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A review of the safe ty  analysis  sect ion of t h i s  repor t  has been made 
by t h i s  of f ice ,  and outside of minor e r r o r s  the methods of computing 
the var ious radioact ive doses i n  the  environment f o r  the proposed 
tests are sa t i s f ac to ry .  Independent checks of the cloud dose, i n -  
ha l a t ion  dose, and deposi t ion dose a t  the neares t  s i te  boundary during 
lapse conditions have been made and agree f a i r l y  well with those 
presented i n  the  repor t .  
doses a t  other  d i s tances  are probably a l so  cor rec t .  

It follows t h a t  the  ca lcu la t ions  of the  

The assumption of t he  re lease  of a l l  of the noble gases, 5C$ of the 
halogens, and 5% of the other  f i s s i o n  products t o  the  atmosphere 
during the des t ruc t  t e s t  i s  probably overly pessimist ic  as mentioned 
on page 79. 
than l$ during the SPERT I des t ruc t ive  t e s t  probably should not be 
weighed too ser iously,  since t h i s  estimate was based upon r a the r  in -  
adequate f i e l d  da t a .  Furthermore , the  re lease  f r a c t i o n s  f o r  d i f f e r e n t  
isotopes could not be ascertained during the  SmRT I Destruct.  

Calculations f o r  the inversion hours were not  checked because t h i s  i s  
not  considered t o  be a credible  occurrence if meteorological controls  
of the  SNAFTRAN experiment are properly Uplemented. A wind s h i f t  
carrying the  e f f l u e n t  away from the designed tes t  g r id  i s  credible  
and emergency procedures should be es tab l i shed  f o r  this occurrence. 

The ingest ion dose ca lcu la t ion  made on pages 95-96, which indicate  a 
maximum of 25 m r  ingest ion dose t o  the thyroid of a ch i ld  $Tram drinking 
contaminated m i l k ,  appears t o  be low. Our ca lcu la t ions  indicate  that 
it should be more l i k e  100 m r  even with a reduction f a c t o r  of 20 based 
upon previous d a t a  of the r e l a t i v e  a c t i v i t y  of milk contamination and 
a i r  concentration of 1-131. 
mental Radioiodine Test (CERT), support t h i s  reduction f a c t o r  of 20; 
however, t h i s  may not be va l id  f o r  a l l  t e r r a i n  and d i f f e r e n t  forms of 
1-131. 
outdoors of c a t t l e  i s  largely r e s t r i c t e d ,  it does not appear t h a t  the 

However, the reference t o  the  computed release of less 

The r e s u l t s  of the Controlled Environ- 

Since the t e s t s  are planned f o r  t he  winter season where grazing 

8 8 f? ingest ion of' m i l k  w i l l  be a problem. 
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W. P. G a m m i l l  - 2 -  

Since test conditions c a l l  f o r  a 3-hour period of temperature Iapse 
condi t ions this means that the test uill probably have- to  be i n i t i a t e d  
no la ter  than 2 otclock in the afternoon i n  the winter'iionths, since 

. the ' inversions usually set i n  by 5:OO PM in the afternonn,during t h a t  

.. . . ... . .. .. . - .. . . . . . . , .. . ~.. ... .. . . .. .. - .. . _. ~ 



DO-16929 %v. 1 
AEC Hesearch and Deve l9pen t  Report 

Aerosyace Sa fe ty  
TID-4500 (27th Ed . )  
Issued: Yarch 1964 

SAFETY ANALYSIS REPORT - SNAFTRAN 2/1OA-3 

WATER i I @ E R S I O N  TESTS 

Edited By 

F. L .  Bentzen and J .  ?4 .  Waage 

Prepared By 

F .  W .  Ahrens 
F. L .  Bent.zen J .  M. Waage 
G .  F .  Brocket t  
D.  T. Jones 
L .  I .  Yoss (Atorriics I n t e r n a t i o n a l )  

W .  J .  Neal 

C .  I?. Wilson 
W .  L .  'rlilson 

PHILLIPS 
PETROLEUM 
COMPANY 

u .  s 

r-":,,!" yfgs 

Atomic Energy Division 

Idaho Operations Gffice 
Contract AT ( IO. 1 1 . 2 0 5  

A T O M I C  ENERGY C O M M I S S I O N  

I189109 



PRICE 12.50 

A\.'AILABLE FROM THE 

OFFICE OF TECHNICAL SERVICES 

U. S. D E P A R T M E N  OF COMMERCE 

WASHINGTON 25. D. C. 

