l t i n g  from the  

des t ruc t ive  power excursion was determined from a number of d i f f e ren t  

measurements t o  be 45 5 4 Mw-seconds. 

Moderate rad io logica l  e f f ec t s  r e s u l t e d  from the  t e s t .  A d i r e c t  

dose of only l5O rem was recorded a t  a point  e i & t  f e e t  above the  reac tor  

This measurement encompassed t h e  d i r e c t  r a d i a t i o n  from the  b u r s t  and the  

decay, during a one hour per iod f o l l m i n g  t h e  b u r s t .  

escaped from t h e  r U e l  were r e t a i n e d  i n  t h e  w a t e r ,  &d as a result, no 

airborne iodine was detected. 

d e s t r u c t i v e  excursion consis ted pr imari ly  of noble gases and t h e i r  

daughters. 

t h e  core were released.  

background about I 2  miles dawnwind. 

no airborne beryll ium cofitamination. 

E. Conchs ions 

The halogens t h a t  

The rad ioac t ive  cloud r e s u l t i n g  from t h e  

It was estimated t h a t  l e s s  than 546 of noble gas present  i n  

The r a d i a t i o n  from t h i s  cloud decreased - t o  

Sens i t ive  a i r  monitors revealed 

As a r e s u l t  of t h i s  tes t ,  it can be concluded t h a t  minimal 

l o g i c a l  hazards r e s u l t  from t h e  r a p i d  w a t e r  immersion of a SNAP 

radio- 

1 0 4 2  

r eac to r .  

behavior provided a bas i s  f o r  pred ic t ing  t h e  consequences of similarly 
f u e l e d  reac tors  under accident conditions.  

I n  addition, t h e  information gained concerning t h e  reac tor  

3 



11. INTRODUCTION 

A. Background 

Consistent with t he  Atomic E n e r a  Commission’s g o d  of achieving a 

high degree of s d e t y  i n  the  m c l e a r  industry,  an e x p e r h e n t a l  program 

has been i n i t i a t e d  t o  assess t h e  sa fe ty  of aerospace aucleu: systens. A 

por t ion  of t h i s  sa fe ty  program i s  d i r e c t e d  toward determining t h e  con- 

sequences of nuclear incidents  under a c t u a l  accideat  conditions and pro- 

viding physics and engineering information of importance t o  understanding 

t h e  k i n e t i c  behavior, assessing t h e  nuclear sa fe ty ,  u-d  improving the  

design of aerospace nucleas systems with respec t  t o  s d e t y .  

A t es t  designated “SNAPTRAIT 2/10A-3” was performed t o  provide t h i s  

kind of information as it per ta ins  t o  SNAP 1042 reac tors  under t r a n s i e n t  

condi t ions.  P h i l l i p s  Petroleum Company, Atomics In te rna t iona l ,  and 

Edgerton, Germeshausen and G r i e r  were t h e  major p a r t i c i p a n t s  i n  the  

S N ~  2 / 1 0 ~ - 3  program. 

SNAP 10A/2 reac tor  systems a r e  subjec€ t o  l z g e  r e a c t i v i t y  in se r t ions  

upon acc identa l  water immersions. Very r a p i d  r e a c t o r  water immersion, as 
could be experienced from a launch abor t ,  has  been shown t o  r e s u l t  i n  t h e  

separat ion of t h e  ex terna l  beryll ium r e f l e c t o r  from the  reac tor  vessel. 

The r e s u l t i n g  s u p e r c r i t i c a l  configurat ion i s  t h a t  of a s t a d a r d  SNAP 10q2 
reac tor  core and vesse l  surrounded by water as a r e f l e c t o r .  The SNAP- 

TRAN 2/lOA-3 des t ruc t ive  t e s t  w a s  performed t o  simulate t h i s  accident .  

B .  Objectives of Test  

The object ives  of t he  S s  2/10A-3 des t ruc t ive  t e s t  were: (1) 

t o  assess  t h e  rad io logica l  hazards r e s u l t i n g  from rapid  water immersion 

of a SNAP 10A/2 type reac tor ,  and ( 2 )  t o  gain information on those aspects  

of reac tor  behavior which contr ibuted t o  t h e  spread of f i s s i o n  products. 

4 



A.  Description 

The SN- 2/lOA-3 reac tor  was a modificztion of t he  sma l l ,  z i r -  

conium-hydride-ur3nium fueled,  beryl l iun-ref  l e c t e d  SDTM 10-42 r eac to r .  

The core was a cylinder approximately 9 inches i n  d i m e t e r  by 1 3  inches 

long. 

f u l l y  enriched uranium and were c lad  with Hastelloy-N. 

composed of 37 f u e l  rods arranged i n  a close-pacsed hexagonal array ard 

contained 4.75 kg of U-235 and 464 @-moles of hydrogen. 

contained i n  a s t a i n l e s s  s t e e l  v e s s e l  having a W E L L  thickness of 0.032 

inches.  

i n  t h e  core and for  i n s t a l l a t i o n  of in-core instrumentation. 

s-izes t h e  reac tor  c h a r a c t e r i s t i c s  and Figure 1 shows a cross sec t ion  

The f u e l  rods were f a b r i c a t e d  O f  an a l l o y  of zirconium-hydride and 

The core was 

These rods were 

Allowance was made i n  the  reac tor  v e s s e l  f o r  containment of NaK 

Table I 

of t he  core and beryll ium i n s e r t s .  

The reac tor  was control led by a l/4 inch-thick c y l i n d r i c a l  neutron 

absorbing B i n d  sleeve which surrounded the  vesse l .  

mechanisms were used t o  remove t h e  s leeve from around the  r e a c t o r  vesse l  

and r a i s e  t h e  r e a c t i v i t y  state of t h e  r eac to r .  

e l e c t r i c a l  motor dr ive  and a gea.r t r a i n  mechanism w e s  used f o r  non- 

des t ruc t ive  operations.  

by means of t h e  pyrotechnic actuator  which was d i r e c t l y  coupled t o  the  

B i n d  sleeve and allowed f r e e  v e r t i c a l  movement of t he  s leeve by r a i s i n g  

and lowering t h e  p is ton  located ins ide  t h e  actuator  cyl inder .  

Two s leeve dr ive 

A slow d r i v e  with an 

The d e s t r u c t i v e  reac tor  excursion was i n i t i a t e d  

The reac tor  vesse l  was surrounded by a l u c i t e  calorimeter during 

power c a l i b r a t i o n  runs.  

t e s t .  

pedes ta l  . 

The calorimeter w a s  removed f o r  t h e  des t ruc t ive  
Figure 2 i s  a diagram of the  core, vesse l ,  calorimeter,  and support 

The reac tor  vesse l  containing the  core was located on a pedes ta l  

centered i n  an environmental tank having a n  i n t e r n a l  diameter of 14 f e e t  

and a height of 10 f e e t  as shown i n  Figure 3.  
cated from 0.75 inch-thick carbon s t e e l  and t h e  base was f a b r i c a t e d  fron: 

1.5 inch-thick carbon s t e e l .  

mental t a n k  was selected t o  simulate a l a rge  body of water, t o  f a c i l i t a t e  

The tank walls were f a b r i -  

The s i z e  and construction o f  t h e  envliroc- 
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SNAFI’RAN 2/lOA-3 REACTOR CHARACIE3ISTICS 

Reactor Design 

Fuel Elements 

Numh e r  
Fuel diameter ( inches)  
Cladding material 
Cladding diametw , OD ( inches)  
Cladding thiclrness ( inches)  

Degree of hydriding, NH (lo2‘ a/cm ) 
Active f u e l  length ( inches)  
U-235 enrichment (percent  ) 
U-235 loading/fuel element ( g m )  
U-235 t o t a l  core loading (kg )  

Fuel a ~ o y  ( w t $  u i n  a) 
3 

I n t  a n a l  Reflect  o r  s 

Compos it ion 

Lower G r i d  P l a t e  

Material  
Thickness ( inches ) 

- 

Upper Grid P la t e  

Material  of standard grid p l a t e  
Thickness ( inches ) 

Core Vessel 

Material 
I n t e r n a l  diameter ( inches)  
Thickness ( inches)  

Neutron Absorbing Sleeve 

Material 
N a t u r a l  boron content (wt’$) 
D i a m e t e r  I D  ( inches)  
Length ( inches ) 
Thickness ( inches)  

37 
1.212 

Hast elloy-N 
1.25 
0.015 

6.5 
12.25 
93 

4.75 

10 

127.16 2 1.16 

Beryllium 

Hastelloy-C 
0.500 

Hastelloy-C 
0.125 

316 ss 
a.  8-75 
0.032 

B4C dispersed i n  Al 
10.5 
9.5 

30 
0.25 

pressure measurements, and t o  permit evaluat ion of t he  e f fec t  of possible  

m e t a l - w a t e r  r eac t ions  and secondary c r i t i c a l i t y .  

i n t e g r i t y  during t h e  high pressure surges which were expected during t h e  

d e s t r u c t i v e  disassembly of the reac tor ,  t h e  tank was backed on the  s ides  

by concrete which w a s  1 foo t  t h i c k  at t h e  top  and 2 f e e t  t h i c k  at the  

base.  

t o  t h e  hot shop f o r  examination following the  t e s t .  

I n  order t o  maintain 

The e n t i r e  system was mounted on a f l a t c a r  t o  f a c i l i t a t e  t ranspor t  

The t e s t  package was 

2 5 !. *: ’: . /  
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__  ~ _ _ ~  ACTUATOR ROD _-  

1 SOURCE HOLDER 

BINAL CONTROL L- 
SLEEVE 10' 0 . 0 .  

CALORIMETER TANK- 
26' 0. D. 

FUEL ELEMENT- 

REACTOR PEDESTAL- 
8' SCH. 40 PIPE 

W&TER FILL B DUMP 
2' SCH. 40 PIPE 

*SLEEVE EXTENSION ALIGNMENT 

REACTOR 

-_ 

eri  

LINE 

FLIGHT TUBE - --- -~ -- .-. .- 
3' SCH. I60 PIPE 

VESSEL 

A 
ABSORBER 

I 

FLANGE 

INSTRUMEN? LEAD CONDUIT -_  

Fig. 2 SNEEIAN 2/10A-3 Reactor with Calorimeter 
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MECHANISM 

INSTRUMENTATION LEADS TERHINIL BLOCK' 

Fig .  3 S N m  2/lOA-3 Reactor and F1e.tca-r Assembly 
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housed i n  a mobile t e s t  bui lding which was renoved before i n i t i a t i o n  of 

t h e  d e s t r u c t i v e  excursion. 

The reac tor  cont ro l  console was loca ted  in t he  I n i t i d .  Engineering 

Test F a c i l i t y  (IZT) control  room. The console p u l e l s  were equipped with 

reac tor  cont ro ls ,  s t a r tup  instrumentation, power l e v e l  recording in s t ru -  

mentation, per iod and power l e v e l  saiiety instrumentation, t e l e v i s i o n  

monitors, and a program sequence t imer .  

and temperature i n  the  envirorxnental t ank  were loca ted  i n  the  control  

room i n  t h e  process control  panel.  

Recorders ind ica t ing  water l e v e l  

Scram shutdown of t h e  reac tor  during nor& osera t ion  could be 

accomplished by dropping t h e  poison s leeve from t h e  r a i s e d  Dosition or 

by r a p i d l y  draining w a t e r  f'rom the  calorimeter t o  an evacuated tank. 

Dropping t h e  s leeve w a s  accomplished by de-energizing the  electromagnet 

which couFled the  _ooison s leeve t o  i t s  r a i s i n g  mechanism. 

t h e  w a t e r  from the  calorimeter could be accomplished by de-energizing 

the  solenoids which held t h e  calorimeter dump valves closed. F i l l i n g  
and dra in ing  t h e  environmental t a l  was accomplished by a 350 gpm cen- 

t r i f ' uga l  pum-p vhich was control led from t h e  cont ro l  console. 

Draining of 

An e l e c t r i c a l l y  driven mechanism was used t o  v e r t i c a l l y  p o s i t i o n  t h e  

poison s leeve wi th  respec t  t o  the  r e a c t o r  core .  

were provided t o  give ind ica t ion  a t  t h e  l i m i t i n g  dr ive  posi t ions:  

mechanical lower l i m i t ,  ( 2 )  mechanical upper limit, and (3 )  t he  p o s i t i o n  

at which t h e  bottom of t he  r a i s e d  s leeve was one inch below the  top of 

t h e  r e a c t o r  v e s s e l  (upper 1 s t ) .  

C a n  operated switches 

(I) 

A p i c t o r i a l  representat ion of t h e  s leeve e j e c t i o n  mechanism showing 

t h e  powder chaniber and detonating squibs i n  the  safe pos i t ion  i s  presented 

i n  Figure 4.  
r o t a t i n g  c i r c u i t .  

the  electromagnetic dr ive  t o  i t s  upper limit, r o t a t i n g  the powder chamber 

i n t o  the  actuator  cyl inder ,  an6 a c t i v a t i n g  the  squi5 detonating c i r c u i t s .  

A key switch on the console ac t iva ted  t h e  powder chamber 

Arming fo r  t h e  des t ruc t ive  t e s t  consis ted of running 

Additional information concerning the  t e s t  package can be found i n  

IEO-16929, "Safety Analysis Report - SIXAFPRaT 2/lOA-3 Mater Immersion 

Tests" .  
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ROTATING GEAR 

SEAT LIMIT SWITCH 
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- 

F i g .  4 Fyrotechnic Poison Sleeve Ejection System 
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B. Conceptual Considerations 

S e v e r i l  e ,qe r imen td  techniques of reac tor  water h n e r s i o n  were 

inves t iga ted  vith res-sect t o  ease of instrumenting, r e l i a b i l i t y ,  r e -  

a c t i v i t y  i n s e r t i o n  r a t e ,  and t y p i f i c a t i o n  of :he a c m d  accident.  

Dropping the  reac tor  i n t o  a body of water wodd most Z-flicaLly s m l a t e  

t h e  a c t u a l  accident,  but  t he  need f o r  i n t e r n d  a C  surface-mounted 

instrumentation presented a nearly insurmountdole design problem. Instead,  

t h e  reac tor  was permu?e-?tl'J Eounted i n  a f i x e d  posi t ior ,  and provis ion made 

t o  r a p i d l y  introduce t h e  e f f ec t  of full w a t e r  bunersion as t e s t  i n i t i a t i o n .  

I n  addi t ion  t o  f a c i l i t a t i n g  adequate reac tor  instrunentat ion,  complete 

water immersion without s-surious void pockezs was comidered des i rab le  

i n  simulating t h e  maximum r e a c t i v i t y  accident .  Complete water immersion 

w a s  considered important s ince it would have beer- very d i f f i c u l t  t o  pre-  

d i c t  and/or simulate the  voids developed i n  t h e  a c t u a l  case and a l s o  s ince  

any void formation would reduce t h e  r e a c t i v i t y  s t z t e ,  thereby reducing 

t h e  s e v e r i t y  of t he  excursion. A bubble co l lapse  technique proved t o  be  

t o o  slow t o  i n s e r t  all avai lab le  r e a c t i v i t y  before  feedback e f f ec t s  could 

cause d i s t o r t i o n  of t h e  asymptotic reac tor  power r i s e .  Since t h e  excess 
r e a c t i v i t y  w a s  t o  be determined by t h e  asymptotic per iod of t h e  power 

r ise ,  a faster mode of r e a c t i v i t y  i n s e r t i o n  (or e f f e c t i v e  water immersion) 

w a s  sought t o  insure t h a t  adecuate asymptotic per iod d z t a  without feed- 

- 

back would be ava i lab le .  
Experiments performed by Atomics I n t e r n a t i o n a l  (*)  in&ica-ted t h a t  

a 1/4 inch-thick B i n d  sleeve placed around t h e  p e r i p h e q  of t h e  water 

immersed reac tor  vesse l  w a s  capable of maintaining t h e  shutdown state of 

t h e  r e a c t o r .  A cylinder and p i s t o n  asrangeDent using black gun powder as 

t h e  dr iv ing  force  w a s  chosen as t h e  means f o r  ra2 id ly  removing t h e  s leeve 

t o  i n i t i a t e  t h e  des t ruc t ive  excursion. 

f e a s i b i l i t y  and r e l i a b i l i t y  of a t t a i n i n g  adequate r e a c t i v i t y  in se r t ion  

r a t e s  by means of t h e  cannon arrangement. 

pedes ta l  through which instrumentation leads were routed from the  reac tor  

Subsequent t e s t s  proved t h e  

The r e a c t o r  w a s  f ixed  on a 

v e s s e l  t o  t h e  terminal. s t r i p s  below the  f l a t c a r .  
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C . Measurement C o n s i d e n t i o n s  

The measurements required t o  define'  t h e  phenoEena of i n t e r e s t  can 

(1) measuremefits concerning t h e  radio-  be placed i n  th ree  categories:  

l o g i c a l  e f f ec t s  r e s u l t i n g  from the  t e s t ,  ( 2 )  measurements of t he  nucleu: 

and physical phenomena which def ine the  r e a c t o r  behavior and r e s u l t i n g  

consequences t o  the  envbonment; and ( 3 )  t h e  pho touaph ic  coverage 

which, while mainly fo r  documentary _3urI)oses, has d e f i n i t e  value as 

e-xperimental data .  

descr ip t ion  of t h e  s igna l  concitioning and recording equipment f o r  t he  

f i r s t  two categories  i s  discussed i n  d e t a i l  i n  Agpendix A. 

The loca t ion  and types of measurement devices and a 

A br ief  discussion i s  given here t o  provide some ins ight  i n t o  t h e  

considerations at tendant  t o  t h e  various kinds of measurements made during 

t h e  t e s t .  I n i t i a l l y ,  consideration was given t o  the  expected range, r i se  

time, accuracy, and redundancy required of t h e  m a l o g  detector  signals 

descr ibing a given phenomenon during t h e  t e s t .  

and s igna l  conditioning equipment was based on these considerations an& 
t h e  spec i f i c  loca t ions  of detectors  were based on range and t h e  capabi l i ty  

of descr ibing s p a t i a l  and time-of -event i,-iforma,tion. 

recording equipment used during t h e  test  t o  record the  analog detector  

s igna l s  had provisions f o r  r a p i d l y  t r a n s f e r r i n g  the  recorded analog 

signal t o  a d i g i t a l  t ape  f o r  use i n  computer d a t a  treatment.  

recorders  w e r e  used as backup and f o r  l e s s  r a p i d l y  occurring phenomeno- 

l o g i c a l  event recording. 

The s e l e c t i o n  of detectors  

The magnetic tape 

S t r i p  char t  

Measurement of t he  rad io logica l  consequences as a r e s u l t  of the 

des t ruc t ive  t e s t  include f i s s i o n  product r e l ease ,  d i r e c t  gamma and neutron 

doses, spread of airborne contamination and the re lease  of beryllium. The 

measurements were accomplished by use of a radiological.  monitoring g r id  

which was set up as a s e r i e s  of concentric a rcs  with the  reac tor  tes t  pad 

as t h e  center .  

The heavily instrumented sector  of t he  grid was oriented about a 

cen te r l ine  on 30" east of t r u e  north which i s  i n  l i n e  with the  d i r e c t i o n  

of t h e  preva i l ing  winds. Weather conditions required f o r  performance of 
t h e  des t ruc t ive  t e s t  were establ ished by t h e  AEC mad U .  S .  Weather Bureau 

i n  order t h a t  t h e  f i s s i o n  product r e l e a s e  would be d i rec ted  tuwarrd the  
- 

heavi ly  instrumented sector  of t h e  grid. 



I n  addi t ion  to t he  gr id  s q l i n g  equipment, radiologic.? sangling 

equipment was ?laced on a 150 foot  tower ar?C or! t n e  e x i s t i n g  in sC,ack. 

Water catch cans and trays vere  loca ted  on $he reac tor  do l ly .  Film- 
badge-drop devices were located on a a p o r o x d t e  10  rceze- zrc  and 

s p e c i d  high range dosimezers and a c t i v a t i o n  f o i l  boxes were e q l o y e d  i n  

t h e  immediate reac tor  a rea .  Clothesline-t-Ge s a p l e  sta2ions were 

loca ted  e a s t  of t h e  reac tor  and an a i r c r a f t  vas ?rovided t o  f o l l m  the  

r a d i o a c t i v e  cloud. 

D .  Photographic Coverage 

Photogaphic  data a d  documentary coverage were provided f o r  t h e  

d e s t r u c t i v e  t es t  tb?ough the  use of 21 cameras. Camera tyyes included 

2-1/4 x 2-1/4 inch (70 m) rapid-sequence cameras and 16 m standard- 

speed framing cameras. Table I1 summarizes t h e  camera tyyes used f o r  

d i r e c t  viewing of t h e  des t ruc t ive  t e s t .  

SNAPI'Rm 2/lOA-3 DESTRUCI'NE TEST CAMERAS 

Film Number 
Used 

Film 
Size Capacity 

Framing 
R a t  e 

Camera 
me 

9 100 and 
400 f e e t  

16 mm 300 t o  
1000 f / sec  

Photosonics 
16-1~ 

100 and 3 
400 f e e t  

16 mm 2000 t o  
10,000 f/sec* 

Waddell 
16-1 

100 a d  2 
400 f e e t  

16 Inm 16 t o  48 
f / s ec  

Bell and 
Howell 

100 and 1 
400 f e e t  

16 mm 16 to 48 Arrif l e x  

2 100 f e e t  
2+2$ i n .  

224 16 mm 
f r m e s  

2 

70 s ingle  framing 
t o  20 f / s ec  

Hulcher Press 

16 IIJD 
f r  on 35 m 

17,680 f/sec 
and 8,840 f / sec  

Dynafax (EG&G) 

2 6 frames 4 x 5 i n .  EO-600 (EG&G) 1 fr every 
20 psec 

+ Limited l i g h t i n g  r e s t r i c z e d  these  camerzs t o  a f r d E g  r e t e  of 
* ,  3000 f/secoEd. , !  , 0 
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Selec t ion  and Posi t ioning of Camerzs 

Four camera posiZiOnS were Sel?Cte&'SO O b t a i n  photographs of t h e  

A combination of disassembly (S ta t ions  1, 2, 3, znd 10 i n  F i w e  5 ) .  
camera type w-d pos i t ion ing  was chosen s.fi ich was expected t o  r e s u l t  in 

coqrehens ive  and inzerpre tab le  f i lms  . 
two hi& speed caneras (300 - 10,000 I ' /sec).  

were f i t t e d  with lenses  which d f o r d e d  2n optimum coqromise  between 

field-of-view and closeup d e t a i l  c a p a b i l i t i e s .  Slower cameras (one 24 

f / sec  and one 48 f / s ec )  were placed 600 and 180 f e e t  from t h e  r eac to r .  

Seventy mil l imeter  r a2 id  sequence cameras were $laced at 600 and 180 

f e e t .  These slower cameras and r ap id  sequence caneras were f i t t e d  with 

lenses  which afforded a l a r g e  field-of-view. 

Each s t a t i o n  contained at l e a s t  

These high speed caneras 

Camera Sta t ions  1 and 2 were posi t ioned 180 fee t  from t h e  reac tor  

a t  ground l e v e l .  

foo t  tower. 

and elevated about 20 f ee t .  

vided by these  s t a t i o n s .  

Camera S t a t i o n  3 was posi t ioned at t h e  top of a 150 
Camera S ta t ion  10  was posizioned 650 feet  from t h e  r eac to r  

Weather a 1 5  temperature p ro tec t ion  w a s  pro- 

3 e c i a l i z e d  Ultra High Speed Caueras 

U l t r a  high speed framing cameras were employel! by Edgerton, Germes- 

hausen and Grier (ECXG) t o  obta in  s i l houe t t e  photographs of t h e  reac tor  

ves se l  during disassembly. 

i n s ide  of t h e  environmental t ank  were used i n  obtaining these photogaphs.  

Water f i l l e d  periscopes at tached t o  t h e  

The two EO-600 cameras were t r iggered  by brea!&ands s e t  t o  start  at 

t h e  time r a d i a l  ves se l  expansion began. 

operate  at framing in t e rva l s  of 20 microseconds. 

cameras w a s  t o  record t h e  occurrence of very r ap id ly  changing phenomena. 

Two Dynaf'ax motion p i c t u r e  cameras operated a t  rates of 17,680 and 8,840 
f/sec respec t ive ly .  These cameras provided broader coverage of l e s s  

r ap id ly  occurring phenomena than those covered by t h e  ED-600 cameras. 

The Dynafax cameras were tr iggered. by a gamma chmber a t  about 200 h d  Of 

r eac to r  power. 

These cameras were adjusted t o  

The purpose of these  
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2 3 .  TEST RESULTS 

A. Sequence of DJents 

Before discussing the  d e t a i l e d  r ' e a t x e s  of p r t i c u l a  categories  of 

exper imentd  data, it i s  appropriate t o  consider the  gross  corre la t ions  

of many of t he  nuclear md physical pheromena occurring during t h e  t e s t .  

Table I11 l i s t s  the  r e l a t i v e  times of t h e  s i g n i f i c u l t  events during t h e  

t e s t  referenced t o  peak power. 

mation" column designate by code the  t-fle and i d e n t i f i c a t i o n  number of 
t h e  detector  and recorder channel used. For e x q l e ,  N-13  T-6 - 10 

designate  a nuclear detector  on tape t ranspor t  6 channel nugiber 10. 

The symbols used i n  t he  "Source of Infor- 

Figure 6 presents  t h e  long term t b e  dependent behavior of t he  more 

s ign i f i can t  events.  

being e jec ted  from around t h e  r eac to r .  

of sleeve withdrawal a t  about 20 m e c  p r io r  t o  ?e& power. An anaLysis 

of t h e  da ta  has shown t h a t  t h e  sleeve vas off xhe reac tor  - 40 msec p r i o r  

t o  t h e  onset of any observable feedback mechanism, thus - providing 60 

e-folds  of unperturbed asymptotic r i s e .  The power t r a c e  N-13 appears as 

a spike and i s  included f o r  c o q l e t e n e s s  i n  present ing t h e  long term 

behavior of other e f f ec t s .  Trace P-9 represents  t h e  pressure generation 

i n  t h e  environmental tank as a r e s u l t  of r e a c t o r  disassembly. This 

pressure,  seen t o  l as t  i n  t h e  order of 30 msec, i n i t i a t e s  w a t e r  expulsion 

shown by t h e  point  p lo t  from the  motion p i c t u r e  ana lys i s .  

shown t o  r i se  t o  a he igh t  of about 25 f e e t  a t  about 1000 msec a f t e r  peak 

power. A t  t h i s  time, t h e  t e q e r a t u r e  as determined by a fast response 

thermocouple (TC-2) placed above the  environmental tank f o r  sensing of 

t h e  p o t e n t i d  hydrogen-oxygen and other chemic& react ions,  shows a r i s e  

of about 20°F which p e r s i s t s  f o r  t he  durat ion of t he  water plume. Data 

from temperature t r aces  and the  a i r  gressure  data r e v e d  no evidence of 

severe disturbance from chemical reac t ion .  The severe sp f i e s  shown on 

the  f igu re  a r e  the  r e s u l t  of electromagaetic norse. 

Trace SW-1 ind ica tes  t h e  motion of t h e  poison sleeve 

The t r a c e  indicates  t he  cessa t ion  

The water i s  

Trace P-28 indicz tes  a p l o t  of the  a i r  pressure generation r e s u l t i n g  

from t h e  w a t e r  expulsion. 

of ({l),* squib firing, ( 2 )  gas r e l e a s e  from pyrotechnic actuator ,  and ( 3 )  
The soikes have been cor re la ted  with the  time i 

- 
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Fig .  6 Destructive Test  Sequence-of-fients Data S ~ m m a r y  

1 2 5 I ,  :: r-2 '6 
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TABLE III 

mnv!~ TINE OF SIGNIFICAXT ETENTS LeTELrNG TI TEST 

Time Referenced t o  Source of 
Event N-l3 Peak Power ( m e c )  I n f o r m t i o n  

T i m e r  contact c l o s E e  

Squib f l a s h  

Sleeve i n i t i a l  motion 

C r i t i c a l i t y  pos i t ion  of poi son 
sleeve and lower breakwire s igna l  

Sleeve c lear ing  top of vesse l  

Upper breakwire s i g n a l  

Smoke from pyrotechnic actuator  
cylinder 

EG&G chemical f l a s h  t r i g g e r  

Cavi ta t ion i n  water above- v e s s e l  
becomes evident 

Cerenkov becomes evident 

F i r s t  EG&G Dynafax-frame 

Peak p m e r  N - 1 3 ,  N-17 
Peak parer  N - 1 0  

Xenon f l a s h  

Cerenkov obscured, NaK reac t ion  
begins 

NaK reac t ion  flow ends 

Explosive f l a s h  on l i p  of tank 
Number 1 

Red glow, Number 2 

Water plume peak 

Peak gamma dose r a t e  passing 
500 m e t e r  point  downwind 

-llg.o 
- 71.0 
- 68.6 

- 52.7 
- 4L.5 
- 42.0 

- 38.2 
- 11.8 

- 9.7 
- 5.6 
- 1.03 

+ 0.18 
+ 0.81 

+ 2.0 

+ 18.0 

+ 58.0 

0.0 

+263-285 
+lloo 

+65,000 

N-13 T6 -10 

L-3 Camera 

SW-1 TU-14 

Bw-1, Sd-1 T U - g  

EW-1, sw-1 TU-9 
BW-1,  SW-1 T U - 9  

L-3 Camera 

EG-1 Tll-4 

L-3 Camera 

L-3 Camera 

EG-1 TU-4 
~6-10, T6-I2  

T3-ll  
Dynafax Camera 

L-3 Camera 

L-3 Camera 

L-3 Camera 

L-3 Camera 

L-3 Camera 

F- 19 
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onset  of water expulsion. 

was measured a t  500 meters downwind from t h e  r e a c t o r .  A d e t a i l e d  dis-  

cussion of photographic, nuclear, non-nuclez;  rad io lcg icz l ,  and post-  

tes t  r e s u l t s  fol loi ; .  

The love r  p l o t  shows t h e  gama dose r a t e  which 

B.  Photogrmhic Results 

The photogra@ic documentation t o  record t h e  r eac to r  disassembly 

and r e s u l t i n g  e f f e c t s  was accomplished by employing a variety of f a s t  

and s t andad  speed, color and black-and-white c a e r a s  around a d  above 

t h e  t e s t  area. 

dep ic t ing  a two-dhensional p r o f i l e  of the r eac to r  during disassembly. 

These photographs were taken through a periscope arrangement by a 

Dynafax camera a t  a sgeed of 17,680 f/second. 

t h e s e  photographs are described i n  t h e  following t a b l e .  

Figure 7 shows a series of photographs taken by Ez&G 

T'ce s a l i e n t  features of 

P i c t u r e  Frame Time from peak 
Number Number power (msec) Event 

1 12 -0.41 B i n a l  sleeve removed - Cerenkov 

2 30 +o .61 Vessel begins t o  expand - Cerenkov 

3 34 a 8 3  Xenon lights f l a s h  i l luminat ing 

glow masks r eac to r  

glow s t i l l  ob servab l e  

"break bands I '  

L 39 +l. I 2  Expansion continues - dome begins 
t o  bulge 

5 45 +1.46 Displacement of water envir  on- 
ment begins 

6 5 1  +I. 79 Outline e f f e c t  caused by a 
f r ac tu red  i n t e r n a l  Be r e f l e c t o r  
seen on l e f t  

7 55 +1.96 Venting begins 

8 59 ~ 2 . 2 5  Vessel has expanded t o  an approx- 
Timate sphe r i ca l  shape - venting 
i s  profuse - 
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Fig .  7 EG&G 9igh Speed Photographs of Reac to r  Disassenbly 
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Fi,mes 8 and 9 show a s e r i e s  of "rapid sequence" GhotogTaphs taken 

from s o u n d  l e v e l  (camera Stat ior .  2 ) .  

referenced t o  peak power, a r e  as follows: 

The events degicted,  with time 

1. 

2. 

3 .  

4. 

5.  

6-7. 

8-9. 

The pyrotechnic ac tua tor  has been f i r e d ,  the  snack absorber 

( A )  i s  compressed ind ica t ing  s leeve removal, t he  dr ive  

mechanism ( B )  i s  i n  p lace .  

The shock absorber i s  s t i l l  compressed, t h e  &rive mechanism 

cap has been thrown o f f ,  water e ,quls ion has begun. 

Water expulsion continues.  

A br ight  spot ( D )  presumed t o  be NzK-water reac t ion ,  about 

9 inches i n  diameter is  seen above t h e  environmental tank. 

The b r i g h t  spot diminishes i n  s i z e  and in t ens i ty .  

The water spout reaches m a x i m u m  height .  

The upper gr id  p l a t e  ( C )  i s  seen f a l l i n g  back onto t h e  test  

pad. 
- 

1 O - l l - l 2 .  Expelled water fa l ls  onto t h e  t e s t  s a d  md forms secondaxy 

lrclouds" which begin d r i r t i n g  with the  wind, t he  environmental 

tank i s  seen s t i l l  i n t a c t .  

Figure 10 shows a sequence of p i c t u r e s  taken f r o m  a camera loca ted  

l 5 O  feet  above the  t e s t  a rea  (camera S t a t i o n  3 ) .  
pyrotechnic actuator  squibs f i r i n g ;  B shows t h e  Seginning of t h e  Cerenkov 

glow; C shows t h e  Cerenkov glow at maxirmun i n t e n s i t y  cad the  EG&G l i g h t s  

i l lumina t ing  t h e  e n t i r e  tank i n t e r i o r ;  and D shows t h e  water plume as it 

enguMs t h e  superstructure .  

a f t e r  peak power and which i s  bel ieved t o  be caused by a N a K - w a t e r  

r eac t ion ,  was photographed from the  tower camera s t a t i o n  on color f i lm.  

The i n t e n s i t y  of t h i s  glow however, was not s u f f i c i e n t  t o  be seen througn 

t h e  w a t e r  plume on black and white film. 

P ic t a re  A shows t h e  

A r e d  glow, which occurred about 300 msec 

C . Nuclear Measurement Results 

The nuclear data t o  be presegted a r e  t h e  - r e s u l t  of d i g i t a l  pro- 

cessing and computor treatment of analog date o r i g i n a j  recorded on 
magnetic tape.  The d i g i t a l l y  processed da ta  m e  a c c m z t e  t o  within 5 376. 
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No.1 ( T o  - 22msec) No. 2 ( T o  + 127mec) 

t No. 5 ( T o  + 38Gmsec) NO. 6 ( T o  + WOmsec 

Fig.  8 Elevation View (1 through 6 )  of Destructive Test Sequence 

/ :I L: “ 23 -. ( I  \ ’  &” E , 



No. 7 ( T o  + 550mec) 

NO, 12 (To + 3.3sec) No. - ll (To + 3,lsec) 

Fig .  9 Elevation View (7 through 12) of Desc- bluctive Test Sequence 

1 2 b [: I," * i  ci 
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A 
P K  P W R  - 69.5 msec 

B 
PK P W R -  1.5msec 

C 
P K  P W R  - 0.0 msec 

0 
PK P W R  + 200 msec 

Fig .  10  Overhead View ( A  through D )  of Desxructive Test Sequence 



I n  add i t ion  t o  tke e r r o r  present i n  t h e  d i g i t d y  processed data, 7 x 1 -  

c e r t a i n t i e s  due t o  i n t e r c a l i b r a t i o n  of detec;crs, de t ec to r  l i n e a r i t y ,  and 

f i e l d  e f f e c t s  vere  inc lu i ed  ic t h e  i n t e r p r e t a t i o n  of t h e  data shown i n  

Table V. 

T a b l e  V i s  a summary comparison of t h e  s z l l e n t  nEclea- information 

inciicated by t h e  various nuclear d e t e c t o r s .  T.do g m  de tec to r s  (PI-9 

and H-11) were used f o r  t h e  in te rca l i ' c ra t ion  of de t ec to r s  between t h e  

power c a l i b r a t i o n  and t h e  d e s t r u c t i v e  t e s t .  

requi red  t o  encoqass  t h e  r a g e  of lolo nv occurr ing during power c d i -  

b r a t i o n  t o  1017 nv occurring a t  peak power o f  t h e  des t ruc t ive  t e s t .  

gamma de tec to r s  provide a straight forward c o r r e l a t i o n  of t h e  power 

c a l i b r a t i o n  power level  t o  t h e  d e s t r u c t i v e  t e s t  power l e v e l .  

This i n t e r c a l i b r a t i o n  was 

The 

During t h e  power c a l i b r a t i o n  both delayed and prompt gammas con- 

t r i b u t e d  t o  t h e  observed s igna l ,  however, t h e  bull< o f  t h e  delayed gammas 

(9C$ or more) l a g  t h e  prompt gammas by g rea t e r  t h a r  10 mill iseconds.  

Thus f o r  sho r t  period t r a n s i e n t s  such as the  des t ruc t ive  t e s t ,  t he  

gamma s i g n a l  seen by gamma d e t e c t o r s  i s ,  a t  any given time, reduced by 

the amount of  t h e  delayed gamma contr ibut ion.  The delzyed gamma 

con t r ibu t ion  amounts t o  about 42% of  the  t o t a l  gamma s igna l .  

o f  t h e  short period and durat ion of t h e  des t ruc t ive  power b u r s t ,  t he  
delayed gamma d i s t o r t i o n  of  neutron d e t e c t o r  output i s  in s ign i f i can t .  

Because 

Figure 11 shows linear power versus time f o r  detecrors  N - 1 0 ,  N-13, 
and N-17.  
peak power and N-10 has been normalized in t i n e  t o  coincide with the  

time o f  peak power as seen by N-13 and N-17.  From this figure it i s  

apparent t h a t  the  de t ec to r s  N - 1 3  and N - 1 7  give e s s e n t i a l l y  the same 

value f o r  t he  t o t a l  nuclear energy release, while N - 1 0  gives a s l i g h t l y  

larger value. 

Detectors N-10 and N - 1 7  have been normalized t o  the N - 1 3  

From Figure 12, showing log  power versus t i m e  f o r  de t ec to r s  N - 2 ,  

N-9, N - 1 0 ,  N-13, N-17, and N-19 it can be seen t h a t ,  with t h e  exception 

o f  N - 1 0 ,  a l l  de t ec to r s  within the  range c a p a b i l i t y  of each de tec to r  

channel follow the  b u r s t  shape of N-13. Detector N-10 was shown t o  

have non-linear gmma s e n s i t i v i t y  over a l a rge  port ion of I ts  dynamic 

range. This non-l inear i ty  results in d i s t o r t i o n  of t he  b u r s t  shape. 
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- N -13, SCINTILLATION DETECTOR BENEATH 

FLIGHT TueE 

A N-17, GAMMA DETECTOR UNOER 
FLAT CAR 

o N-IO, SEMI-RAD 26'4 FROM 

CENTERLIN E 

TIME (msecl 

Fig .  11 B u r s t  Shape Comparison of Linear Nuclear 3etector  S igna l s  
- 

Figure 12 a l s o  ind ica t e s  t h a t  t h e  logarithmic output of de tec tors  
N - 9  and N-19 can fo l luw a sho r t  per iod burst  with reasonable accuracy 

a f t e r  t he  l o g  converter overcomes the  response l a g .  

Table V ind ica tes  that  t h e  t i m e  of peak parer  f o r  de tec tor  N-10 

T h i s  delay can be a t t r i b u t e d  t o  neutron residence t i m e  i n  

occurs 0.18 mill iseconds a f t e r  t h a t  indicated by de tec tors  N - 1 3 ,  N - 1 7 ,  
and N-19 .  
water.  

below the  f l i g h t  tube and have e s s e n t i a l l y  no delay t i m e .  

a gamma de tec tor ,  l ikewise has no delay i n  response. 

Detectors N - 1 3  and N-19 a r e  f a s t  neutron de tec tors  loca ted  

Detector N-17, 

Since de tec tor  N - 1 3  most accura te ly  represents  the power-time h i s t o r y  

t'arougbout t h e  r eac to r  excursion, t h e  output of t h i s  de tec tor  w z s  used 

f o r  all computationzl treatment involving t r a n s i e n t  power. 
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50- 

0 

- 

---I3 SCINTILLATION DETECTOR BENEATH FLIGHT TUBE 

0 
0 
a N-49 SCINTILLATION DETECTOR BENEATH FLIGHT TUBE 

0 
0 

N-IO SEMI RAO 26" FROM CORE CENTERLINE IN WATER 

N-17 Y OETECTOR UNDER FLAT CAR 

N-9 7 DETECTOR 50"FROM CORE CENTERLINE IN WATER 

N-2 G.E. MINI-CHAMBER IN CORE 

- 
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D .  Yon-Nuclear Measurement Results 

The non-nuclear information i s  cor,si<ered t o  inclitde r eac to r  temper- 

a t u r e ,  r eac to r  diassenbly behavior, enviromer.',al p r e s s u e  genera-cion i n  

the  water, and other  envirormental  effecCIs sitch as  vezer expulsion, 

f l a t c a r  disglacement, a i r  Gressure generation and a i r  tenperature  r i s e  

above the  tank. 

analog tape recordings by means of a time-base-e.qansion process u s i l g  

the  recording techniques. 

s i g n a l  i n f o r m t i o n  t o  a real- t ime bandwidth OF about 10 kc. 

a r e  accurate  t o  within C 6%. 

The da-ca presented were reduced from the  o r i g i n a l  

The time-base-emanded da ta  r e t a i n  the  raw 

These da t a  

Core Temperature 

The r eac to r  f u e l  temperature generated during these t e s t s  was not 

measured d i r e c t l y  bu t  has been iiuylied from neasurements derived from 

t h e  energy probes placed i n  i n t e r s t i c e s  throughout t he  core, and from 

information concerning nuclear power, f l u x  d i s t r i b u t i o n ,  and hea t  capacity.  

Data from the  energy probes are presented i n  logarithmic form i n  

Fi,.;ure 1.3 f o r  10 w t $  energy probes ( t y p i e a l  of r eac to r  f u e l  loading) 

and i n  Figure 14 f o r  the 5 w t $  loading. For comparative purposes, a 
t r a c e  of energy deposi t ion as determined from the  s c i n t i l l a t i o n  de tec to r  

N - 1 3  i s  a l s o  Shawn. 

seen t o  r i s e  a t  ar, asymptotic r a t e  similar t o  t he  energy t r a c e .  

deviat ion of t he  energy probe t r a c e  from the  energy t r a c e  i s  the  r e s u l t  

of  t h e  heat capaci ty  change at tendent  t o  t h e  temperature r i s e  of t h e  

f u e l .  These f igu res  are arranged t o  s h m  tine t o p  t r a c e  as t h e  outermost 

energy probe i n  the  r e f l e c t o r  while t h e  7 t h  t r a c e  from the  top shows t h e  

energy probe located c l o s e s t  t o  t he  center  of t he  core. 

The energy probe t r a c e s  i n  both these figures a re  

The 

The 10 w t $  r e f l e c t o r  energy probes shown i n  Figure 13, d i sp l ay  

e r r a t i c  behavior and ul t imate  f a i l u r e  a t  a temperature of about 1800"~ 
a mill isecond p r i o r  t o  peak gower. 

causes e a r l y  f a i l u r e  of these probes. 

inch in s ide  the core boundary, shows tha t  the  f u e l  mar  the  outer ring 
of the  r e a c t o r  i s  a t  a considerably lower f lux  l e v e l  thar. t h a t  i n  

The f l u  ?eak i n  the r e f l e c t o r  

Trace m-6, loccted about 0.6 
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x"ter De& power. 

reeches l&N°F about 600 microseconds d t e r  peak sower. Probe EP-20, 

l oca t ed  5- l /2  Inches below t h e  core c e n l e r l i g e ,  reaches o n l y  1300°F a d  

does not f a i l  u c t i l  about 2 mill iseconds d t e r  >e& power. Fa i lu re  of 

t h e s e  energy probes a p p e z s  t o  r e s u l t  at higher temperatures thu? 1800°F 

or  a t  a time c h a r a c t e r i s t i c  of gross co r s  disassemhly. 

*obe D - l L  which i s  ne= t o  t k e  center of t h e  core 

The 5 w$ energy probes, as seen I n  Fi,o;ure lL, r e v e a l  much t h e  same 

general  c h a r a c t e r i s t i c s  as t h e  10  w t %  energy ;robes. 

t r a c e s  i n  t h i s  fi,aure represent  t h e  r e f l e c t o r  t k e r d  neutron dens i ty  

and show fa i lure  p r i o r  t o  peak power bu t  a t  a later t ine  than t h a t  shown 

by t h e  corresponding 10 w t $  ;robes. 

probes reveal temperatures not exceeding 1500'F. A d e t a i l e d  analysis of 
t h e s e  probes i n  providing both f u e l  t emyera tue  i r d i c a t i o n ,  f lux  d i s t r i -  

but ion,  and t o t a l  e n e r a  release information i s  glven i n  Section V-C. 

The top  t h r e e  

The remairder of t h e  5 w t $  in-core 

React or  Disassembly 

The time h i s t o r y  of t h e  r eac to r  v e s s e l  disassembly i s  indicated by 

(1) vessel s t r a i n  measmements, ( 2 )  t h e  s i g n a l  from an EG&G breakband, 

( 3 )  t h e  r a p i d  sequence photographs taken by E m ,  and ( 4 )  t h e  onset of 
pressure generation i n  t h e  w a t e r  c reated by v e s s e l  expansion. 

S t r a i n  Measurements - Data from t h e  s t r a i n  gauges at tached t o  t h e  

r e a c t o r  ves se l  a r e  shown i n  Figure 15. The t o p  t r a c e  represents  a 

dummy gauge attached t o  t h e  v e s s e l  w a l l  and i s  u s e f u l  f o r  its time of 

f a i l u r e  and f o r  r e v e d i n g  any environmental temperature or r a d i a t i o n  

s e n s i t i v i t i e s .  

Traces SG-4, SG-5, and SG-6 represent  s t r a i n  as indicated from 

gauges placed at 90" i n t e r v a l s  around t h e  ves se l .  

r ep resen t  s t r a i n s  occurring on t h e  r e a c t o r  ves se l  bottom which, because 

of t h e  inverted or ie r , ta t ion  of t h e  v e s s e l  f o r  t h i s  t e s t ,  was on top .  

With t h e  exception of t h e  dummy gauge, a 3  other  gauges a r e  indicated on 

a s c a l e  of 2000 microinches/inch/division. 

at  t h e  point  of measurement of 0.2% which i s  considered t o  b e  t h e  

beginning of y i e l d .  

The bottom two t r a c e s  

This represents  an elongation 
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? (  0 . GAUGE FAILED 

I 

T 7 - 7  SG-7 VESSEL SIDE-X 
CIRCUMFEF4ENTIAL DUMMY 

a 1 1  T 7 - 6  SG-6 VESSEL SIDE -Y CiRCUMFERENTlAL 

AUGE FAILED 

T l l - 5  SG-4 VESSEL SIDE + Y  CIRCUMFERENTIAL 

GAUGE FAILED 

T7-5 SG-5 VESSEL + X CIRCUMFERENTIAL 

GAUGE FAILED 
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Trace T7-6, reveals  a disturbance begiw-ing about 2 msec p r i o r  

t o  peak power. 

expansion followed by a r e l axa t ion  and u l t ima te ly  a very rapid s t r a l n  

increase t o  gauge f a i l u r e  a t  100 microseccnds F r i a r  t o  peak power. 

This disturbance shows 2 s l i g h t  tendency toward vesse l  

Trace rll-5 from t h e  gauge located d i u n c r r i c a l l y  opposite the 

gauge j u s t  discussed shows a l ack  of a y  SLgnLficant phenomena prior 

t o  peak power except f o r  t h e  q i k e  seen a t  t he  time of severe ves se l  

expansion, as shown by t r a c e  T7-6. 
Y region of t he  r eac to r  permits a momentarj r e l axa t ion  in t h e  plus  Y 
region f o r  200-300 microseconds after whlch severe strain i s  indicated 

in  t h e  plus  Y region. 

i nd ica t e  r ad ia t ion  s e n s i t i v i t y  although t h e  dummy gauge (SG-7) shows 

none. In t h i s  p a r t i c u l a r  case,  the results are s u f f i c i e n t l y  c lose t o  

t h e  behavior of a d i f f e r e n t i a t e d  power b u r s t  t h a t  l i t t l e  si@;nificance 

should be attached t o  the  data. 

fol.lowing peak power t h e  abrupt deviat ion from t h i s  t r end  ind ica t e s  a 

severe s t r a i n  &crease a t  that loca t ion .  

The rupture occurring on the  minus 

The c h a r a c t e r i s t i c s  of t r a c e  T7-5 appear t o  

However, a t  about 1 millisecond 

Gauge SG-97, located on t h e  v e s s e l  bottom, i i d i c a t e s  much t h e  same 

behavior regarding r a d i a t i o n  s e n s i t i v i t y  as gauge SG-5. 
1 msec after peak power, an increase of s t r a i n  appears a t  a time com- 

mensurate with t h e  gauge failL-e of SG-5. 
w a s  located a t  t h e  very center  of t h e  botton: head, and indicated t h e  

exis tance of a spike at  t h e  time t h e  plus  X gauge appeared t o  f a i l .  

Beyond t h e  t i m e  of t h i s  spike,  t h e  behavior of both bottom gauges i s  

very similar i n  character  and both show f a i l u r e  at about 1.8 msec 

following pealk power. 

sented by t r a c e s  ~7-6 and Tll-5 are mounted on t h e  outer v e s s e l  surface 

adjacent  t o  t h e  beryllium f i l l e r  pieces. 

exTected t o  e q e r i e n c e  a great deal of v e s s e l  q a n s i o n  u n t i l  such time 

as t h e  beryll ium f i l l e r  pieces  were broken, a f t e r  which a severe s t r a i n  

a t  a r a p i d  r a t e  could be expected. 

f i g u r e .  

However, at 

Gauge S G - I ,  similar t o  SG-97,  

It should be noted here  t h a t  t h e  gauges repre-  

These gauges would not be 

This e f f e c t  can be seen i n  t h e  

EG&G Photogauhs - Additional information regarding t h e  - 

disassembly behavior i n  t h e  region of 1-2 msec following peak power 

i s  presented by t h e  E W  photography and associated timing s igna l s .  
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Spec i f i ca l ly ,  the r eac to r  v e s s e l  was enc i r c l ed  by Sreakbar,ds used t o  

t r i g g e r  t h e  Xenor f l a s h  lam?s. These breakbands, desigzed t o  cause 

e l e c t r i c a l  c i r c u i  t d i scon t inu i ty  a t  about 1/25 elongation, represented 

a g r o s s  measurement o f  the change i n  v e s s e l  c i rcmference .  The break- 

bands were deternined t o  have broken a t  abouz 800 microseconds following 

peak power. 

of v e s s e l  expansion as a funct ion of t i m e  following neak power. 

these photographs it can be seen t h a t  pictuzes  1 ',hroug2= 3 show very 

l i t t l e  v e s s e l  enlargement. 

a f t e r  peak power, v e s s e l  expansion becomes a g a r e n t  and continues t o  

t o t a l  d i  sas sernbly . 

The EC-&G photogranhs presented i n  ? i m r e  0 7 show evidence 

From 

However, beginning with frame 4 a t  1.1 msec 

Onset of Pressure - It can general ly  be concluded from the  

above information t h a t  water was not  s i g n i f i c a n t l y  displaced from i t s  

o r i g i n a l  p o s i t i o n  u n t i l  sometine between peak power and i m e c  a f t e r  

peak power. 

r e a c t o r  disassembly as revealed by the pressuze i n f o r m t i o n  t o  be 

discussed next. 

This same i n t e r v a l  of t i m e  a l s o  marks the onset of severe 

Pressure Generation 

Information on t h e  pressure generation and propagation within the  

water environment around an expanding source or v e s s e l  can be use fu l  

i n  determining t h e  pressure a t  t he  source aEd the  mechanical energy 

generated by t h e  expanding source. 

by work done on the  environment, v i z . ,  causing d i sz r r ay  within the  tank, 

expel l ing water, displacing the environmental tank, e t c .  