I 

L E G A L  N O T I C E  
This rcport was prrparrd ai  an icrount of C;o\emninrot iponsorcd work. Ncithcr thc I ln i ted 

States, nor the Commi%sion. nor nny person arting on hrhr l f  of thc Coinrniii;on: 

A. M i k e s  any warrx.ity or reprerentition, rxpreir or implied, with rcsp+rt 10 thc accuracy, 
completcnns. or usrfulncss of the infornixtion rsntainrd i n  this rcporl. or that thc use d any 
information. appariiu,, mcthd,,  or yroctr, diicloscd i n  this report may nor infringe pr i ratr ly 
owncd rights; or 

8. Assumes any liabilities with rcspect I,, the uic or, or for damrgei resulting f rom the use 
or any information. apparatus, method, or piocrss dirclored in this rcport. 

AI used in the a b o w ,  " p r . m  actin# on behalf ol the Commission" include1 any employee or 
contrrctor of the Conmiision. or employee of such contrsc'or, to th,: extent that iuch cmployce 
or contractor of the Cornmiision, or employee of iuch contractor prcparcs. diiicminares, w 
prov ide  access to, any inlorination puriuant to his cmploymcnt or contract with the Commisiion, 
or  h u  employment wi th such contractor. 

PRINTED IN USA 



Valuable a s s i s t a n c e  i n  t h e  prepara t ion  of t h i s  r e p o r t  was giver? 

by members of t h e  S T P  staff, ST" Design Engineering, USAEC-ID Health 

and Safety,  and t h e  U. S.  Weather 3iu?-eau. 
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As p a r t  of t h e  nuclear  s a fe ty  r e sea rch  prowtun sponsored by t h e  AEZ, 

P h i l l i p s  Petroleum Company w i l l  conduct a s e r i e s  of experimeIlts t o  ev r lu -  
a t e  t h e  hazards a s soc ia t ed  w i t h  the use  of the SNAP 2/10A r e a c t o r s .  

SNAPTWI 2/lOA-3 seri2s i s  d i r e c t e d  t c . u a r d  a determinat ion of t h e  con- 

sequences of a nuclear  acc ident  approaching t h e  maximum c red ib l e  which 

would r e s u l t  from t h e  immersion of a SNAP 2/10A r e a c t o r  core  i n  water .  

T h i s  simulated acc ident  , which i s  expec' ?d t o  complet.ely des t roy  t h e  

r e a c t o r  core  by a nuclear  excursion, will be preced-d by s t a t i c  physics  

measurements ar.d a few long-period t r m s i e n t  t es t s .  

The 

The p o t e n t i a l  hazards a s soc ia t eu  with conducting t h e  SPAFTRAN 2 /10A-3  

program have been eva lca ted  and are  presented i n  t h i s  r epor t .  

conta ins  a d e s c r i p t i o n  of t h e  e x p e r h e n t a l  program, a d e s c r i p t i o n  of t h e  

r e a c t o r  t e s t  package and con t ro l  system, a d iscuss ion  of t h e  r e s u l t s  of 

previous water i m e r s i o n  experiments, a d iscuss ion  of t h e  ope ra t inc  

philosophy and t e s t  procedures, and an  eva lua t ion  of t h e  p o t e n t i a l  hazards 

attendtint  t o  t h e  experimental  program. The u e a s  of considerat , ion i n  t h e  

safety eva lua t ion  include ma te r i a l s  hzndling, possil-de operator  e r r o r  and 

system fai lure ,  r a d i a t i o n  leve ls  assoc ia ted  with t h e  var ious  test ,s ,  and 

c0nsequence.s of t h e  mtximrn nuclear  excursion. 

The r e p o r t  

b 

6 

On t h e  basis of t h e  s a f e t y  ana lys i s  conducted, it i s  concluded t h a t  

t h e  t e a t  program can be conducted without undue hazard t o  opera t ing  

personnel,  o the r  perscrnnel w i th in  t h e  NRTS, or  the  general  publ ic .  

i 

i 

f 
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One of t h e  important a spec t s  i n  t h e  u t i l i z a t i o n  of nuclear  r e a c t o r s  

The Atomic Energy Commission has 
f o r  aerospace a u x i l i a r y  power systems i s  t h e  eva lua t ion  of p o t e n t i a l  
hazards unique t o  such an app l i ca t ion .  

t h e r c 2 r . x  i n i t i a t e d ,  as a p a r t  of i t s  mera l l  nuclear  s a f e t y  e f f o r t ,  an  

aerospace nuclear  s a f e t y  prctgram t o  ob ta in  information re1evar.t t o  t h e  
eva lua t ion  of t h e s e  hazards. 