The mechanical ecergy i s  manifested 

For t h i s  p a r t i c u l a r  t e s t ,  a d e t a i l e d  understanding of t h e  pressure- 

t i m e  h i s t o r y  can a l s o  provide i n f o r m t i o n  on the  p a r t i t i o n  of expansion 

fo rces  between hydrogen pressure buildup and t h e  combination of steam 

generat ion and NaK-water r eac t ion .  

document t o  attempt a complete ana lys i s  of the  pressure information, some 

discussion of t he  data w i l l  be made t o  i n d i c a t e  i t s  i n t e r p r e t a b i l i t y .  

Although it L s  beyond t h e  scope of t h i s  

I n  order  t o  i n t e r p r e t  the  var ious pressure-time h i s t o r i e s ,  consider- 

a t i o n  must f i r s t  be gfvec t o  c e r t a i n  acous t i ca l  aspects  of the  t e s t  



conf igwat ion ,  e . g . ,  s ize  of expanding source, Frcpagation v e l o c i t y  i n  

the  medium sicrounding the  source, d i s t a x e  t o  r e l i e f  and r e f l e c t i n g  

boundaries, e f f e c t i v e  wave length c h a r a c t e r i s t i c s ,  volune rate-of-  

change or the  r i s e  time represented by t h e  e:qacding source, l oca t ion  

of pressure measuring de tec to r s  with r e s2ec t  t o  source and boundaries, e t c .  

A n  examination of t he  pressure- t ize  h i s t o r y  data  gresented i n  F i W e  

16 r evea l  t he  general  f ea tu re s  of a 1 mil l i secord  r ise  time, c e r t a i n  high 

frequemy modulations near t h e  begi-ming of a r e l a t i v e l y  long pulse  decay, 

and a duratior. of about 25-30 mill iseconds.  

mill isecond r i s e  time i s  equivalent t o  a c h a r a c t e r l s t i c  frequency of 

300-400 cycles per second which r e p r e s e r t s  a wave length i n  water of 

about is f e e t .  

pressure peak occurs i s  approximately 13 inches as seen i n  the  bottom 

t r a c e  of t he  EG&G photographs, Figure 7, t h e  source s i z e  i s  the re fo re  

considerably less than t h e  wave length represented by t h e  r i s e  t i m e .  

The source can thus be considered s p h e r i c a l  and the  propagation from 

t h a t  source t r e a t e d  as a s p h e r i c a l  wave. 

t h e  pressure pulse represent  longer wave lengths  than the  i n i t i a l  r ise ,  

t h e  e n t i r e  pulse can be treated as a sphe r i ca l ly  propagating disturbance, 

implying a 1 / R  pressure dependecce with no severe d i r e c t i o n a l i t y  e f f e c t s .  

It  can be s h a m  t h a t  a 1 

Since t h e  diameter of t h e  r eac to r  a t  t he  t i m e  t h e  f i r s t  

A s  most other Fort ions of 

It  i s  o f  i n t e r e s t  t h a t  t he  r i s e  tine i s  several orders of magnitude 

Also, longer than t h a t  considered t o  represent  a shock wave generation. 

the  peak pressure i s  two orders of magnitude lower than t h a t  required 

f o r  "shocking up" of a simple acous t i c  disturbance. 

"small amplitude" techniques are adequate f o r  analyzing the  water pressure 

disturbances r e s u l t i n g  from the  d e s t r u c t i v e  t e s t .  

Therefore, standard 

The 1 millisecond r i s e  t i m e  r ep resen t s  an e f f e c t i v e  wave length,  

u n t i l  time of rupture,  of greater than 50 f e e t  implying t h a t  t h e  pressure 

environment within the  v e s s e l  can be considered t o  be i so t rop ic .  

Since the propagation v e l o c i t y  f o r  a disturbance t r a v e l i n g  i n  water i s  

about 5 f e e t  per  mill isecond, t h e  i n i t i a l  pressure r i s e  and f i r s t  peak w i l l  

be unaffected by the  physical  boundaries represeEted by the  water surface or 

tank walls. This permits treatmect of t he  e a r l y  port ion of the  pressure 
- 

I 
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r i s e  according to compressible flow theory.  

y e s d t  is t h a t  the volume e-xpansion created by the g r m h g  vesse l  is 

a c t i n g  on the UuLc nodulus of t h e  water r e s u l t i g g  i n  a pressure w h c h  

i s  equal t o  t h a t  within the  r e a c t o r  ves se l .  

The s i g i f i c a n c e  0: t h i s  

The pressure pulse following the  f i r s t  peak 2 e r s i s t s  f o r  many 

complete transLt times from source t o  boundary acd boundary t o  boundary. 

The fundamental mode represented by the  p r e s s u e  2ulse can the re fo re  be 

t r e a t e d  according t o  a combination of incompressible and c o q r e s s i b l e  

f l o w  theory.  

The s ignif icance of t he  d e t a i l e d  lofig-term port ion of the  pulse i s  

of lower i n t e r e s t  here s ince  it i s  c h a r a c t e r i s t i c  of t he  e f f e c t  of t he  

experiment geometry on ??ai( water r eac t ion  and s t e m  generation and not 

i nd ica t ive  of the  r eac to r  diassembly. 

on t h e  i n i t i a l  r i s e  and t h e  f i n e  s t r u c t m e  associated wi th  the  f i r s t  few 

peaks i n  the  pressure pulse.  

Emphasis nas the re fo re  been placed 

Pressure Data 

Before discussing the  d e t a i l e d  f e a t u r e s  of these pressure t r a c e s  

c e r t a i n  aspects of pressure measurements . w i l l  be considered. 

measurements indicated were made a t  s e v e r a l  posi t ions within the  

environmental tank as shown i n  Figure 17. 
t he  various r a d i i  have Seen corrected for the propagation dis tance 

compared t o  the  source s i z e  a t  a p a r t i c u l a r  t i n e  i n  order t o  accurately 

p r e d i c t  t he  pressure being generated a t  t h e  source. 

represented by the  various de t ec to r  l oca t ions  was a l s o  accounted f o r  i n  

c o r r e l a t i n g  time h i s t o r y  f e a t u r e s  from one detector  t o  another, and i n  

c o r r e l a t i n g  the  events generated a t  t he  source referenced t o  the  t i m e  

of events a t  t he  source. 

The pressure 

These measurements taken a t  

The delay time 

A l l  pressure transducers f o r  which t r a c e s  a r e  presented were capable 

of DC t o  20 kc or  g rea t e r  response. 

P-1, P-9, and P-17 a re  scaled t o  100 p s i  Der div is ion .  

a l o g a r i t h m c  sca l e .  

i ng  t o  those loca t ions  which a r e  s imi l a r  i n  d i r ec t ion  away from the  

r e a c t o r  such t h a t  comparison of d e t a l l e d  f ea tu res  can be r e a d i l y  made. 

Three of t he  pressure transducers,  

P-5 i s  shown on 
The t r a c e s  on the  f i g u r e  have been arranged accord- 
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WATER SURFACE at z = 4' 0" 

Fig .  17 Pressure Transducer 
Locations i n  Environmental Tank 

The qece ra l  f ea tu re s  presented 

by these t r a c e s  r evea l  a reasonable 

s i m i l a r i t y  betveen transducers,  there-  

'ay verifying ?he exis tance of a sLmple 

s p h e r i c a l  s o u c e .  The d e t a i l e d  modu- 

l a t i o n s ,  however, show an apparent 

l a c k  of s i m i l a r i t y .  If, howeve:, t he  

d i f f e rence  i n  d i s t ance  between the  

t ransducers  and t h e  s o u c e  i s  accounted 

f o r  as t h e  source s i z e  g r o w s ,  t he  

magnitade of t he  difference of the  

modulations on these  t r a c e s  can be 

e a s i l y  accounted for. 

I n  the  ne=-field region of a 

s p h e r i c a l  source, a c lose approxima- 

t i o n  of t he  Dressure a t  the  surface 

may be obtaired by ex t r apo la t ion  on 

a 1 / R  basis t o  one source-radius from 

t h e  source center .  

i n d i c a t e s  a pressure at t h e  surface of the v e s s e l  of 1320 p s i  f o r  P-9 
and 850 psi f o r  P-17. 

thought t o  r e s u l t  from the  d i f f e r e n t  geometry between the de tec to r  and 

t h e  cen te r  of the  source caused by p r e f e r e n t i a l  disassembly. The e x i s t -  

ence of p r e f e r e n t i a l  disassembly i s  supported by t h e  d i f f e rence  i n  

pressure ind ica t ed  by these two transducers 2nd a l s o  by the  motion p i c tu re s  

from the  tower s t a t i o n  (camera s t a t i o n  3) .  
i n  the  northwest d i r e c t i o n  ( e  = 315O). 
r q t u r e d  a t  the  t ine of peak pressure,  t he  pressure within t h e  v e s s e l  

should be very near t h a t  a t  t h e  sur face .  

pedes t a l  s t r a i n  indicated the  onset of s i g r i f i c a n t  d m w a r d  t h r u s t  a t  t h i s  

time, giving f u r t h e r  evidence tha t  t he  v e s s e l  had rup twed .  

Therefore, the  magnitude of t h e  f i r s t  pressure peak 

The difference between these  t t r o  values i s  

The ? r e f e r e n t i a l  venting w a s  

Since t h e  r eac to r  v e s s e l  had 

The t r a c e  showing r e a c t o r  

Table v1: l i s t s  the calculated pressures a t  t h e  vessel surface 

using t h e  ex t r apo la t ion  process described previously and tne appropriate 

s o u c e  diameters indicated i n  the  bottom t r a c e  i n  F'i,gcre 16. 



TABU VI 

C d c u l a t  ed 
Assumed Pressure Pressure 

Pressure Radius From Source Time Af ter  Measured at a t  Source 
Transducer Source Center Radius Peak Power* Transducer Surface 

( in . )  ( i n . )  msec) (9si) ( p s i ) .  

4.8 1 60 480 
38.5 6.4 220 1320 
38.5 
38.5 9.5 4 13 5 5 50 

P-17 60.5 4.8 1 40 500 
60.5 6.4 2 90 8 50 
60.5 9.5 4 110 700 

P-1  36*5 4.8 1 30 230 

36.5 9.5 4 70 270 
36.5 

p- 5 44 4.8 1 55 500 
44 6.4 2 160 1100 
44 9.5 4 86 400 

2 
p-9 

680 6.4 2 120 

,* Pressure information corrected f o r  propagation t i n e .  

These figures indicate  t h a t  at about 1 millisecond a f t e r  peak power 

the  v e s s e l  surface pressure w a s  about 500 ps i .  This value was obtained 

assuming the source t o  be an expandhg sphere. The spher ica l  approxi- 

mation i n  t h i s  case y i e l d s  pressures  s l i g h t l y  lower than a c t u a l l y  

ex is ted  a t  the moving port ion of the  vessel. The vesse l  as it expanded 
acted on the  bulk modulus of t h e  water. - Since the water represented 

a considerably s t i f f e r  impedance t o  motion than d id  the vesse l  re ten t ion  

s t rength  which w a s  about 500 p s i  s t a t i c  a t  50% elongation, the pressure 

magnitude within the reac tor  w a s  only s l i g h t l y  more than t h a t  indicated 

a t  the surface.  

The source surface pressures ca lcu la ted  a t  a tine of i-4 m i l l i -  

seconds show a s h i f t  in the  source center  toward the -X di rec t ion  

ind ica t ing  venting is profuse a t  t h i s  time. The Dedestal s t r a i n  t r a c e  

shows a complete unloading of t he  pedes ta l  a t  4 milliseconds sub- 

s t a n t i a t i n g  t h a t  the vesse l  must be completely ruptured. 

of the pressure Dulse i s  presumed t o  be due t o  steam generation and 

NaK-water reaction. 

The remainder 

Not included i n  the  above t ab le  a re  the  e f f e c t i v e  
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source surface pressures represented by c e r t a i n  f i n e  szructures  

modulating the  gross fm.danental of t he  pressure t r a c e .  

i s  t h e  spike most evident on P-9 a t  900 microseconds (more c l e a r l y  

seen i n  Figure 27 of t h e  next s e c t i o n ) .  

t r e a t e d  as a 10 inch diameter p i s t c n  r a d i a t i n g  i n t o  "Tree space" 

extraDolates t o  a pressure a t  the  v e s s e l  surface of aoout 2000 p s i .  

One example 

This sFike Tihen conservatively 

In summary, t h e  information from v e s s e l  s t r a i n  gauges, Xenon 

f l a s h  break band, onset  of pressure generation, and the  v e s s e l  

expansion photographs give conclusive evidence t h a t  r eac tb r  disassembly 

w a s  init iated at  about 500 microseconds following peak power. The 

pressure information during the  next 15 milliseconds indicates  t h a t  

t h e  pressure magnitude a t  the r eac to r  surface and within the r eac to r  

was about 1000 p s i  with l o c a l  regions reaching two o r  t h ree  times 

t h i s  value. The fo rces  r e s u l t i n g  from hydrogen release p e r s i s t  t o  

about 5 mill iseconds after peak power - a t  which time the  steam 
generation and N a K - w a t e r  react ions p e r s i s t  f o r  an add i t iona l  20 m i l l i -  

seconds. 

M i s  ce Uaneous Ef fec t s  Following Pres sure Gene rat  ion 

Since the pressure generation and propagation i s  pr imari ly  a 

manifestat ion of mechanical energy development, it i s  appropriate t o  

consider the ma.nner i n  which t h e  pressure affected t h e  environment. 

following t h e  excursion. 

r e s u l t i n g  from the pressure generation. 

pressure.  

expulsion from t h e  tank. 

water surface displacement as derived from a f loat-s l idewire  arrange- 

ment l oca t ed  a t  pos i t i ons  near t h e  edge of the tank, halfway between 

t h e  edge and the cen te r ,  and near t h e  cen te r  of the t a n k .  

information i s  pr imari ly  useful  i n  determining t h e  energy imparted t o  

t h e  water expel led from t h e  t ank  and i n  determining t r anspor t  character-  

i s t i c s  of f i s s i o n  products.  

Figure 18 shows s e v e r a l  physical  phenomena 

Trace T l - 5  reveals  a t y p i c a l  

One consequence of the pressure generation was water 

Traces 6 - 7 ,  Tg-9, and T 9 - l l J  i nd ica t e  the  

This 

A second consequence of t he  pressure generation i n  t h i s  p a r t i c u l a r  

expePimenta1 configuration i s  t he  f l a t c a r  displacement. This is  shown 
I 
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i n  t r a c e  T5-3 .  The excursion of t h e  f l a t c z r  was beyork t h e  range of xhe 

analog de tec to r  and data from t h e  motion pictuz-es are shown t o  supGle- 

ment the  information covering t h i s  t i m e  Fer iod.  The f l a t c a r  i s  shown 

t o  be acce le ra t ed  i n  a downward d i r e c t i o n  f o r  t h e  dui?t ion of t h e  

pressure p u l s e .  

r i ng ing  frequency of t h e  f l akca r  a r e  evident in trace T5-3. 
r e s i d u a l  p o s i t i o n  of t h e  f l a t c a r  was measured t o  b e  lower than t h e  

o r i g i n a l  gos i t i on ,  i nd ica t ing  permanent d e f c r m t i o n  of t h e  f l a t c a r  

frame , 

Higher frequency modes superimposed 01: t h e  natural  

The 

Trace T3-6 ir.dicates t h e  environmental temoeratuze e x i s t i n g  above 

These t h e  tank as measured by one of t h e  fas t  response thermocouples. 

d a t a  were intended t o  show evidence of hydrogen-oxygen explosions or  

NaK-steam reac t ions  e x i s t i n g  a b w e  t h e  tank .  The t r a c e  reveals a 

gradual r i se  i n  temperature cons i s t en t  with t h e  water surface expulsion 

giving no evidence of hydrogen-oxygen explosion or  NLC-steam reac t ion .  

Trace T2-12 r ep resen t s  t h e  air pressure as seen 1.50 f e e t  above the  

t ank .  This  information has been s tudied i n  ceza21 on a much more ex- 

panded t i m e  s c a l e  and t h e  various sgikes have been i d e n t i f i e d  as shown 

on t h e  p l o t .  Mr pressure information a t  ground leve l  and at vasious 

d i s t ances  from t h e  r eac to r  tank show similar behavior a t  considerably 

lower levels of pressure.  The i n t e r p r e t a t i o n  of t h e  air p re s sme  measure- 

ments has revealed t h a t  t h e  mechanical energy generation i n  t h e  a i r  

environment above t h e  t ank  was considerably less  than t h e  200 kw-sec 

used t o  remove t h e  poison s leeve with t h e  pyrotechnic ac tua to r .  

The discussion presented i n  t h e  foregoing represent  a l imited 

ana lys i s  of t h e  data ava i l ab le .  E’urther examination skould r e v e a l  con- 

s ide rab ly  more d e t a i l  on rate of e f f e c t s ,  on i n t e r c o r r e l a t i o n  between 

t h e  var ious phenomena, and on accuracy by s t a t i s t i c a l l y  t r e a t i n g  t h e  out- 

g u t s  from s e v e r a l  de t ec to r s .  I n  addi t ion,  s eve ra l  tTpes of de t ec to r s  

r e v e a l  evidence of severe electromagnetic i n t e r f e rence  t ak ing  p l ace  < w i n g  

t h e  excursion. This i n t e r f e rence  i s  presumed due t o  MaK-water, hydrogen- 

oxygen, o r  other  exothermic r eac t ions .  There i s  e v i d e x e  t h a t  t hese  

in t e r f e rences  c o r r e l a t e  with o’oservations of f l a s h e s  s2en i n  t h e  motion 

p i c t u r e s .  I n  no wzy, however does t h e  electromagnetic i n t e r f e rence  

s e r i o u s l y  obscure information t o  be  gained from t h e  exgerimental data. 



E.  RaCioloqical Measurement Results 

Introduction 

Monitoring of t he  r a d i o l o g i c a l  e f f ec t s  of t he  des t ruc t ive  t e s t  

include measurements of t h e  f i s s i o n  proCuct re lezse ,  d i r e c t  gamma and 

neutron doses, and sDread of a i rborne contamination. 

concerning the  r e l e a s e  of beryllium a r e  a lso included i n  t h i s  sect ion.  

A rad io logica l  monitoring g i d  was s e t  up as described i n  Appendix A. 

Measurements 

The gr id ,  with t h e  reac tor  t e s t  pad as t h e  f o c a l  goint ,  w a s  arranged 

as a se r i e s  of concentric a rcs  with a heavi ly  instrumented 60" sec tor  

centered on 30" eas t  of t r u e  north.  

Weather c r i t e r i a  f o r  performance of t h e  des t ruc t ive  t e s t  were 

es tab l i shed  as follows : 

(i) Wind d i r e c t i o n  variance: 180" t o  240' 

( 2 )  Minimum wind speed: 10 mph 

( 3 )  Lapse conditions - 

( 4 )  No prec ip i ta t ion .  

Ph i l l i p s  Petroleum Company Health and Safety personnel were respon- 

s i b l e  f o r  rad io logica l  measurements t o  approximztely 2500 m e t e r s  and 

measurements beyond t h i s  azc were t h e  r e s p o n s i b i l i t y  of t he  AEC-ID 

Health and Safety Division. 

I n  addi t ion t o  the  sampling equipment i n  the grid, rad io logica l  

sampling equipment w a s  placed on a spec ia l ly  constructed 150 foo t  tower 

and on the e x i s t i n g  I X C  stack.  Water catch cans and t r a y s  were located 
on t h e  reac tor  dol ly ,  film-badge-drop devices were located on an approxi- 

mate 10 meter a r c ,  air support t o  follow the  radioact ive cloud was pro- 

vided, "clothesline-type" sample s t a t ions  were located eas t  of t h e  r eac to r ,  

and spec ia l  high range dosimeters and a c t i v a t i o n  f o i l  boxes were employed 

i n  t h e  immediate reac tor  area.  

Radiological monitoring r e s u l t s  from t h e  g r id  and reac tor  area during 

A d e t a i l e d  analysis  of and a f t e r  the  t e s t  a re  summarized in t h i s  sect ion.  

t h e  rad io logica l  r e s u l t s  w i l l  be published i n  m-17038, "Radiological 

Aspects of the  SNApllRAN 2/lOA-3 Destructive Test" .  
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Direc t  Radiation Measurements 

The d i r e c t  r ad ia t ion  r e s u l t i n g  frcm t h e  excursion and the  r e s i d u a l  

f i s s i o n  products w a s  monitored by both remote r a d i a t i c n  mcnizors acd 

f i l m  badge dosimeters. A remote radiazion monitor wixh a 1,000 r / h r  

d e t e c t o r  w a s  located on the  edge of t h e  environmental rink. 

from t h i s  monitor went off sca le  a t  t he  instar-ii of t h e  power b u r s t  and 

then f a i l e d  as it was deluged by water and debr i s  from the  envlronmental 

tank. 

which was shielded by t h e  environmental tank gave a _oe& reading of 
30 r/hr. 

t h e  t es t .  

The readicg 

A remote r a d i a t i o n  monitor 20 fee t  d i r e c t l y  west of t he  r e a c t o r  

This r ad ia t ion  f i e l d  decayed t o  0.055 r / h r  120 minutes after 

Twenty four  hours l a t e r  t he  f i e l d  w a s  2 mr/hr a t  t h i s  point .  

The readings from t h e  film badge dosimeters t h a t  were on o r  near 

t he  environmental tank a r e  shown i n  Figure 19. 
around the top of t h e  environmental tank recorded an average gamma 

dose of approximately 25 rem r e s u l t i n g  from the  power b u r s t  and 24 
hours exposure t o  t h e  r e s i d u a l  f i s s i o n  product decay radiat ion.  

The f i lm badges s i t u a t e d  

The h ighes t  reading of t he  th ree  f i l m  badges at tached t o  t he  

c l o t h e s l i n e  w a s  150 r e m .  

dosimeter being posi t ioned in t h e  most d i r e c t  l i n e  o f  s i g h t  with the  

r eac to r  core. 

approximately one hour after t h e  t e s t .  

This high reading r e su l t ed  from t h e  badge 

The "clothesl ine"  f i lm  badge dosimeters were r e t r i eved  

Doses measured by the fi lm badge dosimeters on t h e  r ad io log ica l  

The indicated b e t a  readings up t o  and tower are shown in Figure 20. 

including t h e  40 foo t  l e v e l  were due t o  t h e  radioact ive cloud. 

low readings in some of t he  areas can be explained by the  presence 

of var ious amounts of shielding between t h e  f i l m  dosimeter and the  

r eac to r  and i t s  remains. 

The 

Radioactive Cloud 

Within mill iseconds following the  i n i t i a t i o n  of t h e  r eac to r  

excursion, a cloud of steam and water was e j ec t ed .  

t a ined  i t s  symetrical shape f o r  a sho r t  t i m e  u n t i l  t h e  majority of t he  

water f e l l  back i n t o  t h e  env i romen tz l  tank. 

v i s i b l e  vapor-f i l led cloud arose and w a s  blown down over the instrumented 

The cloud main- 

A t  t h i s  point ,  a 
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Fig. 19 Test Cell  Radiologiczl  Dose Measurements 
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Fig .  20 Dose Measurements from 
Radiological  Tower Locations 

l e v e l s  t o  background. Eleven miles 

SOo sec t ion  o f  t he  r ad io log ica l  gr id .  

!4ovies ind ica t e  t h a t  there  may have 

seen thi-e d i s t i n c t  a i rborne re leases  

3f f i s s i o n  products from the  t e s t ,  

one during the  in i t ia l  bu r s t  which 

d id  not co l lapse  with the  cloud, a 

second t h a t  rose up with t h e  vapor 

f i l l e d  cloud, and a t h i r d  that came 

from t h e  environmental tank following 

the co l lapse  of  the  cloud. 

t h i r d  re lease  appeared t o  merge with 

the  cloud by t h e  t i m e  it reached 

the rad io log ica l  tower.  

The 

The a i rp l ane  in te rcepted  the  

main cloud a t  one m i l e  from t h e  tes t  

s i t e  and followed it f o r  21 miles 

before cloud dispers ion and radio- 

ac t ive  decay reduced the  r ad ia t ion  

from t h e  test  s i t e  the a i rp lane ,  
employing a s c i n t i l l a t i o n  ty-pe de tec tor ,  measured a peak reading of 

0 .1  m r e m / h r  while f l y i n g  a t  1200 f e e t  above t h e  t e r r a i n .  

Radioactive Noble Gas Release 

Two independent methods were used t o  ca l cu la t e  t he  quant i ty  of 

f i s s i o n  gases re leased from t h e  r eac to r  during the  des t ruc t  test. 

first method u t i l i z e d  da ta  from the bal loon ty-pe f i s s i o n  gas detector 

(descr ibed in Appendix A ) .  

The 

Using an estimated upper l i m i t  f o r  t h e  

cloud s i z e  of 1.46 x lo6 cu. f t .  at  t h e  de t ec to r  pos i t ion ,  ca lcu la t ions  

ind ica t e  t h a t  13.8 cur ies  of Xe-138 ( r.3ughljr 2% of t h e  amount ava i l ab le )  

was re leased.  

The second method compares the  amount of  Cs-137 remaining i n  the  

f u e l  t o  t h e  amount idea l ly  ava i lab le  from t h e  t o t a l  chain y i e l d  of 

Cs-137 f o r  t h e  in tegra ted  energy re lease  from t h e  f u e l .  The d i f fe rence  
between the  ca lcu la ted  value o f  ava i lab le  Cs-137 and the measured value 

remaining gives t h e  number of parent atoms (1-137 and Xe-137) that 
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were released. 

re lease  of Xe-137 from the  reac tor  was l e s s  than 

The second technique ind ica tes  t h a t  the  maximum 

5%. 
Based on these two measurements and the assumption t h a t  a l l  noble 

f i s s i o n  gases behave e s s e n t i a l l y  the  same as Xenon, it appears t h a t  

O d Y  

test  

a f e w  percent of the noble gases were released under the  imposed 

conditions. 

Radiation Exposures From t he  Radioactive Cloud 

The rad ia t ion  from the  small quant i ty  of fission products released 

t o  the cloud w a s  i n su f f i c i en t  t o  give pos i t ive  readings on the  f i lm 

badge dosimeters at most pos i t ions  on the gr id .  

d i d  show signif icant  readings from t h e  cloud a re  l i s t e d  in Table VII. 
This t a b l e  ind ica tes  that the m a x i m u m  cloud dose beyond 25 meters from 

t h e  reac tor  w a s  less than 1 rem. 

Those dosimeters which 

TABLE V I 1  

DOWNWIND INT-ED RADIATION DOSE 

a r  GaIIUDa Beta Film Dosimetc-- 
Location Reading Reading 

(=m) mrem ) 

100 
0 

A - 1  130 
130 A-2 
115 A- 3 

A-4 170 
450 
850 _ _  

A- 5 
A-6 
A- 7 
A-8 
A-9 
A-10 
A - 1 1  
A - I 2  
B - 1  
B-2 

195 
1.80 
90 

800 
270 
220 
150 

0 
115 
60 
65 
80 
95 
15 
10 

150 
I20 

0 
60 
60 

20 0 
30 
0 

B-7 
B -8 50 
B-9 35 
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TUXE VI1 ( c o n t ' d , )  

-GRATED DOSES FROM 3 A D I O A C m  CLOUD 

Gamma Beta 
Reading Read i.ng 
(mrem) (mrem) 

Film Dosimeter 
Location 

30 
60 

2 50 

50 E-10 
25 

B-12 _-  
B-11 50 50 
~ 

C-8 
D -8 
E-18 

30 
45 0 

0 
0 

Fa l lou t  Plates 
- 

Only t r a c e  amounts of r ad ioac t ive  material were ind ica ted  by t h e  

f d o u t  p l a t e s  . 

Iodine Release 

Although many samplers on the  g r id  were s p e c i f i c a l l y  s e t  up t o  

c o l l e c t  iodine,  iodine isotopes w e r e  not de tec ted  except in the  

environmental tank water. Since these instruments are s u f f i c i e n t l y  

s e n s i t i v e  t o  have detected trace amounts of  any iodine released, the  

apparent conclusion i s  t h a t  very l i t t l e  i f  any w a s  released. Recent 

work a t  BNL(3) o f fe rs  a possible  explanation f o r  this minimal iodine 

release. The BNL work indica tes  t h a t  iodine r e a c t s  w i t h  hydrogen t o  

form hydriodic  ac id  ( H I )  if the re  i s  s u f f i c i e n t  f r e e  hydrogen ava i lab le  

as i s  thought t o  have been the  case with SNAPTRPLN f u e l  where high energy 
d e n s i t i e s  ex is ted .  Since H I  i s  near ly  i n f i n i t e l y  soluable in water, 

a l l  of the d i r e c t  y i e ld  iodine ( iod ine  ava i lab le  f o r  reac t ion  while 

t h e  hydrogen w a s  ava i l ab le )  could have been trapped and re ta ined  lin 

t h e  environmental tank wa5er as hydriodic acid.  Tellurium-produced 

" 
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iodines  1-131, 1-132 and 1-1-33 were de tec ted  with a g i d  type s q l e r  

(hi&volume air sampler with a carbon t r q )  two dqys la ter  as they 

evolved from both t h e  environmental t a r &  and from the  vent of t h e  lia_uid 

hot-waste t&~. 
combine with t he  iodine as it evolved from t h e  ;later surfaces  upon which 

the  te l lur ium parent had p la ted .  These iodine concentrations were below 

t h e  values contained i n  t h e  Recommended Concentration Guides f o r  con- 

t inuous breathing.  

A t  t h i s  time free hydrogen W B S  20 longer ava i lab le  to 

Fiss ion  Products Released t o  t h e  Environment 

All data from the  g r i d  measurements k d i c a t e  t h a t  the  quant i ty  of 

f i s s i o n  products re leased  from t h e  r eac to r  and t h e  environmental tank was 

much lower than expected. 

product a c t i v i t y  detected on t h e  grid ,  normalized t o  2.28 hours following 

t h e  test  ( i . e . ,  t h e  time when the f i r s t  s q l e  was counted). 

Table VI11 sumazizes  the pos t - t e s t  f i s s i o n  

TABU VI11 

AIR SAMPLER FILTf3R DATA. 

139 Sample 9.7 h r  S r  91 2.7 hr S r  92 55 min Y 9h 3.6 h r  Y 92 85 m i n  B a  
Location d/ s d /  s &/S d/ s d/ s - - 

A-3 
A-4 
B-3 
B-4 
C - 8  
D-8 
E-16 
F-18 
F-20 

C- 15 
H - l l  

H-12 
Towe I 
(15’ high) 

4 1.30 x i o  
4 2.7 x io  

1.09 x 10 

2.90 x 10 

1.86 x 10 

4 
4 
4 
3 7.53 x 10 
3 1.27 x io  
2 7.99 x 10 

1.06 lo3  
5.1 x io  

6.1 x io 

2 

2 

2 
4.6 x 10 

4 5.04 x 10 

1.10 10‘ 5.64 x lo3  
4 2.58 x i o  2.29 x 10 1.21 x 10 
3 1.11 x 10 9.26 x 10 5.22 x 10 
4 1.38 x i o  
3 
3 
2 

2 

2 

4 1.20 x 10 

4 2.94 x 10 2.47 x 10 

7.07 x 10 1.58 x 10 3.32 x 10 

6.08 x io 6.48 x 10 2.85 x 10 

1.05 x io 1.08 x 10 4.93 x 10 

6.79 x 10 1.79 x 10 

8.85 lo2 9.01 x 10 4.16 x 10 

2 3.82 x io 

2 

2 
3.56 x 10 4.33 x 10 1.67 x 10 
3.61 x i o  2 3.91 x 10 1.69 x 10 

2 4.84 x lo2 5.18 x io 2.27 x io 

4 5.36 x 10 4.28 x 10 2.52 x 10 

8.40 x 10’ 
4 3.52 x 10 
4 1.60 x 10 
4 4.22 x 10 
4 4.75 x 10 
3 
3 

8.92 x 10 
1.82 x io 

1.60 x io 
7.00 x i o  

5.75 x lo2 
3 
2 

8.48 x lo2 
1.03 x i o  3 

4 1.64 x 10 

Y Tower 
(30’  high)  1.91 x 10 1.92 x 10 1.62 x io 9.02 x 10 3 7.20 x io> 

* ,% c 
i e , ! t  5 1  



The f a c t  that  the detected f i s s i o n  products a re  a l l  daughters of shor t  

l i v e d  (half  l i f e  < 50 sec )  radioact ive noble gases demonstrates t h a t  

only noble gases were released. The bal loon t n e  f i ss ion-gas-de tec tor  
w i t h  i t s  b u i l t  in delay system showed t h a t  17 minute xe-138 was a l s o  

released although i t s  daughter CS-138 was n o t  detected by the  g r id  

air  samplers. 

Remote Radiation Monitors 

Five remote r ad ia t ion  monitors located on t h i  rad io logica l  g r i d  

de tec ted  t h e  garnma dose r a t e s  from the  cloud and a l s o  Eeasured t h e  dose 

rates from the  f i s s i o n  product decay following the  t e s t .  

measured dose rates are shown as a funct ion o f  time in Figure 21. 

The recorder  connected t o  the  D - 8  s t a t i o n  failed t o  ink u n t i l  t he  cloud 

reached the D a r c  therefore  a broken l i n e  is  used t o  ex t rapola te  r e s u l t s  

p r i o r  t o  that  t i m e .  

These 

Water Sa.m-plers 

Water e j ec t ed  from the  environmental tank a t  the time of  the  

Fig. 21  Transient Dose Rate Measurements at  DownwF~l.  Locations 
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excursion was trapDed i n  each of t he  four water t r q - s  md i n  severa l  

catch C Z ~ S  posit ioned on t h e  l i p  of t h e  enviroraegtztal. tank.  

as wel l  as t he  water samples taken from t h e  envkonmentd  tank, was 

analyzed. 

r e m i n i n g  i n  t he  tank had e s s e n t i a l l y  t h e  same concentration of radio-  

ac t ive  isotopes.  

This water, 

The an i ly s i s  showed t h a t  t he  water outside the  t ank  and t h a t  

Because NaK coolant was present  i n  t h e  v e s s e l  during t h e  des t ruc t ive  

excursion, t h e  analysis  of t h e  reac tor  w a t e r  sho r t ly  following t h e  t e s t  

showed only 1 5  hour NE-24. After I20 hour decay time, t r a c e  amounts of 

t he  following isotopes were found: 

1-131, 1-132, 1-133, Ba-146, La-140, and sr-89-90. 

and Nb-95 were also found t o  be present .  

Ce-141, Ce-143, N1,-239, Na-24, Te-132, 

After 30 days, 2s-95 

B e r y l l i u m  Data 

p11 d a t a  from t h e  airborne beryll ium samplers, including t h e  

p a r t i c l e  s i z e  de tec tors ,  showed t h a t  no beryll ium was re leased  during 

t h e  tes t .  

F. Post-Test Material Analysis 

The des t ruc t ive  excursion r e s u l t e d  i n  t h e  complete d i s p e r s a l  of t h e  

r e a c t o r  f u e l  within t h e  environmental tank and t h e  rupture  of all f u e l  

elements i n  t h e  core. Figure 22 shows t h e  f u e l  and reac tor  components 

s c a t t e r e d  over t he  bottom of t h e  environmental tank af te r  t h e  t ank  water 

had been drained and the  supers t ruc ture  removed following t h e  t e s t .  

Approximately 98% of the  f u e l  and cladding w a s  recovered from t h e  

environmental tank by remote manipulation i n  t h e  TAN hot shop and ex- 

amined f o r  ident i fy ing  marks. 

Figure 23. Figure 24 i s  a composite p i c t u r e  of t he  iden t i f i ab le  f u e l  

and cladding pieces  i n  t h e i r  r e l a t i v e  loca t ions  i r z  t he  o r ig ina l  core.  

The core loca t ion  number i s  shown above and t h e  f u e l  element number i s  

shown below ( i - e . ,  E-66). Examples of t h e  extent  of t he  f u e l  element 

damage a r e  shown i n  the  four p i c t u r e s  of Figure 25. The p i c t u r e s  a r e  
iden t i f i ed  as fol lows:  

of f u e l  element E-65; B - Broken end of E-9 t h ree  inches from the  

bottom; C - Fuel  element E-80; and D - S m a l l  pieces of un ident i f ied  f u e l .  

The o r i g i n d  core layout i s  shown i n  

A - Cross sec t ion  4-1/2 i iches  from the  bottom 

- 
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Fig. 22 Post-Test Remains of Reactor a f t e r  Reaovd- of Superstructure 
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Fig. 25 Views (A through D) of Miscellaneous Pieces of Fuel Remains 



Sample waters have been CUT f r m  seve ra l  of t he  f u e l  elements for 

both chemical a d  meta l lu rg ica l  analjrsis. 

E-65, E-151, 3-153, a d  the bottom o f  element 'E-@+. k e  sample 

wafers f rom E-65, E-151, m d  E-153,  f o r  chemical m d y s i s ,  were c u t  

from each end of each f a e l  element as w e l l  as f r C m  el'uher Side Cf t he  

missing cen te r  secticr- r e s u l t i n g  *A f o u r  isafers from eacn f u e l  element. 

m e  wafers were numbered 1 'uhrough 4 s t a r t i f i g  a t  t h e  bottom of each 

element a d  a l e  i d e n t i f i e d  as 65-1, 65-2, 65-3, e t c .  "he i r  l oca t ion  on 
the  o r i g i n a l  f l e l  element and approx-ate thlck2esses are  given i? 

Table a. 
fission product d i s t r i b u t i o n ,  C r - 5 1  i n  t he  3 a ~ t e l l o y - N  cladding by 

a c t i v a t i o n  a d  t o t a l  chromium, and U-Zr  in t he  c l a d d h g  to determine 

if 2 e u t e c t i c  w a s  formed ai; - 1700°F. Included in_ t he  metal lurgical  

ana lys i s  of wafers from E-65, E-151,  ar-d E-153,  and longi tudiqal  

s l i c e s  of E-& Ls the exmina t ion  f o r  phase changes, temperature 

%-e elemer-:s s a p l e d  were 
- 

The anzlyses completed t o  daze include h;rdrogen d i s t r i b u t i o n ,  

g rad ien t s ,  melted zones, e t c .  

TABLE I X  

SAMPLE WAFER JDENTIFICATIOM AN3 LOCATION 

Sample Approx h a t e  
I d e n t i f i c a t i o n  Or ig ina l  Locat ion Thickness 

65-1 . 12-1/4" t o  l2-1/2" from tag shoulder 1/4"  

65-3 3- l /2"  to 4" from top  shoulder 1/4" 
6 5-2 8" t o  8-1/2" from t o p  shoulder 1/2" 

65-4 
151-1  
151-2 

151-3 
151-4 

- 153-1 
fo 
u1 153-2 

1.53-3 c- 

0" t o  

2-1/8" t o  

i 70-3/8" t o  

2- 1/ 8" t o  

0" t o  
- 12-318" t o  

9-1/4" t o  

2" t o  

0" t o  

1/4" from top  shoulder 

12-1/2" from t o p  shoulder 

10-3/4" from t o p  shoulder 

2-1/2" from top  shoulder 

3/8" from top  shoulder 

Q-1/2" from t o p  shoulder 

9-5/SfT from tog shoulder 

2-3/8" from t c p  shoulc?er 

1/8" from z ~ p  Sh01-d6er 

.... 
. .  

.. . 



The hydrogen d i s t r i b u t i o n  was determined f o r  ezch of t h e  th ree  

elements both r a d i d y  and longi tudina l ly .  

t h e  center outward were taken from each Srafer l i s t e d  i n  Table a. 
samples a re  iden t i f i ed  by H - 1  at t h e  center  t o  €I-5 a’; the  edge. 

un ident i f iab le  f u e l  pieces recovered from the  environmental tank were 

analyzed and found t o  contain only 22% of t h e  o r i g i n a l  hydrogen content.  

The results of t he  hydrogen analyses a r e  l i s t e d  i n  Table X with t h e  

o r i g i n a l  hydrogen content of each f u e l  element a l s o  given. 

values have a 95% confidence i n t e r v a l  of -+ 0.02 w t k .  
t h a t  t he re  was es sen t i a l ly  no hydrogen l o s s  from the  eAutreme ends of the  

f u e l  elements and only a l O - l 5 $  l o s s  a t  t h e  broken ends of elements E-65 
and E-151 near t h e  center of t h e  reac tor  core .  Element E-153 located a t  

t h e  outs ide edge of t he  core apparently had a negl ig ib le  hydrogen l o s s  

even at the  broken ends. 

of t h e  f i v e  samples from each of t h e  -2 and -3 wu‘ers indicates  t h a t  t h e  

surface appearance (cracks and fissures) Frobably explains t h e  wide 

range of r e s u l t s  reported.  

were a much darker color than t h e  remainder of the w d e r  ind ica t ing  a n  

oxide formation or a change i n  s t ruc tu re .  

crack formation i n  E-65-3. 
average of dupl icate  analyses having a d i f fe rence  no greater  than 0.02 

w t $ .  

153-3 t o  0.35 w t %  i n  65-2. 

Five radial samples from 

These 

S d l  

The l i s t e d  

The r e s u l t s  ind ica te  

A c lose  examination of the  hydrogen content 

I n  several cases the  edges of t h e  cracks 

Figure 25-A i s  an example of 

The r e s u l t s  repor ted  i n  the  t a b l e  a re  an 

However, t he  range f o r  ind iv idua l  wafers i s  from 0.06 w t %  i n  

The remaining port ion of each f u e l  wafer was analyzed f o r  t he  

following f i s s i o n  products: 

and are presented i n  Table X I .  

a r a d i a l  d i s t r i b u t i o n  of t h e  f i s s i o n  products f o r  t h ree  f u e l  elements 

and ind ica t e  t ha t  t he  f l u x  was higher near t h e  center of each f u e l  

element than a t  t h e  ends. 

a t t r i b u t e d  t o  sublimation and/or m i g a t i o n  of t h e  iodine.  

t h e  strontium analysis  was made f o r  both t h e  sr-89 and Sr-90 isotopes,  

the  d i s i n t e p a t i o n s  from the  sr-89 represents  > 39% of the  t o t &  

stront ium a c t i v i t y  a t  tha t  t i m e .  Consequently, the Sr-90 was not 

de tec tab le .  

1-131, Ba-La-140, Ce-141, Zr-Nb-95, Cs-137 
The results give a longi tudinal  but not 

The v a r i a t i o n s  i n  t h e  1-131 r e s u l t s  may be 

Although 

1 
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TABLE XI 

F I S S I O N  PRODUCT DISTRIBUTION 
(EXPRESSED A S  uc/gm AT To + 2.28 hrs . )  

Sample No. 1-131 Ba-La-140 Ce-141 Zr-Nb-95 Cs-137 Sr-89 

65-i 
65-2 
65-3 

151-1 

151-2 

151-3 
151-4 
153-1 

153-2 
153-3 
153-4 

6 5-4 

16 24 3.3 4.3 
23 47 5.9 9.1. 

8 44 6.1 9.2 
23 23 1.3 4.2 
10 25 2.5 4.8 
22 39 3.6 7.8 
27 46 4.5 9.1 
15 23 2.4 4.4 

17 34 3.4 6.7 
12 34 4 .O 8.0 

15 21 2.1 4.1 

------------------ Lo s t  Sample - - - - - - - 

.026 4.7 

.Ob9 8.8 

.057 8.4 

.029 3.5 

.025 4.6 

.046 7.3 
9057 8.1 
.028 4.5 
.024 3.8 
.036 5.8 
.026 6.6 

The two cladding r ings  from f u e l  wafers 65-3 and 151-3 were analyzed 

f o r  both t o t a l  chromium and Cr-51 t o  determine t h e  extent  of chromium 

ac t iva t ion .  The results corrected t o  T + 2.28 hrs are as follows: 
0 

Sample Iden t i f i ca t ion  T o t a l  Chromium $ Cr-51 MC/@ 

65-3 7.36 1.07 
151-3 7.36 1.07 

The Hastelloy-N cladding f o r  both E-65 and E-151 f u e l  elements came 

from the  same o r i g i n a l  tube p r i o r  t o  f a b r i c a t i o n  and would be expected 

t o  have the  same t o t a l  chromium analys is .  The reason f o r  i d e n t i c a l  

chromium ac t iva t ion  from two d i f f e r e n t  areas of the  core i s  covered 

later i n  t h i s  sect ion.  

It i s  possible  t h a t  above approximately 1700°F a e u t e c t i c  

composition can be formed between the Hastel loy cladding and the  Zr-U 

f u e l .  

d i s s o l v e r  solut ions of the  cladding r ings  of 65-3 and 151-3 were 

analyzed f o r  both zirconium and uranium. 

A s  a preliminary- inves t iga t ion  of such a eu tec t i c  formation the- 

The surfaces  of  bo th  



Hastelloy-N cladding r ings  had been thoroughly cleaned p r i o r  t o  

d i s s o l u t i o n .  The a n a l y t i c a l  results were as follows: 

Sample Uranium pg.m/Q Zirconium w'$ 

E-65-3 9.15 10-3 0.13 

E - 151- 3 0 -04 

It must be pointed out  t h a t  although the  zirconium content of both samples 

appears r a t h e r  low f o r  a e u t e c t i c  composition, t h e  e u t e c t i c  may have 

been formed i n  only one small sec t ion  of the  r ing .  

s ince  t h e  e n t i r e  r i n g  was dissolved, t h e  e u t e c t i c  concentration would 

be g r e a t l y  d i lu t ed .  

40$ o f  the planned p o s t - t e s t  analyses.  

I n  such a case, 

The foregoing r e s u l t s  represent  approximately 

NaK Analysis 

The ex ten t  of t h e  NaK-water r eac t ion  can be used t o  determine 

t h e  o v e r a l l  mechanical and thermal energy release. 

environmental tank water gave a result  of  15.4 5 0.8 ppm H a  which 

ind ica t e s  t h a t  6-1/2 pounds of NaK reacted with the  10,800 gallons of 

water i n i t i a l l y  avai lable .  Further  sodium analyses on the water i n  a 

catch can a t  the  top  edge of t h e  environmental tank and in a 5 sec t ion  

water catch t r a y  located on the  f latcar gave comparable sodium concen- 

t r a t i o n s .  

a v a i l a b l e  NaK reacted with environmental tank water during and 

immediately following t he  r eac to r  disassembly. 

An analysis  of the  

Using these results, it can be concluded t h a t  a l l  of  t he  
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V. ANALYSIS OF RESULTS 

AnalysIs has been performed on those phecomena which a f f e c t  t he  

general  r eac to r  behavior during the  des t ruc t ive  t e s t .  

discussion based on t h i s  ana lys i s  i s  presented t o  describe the  ?heno- 

menologicsl sequence following the  i n i t i a t i o n  of the  des t ruc t ive  t e s t .  

A general  

-4. Phenomenological Time Sequence 

Figure 26 represents  the d e t a i l s  of  nuclear and non-nuclear 

The nuclear phenomena t h a t  ake s a l i e n t  i n  descr ib ing  t h i s  t e s t .  

power, energy, and calculated f’uel temperature a r e  shown p lo t t ed  i n  

logarithmic form f o r  easy comparison and i d e n t i f i c a t i o n  of t he  time 

a t  which these t r aces  deviate  from t h e  e q o n e n t i a l  r ise.  The r e a c t i v i t y  

t r a c e  shows deviation from the  exponent ia l  r i se  a t  about 3 mSec p r i o r  

t o  peak parer .  

with energy until near t o  peak power when a s i g n i f i c a n t  increase i n  the  

r e a c t i v i t y  compensation takes  place.  

t i v i t y  i m e d i a t e l y  following peak power i s  due t o  core disassembly. 

Since disassem-oly takes place a f t e r  peak _oower,- no contr ibut ion t o  

the  r e a c t i v i t y  feedback up t o  peak p a r e r  i s  seen t o  resul t  from core 

expans ion. 

The compensated r e a c t i v i t y  i s  seen t o  vary inve r se ly  

The r ap id  decline of the reac- 

Once s u f f i c i e n t  energy had been deposited i n  the  various regions 

of t h e  core t o  cause these regions t o  reach a terngerature of about 15GG°F, 
hydrogen gas commenced t o  pressurize  t h e  f u e l  elements. U n t i l  t h e  load 

pressure exceeded the  1500 p s i  containment capab i l i t y  of t he  f u e l  cans, 

l i t t l e  r e a c t i v i t y  w a s  l o s t  from the  system due t o  hydrogen evolution 

phenomena. The onset of f a i l u r e  of t he  f i r s t  v e s s e l  w a l l  gauge a t  

100 psec p r i o r  t o  peak power gives evidence t h a t  one or more f u e l  

elements had e i t h e r  thermally expanded or  ruptured due t o  hydrogen 

evolution. During the next 1 .2  msec, t he  s t r a i n  gauges, as discussed 

i n  Section IV-D,  shared evidence t h a t  t h e  v e s s e l  walls had exceeded 

an elongation of 0.2%. 

shown i n  the  pressure t r a c e  of Figure 26 ind ica t e s  t h a t  core disassembly 

began a t  t h i s  time. 

t o  account fo r  t he  propagation time from the  reaczor t o  the  loca t ion  of 

The generation o f  pressure i n  the  water as 

This pressure t r a c e  has been moved Sack i n  time 

- 
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t he  gauge. 

r e a c t o r  surface very near t he  t i m e  of peak power, with a r i s e  t o  the  

pressure peak consuming the  next 2 msec. Since the  expansion of the 

f u e l  cans due t o  hydrogen r e l e a s e  would be pr imari ly  i n  a r a d i a l  

d i r e c t i o n  during t h i s  time, t h e  v e s s e l  walls would assume the  g r e a t e s t  

degree of displacement. 

rup tu re  poin t ,  would a r eac t ion  force appear on the pedestal .  

r e a c t i o n  force  i s  shown by the  s t r a i n  t r a c e  from the pedestal  s t r a i n  

gauge located s i x  inches below t h e  r e a c t o r .  

fo rces  generated by continued hydrogen expansion l a s t i n g  approximately 

3-l/2 msec. 

hydrogen r e l ease  were probably terminated a t  about 2-1/2 msec a f t e r  

peak power after which the  steam generation from hot  core components 

and chemical r eac t ion  between water and NaK provided the  continued 

expansion forces which maintained t h e  environmental pressure a t  a 

s i g n i f i c a n t  level  f o r  approximately the  next 20 msec. 

This t r a c e  shows the  i n i t i a t l o n  of a disturbance a t  zhe 

Not u n t i l  t h e  v e s s e l  wal ls  had reached the  

This 

This t r a c e  shows the  

This would imply t h a t  t h e  displacement forces from 

The EG&G photographs as discussed i n  Sect ion IV-D can be co r re l a t ed  

with t h e  above phenomena. The var ious frames of the  EG&G p i c t u r e s  are 

ind ica t ed  by t h e  encircled numbers a t  t h e  bottom of t h i s  p l o t .  

1, 2, and 3 show very l i t t l e  evidence of vessel expansion ind ica t ing  

t h a t  very l i t t l e  r e a c t i v i t y  l o s s  r e s u l t e d  from displacement of the  

water r e f l e c t o r .  Picture  4, however, shows t h e  onset of rapid v e s s e l  

expansion which continues t o  t h e  near s p h e r i c a l  shape of t he  v e s s e l  

shown i n  p i c t u r e  8. These p i c t u r e s  support  t h e  r eac to r  disassembly 

evidence indicated by the  v e s s e l  w a l l  s t r a i n  gauges, environmental 

pressure generation, EG&G breakband f a i l u r e ,  and pedestal  s t r a i n  in fo r -  

mation. It  can be concluded from t h i s  information tha t  the  contr ibut ion 

t o  negative r e a c t i v i t y  from disassembly d i d  no t  begin u n t i l  200-300 

psec af ter  peak power and t h a t  t h e  r e a c t o r  power r i s e  was terminated 

as the  r e s u l t  of prompt r e a c t i v i t y  e f f e c t s  due t o  i n t r i n s i c  neutronic 

e f f e c t s .  

P i c tu re s  

B. Feedback Analysis 

A value of 0.19 cent/'F f o r  t he  negative prompt tenperature coe f f i -  

c i e n t  w a s  determined from the  des t ruc t ive  t e s t  data. 

some of the  important considerations follows. 