determining t h e  k i n e t i c  behavior of t h e  SNAP r e a c t o r s  and t h e  consequences 

of c e r t a i n  nuclear  acc idents  involving t h e s e  reactzrt has been designated 

as SNAPITRAN. 
Petroleum Company a t  t h e  Tes t  Area North ( T A N )  s i t e  of tlic National. 
Rsactor Tes t lng  S ta t jon ,  w i l l  i n i t i a l l y  involve t h e  SNAP 2/1.oA tme 
r e a c t o r .  These r e a c t o r s ,  a p p r o x h a t e l y  9 inches i n  diameter by 12 inches 

long, are composed of a core  containing 37 rods of f d l y  enriched uranium 

'Ln a zirconium-hydride matrix. 
s t e e l  v e s s e l  surrounded by a f i x e d  beryl l ium r e f l e c t o r  and con t ro l l ed  by 

four bery l l ium drums which vary t h e  neutron leakage from t h e  core.  During 
assembly, launch, and ascent  I n t o  o r b i t  t hese  r e a c t o r s  are msintainer? sub- 

c r i t i c a l  by mechanical i n t e r l o c k s  and adminis t ra t ive  procedlres .  Once 
t h e  r e a c t c r  i s  i n  o r b i t  t h e  con t ro l  drums are programmed f o r  i n s e r t i o n  

u n t i l  t h e  des i r ed  opera t ing  power is  a t t a ined .  

That po r t ion  of t h e  p r o s a m  concernLd * d i t h  

The SNAFTRAN t e s t s , ,  which w i l l  be conducted by P h i l l i p s  

. 

The core i s  contained i n  a t h i n  stainless- 

The dynamic nuclear behavior of L e  r e a c t o r  and i n  p a r t i c u l a r  t h e  

ccnsequences of a nuclear  accident  ar t  the p r i n c i p a l  cons idera t ions  t o  

be inves t iga ted  i n  t h e  SNAPTRAN program. 'i'uo p o t e n t i a l l y  hazardous 

s i t u a t i o n s  could occur: 

i n t o  t h e  r eac to r  dur ing  assembly o r  launch, and ( 2 )  immersion of t h e  

r e a c t o r  core  i n  water or  moist ea r th .  Th? k i n e t i c  behavior of t h e  

be::,-llium-reflected r e a c t o r  and assoc ia ted  r a d i a t i o n  hazards r e s u l t i n g  

from t h e  first s i t u a t i o u  w i l l  be  examined i n  t h e  S I W " ~ N  2/10A-!. and 

SNAETRA~f 2/10A-2 programs. "he s a f e t y  cons idera t ions  involved i n  con- 
duc t ing  t h e  SNAPI?IAd 2/10A-1 t es t , s  &re discussed i n  IDO-16825, "Safety 

Analysis Report - SNAPTUN 2 / 1 0 A - 1  Safe ty  Tes ts"  (I). 
behavior and r a d i o l o g i c a l  consequences r e s u l t i n g  from t h e  second s i t u a t i o n ,  
i.t?., immersion of t h e  r e a c t o r  i n  water w i l l  be i nves t iga t ed  i n  t h e  

SNAPlRAN 2 / l O A - 3  program. 

(1) t h e  acc iden ta l  r o t a t i o n  of t h e  c o n k 0 1  drums 

The power excursion 

It i s  t h e  purpose of t h i s  r e p o r t  t o  present  

1 1 8 9 f l b  1 
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a n  eva lua t ion  of t h e  s a f e t y  measures t o  be taken  during conduct of t h e  
S 2110~-3 t e s t s  

Non-nuclear t e s t s  t o  i n v e s t i g a t e  t h e  phys ica l  behavior of r e a c t o r  

components upon impact wi th  wate 
r e f l e c t o r  and o ther  components 

a b l y  sepa ra t e  from t h e  r e a c t o r  v e s s e l  with t h e  core  remaining i n t a c t .  

The S K W N  2/lOA-3 t e s t s  w i l l ,  t he re fo re ,  be conducted u t i l i z i n g  only 

t he  fuel  and r e a c t o r  v e s s e l  

SNApI?IAN 2/lOA-3 program c o n s i s t  of loading  t h e  r e a c t o r  wi th  f u e l ,  meas’me- 

xnent of t h e  reduced prompt neutron generat ion time [ (~ l /p)~ , , ]  by noise- 

a n a l y s i s  techniques,  oJerat ion oi t he  r e a c t o r  a t  low power t o  c a l i b r a t e  

nuclear  instrumentat ion,  nondestruct ive t r a n s i e n t  t e s t i n g  i n i t i a t e d  by 

step o r  ramp add i t ions  of r e a c t i v i t y ,  and the  coniluct of a f i n a l  t r a n s i e n t  

t e s t  which models a n  acc ident  a2proaching t h e  maximum c red ib le  as a 

have shown t h a t  the  beryl!.ium 

r n a l  t o  t h e  r e a c t o r  v e s s e l  vi11 prob- 

The experiments t o  be ccncucted during t h e  

result  of water immersion, 

The r e a c t o r  v e s s e l  conta in ing  f u e l  w i l l  be mounted on a pedes t a l  i n  

a 14-ft-diameter open tank r i g i d l y  mourited on a r a i l r o a d  f l a t c a r  ( d o l l y ) ,  

The r e a c t o r  v e s s e l  vi11 be surrounded by a poison s leeve  capable of - 
maintaining t h e  r e a c t o r  s u b c r i t i c a l  when t h e  r e a c t o r  is i m e r s e d  i n  water.  

The poison s leeve,  ac tua ted  by a d r ive  mechanism, can be withdrawn e i t h e r  

slowly o r  r a p i d l y  and can be scrammed. Extensivc instrumentat ion u i l l  be 

Located wi th in  the r e a c t o r  v e s s e l  ( i n -co re )  and ex te rna l  t o  t he  r eac to r  

v e s s e l  t o  provide information regard ing  t h e  nuclear and mechanica lbe-  

havior  of t h e  r e a c t o r  during the  trarAsient tes ts .  

mentation i s  a v a i l a b l e  f o r  ob ta in ing  ex tens ive  r a d i o l o g i c a l  measurements 

t o  a d i s t ance  of s eve ra l  miles  follow in^ t h e  f i n a l  t e s t .  

of t h e  f i n a l  t e s t  t h e  remains of t h e  r e a c t o r  w i l l  be t ranspor ted  v i a  t h e  

r a i l r o a d  ca r  t o  t h e  ho t  shop f a c i l i t y  where physical ,  chemical, and metal- 

l u r g i c a l  examination w i l l  be  performed. 

I n  addi t ion ,  i n s t r u -  

Upon completion 

Th i s  r s p o r t  inc ludes  a b r i e f  summary of t h e  t e s t  program, a desc r ip -  

t i o n  of t h e  t e s t  package, and cn ana lys i s  of t h e  p o t e n t i a l  hazards involved 

i n  performing t h e  t e s t s .  S i t e  and f a c i l i t y  desc r ip t ions  are not included 
s ince  d e t a i l e d  desc r ip t ions  were previously included i n  t h e  s a f e t y  ana lys i s  

r e p o r t  f o r  t h e  SNAPTRAN 2/10k-1 t e s t  se r ies  (l). 
s a f e t y  a n a l y s i s  presented here in ,  it has been concluded t h a t  t h e  SNAPI‘RAN 

1 

On t h e  basis  of t h e  
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2/1OA-3 t e s t  program can be conducted without undue hazard t o  opera t ing  

personnel,  personnel a t  o ther  MiTS i n s t a l l a t i o n s ,  o r  t o  t h e  genera l  pub l i c .  
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11. PROGRAM 

A. Purpose and Object ives  

I n  the  sequence of operat ions necessary t o  lau.nclA a SN P r e a c t o r  

i n t o  space, once conceivable mechanism f o r  the  i n i t i a t i o n  of a nuclear  
acc ident  is t h e  immersion of t h e  r e a c t o r  i n  wster. 

could occur during t r anspor t ,  as a n  aftezmath of f i r e  o r  explosion on 

the launch pad o r  during a launch a b o r t  over water could r e s u l t  i n  a 
nuclear  power excursion accompan 

ducts  t o  t h e  surrounding environment. 

Z!/laA-3, has been proposed t o  scope the  p o t e n t i a l  hazards sf such an  

acc ident  and provide information r e l evan t  t o  s a f e t y  assessment, t o  design 
t h e  r e a c t o r  system w i t h  r e s p e c t  t o  s a fe ty ,  and t o  t h e  development of 

procedures and c o n t r o l s  t o  ensure s a f e t y  during launch. 

a v a i l a b l e  r e a c t i v i t y  i n  t he  r e a c t o r  w i l l  be i n s e r t e d  by a s tep  i n s e r t i o n  

f o r  the  purpose of i n t e n t i o n a l l y  s imulat ing t h e  worst  type of accident .  