A discussion o f  



In s e l e c t i n g  a mathematical model which accu ra t e ly  def ines  the  

dynamic SNAP 2/10A r eac to r  behavior, t h e  major considerat ions a r e  the  

r a t i o  of prompt neutron l i f e t i m e  ( a )  t o  t he  e f f e c t i v e  delayed neutron 

f r a c t i o n  (Beff) and the  r e l a t i o n  of r e a c t i v i t y  feedback t o  var ious 

time dependent phenomena. 

and i s  known t o  wi th in  l5$, t he  r e l a t i o n s h i p  which e x i s t s  between the  

r e a c t i v i t y  feedback and a tinre-space r e l a t e d  r e a c t o r  phenomenon i s  

very d i f f i c u l t  t o  define.  

T W T  2/lOA-3 dynamic r eac to r  behavior, two bas i c  phenomena are  consi- 
dered as contr ibutors  t o  the  non-destructive r e a c t i v i t y  feedback 

coe f f i c i en t ,  spectrum hardening as a function of temperature and 

geometric changes which may be e i t h e r  l i n e a r l y  or  non-linearly dependent 

on core temperature. 

Wnile t h e  value of Z / B P f f  c has been measured 

I n  models which a t t e G t  t o  p red ic t  t he  SNAP- 

The spectrum hardening as a funct ion of temperature r ise  which 

occurs i n  zirconium-hydride f u e l  material has been described and 

experimentally examined by General Atomics(‘). 

I n t e r n a t i o n a l  and P h i l l i p s  Petroleum Company have made measurements 

concerning the  neutron s c a t t e r i n g  phenomenon in zirconium-hydride 

Defining r e a c t i v i t y  per turbat ions due t o  spectrum hardening i s  complex 

and r equ i r e s  c a r e f u l  treatment. Atomics I n t e r n a t i o n a l  made such an 

assessment and determined the  temperature feedback coe f f i c i en t  (3) 
t o  be approximately -0.1 cent/’F. 

back due t o  spectrum hardening i s  manifested as a prompt e f f e c t .  

I n  addi t ion ,  Atomics 

( 5 7 6 ) .  

In Zr-Hx f u e l  the  r e a c t i v i t y  feed- 

In considering t h e  various kinds of non-destructive geometry changes 

which are r e l a t e d  t o  temperature changes ( e .g . ,  f u e l  expansion, g r i d  

p l a t e  growth, and f u e l  rod bowing), only those e f f e c t s  which are prompt 

i n  nature  are of i n t e r e s t  i n  def ining the r eac to r  dynamic behavior 

during the  des t ruc t ive  excursion. 

t he  f u e l  growth as a function of temperature i s  thought t o  be t h e  only 

other  poss ib l e  prompt contr ibutor  t o  the  r e a c t i v i t y  feedback coe f f i c i en t .  

However, f u e l  growth a f f e c t s  t he  feedback coe f f i c i en t  only i f  it i s  
accompanied by movement of the  r e f l ec to r - co re  i n t e r f a c e .  Axial  and 

r a d i a l  f u e l  growth have been examined sepa ra t e ly  as contr ibutors  t o  

the  prompt negative temperature c o e f f i c i e n t  . 

I n  add i t ion  t o  spectrum hardening, 

- 



The a x i a l  f i e 1  g a j t h  a f f e c t s  the  r e a c t i v i t y  i n  th ree  ways. The 

f i r s t ,  which i s  Pos i t i ve ,  r e s u l t s  from coupling the  f u e l  t o  the  r e f l e c t o r .  

This e f f e c t  i s  small due t o  t h e  e f fec t ive '  1 t o  2 icch void between the  

end of the  f u e l  and the water r e f l e c t o r .  The second, which i s  negative,  

r e s u l t s  from reduction of t he  f u e l  dens i ty .  This e f f e c t  i s  l a r g e r  and 

i s  e s s e n t i a l l y  proport ional  t o  the  d e n s i t y  change. 

a l s o  negative,  i s  due t o  t h e  t r ansve r se  leakage. 

i n  magnitude due t o  the low importance of t h e  leakage i n  the  corner 

region of the  core. 

calculated t o  be small ( i . e . ,  

compensating e f f e c t s .  

The t h i r d ,  which i s  

This e f f e c t  i s  small 

The a x i a l  f u e l  growth contr ibut ion t o  % was 

0.01 cent/OF), due pr imari ly  t o  the  

The rad ia l  growth of t h e  f u e l  has been found t o  result i n  very 

l i t t l e  r e a c t i v i t y  change provided the  core-ref lector  i n t e r f a c e  remains 

s t a t iona ry .  However, i f  this i n t e r f a c e  moves with the  f u e l  growth, 

a r e a c t i v i t y  coe f f i c i en t  of $lO/in. of vessel r ad ius  growth r e s u l t s  

i n  a f u e l  temperature c o e f f i c i e n t  of about -0.09 cent/*. However, 

i f  t h e  i n t e r f a c e  i s  held f ixed ,  t h e  rearrangement of fue l  within this 

boundary causes a very small amount of r e a c t i v i t y  change. 

p r imar i ly  t o  a cance l l a t ion  of  t h e  negative e f f e c t s  of reduction i n  

f u e l  dens i ty  and increase i n  neutron leakage by the  pos i t i ve  e f f e c t  of 

r e f l e c t o r  t o  core coupling. 

This i s  due 

The movement of t he  f u e l - r e f l e c t o r  i n t e r f a c e  as a result  of f u e l  

growth depends on the  following: 

and c lad ,  and (2 )  t he  a b i l i t y  of NaK between fue l  elements t o  t ransmit  

clad motion t o  the  vessel .  

Company t o  p red ic t  the  des t ruc t ive  t r a n s i e n t  r eac to r  behavior of 
SNAPTRAN 2/lOA-3 was based on s p h e r i c a l  geometry i n  which the  buckling 

w a s  normalized t o  c y l i n d r i c a l  buckling. 

assumed t o  be the  design clearance of 3 mils. 

t h e  f u e l  expansion was predicted t o  a f f e c t  t h e  rad ia l  r e f l e c t o r  boundary, 

and hence r e a c t i v i t y ,  when a f u e l  temperature of 900- was reached. 

However, the  average fuel-clad clearance i n  t h e  SNAPTRAN 2/lOA-3 f u e l  

rods w a s  4.2 mils instead of 3 mils thus r equ i r ing  a higher temperature 

f o r  t h e  onset of the negative feedback caused by vesse l  expansion. 

a consequence a higher energy r e l e a s e  r e s u l t e d  from t h e  des t ruc t ive  

tes t  than would have been expected based on t n e  3 m i l  clearance. 

(1) t h e  radial  clearance between f u e l  

The model chosen by P h i l l i p s  Petroleum 

The f i e1  t o  c lad clearance was 

Using a 3 m i l  clearance, 

A s  
- 
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The r e s u l t s  of P h i l l i p s '  "Reactivity" code treatment of N - 1 3  power 

data  a r e  p l o t t e d  i n  Figure 27. 
temperature i s  p l o t t e d  i n  Figure 28. 

l 5 O O T ,  t he  r e a c t i v i t y  deviates  from a l i n e a r  re la t ionship  with ternpera- 

t u re  

i s  a t t r i b u t e d  t o  core disassembly. 

growth ( ind ica ted  by the v e s s e l  w a l l  s t r a i n  gauges) contr ibutes  only 

about 10 cents of r e a c t i v i t y  compensation leaving approximately $2.70 

having been compensated f o r  by a x i a l  expansion and i n t r i n s i c  neutronic 

e f f e c t s  such as spectrum hardening. Since the  axial  growth r e s u l t s  i n  

l e s s  r e a c t i v i t y  compensation than does the  r a d i a l  growth, near ly  a l l  

of the 0.19 cent/% negative temperature coef f ic ien t  may be a t t r i b u t e d  

t o  i n t r i n s i c  neutronic e f f e c t s .  

Compensated r e a c t i v i t y  vs average core 

A t  a f u e l  temperature of about 

ind ica t ing  the introduct ion of a d i f f e r e n t  node of feedback which 

Up t o  this point ,  the  0.3$ r a d i a l  

A f t e r  peak power, core disassembly r e s u l t e d  i n  a rapid reduction 

of r e a c t i v i t y  and hence power. 

core g r a r t h  was calculated from the  EG&G p i c t u r e s  t o  be lO$/inch. 

The r e a c t i v i t y  as a function of r a d i a l  

I . .  
DETFCTOR N - I3 I 

I 
I 

pa : 3.77 Dollars 
1 = 14piec 
p,',:o.008 

8.0 t 

2.01 

..... 

T I M E  ( x c l  

Fig.  27 Compensated Reac t iv i ty  
vs .  Time During Destructive Test 

F ig .  28 Compensated React ivi ty  
vs .  Average Core Tenperatwe 
During Destructive Test 



C .  Energy Probe Behavior 

The temperature of the energy probes followed the integrated 

power burs t  shape indicated by nuclear de tec tor  N - 1 3  with a l i n e a r l y  

increasing departure over the temperature range from 3 0 0 9  t o  1500%. 

For those probes which reached a temperature r i s e  of 15009 a f t e r  peak 

power, the energy-temperature r i s e  r e l a t i o n s h i p  a t  an individual  probe 

i s  d i s t o r t e d  by the  onset of core derangement. 

t h a t  t he  spec i f ic  heat of t he  f i e 1  is  l i n e a r  with temperature 

approximately 1500%. 
in an energy probe i s  proport ional  t o  t h a t  deposited i n  the  fue l .  

It therefore  appears 

up t o  

It would a l so  appear t h a t  t he  energy deposited 

The r a t i o  E ( t ) / A @ ( t ) ,  was computed f o r  each probe where E ( t )  i s  

t he  time dependent in tegra ted  parer  indicated by N-13 and A @ ( t )  i s  the 

time dependent temperature r i s e  i n  degrees F of  a given energy probe. 

The experimental determination of t h i s  r a t i o  was found t o  be propor- 

t i o n a l  t o  (1.0 + 4.5 x 10 

l e s s  than 576 *om 300°F t o  1500°F. 

agrees wel l  with the spec i f i c  heat data for the  f u e l  reported by Atomics 

In te rna t iona l ( ' ) .  

capaci ty  a t  68OF was derived from these reported data.  

E ( t ) / A 0 ( t )  f o r  each energy probe was normalized t o  the  averaged heat  

capacity,  Cp, where: 

-4 
A0) with an average deviat ion i n  slope of 

The above f ac to r  of l i n e a r i t y  

A value of 0.0097 Mw-sec/* f o r  the  t o t a l  f u e l  heat 
The r a t i o  

- 
68+Ae ' m c (0) d e  

68 F = co (1 
- 

ne cp = 

where 
Mw- se c c = spec i f i c  heat [-I 

P 
Mw- se c 

c O  
@ 

p = l i n e a r i t y  constant 9-l 
m = core f u e l  mass (grams) 

= heat  capacity ( 

The p l o t s  of the comparison of the energy probe data with the theore t i -  

c a l  curve a r e  shown i n  Figures 29 and 30. 
i n d i c a t e  a heat capacity of  1.1 x 10 

core ( f o r  temperatures up t o  1 4 0 ° F ) .  

(6) Previously reported data 
-2 Mw-sec/OF f o r  the SNAPTRAN 2 / l O A - 3  

A high degree of l i n e a r i t y  f o r  the 
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Fig. 29 Nuclear Energy per Unit  Temperature Rise of 5 w t $  Energy 
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t 
1 900. I200' 1500' - 300' 600' 8 

0' 
T E M P E R A T U R E  RISE ( O F )  

Fig. 30 Nuclear Energy per Unit Temperature Rise of 10 w t $  Energy 
Probe vs. emperatme Rise of 10 w t $  Energy Probe 
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experimentally d e t e d n e d  averaged hea t  capaci ty  is observed from the  

energy probe data;  however, t he re  i s  considerable uncertainty about 

t he  magnitude of the heat capaci ty  a t  68%. 

I f  a l i n e a r  heac capacitv i s  assumed, then 

where E, i s  the  average prompt nuclear energy release deposited in the  
I 

f u e l ,  LIB- i s  the  temperature rise of the  n- th  probe, Co i s  the hea t  
- 11 

capaci ty  of the  f u e l  a t  68OF (Aen = 0 ) ,  f n i s  -4 the  point  t o  average source 

f a c t o r  f o r  t he  n-th probe, and @ = 4.5 x 10 /OF, t he  l inearity f ac to r  - 

descr ibed above. If the  in tegra ted  de tec to r  output i s  designated as 

E ( t ) ,  then Ef = g E ( t )  where g i s  a propor t iona l i ty  fac tor .  

Therefore, 

The quant i ty  on the  r i g h t  was computed f o r  each 

msec p r i o r  t o  peak power, with the 5 wt'$ probes 
energy probe a t  t = 1.6 - 

normalized t o  the  10 w t $  
probes by a f ac to r  of 2. 

formed on the quan t i t i e s  of fng/Co t o  determine a core averaged value 

of g/Co. The experimentally determined rad ia l  and a x i a l  r e l a t i v e  

source d i s t r ibu t ions  are  shown i n  Figures 31 and 32. 

determined was then applied t o  the  in t eg ra t ed  nuclear detector  output 

and the  results corrected t o  provide a value f o r  the  t o t a l  nuclear 

An in t eg ra t ion  over the  core volume was per- 

The value of g 

energy release. 

N-13 w a s  37 Mw-sec, using C 0 = 9.7 x 
uncer ta in ty  of t h i s  method, i n  addi t ion  t o  the  lack  o f  de f in i t i ve  heat  

capaci ty  data ,  i s  the d i f f i c u l t y  i n  determining an appropriate average 

of the  quan t i t i e s  fng/Co over t h e  core volume or ,  a l t e rna t ive ly ,  chosing 

a computer-generated parer  shape t o  which the  quan t i t i e s  fng/Co may be 

The re su l t i ng  energy r e l ease  as determined from detector  

Mw-sec/OF. The p r inc ipa l  

f i t t e d .  

The time var ia t ions  i n  the  temperature p r o f i l e  ( see  Figures 33 and 

34) could a r i s e  from s l i g h t  d i f fe rences  i n  hydrogen content (and there-  

f o r e  spec i f i c  hea t )  and from s p a t i a l l y  dependent s p e c t r a l  changes. 
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Fig .  32 Axial Fiss ion  Source 
Di s t r ibu t ion  as Defined by Energy 
Probes 

Because of the  unknown flux shape w i t h i n  an i n t e r s t i c e ,  uncertainty e x i s t s  

in i n t e r p r e t i n g  the  source shape of t he  core from energy probes. This 

considerat ion is  important s ince it permits a mis in te rpre ta t ion  of t he  

energy r e l ease  from energy probe da ta  by introducing a bias t o  t he  data .  

The two unfueled energy probes included t o  study the  e f f e c t  of 

gamma hea t ing  on zirconium hydride showed a temperature rise of approxi- 

mately 8% of the  temperature rise of an equiva len t ly  posi t ioned 10 wt% 

U-235 probe o r  about 16% of t h a t  of  a 5 w-t$ probe. 

da t a  from the 5 wt% probes t o  i n t e r p r e t  f u e l  temperature of 10 wt$ 

f u e l ,  t h e  gamma heat ing contr ibut ion w a s  accounted f o r  in determining 

I n  order  t o  use 

t h e  5 w t $  t o  10 w-t$ cor re l a t ion  f ac to r .  

D . Energy Determination 

Severa l  methods were used i n  the  determination of the  nuclear 

energy reiease and a re  l i s ted  in Table XI1 with t h e  mean energy as 

determined by each technique. A discussion of each method follows x2-e 
t a b l e .  
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TABLE X I 1  

~~ ~ 

( j )  Method Energy Release U n c e r t a i n t p  ( 2 ~ j  ) 

(1) Nuclear Detector Cal ibrat ion 
Against Known S t a t i c  Parer 
Leve 1 

( 2 )   lux Wire ( in-core)  

( 3 )  Flux Wire (out-of-core) 

( 4 )  F iss ion  Prod.uct Radio- 
chemical Analysis 

( 5 )  LASL Capsule I r r a d i a t i o n  

( 6 )  Environmental Tank Water 

(7) Energy Probe 

Temperature Rise 

Most Probable Value 

46.0 Mw-sec 

61.3 Mw-sec 

55.2 Mw-sec 

53.4 Mw-sec 

56.6 Mw-sec 

43.2 Mw-sec 

36.8 Mw-sec 

45.3 Mw-sec 

C 13.2 Nw-sec 

C 14.5 Mw-sec 

C 15.0 Mw-sec 

rf: 7.0 Mw-sec 

C 10.6 Mw-sec 

C 15.7 Mw-sec 

C 4.1 Mw-sec 

C 3.6Mw-sec 

* The value of uncer ta in ty  f o r  each method represents  a 9546 confidence 
i n t e r v a l  fo r  those unce r t a in t i e s  which-are k n m  t o  influence t h e  
energy computation fo r  each method and a r e  t r e a t e d  as a standard 
deviat ion.  While a l l  cont r ibu t ing  unce r t a in t i e s  f o r  each method a re  
not p rec i se ly  known an attempt was made t o  evaluate  each t o  the  
ex ten t  possible .  

Normally, with the  performance of a s teady s t a t e ,  ca lor imet r ica l ly  

recorded power run followed by seve ra l  high l eve l ,  fast t r a n s i e n t  power 

excursions,  the  nuclear de tec tors  can be ca l ib ra t ed  aga ins t  power l e v e l  

t o  within 546 accuracy. However, i n  t he  power ca l ib ra t ion  run performed 

on t h e  SN- 2/lClA-3 reac tor ,  t he  coolant mixing was i n s u f f i c i e n t  t o  

allow high re l i ance  i n  ca lor imet r ic  power determination. 

t r a n s i e n t  hea t  flux balance on the  energy probes w a s  done t o  determine 

a value of 1.94 kw f o r  the  power l e v e l  during the run. 
value i s  the  f l u x  wire ca l ib ra t ion  da ta  which yielded 2.08 kw. 

of 2.0 k 0.1 kw was used f o r  a l l  subsequent power ca l ib ra t ion  cor re la t ions .  

Since chambers N-9 and N-ll ind ica ted  during t h e  power ca l ib ra t ion  and 

des t ruc t ive  t e s t ,  an i n t e r c a l i b r a t i o n  was made between these chambers 

and those l i n e a r  chambers which followed peak power. 

from N-9  and N-ll were recorded i n  logarithmic form which normally 

Instead,  a 

Compared t o  this 

A value 

The output - s igna ls  

I 
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reduces t h e  accuracy of ind ica ted  Output. 

l o g - l i n e a  ca l ib ra t ion ,  t h e  e r r o r  i s  l e s s  t h y  5$. 
the  raw d a t a  from these  chambers (N-9 and N - U )  had s l i & t l y  different  

per iods,  t h e  log- l inear  c a l i b r a t i o n  r e s u l t e d  i n  somewhat b e t t e r  per iod 

agreement and both ind ica ted  t h e  same power l e v e l  a t  U7.5 mSec a f t e r  

t e s t  i n i t i a t i o n .  The energy r e l e a s e  as determined from N-IO,  N-13, N-17, 
and N-19 were respec t ive ly  45.4, 42.5, 52.7 a d  43.4 MW-seconds. 

Bowever, w i t h  20 point/decade 

I n  addi t ion,  although 

Gold, cobal t ,  and uranium-235 f l u x  wires,  contained in t h e  core 

during the  des t ruc t ive  t r a n s i e n t ,  were analyzed t o  determine t o t a l  nuclear 

energy. 
in determining t h e  in t eg ra t ed  f l u x  f o r  t h e  des t ruc t ive  t e s t .  

weighting f ac to r s  were used t o  relate t h e  l o c a l i z e d  ac t iva t ion  t o  t h e  

average core energy. 

due t o  spectrum or  fast f i s s i o n  cor rec t ions  which a r e  not well understood, 

t h e  coba l t  and uranium ac t iva t ions  are considered t o  be r e l a t i v e l y  accurate .  

The results are :  

seconds. 

The i n t e g a t e d  f l u x  f o r  t he  power c a l i b r a t i o n  was accounted f o r  

Source 

While t h e  gold a c t i v a t i o n  ana lys i s  i s  questionable 

gold - 39 MW-sec, cobal t  - 67 MW-sec, and U-235 - 55 Mw- 

Fif'teen samples were analyzed from each wire t o  determine 

s ta t is t ical  vaziance. 

The out-of-core flux samples which were loca ted  1-1/2 in. from t h e  

v e s s e l  w a l l  consis ted of gold, copper, U-235 aluminum d o y ,  zinc,  and 

n i c k e l  wires. 
n i c k e l  and zinc,  and a thermal neutron a c t i v a t i o n  ana lys i s  was performed 

on the copper and gold wires.  

po in t  and w a s  not usable) .  

a w a y  from t h e  vesse l  w a l l  during t h e  power ca l ib ra t ion ,  loca ted  r a d i a l l y  

opposi te  t h e  middle of a beryllium f i l l e r  p iece  and a x i a l l y  4 in. from the 

bottom of the fue l .  

r a d i a l l y  opposi te  t h e  gap between two beryl l ium f i l l e r  pieces and a x i a l l y  

6 i n .  above the lower end of t h e  f'uel. Calculat ions were performed i n  

which t h e  power ca l ib ra t ion  parer  l e v e l  and t h e  d i f f e r e n t  geometries were 

taken i n t o  account. Values f o r  t h e  nuclear energy r e l e a s e  were deter- 

mined t o  be 34 and 57 MW-sec f o r  the  thermal and fast neutron analyses 

r e spec t ive ly ,  w i t h  a much higher  confidence l e v e l  being imposed on t h e  

fas t  flux analys is .  

A fast neutron a c t i v a t i o n  ana lys i s  w a s  made on t h e  

(The U-235 Al a l l o y  exceeded t h e  melting 

Wires of t hese  types w e r e  posi t ioned 1-1/2 in .  

During t h e  des t ruc t ive  t es t  t h e  wires w e r e  loca ted  
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The Cs-137 content from seve ra l  f u e l  elements has been analyzed. 

Examination of these r e s u l t s  has been r e l a t e d  tkrough source f a c t o r  

correct ions t o  the  average number of f i s s i o n s  which occurred i n  t h e  

co re  during the  des t ruc t ive  t e s t .  Corrections f o r  the  f i s s i o n  product 

accumulation during the power c a l i b r a t i o n  have been made. The samples 

which were c l o s e s t  t o  t he  avera$e core source were weighted most heavi ly  

and r e su l t ed  i n  an average energy release of 53.4 Mw-seconds. 

of noble gas r e l ease  i s  normally important i n  this determination. 

ever ,  s ince  a very low percentage (< 5%) of noble gas r e l ease  was detected,  

t hese  values have not been corrected f o r  t h i s  e f f e c t .  

The amount 

How- 

A capsule containing LASL fuel  was posi t ioned relat ive t o  t h e  core 

i n  the same pos i t i ons  f o r  pa re r  c a l i b r a t i o n  and des t ruc t ive  test  as 

those described above f o r  t h e  e x t e r n a l  f l u x  monitors. The r e l a t ionsh ip  

of the measured f i s s i o n s  i n  t h e  LASL f u e l  samples t o  the  f i s s i o n s  taking 

p l ace  i n  the  core yielded an  energy release of 56.6 Mw-seconds. 

change in geometry and a t t enua t ion  medium was accounted f o r ;  however, 

the capsule f u e l  s e l f - sh i e ld ing  f a c t o r  was not known f o r  t h e  SNAPTRAN 
s p e c t r m  but is bel ieved t o  c o n s t i t u t e  less than 5% reduction and w a s  

t he re fo re  not included. 

The 

The temperature r i s e  i n  the environmental tank water r e s u l t i n g  from 

t h e  des t ruc t ive  t e s t  was 0.60 t 0.159. 

of 70'3' water, t he  t o t a l  amount of thermal energy required t o  y i e l d  t h i s  

temperature rise i s  58.4 k 1 5  Mw-seconds. Since t h e  result  of t he  N a K  

water ana lys i s  yielded a non-nuclear thermal energy generation of 15.2 

Mw-sec, the  nuclear energy contr ibut ion i s  zbout 43.2 Mw-seconds. 

value assumes a thermal energy r e l ease  which i s  ad iaba t i c  with respect  

t o  t h e  water. Any heat  which i s  given t o  the  environmental s t r u c t u r e  

and t h e  a i r  w i l l  raise the calculated value of nuclear energy. Since 

t h e r e  i s  photographic evidence tha t  a N a K  water r eac t ion  probably took 

p l ace  i n  t h e  northeast  corner above the tank and temperature rise above 

the  tank i s  noted a f te r  the  excursion, t he  value of 43.2 Mw-sec i s  

thought t o  be a lower l i m i t  t o  t h e  nuclear energy release. 

Relat ing this  t o  t h e  heat  capacity 

This 

The energy probe da ta  have been analyzed. By r e l a t i n g  t h e  prompt 

temperature r i s e  t o  the f i t t e d  hea t  capaci ty  r e l a t ionsh ip ,  values of 

37 and 42 Mw-sec were obtained depending on the i n i t i a l  value of heat  
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capaci ty  chosen. 

t o  probe but  some uncertainty e x i s t s  i n  r e l a t i n g  t o  grobe behavior t o  

the  core f u e l  behavior. 

This technique i s  very in te r -cons is ten t  from probe 

Using the uncertainty associated with each method as  two standard 

deviat ion6,a  systematic s t a t i s t i c a l  approach was used t o  a r r ive  a t  a 

most probable value f o r  the energy r e l ease .  

technique considered the  propagation of e r r o r s  throughout the various 

methods and accounted f o r  the co-variance of systematic uncer ta in t ies .  

This technique i s  f e l t  t o  represent  t he  b e s t  possible  approach t o  

s t a t i s t i c a l l y  t r e a t i n g  systems i n  which some u n c e r t a i n t i e s  a re  independent 

while o ther  uncer ta in t ies  are interdependent from one system t o  another. 

This treatment of the data  l i s t e d  i n  Table X I 1  y ie lds  a most probable 

value of 45.3 with a 954 confidence i n t e r v a l  of 3.0 Mw-sec f o r  the  

d e s t r u c t i v e  t e s t  nuclear energy re lease .  

I n  general ,  the s t a t i s t i c a l  

The energy value of 37 Mw-sec determined from the  energy probe 

treatment agrees very w e l l  w i t h  the  Atomics I n t e r n a t i o n a l  determination 

from the  energy probes. This value i s  approximately 20% lower than the  

value obtained when all measurements a r e  included. 