A s  far as the  system i s  concerned t h i s  condi t ion corresponds t o  the  

Such an  event which 

d by the  release of r ad ioac t ive  pro- 

An experimental  program, SNAPTRAN 

A l l  of t h e  

maximum c red ib le  accident" .  It is recognized t h a t  t h e  p r o b a b i l i t y  of 11 

such a n  event  occurr ing unexpectedly i s  low; huwever, f o r  t h e  purpose of 

s a f e t y  a n a l y s i s  t he  r a d i o l o g i c a l  consequences have been presented f o r  

both con t ro l l ed  and uncontrol ied meteorological condi t ions.  
t i c a l  upper limit of the  energy r e l e a s e  (170 Mw-sec) assoc ia ted  w i t h  

The theore-  

i n s e r t i o n  of the t o t a l  excess r e a c t i v i t y  a v a i h b l e  has been used i n  t h e  

r a d i o l o g i c a l  comp:utations inasmuch as l i t t l e  i s  knam regarding t h e  

k i n e t i c  behavior of t hese  r eac to r s ,  and i n  f a c t ,  one purpose of the t e s t  
program is t o  determine the  energy r e l e a s e .  

maximm t h e o r e t i c a l  energy i s  not expected t o  be re leased .  The expected 
energy r e l e a s e  a s soc ia t ed  with t h e  add i t ion  of about $2.50 of r e a c t i v i t y  

above prompt c r i t i c a l  i s  about 29-bO Mw-see. It m u s t  be assumed that an 

acc ident  r e l e a s i n g  t h i s  energy could occur e i ther  during p redes t ruc t ive  

o r  d e s t r u c t i v e  t e s t i n g .  

On the  o ther  hand, t h e  

Primary experimental  program objec t ives  are: 

(1) t o  prov.'.de information concerning t h e  nuclear  and mechanical 
energy r e l e a s e  during a power excursion approaching the  mximum 

c red ib le ,  

4 
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( 2 )  t o  provide q u a l i t a t i v e  and q u a n t i t a t i v e  information concerning 

t h e  f i s s i o n  product release and t r a n s p o r t ,  snd 

t o  provide physics  end engineer ing information which w i l l  ass is t  

i n  understanding t h e  k i n e t i c  behavior of t h e  r e a c t o r  and which 

w i l l  a s s i s t  i n  assessment of the  r e a c t o r  design with r e spec t  t o  

s a fe ty .  

( 3 )  

The program w i l l  include the  following: (1) mechanical, e l e c t r i c a l ,  

and hydraul ic  checkout, ( 2 )  rue1  loading, ( 3 )  s t a t i c  physics measurementg, 

( 4 )  long-period t r a n s i e n t  experiments, ( 5 )  d e s t r u c t i v e  t e s t ,  and (6)  post-  

t e s t  examination. 

B. Mechanical, Elc:ctr ical ,  and Xydraulic Systems Checkout 

P r i o r  t o  the  loading  of f u e l ,  a mechanical, e l e c t r i c a l ,  and hydraui ic  

systems checkout w i l l  be conducted on t h e  corrplete r e a c t o r  system. 

checkout w i l l  include determinat ion of proper operat ion of the  con t ro l  

console and measureraent of t h e  speed of the slow poisoc-sleeve d r ive ,  

t h e  drop time when t h e  s leeve  i s  scraimed, the removal time of t h e  s l eeve  

fast-removal mechanism (pyrotechnic a c t u a t o r ) ,  and the  water fill-and-dump 

times. 

This 

C. Fuel Loading 

During f u e l  loading t h e  r e a c t o r  v e s s e l  w i l l  be placed wi th in  and 

clamped t o  t h e  poisos  s leeve  t o  provide a s a f e  and convenient lotiding 

environment. The f u e l  w i l l  be loaded one element a t  a t i n e .  Following 

completion of the  f u l l  core loading, t h e  r eac to r  v e s s e l  head w i l l  be 

clamped i n  place and seal-welded t o  the  ves se l .  The ins t r -mented  f u e l  

lead  pene t r a t ions  i n  t h e  head w i l l  then be seal-welded. 

g r i t y  of t h e  v e s s e l  w i l l  be  checked with a helium l eak  de tec to r .  
t he  ves se l  w i l l  be f i l l e d  with NaK through a s p e c i a l  charging system and 

sea led  o f f .  S u f f i c i e n t  space w i l l  be l e f t  f o r  expansion of t h e  N a K  i n  

t he  v e s s e l  f o r  condi t ions of iiicreased temperature r e s u l t i n g  from long- 

per iod  t r a n s i e n t  t e s t s  and power ca l ib ra t ion .  The loaded r eac to r  w i l l  

then be mounted 011 t he  pedes t a l  wi th in  t h e  environmental tank. 