Mechanical Energy 

The mechanical energy generated during the  des t ruc t ive  t e s t  i s  the 

r e s u l t  o f :  

release from the  N a K - w a t e r  react ion,  and ( 3 )  steam generation caused by 

hot core components coming i n t o  contact with water. 

energy was manifested as a s e r i e s  of pressure disturbances which l a s t e d  

u n t i l  the  hydrogen burned o r  combined chemically with some other element 

or  until the  steam vapor pressure w a s  reduced t o  the point  of bubble 

col lapse.  A l l  mechanical energy w a s  u l t imate ly  returned as heat t o  the 

environment or  w a s  deposited i n  mechanical displacement o r  deformation 

( e .  g., e j e c t i o n  of environmental tank water) .  

(1) hydrogen re lease  from the  Zr-H, f u e l  matrix, (2 )  hydrogen 

This mechanical 

Using the  re la t ionship  given by Cole") f o r  the energy contained 

i n  a spher ica l ly  propagating acoust ic  wave ( inc luding  the "afterflow" 

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

released.  
- 
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m e  f l a t c a r  absorbed about 0.9 Mw-sec from the init ial  pulse a d  

la ter  returned a l l  b u t  0.2 Mw-sec (d i s s ipa t ed  in permanent deformation 

of t he  f l a t c a r )  t o  the environmental tank system. 

ments indicated t h a t  0 . 1  Mw-sec was absorbed i n  the air while an 

a d d i t i o n a l  0.4 Mw-sec w a s  d i ss ipa ted  i n  e j e c t i n g  water from the environ- 

mental tmk. 

as cavi ta t ion  a t  the  f r ee  surface o f  the  environmental tank water. 

A i r  pressure measure- 

The remaining 1.1Mw-sec is assumed t o  have beeh d iss ipa ted  

The chemical react ion of 6-1/2 pounds of NaK with water t h e o r e t i c a l l y  

y i e l d s  about 3.2 Mw-sec of mechanical energy. 

mechanical energy w a s  not  measured, the  s e r i e s  of long term "red glows" 

which can be seen in tke color  motion p i c t u r e s  ind ica tes  t h a t  much of 
t h e  NaX reacted in the vapor cloud. This appears t o  be the result of a 

s izeable  quant i ty  of the  NaK having been trapped ins ide  the  vesse l  head 

as it w a s  blown f r ee  of the  environmental tank water. 

While t h i s  amount of 

While the  various manifestations of mechanical energy were not we= 

defined, the value of 1.8 Mw-sec i s  throught t o  represent a good assess- 

ment of the t o t a l  energy re lease .  This amount of mechanical energy i s  

equivalent  t o  t h a t  which i s  released from one pound of TNT. The SNA€TRA.N 

2/1OA- 3 des t ruc t ive  t e s t  mechanical-to-nuclear energy re lease  (determined 

t o  be 4%) i s  i n  the  same range (0.3 t o  3.0%) as t h a t  r e s u l t i n g  from the 

SPEKI! I, SL-I, and Borax I des t ruc t ive  excursions. 

a 
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V I .  CONCLUSIONS 

The object ives  of the  s m m  2/10A-3 des t ruc t ive  t es t  a r e  fmda-  

mentally r e l a t e d  t o  reac tor  safety.  

determination of (1) the  r a d i o l o g i c a l  hazards and ( 2 )  t he  dynamic r e a t o r  

behavior.  

t i v e  t es t  analysis  are:  

Major emphasis was given t o  the  

The general  conclusions which can be drawn from the  destruc- 

rad io logica l  hazards as determined from t h i s  tes t  were 
considerably l e s s  t han  were ca lcu la ted .  

able  amount of f u e l  was thrown from the  tank which implies 

t h a t  i n  such an accident confinement of reac tor  components can 

be expected. 

f u e l  components, t he  r a d i a t i o n  l e v e l s  were very low and radio-  

ac t ive  iodine r e l e a s e  t o  t h e  atmosphere was negl igible .  

was a l so  shown t h a t  l e s s  than 5% of t he  f i s s i o n  products were 

released from t h e  f u e l .  

cluded fu r the r  buildup of f i s s i o n  product inventory which 

c-ould have r e s u l t e d  from continued operation, 

The dynamic reac tor  behavior i s  bet ter  understood. 

ature dependent r e a c t i v i t y  feedback coe f f i c i en t  has been 

determined t o  be 0.19 $/OF. 
2 and 3 times t h e  previously estimated value, the SNAP 1042 
type reac tors  can be expected t o  be more se l f - l imi t ing  than 

previously an t ic ipa ted .  

The maximum core temperature threshold f o r  t he  onset of reac tor  

disassembly w a s  determined t o  be  about 1900°F. 

threshold is dependent on t h e  r a t e  of e n e r a  deposit ion,  the 

threshold fo r  t h i s  t es t  is  thought t o  represent  the  value 

which could be expected f o r  most accidents involving the  . 

SNAP 1 0 ~ / 2  type r eac to r s .  

When the  S N m A N  2/10A-3 reac tor  reached the  1900°F thres -  

hold it disassembled at a slower rate than Fredicted.  

wi th  higher energy deposi t ion r a t e s  and hence higher tempera- 

t u r e  thresholds f or-disassembly, reac tor  disassenibly can be 

expected t o  occur more r a p i d l y  and more v io len t ly .  This would 

F i r s t ,  an indescern- 

Secondly, even with t h i s  c lose  confinement of 

It 

Complete reac tor  disassembly pre- 

The temper- 

Since t h i s  coef f ic ien t  i s  between 

While t h i s  

However, 

i 
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serve t o  disperse  f i s s i o n  products t o  a greater  extent  than 

exhibi ted in t he  S N W  2/10A-3 t es t .  

It i s  f e l t  t h a t  t h i s  type of t e s t  i s  valuable i-? deterfining 

and confirming t h e  exis tence of disassembly thresholds .  I n  

addi t ion,  considerable information with respect  t o  reac tor  

k ine t i c s  can be gained f o r  appl ica t ion  i n  t he  Reactor Safety 

F ie ld .  
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I. Reactor Behavior Measurements 

A. Experimental Me as ureme n t  s Criteria 

.The SNAPITAN 2/10A-3  program d i f f e red  from normal opera t iona l  

and t r a n s i e n t  t es t  programs in t h a t  t h e  SW’IIRPLN 2/ lOA-3 t es t  series w a s  

p r imar i ly  concerned with a single-event nonrepe t i t ive  des t ruc t ive  t e s t  

with l imi ted  s t a t i c s  t e s t i n g  being performed only f o r  the  purpose of 

checkout and instrument ca l ib ra t ion .  

extensive measurement process not only because of t he  importance of t he  

t es t  bu t  a l so  because of  t h e  uncer ta in ty  in predic t ing  the  reac tor  

behavior under the  conditions in which it w a s  t o  be t e s t ed .  

measurement process necessar i ly  included: 

providing a bas i c  understanding of  t h e  des t ruc t ive  event; p ro tec t ive ,  

redundant, and backup measurements f o r  providing coverage of the  

upper and lower limits of  t h e  expected phenomena range, and f o r  

providing severa l  independent sources of  .data;  and redundant and 

academic measurements supplementing the  more important measurements. 

The des t ruc t ive  t e s t  rquired an 

The 

primary measurements f o r  

A discussion of the experimental measurements must include the  

measurement requirements, instrument c a p a b i l i t i e s ,  and other  f ac to r s  

governing the  choice of t h e  measuring un i t .  

The measurement c r i t e r i a  of  primary importance adhered t o  f o r  t he  

des t ruc t ive  test were: 

dynamic range coverage, (4) time h i s t o r y  and event time coverage, 

( 5 )  s p a t i a l  coverage, and (6)  supplementary coverage. 

(1) amplitude accuracy, (2)  r i s e  t i m e ,  ( 3 )  

Amplitude Accuracy - The most important aspect  of t he  nuclear  

and physical  events occurring during the des t ruc t ive  t e s t  was the  

amplitude va r i a t ion  in time; the re fo re ,  t h e  majori ty  of measurements 

were concerned with obtaining information descr ibing the  magnitude 

of t he  phenomena. 

measurements because of  t h e i r  importance in s a t i s f y i n g  the  t echn ica l  

This w a s  e spec ia l ly  t r u e  of nuclear and pressure 

- 
objec t ives .  
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Rise Time - Another measurement requirement to s a t i s f y  w a s  

t h a t  of r i s e  time. 

expected t o  va,y rapidly in time exhib i t ing  rise times O f  the  order 

of pseconds - requir ing broad bandwidth instrumentation having a 

frequency response capabi l i ty  of 20 kcps - 100 kcps o r  b e t t e r .  

Accomodations were made t o  measure 2henomena 

Dynzmic Range - Much of t he  d e s t r u c t i v e  t e s t  phenomena 

w a s  expected t o  extend over severa l  decades of dynamic range. For 

example, nuclear phenomena w a s  expected t o  vary from background 

source l e v e l  t o  10'' nv, while pressure phenomena were expected t o  

reach a maximum of 6 x 10 

the  dynamic range coverage t o  6-7 decades f o r  logarithmic current 

amplif iers ,  t o  3 decades f o r  logarithmic voltage amplif iers ,  and t o  

2-1/2 decades for linear amplif iers .  The measuring un i t  i s  fu r the r  

l imi ted  t o  1-1/2 decades per  recorder channel. The l imi ta t ions  of 

the  conditioning and recording equipment necess i ta ted  the use of a 

l a rge  number of amplif iers  and recording channels t o  cover the  

dynamic range of  a s ingle  parameter. 

t o  reduce the  mount  of equipment necessary f o r  a given measurement: 

4 ps i .  S i s a l  Londitioning equipment limits 

Several  techniques were used 

(1) Range compression - Logarithmic current  and voltage amplif iers  

were used t o  compress severa l  decades o f  de tec tor  output 

current  o r  voltage i n t o  the 1-1/2 decade range coverage of 

the recorder channels. 

( 2 )  Signal  mixing - The outputs from severa l  transducer elements 

were recorded by the same recorder channel. 

severa l  events separated i n  time were observed on the 

same analog t r ace  - thus conserving recorder channels. 

Amplifier "stacking" - Where more than 2-1/2 decades of 

l i n e a r  range coverage w a s  required,  two amplif iers  were used. 

The ranges of 2-1/2 decades per  ampl i f ie r  were overlapped t o  

give a t o t a l  range coverage of 4-1/2 decades of coverage 

using one transducer,  two l i n e a r  ampl i f ie rs ,  and four 

recorder channels. 

By t h i s  means 

(3 )  

i 

I 2 5 b  4 5s  . 84 



(4) Range staggering - Since a t o t a l  Of 4-1/2 decades of coverage 

was the  m a x i m u m  range coverage obtainable from a s ingle  

measuring u n i t ,  severa l  u n i t s  were used t o  provide a complete 

measurement of the  nuclear power. By s l i g h t l y  overlapping 

the  lower portion of t he  range coverage from one measuring 

wit with the  upper port ion of the  coverage from a second 

measuring un i t ,  t he  dynamic range coverage was extended t o  

cover the t o t a l  range. 

Time History Accuracy - A knowledge of the  time-dependent 

behavior of a parameter i s  e s s e n t i a l  f o r  i n t e rp re t a t ion  of a spec i f ic  

measurement and f o r  cor re la t ing  parameters t o  acquire an understanding 

of t he  e n t i r e  des t ruc t ive  event. 

A system w a s  used by which a timing signal w a s  placed on one 

channel of each recorder t ranspor t .  The s i g n a l  began several  seconds 

before tes t  i n i t i a t i o n  and continued through the  test .  A l l  events were 

referenced t o  t h i s  s igna l ,  thus providing a means of cor re la t ing  da ta  

on d i f f e r e n t  t ranspor t s  and channels. 

osci l lographic  recorders were pr in ted  i n  analog form on a s ingle  photo- 

graphic char t  giving a v i s u a l  event-time .correlat ion.  

All d a t a  channels on the  

S p a t i a l  Coverage - A knowledge of the s p a t i a l  d i s t r i b u t i o n  

of a l l  phenomena i s  e s s e n t i a l  in analyzing the  disassembly behavior of 

t he  reactor .  Information concerning flux peaking in  the  core and 

r e f l e c t o r ,  vesse l  strain, and pressure generation and propagation were 

obtained from nuclear energy and f l u x  measurements a t  various loca t ions  

in the  core and i n  the water, from strain gauges on the  vesse l  bottom 

and sides, and from pressure t ransducers  along severa l  radii and 

above the  environmental tank. The information obtained from these 

measurements w a s  necessary f o r  determining the nuclear and mechanical 

energy re lease  and energy pa r t i t i on .  

acquired from detectors  posit ioned a known dis tance apart .  

Time-of-arrival type d a t a  was 

Supplemental Coverage - Since neither phenomena nor  e l ec t ron ic  

systems are completely predictable  , protec t ive  and redundant measurements 

were made f o r  the purpose of providing coverage in the  event of loss  o r  

malfunction of the primary measuring-mits and Lq the  event the excursion 
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w a s  not of the predicted magnitude. 

B. Detector Select ion 

Transducer se lec t ions  f o r  t he  des t ruc t ive  t e s t  were dependent 

on the type of information desired and on the  a v a i l a b i l i t y  of su i t ab le  

commercial de tec tors .  Other f a c t o r s  which de temined  the choice of the 

t ransducers  were: 

(1) transducer capabi l i ty ,  

(2 )  transducer s e n s i t i v i t y  t o  environmental e f f ec t s ,  

(3) transducer s e n s i t i v i t y  t o  d i r e c t i o n a l  e f f e c t s ,  

(4) s t a b i l i t y  and r e l i a b i l i t y  of  transducer,  and 

(5 )  cornpatability of  t ransducer  with f a c i l i t y  and other  systems. 

Since most transducers w e r e  not capable of s a t i s fy ing  a l l  

measurement requirements simultaneously, severa l  d i f f e r e n t  transducers 

were used - one type of instrument f o r  rise time coverage, another f o r  

accuracy, and a t h i r d  f o r  pro tec t ive  coverage. - 

Most transducers w e r e  i n s t a l l e d  severa l  weeks before the  t e s t  w a s  

conducted; therefore,  i n  order t o  reduce o r  prevent de tec tor  f a i l u r e  

NaK r e s i s t a n t  materialswere used i n  the  f a b r i c a t i o n  of in-core de tec tors  

o r  t he  de tec tor  was covered with a pro tec t ive  coating. "he de tec tors  

in the  environmental tank were sealed aga ins t  the  e f f e c t s  of moisture 

and those de tec tors  in the atmosphere w e r e  removed between ca l ib ra t ions  

and checkouts. 

To reduce gamma and neutron contr ibut ions t o  non-nuclear measure- 

ments, de tec tors  were t e s t e d  in r a d i a t i o n  f i e l d s  and only those transducers 

having comparatively low s e n s i t i v i t y  t o  r a d i a t i o n  were chosen. 

f u r t h e r  reduce spurious outputs caused by rad ia t ion ,  inact ive transducers 

were used f o r  cancel l ing rad ia t ion  e f f e c t s .  

To 

Nuclear Detectors - Thermal and f a s t  neutron de tec tors  and 

gamma de tec tors  were used a t  various loca t ions  in the  core, i n  the 

environmental tank, and under the f l a t c a r .  The locat ions of  these 
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de tec to r s  a re  summarized i n  Figure A-1 and t h e i r  intended range c o v e r a s  

i s  shown i n  Figure A-2 .  

Four miniature i o n  chambers were sealed i n  the  reac tor  vesse l  ar,d 

th ree  i d e n t i c a l  chambers were located 1-1/2, 2-1/2, and 3-1/3 inches 

from t h e  B i n d  sleeve.  

concerning the  in-core and r e f l e c t o r  flux d i s t r i b u t i o n ;  however, t h ree  

of t he  fou r  in-core chambers were found defec t ive  before the  des t ruc t ive  

t es t  w a s  conducted. A s  a backup and p ro tec t ive  measure, three  neutron 

and two gamma de tec tors  w e r e  i n s t a l l e d  i n  p ro tec t ive  can i s t e r s  in the  

environmental tank. A 20th Century neutron chamber, located 2 f e e t  

from the  ves se l  provided pro tec t ive  coverage over t he  l o w  power l eve l s  

if t h e  nuclear excursion f a i l e d  t o  reach the expected magnitude. Two 

semi-rad neutron de tec tors  at  9 inches and 2-1/2 feet from the  vesse l  

provided peak power, period, and f l u x  d i s t r i b u t i o n  coverage. 

chambers, one approximately 3 f e e t  from t h e  ves se l  and one near the  

environmental tank f l o o r  were used t o  provide da t a  concerning bu r s t  

shape, period, and peak gamma f lux .  The chamber a t  3 f e e t  from the  

v e s s e l  monitored the  lower por t ion  of t he  b u r s t .  I ts  range coverage 

overlapped the  range coverage of t he  chamber near t he  tank f loo r .  

These chambers w e r e  t o  have provided information 

Two gamma 

Because of  problems caused by environmental e f f e c t s ,  a t tenuat ion ,  

thermalizat ion,  e t c . ,  a f l i g h t  tube (Figure A-3) w a s  designed and i n s t a l l e d  

in t h e  r eac to r  pedestal .  

long with a 3 inch O.D.  and a 2.6 inch I .D.  having a water t i g h t  

aluminum cap nominally 2 inch t h i c k  at  the vessel end. 

w a s  loca ted  off cen ter  below the  core p a r a l l e l  t o  t he  pedestal .  Neutrons 

leaving t h e  core passed through 1 inch of  water and entered the  aluminum 

cap. 

the bottom end. 

plug increased t h e  neutron-gamma ra t io ;  thereby giving bet ter  neutron 

measurements. 

za t ion  of fast neutrons, and s ince the  de t ec to r s  were more than 7 
feet from the vesse l ,  minimizing the  p o s s i b i l i t y  of  t he  chambers being 

destroyed before termination of the power b u r s t .  

de t ec to r s  were stacked beneath the  f l i gh t  tube: one semi-rad neutron 

de tec to r ,  th ree  fast neutron s c i n t i l l a t o r s ,  and a 20th Century neutron 

chamber. 

The flight tube w a s  a steel tube 84-3/4 inches 

The f l i g h t  tube 

The neutrons t r ave led  down the tube and through a lead plug at  

By a t tenuat ing  gammas more than neutrons, t h e  lead 

The tube w a s  devoid of water thus  el iminat ing thermali- 

The following 
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CODE - 
N - I  A 

N - 2  B 

N - 3  C 

N - 4  D 

N-5 E 

N--6 F 

N-7  G 

N-8 H 

N-9 I 

N-IO J 

N-TI K 

N-12 L 

N-I3  M 

N-I4 N 

N-I5 0 

N-I6 P 

N-I7 P 

N-I8 R 

N-I9 S 

s 

DETECTOR 

GENERAL ELECTRIC 
NEUTRON MINI-CHAMBER, S/N 5 4 5 2 6 4 0  

GENERAL ELECTRIC 
NEUTRON MINI-CHAMBER, S/N 5 4 5 2 6 4 1  

GENERAL ELECTRIC , 
NEUTRON MINI-CHAMBER, S/N 5 4 5 2 6 4 2  

GENERAL ELECTRIC 
NEUTRON MINI-CHAMBER, S/N 5452639 

GENERAL ELECTRIC 
NESTRON MINI-CHAMBER, S/N 5452251 

GENERAL ELECTRIC 
NEUTRON MINI-CHAMBER, S/N 5452262 

GENERAL ELECTRIC 
NEUTRON MINI-CHAMBER, S/N 5 4 5 2 2 4 9  

2 0 2  CENTURY 
NEUTRON CHAMBER, S/N TE 8 4 5  

GENERAL ELECTRIC 
GAMMA CHAMBER, S/N 4131132 

REUTER STOKES 
SEMI-RAD NEUTRON CHAMBER, S/N E-531 

REUTER STOKES 
GAMMA CHAMBER, S/N E - 6 4 3  

REUTER STOKES 
SEMI-RAD NEUTRON CHAMBER, S/N D-1542 

I T T  PHOTOTUBE WITH 
PILOT SCINTILLATOR 8, S/N 1462 

I T T  PHOTOTUBE WITH 
PILOT SCINTILLATOR 8, S/N 1421 

2 O ' h  CENTURY 
NEUTRON CHAMBER, S/N UH-164 

REUTER STOKES 
SEMI-RAD NEUTRON CHAMBER, S/N E - 5 3 0  

REUTER STOKES 
GAMMA CHAMBER, S/N E - 4 9 8  

GENERAL ELECTRIC 
GAMMA CHAMBER, S/N 5451839  

I T T  PHOTOTUBE WITH 
PILOT SCINTILLATOR B, S/N 1478 

L O C A T I O N  

(DAMAGED) 
IN-CORE (1)(3)(4) Z = - 3 "  

IN - CO RE ( I ) (4)(5) 
z = + 2" 

(DAMAGED) 
IN-CORE (4)(12)(13) Z = + 2f' 

(DAMAGED) 
IN-CORE (12)(26)(27) -la' 

I f  FROM BINAL SLEEVE 

2 i "  FROM BINAL SLEEVE 

z = + 23: 

z=  +2q: 8 -  zooo 

z= +2g, e - 200° 

8 - 2 0 0 °  

3 i '  FROM B lNAL  SLEEVE 

- x  AXIS, X =  -26 im,  r = 41" 

Z = - 31am, 

-x  AXIS, x=-20", r:So' '  

R : 33"  

Z --46", R = 4 3 "  

x: 94', Y =-l6", r = 26" 
z=-/8':  R.20"  

X =  8 i " ,  Y=-15" ,  r = 38" 
z = - 3 4 " ,  ~ 2 3 1 "  

X = E t * ,  Y = ah', r :  38" 
z = -3o", 

FLIGHT TUBE 
POSITION 2 

FLIGHT TUBE 
POSITION I 

FLIGHT TUBE 
POSITION 5 

FLIGHT TUBE 

POSITION 4 

UNDER F L A T -  CAR 

R I 30" 

x - I f ' ,  Y - I f ' ,  z - - 9 + *  

x - l', Y - 7+*, z - - s t *  
UNDER F L A T  - CAR 

FLIGHT TUBE 
POSITION 3 

7 
k 

i 

Fig .  A- lb  SNfPIWUJ 2/lOA-3 Nuclear Detector Summary 
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GRlO PLATE -ALUMINUM CAP 

/-- FLIGHT TUBE (3" SCH 
160 STEEL PIPE 7'-0 3/4" 
LONG) 

VESSEL PEDESTAL - L 

FLATCAR BED-- 

-- SCINTILLATORS 
POSITION I SIN 1421 
POSITION 2 SIN 1462 
POSITION 3 S/N 1478 

PARAFFN - 

REUTER -STOKES 
SEMI - RAO- - - 

POSITION 5 SIN bH-164 

wsinm 4 SIN E-530 - - 

TEST CELL FLOOR- _ _ _  - LEAD HOUSING 

i 

Fig .  A-3 S N W  2/ lOA-3 Fl ight  Tube Arrangement 
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Two gamma chambers w e r e  located under the  f l a t c a r  t o  provide 

information regarding peak power, b u r s t  shape, per iod,  2nd t o t a l  

nuclear  energy re lease .  

p ro t ec t ive  purposes. 

These chambers were c h i e f l y  f o r  backup and 

Energy probes f ab r i ca t ed  from two 0.5 m i l  chromel-alumel wires 

embedded in  a smaU- f u e l  sample were used t o  obta in  i n f o m a t i o n  con- 

cerning the  space-time h i s t o r y  of  nuclear  energy deposi t ion in the  

fuel, power, period, flux d i s t r i b u t i o n  and hydrogen re lease .  

types of probes were used: 

enriched fue l  sample, and (3) zirconium-hydride sample. 

probes were sealed i n  the core i n  the  following d i s t r i b u t i o n :  

10% enriched probes, six 546 enriched probes and two zirconium-hydride 

probes. S ix  probes ( t h r e e  546 and th ree  10%) w e r e  loca ted  outs ide t h e  

vessel .  The probes on t h e  outs ide  of t he  core were al igned in a r a d i a l  

a r r ay  with those on t h e  in s ide  o f  t h e  core (Figure A - 4 )  t o  provide a 

measurement of t h e  flux p r o f i l e  i n  t h e  core and r e f l e c t o r .  

Three 
(1) 10s enriched f u e l  sample, (2)  5$ 

Fourteen 

six 

Xon-nuclear Detectors  - Pressure t ransducers  were posi t ioned 

along the negative X and Y axes in the environmental tank (Figure A - 5 ) .  

The de tec to r s  along t h e  negative X axis were considered primary sources 

of da ta ,  while those along t h e  negative Y axis were considered s l i g h t l y  

less important because of r e f l e c t i o n  e f f e c t s  caused by the  photographic 

per iscopes.  

tank at 00, & T o ,  and 90’ t o  determine the ex ten t  of disassembly 

symmetry. 

support  f lange,  near  t h e  tank f l o o r  and walls, and near  t he  water 
surface.  

t o  be important f o r  giving a time h i s t o r y  coverage of  t h e  excursion, 

and t h e  t ransducers  at t h e  tank w a l l s  and bottom and a t  the  water 

sur face  were located t o  provide information concerning pressure 

reinforcement and r e f l e c t i o n  a t  the  boundaries. 

Three sets of two t ransducers  each were loca ted  i n  t h e  

Severa l  t ransducers  were located beneath t h e  calor imeter  

The t ransducers  beneath the  support f lange were expected 

S t r a i n  gauges (Figure A-6)  were i n s t a l l e d  on the  r eac to r  s ides  and 

Each of the  gauges on t h e  

bottom f o r  t h e  purpose o f  i nves t iga t ing  pressure buildup in the  core 

and expansion and disassembly of t h e  vessel .  