Next, t h e  i n t e -  

F ina l ly ,  
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D. S t a t i c  Physics  Neasurements 

Aftei  peiYorwnce cf a r echan ica l  checkout wi th  t h e  r z a c t o r  loaded, 

a w a t e r t i g h t  ca lor imeter  w i l l  be mounted around t h e  r e a c t o r  ves se l .  

t h e  poison s leeve  surrounding t h e  vesse l  t h e  water he igh t  i n  t h e  c a l o r i -  

meter w i l l  be  incrcased  i n  srrall increments.  

poison sleev:, w i l l  be withdrawn. 

t h e  c r i t i c a l  water he ight  i s  obtained. 

ca lor imeter  w i l l  be f i l l e d  wi th  water and t h e  poison s l eeve  w i l l  be  slowly 

r a i s e d  until c r i t i c a l i t y  i s  a t t a i n e d .  Once t h e  c r i t i c a l  sleeTie p o s i t i o n  

has been found, t h e  r e a c t i v i t y  v o r t h  of t h e  s le2ve  w i l l  be d e t e m i n e d  by 

t h e  per iod rcethod. 

poison as a r e a c t i v i t y  shim. 

With 

A f t e r  each add i t ion  t M  

This  procedure w i l l  be continued u n t i l  

F o l l m i n g  t h i s  deterwirlation t h e  

Excess r e a c t i v i t y  w i l l  then be measured us ing  so lub le  

After t h e  s l ceve  arid water he ight  r e a c t i v i t y  c a l i b r a t i o n s  hnve been 

performed, t h e  r e a c t i v i t y  e f f e c t  of water i n  t h e  environmental t ank  w i l l  

be d e t e r d n e d  by vary ing  t h e  water l e v e l  i n  t h e  tank .  

The reduced prompt-neutron generat ion time w i l l  oe deternined both 

wi th  t h e  r e a c t o r  s l i g h t l y  s u b c r i t i c a l  and with t h e  r e a c t o r  c r i t i c a l  b u t  

a t  low power. 

By means of t h e  calorirr,etcr technique,  t h e  s e n s i t i v i t y  of t h e  ion  

chambers t o  t h c  nuc lear  power generated i n  t h e  core  (power c a l i b r a t i o n )  

w i l l  then be de tc rx ined  for  c1Iambei-c i n  t h e  var ious  loca t ions  i n  t h e  

core,  i n  t h e  water, and belciw t h e  f l a t c a r  and f l i g h t  tube.  

2ower l e v e l  w i l l  be  kept  as IOU as poss ib l e  i n  order  t o  avoid l a r g e  

temperature g rad ien t s  wi th in  t h e  core .  

The nuc lear  

E. Long-Period Kine t i c s  T e s t s  

A s e r i e s  of approximately t e n  long per iod power excursions 1-y be 

performed t.0 a i d  i n  t h e  checkout o f  t h e  iristrurnentation and t h e  de t e r -  

mination of' t h e  s e l f - l i m i t i n g  behavior of t he  system. 

w i l l  be i n i t i a t e d  by srithdrnwal of t h e  poison s lceve  ar.d terminated e i t h e r  

by scramming o r  by nondestruZLive self-shutdown nechanisms. The tempers- 

t u re  r i se  w i l l  be t h c  determining f a c t o r  f o r  t he  m o u n t  of r e a c t i v i t y  

i n s e r t e d .  I n  no case, however, w i l l  an  e x p e r i m n t  be conducted i n  whic!i 

t h e  pred ic ted  t enpe ra tu re  01' t!lc f u e l  exceeds 1000'F. 

These excursions 
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F. Des t ruc t ivc  Tes t  - 
Following t h e  lonk-period k i n e t i c s  t e s t s ,  f i n a l  p repa ra t ions  f o r  

t h e  d e s t r u c t i v e  t e s t  w i l l  be made. S t a r tup ,  ope ra t iona l ,  and s a f e t y  

channel de t ec to r s  w i l l  be removed from around t h e  r e a c t o r  and f i n a l  

i n s t a l l a t i o n  of  s p e c i a l  t ransducers  w i l l  be completed. 

p rope l l an t  charge w i l l  then  be loaded i n t o  t h e  remote charging mechanism 

of t h e  pyrotechnic  a c t u a t o r w d & n e  ca lor imster  removed. 

t i o n s  are complete and t h e  appropr i a t e  meteorological  condi t ions p r e v a i l ,  

t h e  s l eeve  removal mechanism will be  armed and the  _":?a1 t e s t  i n i t i a t e d .  

The following neasurements w i l l  be made: 

and spread, (2 )  r eac to i  components k i n e t i c  energy and d i s p e r s a l ,  (3 )  
r e a c t o r  power, per icd ,  and. energy r e l ease ,  and (4) hea t  depos i t ion  and 

pressure  buildup. 

The s l eeve  

When prepara- 

(1) f i s s i o n  prod-Act bui ldup 

Redundancy of de t ec to r s ,  loca t ion ,  ranges,  and recorder  channels 
w i l l  be provided. In addi t ion ,  ex tens ive  phctographic coverage of t h e  

event w i l l  be made wi th  ground and a e r i a l  cameras us ing  both black-and- 

white and co lo r  f i lm.  