1 
I 
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IN-CORE ENERGY PROBE LOCATION 

A 5 01- ENRICHED 

10% ENRICHED 
ZIRCONIUM 

A DAMAGED 

- A  

- B  

-C 

- 0  

PLANE - E 

NOTES 

2. ALPHABETICAL LETTER BEFORE ENERGY 

1. TOP VIEW OF CORE BEFORE INVERTING 
FOR INSTALLATION ON PEDESTAL. 

PROBE SYMBOL INDICATES VERTICAL POSITION. 
VERTICAL POSITIONS 

- 

Fig .  A-4 SNAPI’RAN 2/10A-3 In-Core Enera  Probe Locations 
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Fig. A-5a SNAPIBAN 2/lOA-3 Pressure Transducer Locations 
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COO€ 

P-I A 

P-z e 

P-3 c 

P-4 D 

P-5 E 

P-6 F 

P - 7  G 

p-a H 

P-9 I 

P-IO J 

P-ll K 

P-I2 L 

P-13 M 

P-14 N 

P-I5 0 

P-I6 P 

P-17 P 

p-ia R 

P-19 s 

P-20 T 

P-21 u 

P-22 v 

P-23 w 

P-24 x 

P-25 Y 

P-26 2 

DETECTOR 

KAMAN NUCLEAR 
MODEL K-1200-3, S/N 47 

CRYSTAL RESEARCH 
MODEL A-63, S/N 431 

NORWOOD 
MODEL 114, S/N 6514 

CRYSTAL RESEARCH 
MOOEL R-63, S/N 432 

KAMAN NUCLEAR 
MODEL K-1200-3, S/N 49  

CRYSTAL RESEARCH 
MODEL R-63, S/N 441 

KI STL ER 
MODEL 617A. S/N 4387 

CRYSTAL RESEARCH 
MODEL R-63,  S/N 4 4 2  

CONSOLIDATED ELECTRODYNAMICS COW.  
MODEL 4-317, S/N 2156 

CRYSTAL RESEARCH 
MODEL R-63, S/N 433 

NORWOOD 
MOOEL 114, S/N 6477  

CRYSTAL RESEARCH 
MOOEL R-63, S/N 434  

NORWOOD 
MOOEL 114, S / N  6479  

CRYSTAL RESEARCH 
MODEL R-63, S/N 435 

NORWOOD 
MODEL 114, S/N 6484  

CRYSTAL RESEARCH 
MODEL R-63, S/N 437 

CONSOLIDATED ELECTRODYNAMICS CORP. 
MODEL 4-317. S/N 2293 

KISTLER 
MODEL 6 1 7 ~ ~  SIN 4308 

MODEL R-63, SIN 438 
CRYSTAL RESEARCH 

CRYSTAL RESEARCH 
MODEL R - 6 3 ,  S/N 439 

NORWOOD 
MODEL 114, S/N 6649  

CRYSTAL RESEARCH 
HOOEL R-63, S/N 4 4 0  

NORWOOD 
MODEL 114, S/N 6485 

CRYSTAL RESEARCH 
MODEL R-63, S/N 444  

NORWOOD 
MODEL 114, S/N 6486  

CRYSTAL RESEARCH 
MOOEL R-63, S/N 443  

LOCATION 

IN TANK 

IN TANK 

IN TANK 

IN TANK 

IN TANK 

IN TANK 

IN TANK 

IN TANK 

IN  TANK 

IN TANK 

IN TANK 

IN TANK 

IN TANK 

IN TANK 

IN TANK 

IN TANK 

IN TANK 
z=-53i 

IN TANK 
Z = 2 5 "  

IN TANK 
z = - 5 5,' 

IN TANK 
2:-57" 

IN TANK 

IN  TANK 

IN TANK 
22-44. 

2 = - I  19" 
IN TANK 

IN TANK 

IN TANK 

Fig. . A-5% SNAplTRAN 2/10A-3 Pressure Transducer Summary 
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r e a c t o r  walls were i n s t a l l e d  90' apa r t  t o  provide information descr ibing 

the disassembly process - ind ica t ing  whether the  excursion w a s  symmetric 

about the core center l ine  o r  whether p e r f e r e n t i a l  ruyture occurred. 

S t r a i n  gauges were i n s t a l l e d  a t  various locat ions on the  reac tor  

pedestal ,  fli@;ht t-&e, inside and outs ide the environmental tank w a l l s  

and in the concrete backing surrounding the tank. 

were placed around the outs ide of the  concrete. 

ments were made a7; pos i t ions  near the  ends and center  of the f l a t c a r  
t o  determine the mechcanical energy converted t o  s t r e s s  and deformation 

of t he  f l a t  car.  

Two hoop gauges 

Several  s t r a i n  measure- 

A number of spec ia l  measurements were made during the des t ruc t ive  

t es t  f o r  the purpose of obtaining information which would supplement 

o t h e r  measurements and which would a i d  i n  i n t e r p r e t i n g  da ta  from other  

sources. The chief purpose of most of  the  miscellaneous measurements 

was t o  t i e  together  information from the primary measurements such as 

nuclear and pressure w i t h  information from s t r a i n ,  accelerat ion,  and 

temperature measurements t o  obtain a complete in t e rp re t a t ion  of the 

tes t .  

Due t o  the r e l a t i v e l y  shor t  period of t i m e  required f o r  hydrogen 

re lease  .and vessel  rupture as compared w i t h  t he  time necessary f o r  
hea t  t r a n s f e r  from the  f u e l  t o  the  cladding, no observable temperature 

changes were expected t o  occur outs ide the f u e l  mater ia l  until a r t e r  

disassembly and non-nuclear sources of thermal e f f e c t s  came in to  

exis tence.  

thermometry techniques were not made i n  the reac tor  vessel .  

For t h i s  reason, temperature measurements by standard 

Several  temperature measurements w e r e  made a t  posi t ions above the 

environmental tank and on the  photographic tower t o  provide information 

concerning the  mechanical energy appearing as thermal energy, t o  

provide in fomat ion  concerning the  magnitude of steam, N a K - w a t e r  and 

zirconium-air in te rac t ions  and t o  show the energy release of each 

in te rac t ion ,  and t o  determine the thermal contr ibut ions t o  o ther  

measurements - p a r t i c u l a r l y  pressure measurqments. 

Miscellaneous Detectors - Two types of accelerzt ion 

measurements were made during the des t ruc t ive  t e s t s :  (1) water 
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Y: 

Two types of passive measurements were conducted dar ing the test:  

(I) neutron flu measurements, and (2)  peak pressure measurements. 

The purpose of making flux measurements w a s  t o  determine the  t o t d  

energy re lease ,  and t o  determine the peak Dower and f l i ~ x  l e v e l  

achieved during the excursion. 

locat ions:  

the environmental tack,  and (4 )  above tae envir6Ilmental tank. 

F l u  wires were placed in the  foll.owi,ng 

(1) below the  f l i g h t  tube, (2)  jnside t h e  core,  ( 3 )  inside 

C. Signal  Condition3.g and Recording EquiDment 

I n  order  t o  s a t i s f y  the measurements c r i t e r i a ,  a v a r i e t y  of 

fast-resgonse , wide-dynamic range , h i g h - p e r f o m x e  signal conditioning 

and recorda-g equipment w a s  used. 

t a t i o n  of t y p i c a l  channel arrangements f o r  the  various types of s igna l  

conditioning and recording equipment used. 

Figure A-7 shows a schematic represen- 

Configurations A a -d  B a re  ind ica t ive  of channels used f o r  low- 
impedance de tec tors  such as displacement potentiometers , thermocouples 

and bridge-balance strain gauges, p r e s s u z  t ransducers ,  and accelerometers. 

The signal conditioning is  accomplished with low-level, high-common mode 

r e j e c t i o n  dc amplif iers  vith frequency response c a p a b i l i t y  t o  l 5 O  kcps. 

Two outputs,  at  1005 and lO$ of  the ampl i f ie r  full scale  (10 volts), 
are provided t o  permit recording the full dTpamic r%?.ge availzble from 
the amplif ier .  The u n c e r t z k t i e s  of g a b  s t a b i l i t y ,  l i n e a r i t y ,  d r i f t ,  

noise f o r  each type of chamel  i s  no g r e a t e r  than k 2% OF fdl scale. 

i. 

i 
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Fig .  A-7 SN- 2/lOA-3 Signal  Conditioning and Recording 
Equipment Block Dia@;ram 
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Configuration C represents  a channel used f o r  c r y s t a l  accelerometers 

and pressure transducers where impedance conversion is required near the 

d e t e c t o r  t o  prevent loss of frequency response by cable loading. 

t h i s  configuration, the de tec tors  have s u f f i c i e n t  output so no 

a d d i t i o n a l  gain i s  required p r i o r  t o  the  recorder amplif iers .  

impedance conversion cathode follower and charge amplif iers  are general ly  

capable of 20 cps t o  200 kcps with o v e r a l l  uncer ta in t ies  no g r e a t e r  

than k 5% of  f u l l  sca le .  

For 

The 

Configuration D, a l s o  used f o r  c r y s t a l  type de tec tors ,  represents  

a channel %here impedance conversion is  not necessary but  addi t iona l  

gain i s  required.  

i s  capable of 200 cps t o  200 kcps in frequency response and i s  provided 

with two outputs  similar t o  configuration A and B f o r  recording the  

ampl i f ie r  e n t i r e  dynamic range. This type of channel i s  intended 

pr imari ly  f o r  sensing ultra-fast changing phenomena, e.g., impact 

loading, shock generation, e t c .  

The s igna l  conditioning equipment f o r  these channels 

Configuration E is used pr imari ly  f o r  low-level current  generating 

neutron and gamma de tec tors .  

with "micro-microammeters" where the output i s  a voltage proport ional  t o  

the  logarithm of the  input current  s igna l .  

t h i s  type ampl i f ie r  is 10 kcps f o r  g r e a t e r  than 

d i r e c t l y  proport ional  t o  the  input current  below amps. This frequency 

response i s  t h a t  associated with the l i n e a r  ampl i f ie r  i n  conjunction with 

the logarithmic converter and input cable capaci ty .  

shown however, t h a t  as a r e s u l t  of the logarithmic conversion, a 10 kcps 

frequency response is  equivalent t o  150 kc at  t h e  detector .  

tainties f o r  th i s  type of channel when re fer red  t o  a twenty poin t  p e r  

decade l i n e a r i t y  c a l i b r a t i o n  a r e  less than +- 5% per  decade. 

The s igna l  conditioning i s  accomplished 

The frequency response of 

amps and i s  

It can be 

The uncer- 

Configuration F i s  used f o r  cur ren t  source de tec tors  similar t o  

those described i n  configuration E .  

t o  voltage i s  l i n e a r .  

low-level amplif iers  with an upper frequency response of 40 kcps. 

o rder  t o  acquire the  m a x i m u m  dynamic range from the  de tec tor ,  the source 

s i g n a l  i s  tapped f o r  100% and 1% of the  d e t e c t o r  f u l l  sca le  and i s  

conditioned by an ampl i f ie r  channel a t  each t ap  and recorded on four  

However, t he  conversion from current  

The s igna l  conditioning i s  accomplished with dc 

In 
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magnetic t ape  channels, permit t ing a usable dTflar2c range a t  t he  de t ec to r  

of near ly  f i v e  decades. 

g r e a t e r  than k 24 of fill sca le .  

The unce r t a in t i e s  f o r  t h i s  configuration a r e  no 

The s igna l s  from a l l  de t ec to r s  a r e  amplified such t h a t  t he  required 

normal full sca l e  output a t  the  p a r t i c u l a r  de t ec to r  i s  equivalent t o  

1 v o l t  a t  t he  10% output t a p  of t he  s i g n a l  conditioning equipment. 

Recording of t he  100% tap,  i n  add i t ion  t o  t h e  10% t ap ,  permits acquir ing 

t h e  full three decade dynamic range c a p a b i l i t y  of t he  s i g n a l  conditioning 

equipment. Where accuracy i s  not important, a voltage logarithmic ampli- 

f i e r  i s  ava i l ab le  f o r  compressing 3-1/2 decades of amplif ier  c a p a b i l i t y  

output onto a s ing le  recording channel. The accuracy of these u n i t s  i s  

wi th in  about t 10% per decade and w a s  used f o r  p ro tec t ive  range coverage. 

The outputs of t he  s i g n a l  conditioning equipment a r e  terminated a t  

a patch and monitoring f a c i l i t y  using patch boards. 

b i l i t y  i n  u t i l i z i n g  a v a r i e t y  of recording channel arrangements for 
s e l e c t e d  types of measurements as w e l l  as permit t ing i s o l a t i o n  of s i g n a l  

conditioning and recording equipment f o r  troubleshooting and ca l ib ra t ion .  

The patch approach used a l s o  permits osci l lographic  reproduction of 

information acquired on magnetic tapes  without d i s tu rb ing  t h e  ca l ib ra t ed  

s ta te  of the  s i g n a l  conditioning equipment. 

This provides f l e x i -  

The recording equipment used consis ted of analog magnetic recording, 

osci l lograph recording, and s t r i p  cha r t  potentiometric recording. The 

magnetic tape  recording, using "FM" and "d i r ec t "  modes, was capable of 

dc t o  20 kcps on FM and 250 t o  250 kcps on d i r e c t .  These a r e  high per- 

formance recorders with record, s t o r e ,  and reproduce unce r t a in t i e s  less 

than +- 1% of f u l l  s ca l e  (k 1 .4  v o l t )  for FM and t lO$ of f u l l  s c a l e  f o r  

the d i r e c t  mode. Table  A - I  l i s t s  t h e  recording channel requirements. 

'The osci l lographic  recorders are capable of dc t o  3500 cps with uncer- 

t a i n t i e s  less than 346 of f u l l  sca le .  The potentiometric recorders,  

although capable of only 3 cps, have accuracies  t o  within t 0.2% of 

full sca l e  and a r e  used pr imari ly  f o r  slow changing phenomena during 

s t a t i c  t e s t i n g .  

The system c a l i b r a t i o n  techniques used t o  place the  e n t i r e  s i g n a l  

conditioning and recording equipment i n  a c a l i b r a t e d  s ta te  cons i s t s  Of 
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7 

i n s e r t i n g  b ipolar ,  ramp, and Step Signals of known amplitude b- to  the  

d e t e c t o r  cable termination points  and recording the p r o g r m e d  ca l ibra t ion  

s igna l .  

osci l lographs t o  v e r i f y  o v e r a l l  system performance of gain se t t i ng ,  

p o l a r i t y ,  frequency response, l i n e a r i t y ,  noise threshold,  zero of fse t ,  

overload recovery time, e t c .  

as w e l l  as t e s t  information reduction of magnetic tape  s igna ls ,  rez l -  

t i m e  analog-to-digi ta l  conversion with a bandwidth of  10 kc w a s  used 

where the  information was d i g i t a l l y  recorded on magnetic tape and later 

p l o t t e d  on high accuracy potentiometric d i g i t a l  recorders .  

channels were ca l ibra ted  by in se r t ing  a monopolar one ki locycle  square 

wave i n t o  the  s i p - a 1  conditioning equipment a t  1/2 decade increasing 

s t eps .  This technique permitted a check on'frequency response, gain 

s e t t i n g ,  and l i n e a r i t y .  

similar t o  t ha t  f o r  t he  ramp signals discussed above. 

- 

The magnetic tape information is. then re3roduced on recording 

For highly accurate  c a l i b r a t i o n  reduction, 

The ac 

Cal ibrat ion information w a s  reduced i n  a manner 

11. Radiological Measurements 

Details of the sampling devices and g r id  sampling equipment used t o  

instrument the  grid are given below along w i t h  measurements which were 

expected t o  be made with each instrument. 

i s  shown i n  Figures A-8  and A-9. 
The r a d i o l o g i c a l  g r id  layout 

Radiological Tower and Stack-Cloud-Height SamDlers - I n  order 

t o  measure the  height of the redioact ive cloud as it l e f t  the  reactor  

area, samgling equipneat w a s  located a t  various he ights  on the  downwind 

s ide  o f  t he  reactor .  

150 foo t  metal monitoring tower which w a s  i n s t a l l e d  a t  approximately 

20 meters northeast  of the  reactor .  

a rope e l e v a t o r  wDich w a s  fastened t o  the TOP of t he  150 foo t  IET stack 

loca ted  a>proximaxely seventy f ive  meters north of t h e  reac tor .  

P'zrt of  the elevated samplers were fastened t o  a 

The remaining samples were placed on 

Water SEwle r s  - m r e e  types of water samFlers were s e t  up t o  

obta in  d a t a  concerning f i s s i o n  and neutron a c t i v e t i o n  products retained 

in t h e  w a t e r .  

catch cans with three iqch diameter tops and environmental tar& drain 

sample bombs. 

T k s e  s m p l e r s  included long compartmented t r a y s ,  water 





Y 
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Coqartmented trays (Figure A-10) were set  or? each corner of t h e  

r a i k o a d  dol ly  t o  catch wzter uld debris  that 

environmentd tank immediately following t h e  reac tor  excursion. 

be e p e l l e d  from the  

Supplementing t h e  t r ays  , a s e r i e s  of wsAer-catch-cans (Figure A - x )  

were loca ted  on the  edge of t h e  environmental. tank, t h e  10, 20, 25, 50, 
and 100 meter a r c s .  Catch-cans on the  edge of the environmental t ank  

and on t h e  10 meter a r c  completely surrounded t h e  reac tor  while those  

on t h e  outer  arcs were limited t o  t h e  60' downwind sec tor .  

contained a filter which screened t h e  w a t e r  sample before it was 
CoYected i n  a r e s e r v o i r  at the bottom of t h e  can. 

Each can 
1 

Sample b o d s  were set  up t o  d r a w  off w z t e r  samples from the  water 

remaining i n  t h e  environmental tank following t h e  t es t  zsd p r i o r  t o  

emptying t h e  water t o  t h e  l i q u i d  waste tank. 

Film Badge Drops - Two sources of r a d i a t i o n  exposure OCCUT i n  

t h i s  type of reac tor  experiment, t h a t  which a c c o q a n i e s  the  excursion and 

t h a t  which occurs as a result of the f i s s i o n  products produced during 
t h e  excursion. To separate  - t h e  cont r ibu t ion  of each of these  sources, 

nine f i l m  badge drop s t a t i o n s  were loca ted  on an approximate t e n  m e t e r  

E?TC surrounding t h e  r eac to r .  

The f i l m  badge drop s t a t i o n  consis ted of two iden t i ca l  film badge 

dosimeters, one was permanently a t tached t o  the s t a t i o n  while t h e  o ther  

badge w a s  held i n  place by an energized solenoid which re leased  t h e  badge 

immediately following t h e  power burst. 

a shielded receptac le  buried i n  t h e  pound,  measuring only t h e  excursion 

dose, while the  dupl icate  badge a t  t h a t  s t a t i o n  w 8 s  exposed t o  obta in  t h e  

t o t a l  in tegra ted  dose. 

was t h e n  obtained by subt rac t ing  t h e  ' 'TouSt ' '  dose from t h e  i n t e g r a t e d  dose. 

The re lezsed  badge dropped i n t o  

The cont r ibu t ion  from f i s s i o n  product r a d i a t i o n  

Air Support - A i r  sup2ort f o r  t h e  des t ruc t  tes t  was provided by 

t h e  I D  Health and Sar'ety Division. 

l o g i c a l  monitoring instruments w a s  used p r i o r  t o  t h e  t e s t  t o  check con- 

d i t i o n s  i n  t h e  immediate area and t o  c o n f i r n  t h a t  downwind r e s t r i c t e d  

areas were c leared  of vehicles  and personnel. 

An a m l a n e  equipped with rad io-  

Following t h e  excursion, t h e  a i r c ra f t  was used t o  loca t e  and follow '. 
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FIVE COMPARTMENT T R A Y  

Fig.  ~-10 SNAFTRAN 2/lOA-3 Compartmental. Catch Trays f o r  Destructive 
- Test Debris 
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the radioact ive cloud as it passed beyond t h e  monitoring g r i d  and the  

boundaries 02 the  testing s t a t i o n .  

"Clothes-Line" - To avoid excessive exposure during t h e  e a r l y  

recovery of t he  p r i o r i t y  samples located near t he  r eac to r  a "clothes- 

line" type device with pul leys  w a s  u t i l i z e d .  With this arrangement, 

t h e  p r i o r i t y  samples could be posit ioned and recovered by a recovery 

team a t  the  end of the  200 f o o t  c lo thes - l ine .  

pos i t i on  two Nuclear Accident Dosimeters ( H u r s t  Threshold Detectors) 

two f i l m  badges (ID-NRTS type) ,  a sec t ion  of copper w i r e ,  an ac t iva t ion  

f o i l  box, a sample of human h a i r ,  and a high range gama dosimeter. 

This system was used t o  
(Ai) , 

High Volume A i r  Samplers and F i l t e r s  - Because very low 

concentration of some of  t he  f i s s i o n  produced isotopes are b io log ica l ly  

s ign i f i can t ,  t h e  c l a s s i c a l  technique t o  ob ta in  measurable samples f o r  

a n a l y t i c a l  work has been t o  draw l a rge  volumes of a i r  through a high 

ef f ic iency  ae roso l  f i l t e r  assuming i s o k i n e t i c  sampling. 

flow rate i s  necessary, the Staplex model high volume a i r  sampler w a s  used. 

The average flow rate of t hese  samplers w a s  approximately 22 CM. 

high volume air samplers placed on t h e  ou te r  arcs were modified t o  

increase the  a i r  flow t o  approximately 40 CFM by enlarging the in le t  

Since a high 

The 

side. 

P a r t i c l e  S ize  Di s t r ibu t ion  Samplers - Se lec t ive  samplers were 

placed on the g r i d  i n  an attempt t o  d i s t i n g u i s h  between p a r t i c l e  s i zes .  

The three types of p a r t i c l e  s i z i n g  samplers used were t h e  cyclone 

sampler(P2), t h e  Unico cascade impactor(A3), and t h e  Anderson sampler (A41 , 

These p a r t i c l e - s i z i n g  samplers were posi t ioned i n  the  60' downwind 

s e c t o r  of the gr id .  

Noble Fission Gas Sampler - The radioact ive noble gas 

concentration i n  t h e  cloud near ground level  w a s  measured by drawing a 

sample of t he  cloud through a high e f f i c i e n c y  f i l t e r  and then i n t o  an 

a i r  t ight  balloon. 

until r ecove r j  teams made re-entry and d e f l a t e d  the balloons through a 

second high eff ic iency f i l t e r .  

w e r e  trapped on the  seconc? f i l t e r  and on t h e  ins ide  of the balloon. 

bal loon and f i l t e r s  were analyzed on a multichannel analyzer t o  determine 

The entrapped noble gases were then allowed t o  decay 

The radioact ive dau&ters from the gases 

The 



monitoring. 

Remote Rzdiation Nonl tors  - Twelve d i r e c t  rzd ia t ion  monitors, 

commonly known a s  remote 2rea monitors, were u t i l i z e d  f o r  the  t e s t .  

These remote units consis ted of  de t ec to r  units, housed b weather proof 

containers ,  which vere comec-ced by cable t o  8 c e n t r a l  recordiqg and 

con t ro l  panel loczted in the  E T  building.  The g m  ray dose r a t e s  

from the  remote s t a t i o n s  were indicated on tne rate meters a t  the  

c e n t r a l  con t ro l  panel and also o n  con-cinuous s t r i p  chzr t  recorders.  

These de t ec to r s  recorded pr imari ly  gamma rays siJlce beza p a r t i c l e s  a re  

f o r  t he  most p a r t  shielded out by the  de t ec to r  h0usLn-g assembly. 

Film Packet Dosimeters - TT.o types o f  f i lm dosimeters were used 

f o r  passive rad ia t ion  monitorhg durlkg the  test .  The majority of these 

dosimeters were made up of  a b e t a  and gamma sens i t i ve  film packet 

hermetical ly  sealed i n  a spec ia l  p l a s t i c  f i l m  holder (A5) .  The remaining 

film type dosimeters were i d e n t i c a l  t o  the f i lm  badge rnonitors worn by 

near ly  a l l  personnel at the  NRTS. 

The hermetical ly  sealed packets included a s ingle  lead insert t o  

provide independeat measurement of t he  b e t a  a d  gzam doses by cornpark-g 

the  dens i ty  of the f i lm under the  lead f i l t e r  t o  t h a t  o f  the  unshielded 

port ion.  

s e n s i t i v e  and insens i t ive  fi lm f o r  measuring high and l o w  range exposure. 

A s p e c i a l  red p l a s t i c  converhg  was se l ec t ed  t o  reduce the  e f f e c t s  of  

exposwe t o  the  sun's r q s  since many of t he  f f i  packets were posit ioned 

on the  g r i d  severa l  days p r i o r  t o  t he  a c t u a l  t e s t .  

The f i lm packet wes the  Dupont packet which con ta im both 
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Fig.  A-I2 Radiological Sequential  A i r  and Par t i c l e  Sampler 
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out con t ro l  panel W ~ S  ussd during the d e s t r u c z i h  E t s t .  

des ig -ed  t o  melsure 2r.d immediately r epor t  :he cloud s m  FnceSrated 

dose and the rela;ive  OUT.^ of gmss a i r b o r e  ;:artIcld.ztt beza x?d. 

gslmmz a c t i v i t y  “ear grour.d l e v e l  due t o  the  ?assage 05 e rsdioaczive 

cloud. 

chamber f o r  measci-ng cloud gamma dose and an i i r  partLclJlate monitor 
f o r  measuriqg a i r b o n e  a c t i v i t y .  Each sta-cion a l so  cor?tai-.ed a motor 

generator  set and a voltage converter which converted the vol-cage hduced  

on the memory wit due t o  r ad ia t ion  exposure to an audible t0r.e -which 

w a s  broadcast  t o  the c e n t r a l  unit. The c e n t r a l  ur-it g r 3 t e d  out t h i s  

information on ac I B M  typewri ter  and a punched tage. 

?he ?.e-,work 

Each sta-cion ur-it contaiaed both a hi&! l l v p l  a - d  1r;w l e v e l  Lor? 

Mobile H p  Fie ld  Office - A 35 f o o t  t ra i le r  was modified f o r  use 

as a mobile c e n t r a l  con t ro l  f a c i l i t y  f o r  t h e  d i s p z t c h b g ,  i n s t a l l a t i o n  

and recovery of the sampling media on the e x t e r i o r  a r c s  immediately 

preceeding and subsequent t o  the d e s t r u c t i v e  tes t .  

trailer- included a rEdio, par table  su r rey  instruments, s ca l e r s ,  a i r  

monitor, clothir-g, h o t  and cold change areas, shower acd lavatory 

fac i l i t i es .  

Equipment i n  t he  

The t ra i ler  w a s  located between the  1500 and 2.500 meter arcs near 

t he  obs t ruc t ion  fence 1000 feet  west of  t h e  60’ a r c .  Sanples recovered 
. 

were brought t o  the t r a i l e r  by recovery teams. 

placed i n  containers and given t o  sample t r a n s f e r  taxis f o r  de l ive ry  t o  

the Health and Safety Building, TAN-606, f o r  ana lys i s .  