Expected r e s u l t s  of  t h e  d e s t r u c t i v e  t e s t  have been ou t l ined  i n  
(17) IDO-16971 " h l y s i s  of S.FJLTRAN 2/1OA- 3 Dest ruc t ive  Tes t"  

G . ?os t- Te s t E r d  n a t  i on 

Upon completion of the  des t ruc t ive  t e s t ,  an a r e a  survey will be 
made t a  determine the  ex ten t  of contamination spread and t h e  d i s t r i -  

bu t ion  of r e a c t o r  ma te r i a l s .  h e ] .  and r e a c t o r  s t r u c t u r a l  component 

fragments w i l l  be co l l ec t ed  and moved with the  r e a c t o r  , -ma ins  t o  t h e  

examination a rea .  An ex tens ive  analysis of these  fragments w i l l  be 

made t o  determine the  thermal, chemical, and, mechanical energy r e l ease .  

7 
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111. TEST PACKAGE DESCRIPTION 

A .  General - 
The SIWi!RAN 'i?/lOA-3 t e s t  package c'.esign r e f l e c t ;  c e r t a i n  b a s i c  

c r i t z r i a  af t h e  experimental  Frogram. 

t h a t  t h e  water imnerslon d e s t r u c t i v e  t e s t  be conducted i n  a body of water 

s u f f i c i e n t  i n  s i z e  t o  assure  t h a t  t h e  u l t in ta te  r e a c t o r  shutdown i s  not  

csused by water expulsion, i . e . ,  t h e  reac tor  must be i n  an e s s e n t i a l l y  
i n f i n i t e  v a t e r  envirorlnlent . I n  addi t ion ,  t h e  t e s t  package design must 

.aliow t h e  conduct of s t a t i c  physics neasurements, inc luding  a power 

c a l i b r a t i o n ,  and mst  f a c i l i t a t e  cleanup of t h e  t e s t  a r e a  and examination 

T k s e  c r i t e r i a  i nc lude ' t he  provis ion 

O f  t h e  r e P . C t G r  rexL2ins fol lowing t h e  d e s t r u c t i v e  t e s t ,  * 

To accomplish t h e s e  ob jec t ives  t h e  r e a c t o r ,  enclosed i n  t h e  c a l o r i -  
hac been loca ted  wi th in  a l a r g e  environmental tank mounted or! z 

1' 
meter 

A-raiz r a i l r o a h  d o l l y .  

3.5 f t  below t h e  whter sur racc .  

package i s  given i n  Figure 111-1. 

f a b r i c a t e d  from s t e e l  and i s  backed by cclncrete t o  assure  tank  i n t e g r i t y  

during d e s t r u c t i v e  disassembly of t h e  r e a c t o r  core  and vesse l .  

f a c i l i t a t e  removal of t h e  t e s t  package fol lowing t h e  des t ruc t ive  t e s t ,  

a l l  ope ra t iona l  and experimental  l eads  have been routed from t h e  dolly 

through a f a c i l i t y  plug i n t c  t h e  sh ie lded  cohpling s t a t i o n .  

The top  of t h e  r e a c t c r  i s  lo-a ted  a t  a depth of 
A p i c t o r i a l  r ep resen ta t ion  of the t e s t  

The environmental tark has been 

To 

Control  of t h e  r e a c t o r  can be  accoaplished e i t h e r  by movement of a 

neutron absorbing s leeve  around t h e  r e a c t o r  ves se l  o r  by varying t h e  water 

l e v e l  i n  t h e  ca lor imeter .  The con t ro l  s leeve  i s  moved by two separa te  

i n - l i n e  systems: 

movement and p rec i se  pos i t i on ing  of t h e  s leeve ,  and ( 2 )  a pyrotechnic 

actue-tor which provides r ap id  removd of t h e  s leeve .  The pyrotechnic 

ac tua to r  w i l l  on ly  be used t o  i n i t i a t e  t h e  d e s t r u c t i v e  t e s t .  W i n g  t h e  

s t a t i c  physics measurements, t h e  crdorimeter w i l l  p u m i t  prec ise  temper- 

a t u r e  and wi t e r  level con t ro l  i n  t h e  wnter imiediately surrounding tlie 

r e a c t o r .  

(1) a motor d r ive  system which provides slow speed 

A d e s c r i p t i o n  of t h e  r e a c t o r  package, support  s t r u c t u r e s ,  con t ro l  

system, and exper inenta l  and opera t iona l  instrumentat ion i s  presented i n  

this sec t ion .  
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13. Core and Vessel  

1. Core - 
A c ross  s e c t i o n  of t h e  r e a c t o r  core and v e s s e l  assembly i s  

shovn i n  Figure 111-2. 