The saagles were monitored, 

H i g h  Range Dosimeters - Since high dose rates from the r eac to r  

t r a n s i e n t  w e r e  expected i n  t he  immediate v i c i n i t y  t o  the t e s t  c e l l ,  

s e v e r a l  types of high range dosimeters were i n s t a l l e d .  

a v a i l a b l e  chemical and g l a s s  dosimeters were supplied by t he  Edgerton, 

Gemeshausen, and Grier  Company. 

acquired from the Control f o r  Radiation Incoworated.  

The commercially 

??.lo thermo-luminescent dosimeters w e r e  

These high ra;?ge dosimeters were posi t ioned arourc? the  to? of the 

environmental tad<, on the r eac to r  d o l l y ,  on the EG&G dol ly ,  on the 

c lo thes - l ine ,  and on the t e n  meter arc t o  provide add i t iona l  monitoring 

on the r e a c t o r  t r ans i en t .  
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Nuclear AcZident Dcsimezer - The fih.Ele2.r fkcL2ep-t Dosimeters 

(firms) were of 
covered gold,  Three f i s s i o n  f3 i l s  and s u l f u r  contzLr.e< i-? a f i regroofed 

can. This ccmb L?.azion al1~h-s m approximate aeas'cerce-; 0;' che ?-euzron 

specr, rum. 

ORNL HurrJt type which u t i l l ? e s  bare Scld, cadmium- 

S i x  of these UDs were placed around the  reac;or :;nere they could be 

recovered as soor, as p s s i b l e  zr ' ter  t h e  t e s t .  

Fal lout  Places - Fa l lou t  p l a t e s  (Figure A - l k )  were u t i l i z e d  

f o r  0btainb.g the f a l l o u t  d i s t r i b u t i o n ,  concegtration a d  i so top ic  

i d e n t i f i c a t i o n  of the  f i s s i o n  products deposired on the g r i d  from the  

r ad ioac t ive  cloud. 

off ice- tape a s  erngloyed t o  r e t a i n  t h e  f a l l o u t  pa,-ticles. 

St icky tTne f a l l o u t  paper similar t.3 t r amparen t  

S t i cky  paper was mounted on metal frames which ve re  i.1 turn mounted 

on a stand located a t  each g r id  p o s i t i o n  four feet  abo-re ground l e v e l .  

I n  add i t ion ,  f a l l o u t  p l a t e s  were installed on the  r ad io log ice l  tower, 

LET s t ack  and a t  several  l oca t ions  in t h e  proximity 0: the reac tor .  
- 

Mobile Surveillance Vehicles - Recover1 of  zest  samples from 

d i s t a n t  points  a the  r ad io log ica l  g r i d  w a s  accomplished with seve ra l  

four  wheel dr ive vehicles  equipped with radios  and r ad io log ica l  monitoring 

equipment including s c i n t i l l a t i o n  type dose rate meters and conventional 

type a i r  monitors. 
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Fig .  A-14 Radiological  Fallout Plate 
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APPENDIX B 

DETAILS CONCERNliUG CONDUCT OF TEST 

I. S t a t i c  Physics Measurements 

A program of s t a t i c  physics measurements w a s  conducted t o  obtain 

standards of reference f o r  ana lys i s  of the  d a t a  obtained during the 

des t ruc t ive  t e s t .  The following is  a summary of the  r e s u l t s  of t h i s  

program. 

A. Sleeve and Water H e i g h t  C r i t i c a l  Configurations 

Inves t iga t ion  of  the  reac tor  I s  s t a t i c  cha rac t e r i s t i c s  w a s  

begun by determination of sleeve and water height  c r i t i c a l  configura- 

t i ons .  Results of these determinations were compared with results of 

s i m i l a r  experiments performed by Atomics I n t e r n a t i o n a l  on the SCA-4B 

reac tor .  

i f  any, resu l ted  from the use of NaK and in-core instrumentation. 
This comparison w a s  made t o  determine what r e a c t i v i t y  e f f e c t ,  

Results showed tha t  the SNAP- 2/lOA-3 reac tor ,  using the  

B i n a l  sleeve (10.5 wt $ Boron) and the calorimeter water volume, had 

c r i t i c a l  configurations similar t o  those of t he  SCA-4B reac tor  (see 

Table B - I ) .  These results indicated t h a t  the  introduction of NaK and 

in-core instrumentation had negl igible  r e a c t i v i t y  e f f ec t s .  . 

An attempt w a s  made t o  measure the  excess r e a c t i v i t y  ava i lab le  

by means of adding bor ic  ac id  t o  the water r e f l ec to r .  However, the  
pump used t o  m i x  the  so lu t ion  w a s  too small, and, consequently, the 

d a t a  obtained had excessive s t a t i s t i c a l  s c a t t e r .  

method used t o  determine the  excess r e a c t i v i t y  w a s  in tegra t ion  of 

a calculated d i f f e r e n t i a l  sleeve-worth curve normalized t o  the 

measured c r i t i c a l  value. This resu l ted  i n  a value o f  3.80 k 0.20 

d o l l a r s  f o r  the excess r eac t iv i ty .  

Therefore the  

117 



L 

TABLE B - I  

Pritical Pcs i t ions  

Critical Water Height ( inches)  9.02 f 0.05 8.96 i: 0.05 

C r i t i c a l  Sleeve Height ( inches)  7.32 0.125 7.27 2 0.05 

Mean Change in C r i t i c a l  Water 0.0 -0.06 ( w i t h i n  
H e i g h t  ( inches)  m e  as ure m e  n t  e rm r ) 

Mean Change in C r i t i c a l  Sleeve 
Height ( inches)  0 .o -0 .O5 (within 

me as ureme n t  e r r o r  ) 

Nom: The c r i t i c a l  configurations were measured from the base of the  
f u e l .  
by the B i n a l  sleeve. C r i t i c a l  water height i s  the  length of 
f u e l  exposed t o  the water r e f l e c t o r  with the Binal  sleeve 

C r i t i c a l  sleeve height  i s  the length  of f u e l  not covered 

removed. 

B . Power Cal ibra t ion  

me i i n i t i a l  attempt a t  obta in ing  a thermodyzmnic power 

c a l i b r a t i o n  by the use of a water-filled calor imeter  tank, as a heat  

sink, was not successful. due t o  i n s u f f i c i e n t  water c i r cu la t ion  within 

the  tank. Poor c i r cu la t ion  created temperature grad ien ts  and random 

convection cur ren ts  throughout t he  water volume and between the  sleeve- 

water i n t e r f ace .  Thus the r e s u l t i n g  d a t a  were i n s u f f i c i e n t  f o r  a 

ca lo r ime t r i c  power determination. 

However, during the  power c a l i b r a t i o n  experiment the  outputs of 
all t h e  in-core energy probes and thexmocouyles w e r e  recorded on 

magnetic tape ,  and these outputs ind ica ted  the hea t ing  and cooling 

rate f o r  s p e c i f i c  po in ts  within the r e a c t o r .  A heat ing and cooling 

curve f o r  a t y p i c a l  energy probe, along with t h e  cur ren t  generated by 

a t y p i c a l  ion  chvnber during t h i s  experiment, i s  depicted i n  Figure B-1. 
The output  of these probes was appropr ia te ly  normalized t o  the volume- 

weighted average core temperature - during the  per iod immediately z f t e r  

scram. n e  product of the  maximum rate of  change of temperature 
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'EXPERIMENTAL CHANNEL' 
IONIZATION CHAMBER 

a -  

3 
a 

W 

0 1.: 
( ~ a  . =  

Fig .  B-1 Time History of Typical Energy Probe and Nuclear Detector 
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During Power Cal ibra t ion  

(as a function of time along t h e  cooling curve) and an appropriately 

averaged f u e l  heat capaci ty  permitted an energy rate determination. 

The f i rs t  s t ep  in reaching t h i s  determination w a s  t o  make a 
thermal energy balance f o r  a p a r t i c u l a r  volume element as represented 

by t h e  loca t ion  of t he  energy probe within t h e  c y l i n d r i c a l  core. The 

generalized p a r t i a l  d i f f e r e n t i a l  equation represent ing thermal balance 

of the hea t  conduction with a source term added is: 

STORED 

WBEKE: T i s  temperature 

TRAJ!?SFERRFD 

i 

r i s  a space var iab le  

t i s  time 

C i s  volume hea t  capaci ty  
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4. No phase change t&es place withir-  the f i e l d ,  

then the  heat  'oalaixe e q e t i o ?  can be w r i t t e n  f o r  a cyli:-driczl geometry: 

These a s suq t ions  are va l id  if the  f u e l  i s  a 1mLform materizl and 

above the  temperature ?e& acd di2ferences a r e  not orders 05 magrdtude - - 
ambient, i . e .  , 265 OF and 152 OF, respec t ive ly .  

For the low peak temperatures a v o l v e d  and the small tempera5u-re 

changes, t he  thermal condumivity K( T )  i s  e s s e n t i z l l y  icdepecde3t of  

t e q e r a t u r e  and can be wri t ten as a constant .  The specif ic  heat  
capaci ty  of the f u e l  can be reoresented by the emFFriczl ea-uation 

0 C 

and 850 OC. The spec i f ic  heat  capaci ty  used in tfiese calculat ions was 
an average hea?; capacity - CzTre - defined over the temr;eratCe rmge 

= 0.0898 + 8.44 x T cal/gm-°C between the t e q e r a t u r e s  of 25 C I! 

involved as follows : 

JTT2 (0.0898 + 8.44 x lO-'T) dT 
(T2 2 + Tl) 

= 0.0898 + 8.44 x 16' 1 . .  - 
T2 - ave 

Thus, f o r  a c y l ~ - d r i c a l  geometry, t he  heat  balance equation now t&es  

t he  form: 

2 a r  

a T ( r , t )  - - 
a t  

?- 

r 

L.  
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Again, if  it be assumed there  i s  no heat l o s s  from the f u e l  other  

than t h a t  removed by the  coolant,  then f o r  la rge  r e a c t i v i t y  removals, 

the period of the removal t r a n s i e n t  i s  sb short t h a t  there  i s  insuff i -  

c i e n t  time f o r  s ign i f i can t  heat  t r a n s f e r  from the f u e l  during the time 

immediately following the t r ans i en t .  

term can be eliminated from the balance equation without s ign i f i can t  

e r r o r  i n  the calculat ion,  and 

Therefore , the  hezt  t r a n s f e r  

Thus, the maximum change in  the  sloDe of the temperature vs. t i m e  

curve corresponds t o  the m a x i m u m  change in the  source term, t h a t  i s  

Each  value of the  source term thus obtained, representing the  

volumetric hea t  generation r a t e  at  a p a r t i c u l a r  probe locat ion,  must 

be normalized t o  an average core generation rate. 

f a c t o r  w a s  obtained from the  point-to-average source edit-of a R-2 

d i f f u s i o n  theory computer program which was wr i t ten  t o  s a t i s f y  the  

c r i t i c a l  configuration c r i t e r i a  achieved during the power c a l i b r a t i o n  

experiment. 

e n e r a  proves, with the exception of EP-3, EP-6, EP-15 and those 

probes located in  the w a t e r ,  were evaluated t o  obtain a power l e v e l  

using the C 

source fac tor .  

i n  Table B-11. 
in tha t ' they  were highly insens i t ive  t o  the temperature changes 

encountered during the  tes t .  

This normalization 

A s  a point  of i n t e r e s t ,  the  two NaK thermocouples and a l l  

of t he  f u e l  and the appropriate point-to-average 
P 

Temperature da ta  and r e s u l t s  of ca lcu la t ions  are shown 

Probes Ep-3, Ep-6 and Ep-15 produced inconclusive da ta  

Since the average heat capacity used in the  ca lcu la t ion  

represented t h a t  of the  10 wt % probes, only the  cooling curves 

(Figure B-2) represented by the 10 w t  $J probes were used t o  ca lcu la te  

r e a c t o r  power. 

only four of these produced consis tent  values. 

produced values t h a t  were averaged t o  obtain 1.94 Kw a t  the power l e v e l  

at which the ion chamber currents  were read f o r  ca l ibra t ion .  

Of the f i v e  10 w t  '$ probes thus ava i lab le  f o r  calculat ion,  

These f o u r  probes 

- 
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EP-13 R x 3 . 7 1  Z Z O  T 5-14 254.F 

T 5-6 247'F EP-14 R ~ 6 . 5 0  2 x 0  

20'F t i ~ 1 1 5 0  

R e Z in cm. 

TI M E  ( m i n u t e s )  

Fig. B-2 Time History of 10  w t $  Energy Probes During Power Cal ibrat ion 

The accuracy of  t h i s  power ca l ib ra t ion  ca l cu la t ion  depends pr imari ly  

on three things: 

por t ion  of the energy probe within the  core,  the value of  t he  f u e l  heat 

capaci ty  over the  temperature range involved, and the  rate a t  which 

power termination occurs. 

core, the loca t ion  of t h e  ac t ive  port ion of t h e  energy probe within the  

core must be known t o  be within p lus  o r  minus 0.5 cm in order  t o  

ob ta in  accurate  point-to-aver- source f a c t o r s .  

t h e  r e f l e c t o r s  and possible  i n t e r s t i c i a l  flux disadvantage f ac to r s  can 

introduce lO$ e r ro r s .  

a knowledge of the prec ise  loca t ion  of t h e  ac t ive  

Because of the s i z e  of t he  SNAP- 2/lOA-3 

Flux gradien ts  near 

One problem t h a t  arises in determining the  power l e v e l  i s  the 

choice of the  init ial  value of hea t  capacity t o  be used a t  ambient 

temperatures. A more accurate value of heat capaci ty  would reduce 

much of the  uncertainty i n  t h i s  technique. 
- 
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uncertainty co 2 j$. 

TI. DestructiTJe Test 

A. P E D a r a t  i o n  

Upon completion of the s t a c i c  9hysics measu--$ments, ?reparst ions 

for t he  des t ruc t ive  t e s t  were begun. 

d e s t r u c t i v e  tes t ,  a r i g i d  set of requiremen-cs had t o  be completely 

s a t i s f i e d .  

s a t i s f i e d  a re  enumerated LT the following paragraphs. 

P r i o r  t o  an a t t ea$  t o  gerform a 

a summary of the preparat ions made a d  requirements t o  be 

Test Package Chariges - During the  s t a t i c  nhysics measurements, 

several of t he  analog s t r a i n  gauges and Edgerton Gemeshausen a d  Grier  

( E G G )  break bands located on the s ide  o f  t he  reac tor  vesse l  were 

destroyed. 

put back in service.  

These strain gauges were replaced and the break bznds were 
- 

I n i t i a l l j r ,  the  cont ro l  dr ive  rod at tached t o  the 3 i ia l  sleeve vas 

free t o  f a l l  upon loss of power t o  the  c o n t r o l  rod dr ive ma-et. 

However , it w a s  believed that ,during the des t ruc t ive  t e s t ,  t he  sleeve 

might drop over the reac tor  a f t e r  the explosive charse had removed. the 

sleeve. Therefore, a mechanism was i m t a l l e d  t o  re tzLi  t he  e jec ted  

sleeve i n  i t s  uppermost Gosition. 

In the event the reac tor  was not disassembled during the destruc-  

t i v e  tes t  but  chugged along at some power l e v e l  depending on i t s  heat 

d i s s i p a t i o n  rate, it would have been necessary t o  shut the reac tor  

down by removing the water from around the  reac tor  before a large 

f i s s i o n  product inventom vas bui l t -up .  

provided t o  quickly remove the water from around the  reactor .  

Therefore a large pump w a s  

Observation and Measurement - During the ?reparation period 

P h i l l i p s  cameras w e r e  positioned at  various s t a t ions .  It was necessary 

t o  align a l l  cameras on the t e s t  package with the t e s t  'ouildicg renoved 
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and run f i l m  through the canera t o  insure proper operations.  

12" 
k 

i 



7 

c 

i 
A 

. A 

..- 
I 

E@& cameras mounted in shielded "doghouses1' on a removal ra i l road  

d o l l y  required alignment and frame e q o s u r e  staggering b order  t o  

record the  disassembly p r o f i l e  o f  the reac tor  vessel .  

mirrors attached t o  the  three periscopes mounted on the environmental 

tank required a l i p e n t .  
r e a c t o r  and gamma s c i n t i l l a t i o n  de tec tor  had t o  be coordinated w i t h  the 

flash lamps, and they, in t u r n  had t o  be coordbz ted  with the shu t t e r  

openings on the cameras. 

I n  addi t ion,  the 

Timing s igna ls  from the b r e a k  bmds  on the 

The nuclear, pressure,  temperature, s t r a i n  and acous t ica l  

de tec tors  underwent a r i g i d  cont inui ty ,  p o l a r i t y  and s e n s i t i v i t y  check. 

The da ta  acquis i t ion and conditioning equipment w a s  thoroughly analyzed 
f o r  noise on da ta  channels, ca l ibra ted ,  and placed i n  a s t a t e  of readiness. 

An extensive rad io logica l  g r i d  extending from the  t e s t  pad had t o  

be placed in to  operation. 

responsible f o r  the gr id  extending out  2500 meters, required the  

systematic placement of te lemeter ing s t a t ions  and various rad ia t ion  

de tec tor  and sampling equipment. 

The TAN Health and Safety organization, 

- A E C  s i t e  survey personnel, responsible f o r  the radiological  gr id  

network extending from 2500 meters t o  beyond 8000 meters required 

placement of the various sampling equipment f o r  b io logica l  s tud ies  w a s  

a l s o  placed on and next t o  the tes t  pad. 

The Weather Bureau, responsible f o r  pred ic t ing  and providing up-to- 

the-minute atmospheric conditions during the  tes t ,  required the glace- 

rnent of telemetering weather s t a t i o n s ,  a radar  s t a t i o n  f o r  t racking 

te t roons ,  d i g i t a l  acquis i t ion  equipment f o r  meteorological parameters 

s tud ies  and the placing of e x i s t i n g  IET weather da ta  equipment opera- 

t ional .  

Communication equipment w a s  prepared o r  checked out f o r  operat ional  

Four separate radio networks were employed t o  t i e  together  service.  

s i t e  "C"  network, mobile rad io logica l  sampling s t a t ions ,  radar,  camera 

s t a t ions ,  two a i r c r a f t ,  locamotive, rad io logica l  gr id  network securi ty ,  

e t c .  Three separate intercom systems a t  E T  were required. A 

telephone was - sugplied f o r  emergency purposes, d i r e c t  telephone lines 



wez-cher room a t  ET. 

f o r  the des t ruc t ive  t e s t ,  three 211 i nc lus ive  671 T'XS -dere 2er lomed.  

The purpose of these ck-y runs  x ~ s  t o  insure  t h a t  all 2a-Giper-t and 

oa r t i c ipaz ing  personnel ..ere ?repared for t h e  deSZ?x;iL-re C,?s'i, t3 

insure t h a t  all the 2ecessai7 s teps  and a s s i p m e a t s  csuld be ca r r i ed  
out  e f f i c i e n t l y  a d  accurately i n  the time a l lo ted  in :he comtdom 

schedule, t o  de te rmde r e l i a b i l i t y  o f  the e q u i p e n t ,  'ts es t ab l i sh  

confidence i n  the test  ?e r somel ,  and t o  establish where "holds" 

could jud ic ious ly  be performed w i t h  respec t  t o  zhe cswtdowr. orogress,  

D-ry Runs Rea-uirerner-ts - Upon completior. of  :h? ?re?aratior-s 

if required.  - 

Weather Conditions Required - Because i n  a zest  of t h i s  tType 
s i g n i f i c a n t  amounts of radioact ive f i s s i o n  products could be released 

t o  the atmosphere, ce r t a in  weather condi t ions had t o  be  met before the 

des t ruc t ive  t e s t  c o d d  be i n i t i a t e d .  These condizions were as follows: 

(1) 

(2)  Wind d i r ec t ion  betveen 180' t o  240' - 0' be i s3  south 

Wind veloci ty  10 - 30 mph - - 

( 3 )  

(4) 

Wind persis teccy - 2 h r  m i n i m u m  

P rec ip i t a t ion  - none in immediate area 

( 5 )  L i g h t  conditions - grea te r  t han  2000 lumens 

me m i n i m u m  wind ve loc i ty  was established f o r  pers is tency,  and t he  

maximum ve loc i ty  was based on aircraft safety. The wiLd d i r ec t ion  

requirements corresponded t o  the downwind r ad io log ica l  g r id  network. 
p e r c i p i t a t i o n  one hour p r i o r  t o  the des t ruc t ive  t e s t  could not be 

t o l e r a t e d  because it m i g h t  spot t h e  mirrors  of the EC%G periscopes 
and m i g h t  se r ious ly  affect  f a l l o u t  p l a t e s ,  e tc .  on the gr id .  Lighting 

condi t ions had t o  be sufficient f o r  d a t a  a q u i s i t i o n  on high-speed 

movie f i lm.  

su f f i c i en t  number of drj runs had been successfu l ly  completed and it 
Sequence of Events P r i o r  t o  t h e  Reactor Destruction - Once a 
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was determined t h a t  t he  des t ruc t ive  t e s t  could be e f f i c i e n t l y  and 

successful ly  performed, a l l  e q u i p e n t  and.personnel were placed b a 

state of readiness,  and the  execution of the t e s t  w a s  dependent upon 

meteorological conditions. 

personnel w i t h  t w o  weather repor t s  da i ly .  

p robabi l i ty  t h a t  the  weather conditions would be su i tab le  f o r  perfor-  

mance of the t es t ,  all p a r t i c i p a t i n g  personnel were not i f ied  and the  

countdown which required 4i hours of count time before time zero (T-0) 

w a s  scheduled. . 
t e s t .  

unsui table  weather conditions.  

t e s t  was performed 

The weather bureau grovided the  t e s t  

UTon issuance of a 50-50 

Three attempts were made t o  per fom the  des t ruc t ive  

Two of  these  times, the  t e s t  had t o  be aborted because of  
On the  t h i r d  attempt, t he  des t ruc t ive  

B. Test  Sequence 

The tes t  was i n i t i a t e d  when the B i n a l  sleeve was removed by 

the  explosive charge in the  actuator .  

undergo an uncontrolled power excursion *ich resu l ted  in disassembly. 

The sequence of events i s  out l ined below. 

The reac tor  was allowed t o  

Steps Tzken After Reactor Destructive Test - Immediately 

following t he  nuclear excursion, t he  environmental tank dra in  systems 

were actuated, t he  winch t o  remove the  EG&G d o l l y  from the  t es t  area 

was s t a r t ed ,  and the  cameras were turned off and camera sh i e ld  doors 

allowed t o  drop. 

sh i e ld  houses f o r  a close-up inspection of t he  inside of the  environ- 

mental tank. 

The TV cameras were extended from t h e i r  missi le  

-When the  water had been removed from the  environmental tank, TV 
observations revealed t h a t  the reac tor  had indeed completely disassembled 

i tself  and posed no c r i t i c a l i t y  problem. 

Soon after the t e s t  was completed, s i te  survey personnel entered 

the  a rea  w i t h  a n  a i r c r a f t  instrumented t o  t r a c k  any radioact ive cloud 

evolved from the t e s t .  

the  radioact ive cloud and lef't the g r id  area,  a second a i r c r a f t  

entered 'he t e s t  area and obtained aerial photographs. 

l l f t e r  the arrcraft completed the  t racking of 
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Two h e a l t h  Phys ic i s t s  entered the  coupl i lg  s ta t iz r -  t o  co l l ec t  a 

s a q l e  from the  c?nviror?mencal water sanple bomb. 

h v e l  i n  the  c o u p l b g  s t a t i o n  was 5 m m / h r .  

en te red  the t e s t  c e l l  a rea  a t  approximately 40 minutes a f t e r  t h e  tes-c. 

Dl rec t  r ad ia t ion  leve ls  were 2s follows: 0 .2  arem/hr 2- the  change 
room, 50 mrern/hr a t  the  cor r idor  sh i e ld ing  door, 150 urem/hr a t  the  

t es t  c e l l  e n t r a m e  uld 400 mrem/hr on the t e s t  ?ad adjacent t o  the  

The i i r e c z  r zd i s t ion  

The firs re-entry t e a  

environmental tank. 

A t  approximately 1 hour after the t e s t ,  recover’! ceaas began 

r e t r i e v i n g  samples and sampling equipment from bozh che inner and 

outer  rad io logica l  grFds. 

the-camera recovery t e a s  removed the fi lm from the various s t a t ions .  

Upon n o t i f i c a t i o n  of  re-enzry authorizat ion,  

The f o l l o w b g  dzy, de ta i l ed  contamination and racitation sumeys 

of the tes t  area were made. 

i i i s ign i f icant  mount of f u e l  had escaped from the en-fironmental tank. 

A smear reading &O dpm taken from the concrete pad 30 fee-r; downwind 

from t h e  r eac to r  was the m a x i m u m  contamination found outside ti?e 

t e s t  c e l l .  

500 dpm/smear. 

mrem/hr a t  the west entrance of t h e  t e s t  c e l l  ar-d 3 rem/hr a t  the  

edge of the environmental tank. 

This survey indlca-ced thzc a v e q  

Most smears taken on the tes t  c e l l  f l o o r  showed l e s s  than 

A d i r e c t  rad ia t ion  survey showed r e z d b g s  or‘ 5 t o  8 

Reactor Dolly Removal t o  Hot Shop - Once the dol>j surfaces  

e x t e r n a l  t o  the environmental tank were decontaminatet, the  dolly w a s  

prepared f o r  removal t o  the Hot Shop f o r  pos t - t e s t  exminat ion.  

Removal t o  the hot shop took place seven days a f t z r  the tes t .  

Test  Pad Decontamination - After a l l  samples were removed 

and a d e t a i l e d  radiat ion survey had been completed, the t e s t  9zd area 

decontamination v a s  undertaken. All f u e l  pa-rticles m-d debris  from 
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t h e  r e a c t o r  dolly a d  t e s t  pad f l o o r  w2s ?laced Li 2,lzstic bags and 

rem_ov& from the z e 2 .  

E F  area ,  decontarninetion o f  the  test are2 'u'as per5ormed. 

After  the r eac to r  ,501l;~ ~ ~ ' 2 s  removed t o  The 
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