37 f u e l  rods  arranged i n  a t r i a n g u l a r  a r r a y  on 1.260 inch cen te r s  t o  
form a hexagon 8 inches ac ross  t h e  f lats.  The f u e l  rods  are he ld  i n  

t h i s  a r r a y  by uppcr and lower g r i d  plates with beryl l ium f i l l e r  p ieces  

used t o  adept  t h e  hexagonal core t o  t h e  c y l i n d r i c a l  v e s s e l  descr ibed 

beloti. The fuel-moderator f o r  t!x r e a c t o r  i s  an  a l l o y  of zirconium- 

hydride and 10 w t $  of 93$ enriched uranium. 

i s  6.08 g/cm3 .,id i t s  volume i s  520 i n  

conta ins  4.75 kg of U-235 and 464 grarc-moles of H2. 
i s  c l ad  wi th  Xastelloy-N lmving u wall th ickness  of 0.015 inch. The 

ou t s ide  diarr,eter of each f u e l  element i s  1.250 i n .  aiid i t s  l eng th  i s  

2 . 2 5  inches.  

c ladding aiid t h e  fuel-moderator. 

and @;rid p l a t e  indexing p ins  welded t o  each end. 

g r i d  p l a t e s ,  vhicii a r e  1 ab r i ca t ed  from Hactelloy-C provide p rec i se  

pos i t i on ing  of t h e  f u e l  rods  with r e s p e c t  t o  t h c  v e s s e l  and t o  each 

o ther .  

The core is  a r i g h t  cy l inder  which c o n s i s t s  of 

The fuel-moderator dens i ty  
3 (8540 em-?)'. The r e a c t o r  core  

The fuel-moderator 

A gap of approximately 0.001 i n .  exis ts  between t h e  

The ends of  t h e  f u e l  rods have caps 

The upper and lover  

2. Vessel 

The r e a c t o r  ves se l ,  f ab r i ca t ed  from t y p e  316 s t a h l e s s  s tee l ,  
i s  c y l i n d r i c e l  i n  shape, 8.94 In .  OD, with a 0.032 i n .  w a l l  th ickness .  

Holes a r e  provided i n  tiic head f o r  t h e  pene t r a t ion  of de t ec to r  l ead  

wires t o  t h e  i n t e r i o r  of t h e  r e a c t o r  vessel .  Support lugs  are welded 

t o  the  head f o r  nountine; t h e  vessel  i n  t h e  environnentol  tank.  

extension has been a f f ixed  t o  t h e  upper erid of the vesse l  t o  ensure 

t h e  proper aligiunent of t h e  E i n d  s leeve  with t h e  r e a c t o r  during t h e  

lowering of' %he sleeve. 

AH 

The r e a c t o r  head has a tub ing  lead welded i n t o  place f o r  convenience 

i n  NeK loading. T h i s  fit& i n l e t  i s  connected v i a  a 23 f't length  of 
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f l e x i b l e  s t a i n l e s s  s t e e l  t ub ing  t o  B 30 cubic  inch expafision tank which 

will be mounted on t h e  environmental tank s u p e r s t r u c t u e .  

A f t e r  t h e  r e a c t o r  system has been helium purged and evacimted, t h e  
I h K  i s  valved i n t o  t h c  system a t  t h e  expansion tank. Af t e r  a minimal 

amount of N a K  i s  charged t o  t h e  system, it i s  once aga in  evacuated t o  
remove any a i r  t h a t  might have been ia t h e  N a K  b o t t l e .  

i s  l i q u i d  fu l l ,  inc luding  t h e  expansion tank,  t h e  vacuum and overflow 

l i n e  on t h e  v e s s e l  are crimped and seal-welded. 

s im tank  i s  forced ou t  by a helium purge and t h e  expansion tank  i s  

evacuated before  it is seal-welded. 
expansion tank  permits  continuous monitoring of t h e  i n t e g r i t y  of &.he 

system by recording the negat ive pressure  of t h e  r e a c t o r  system. 

When t h e  system 

"he N a K  i n  t h e  expan- 

A pressure  t ransducer  on t h e  

E. 

A p i c t o r i a l  view of t h e  system i s  shown i n  Figure 111-3. 

Support S t r u c t u r e  and Environmental Tank 

Support of  t h e  r e a c t o r  ves se l ,  ca lor imeter ,  and a u x i l i a r y  t e s t  

equipment i s  provided by a pedes t a l  f ab r i ca t ed  from 8 - i n .  schedule-40 

s t a i n l e s s  s t e e l  pipe.  

ca lor imeter  i s  shown i n  Figure 111-4. 
pos i t ioned  5-1/2 f t  above t h e  bottom and 4-1/2 f t  below the  t o p  of t h e  

environmental tank. 

A cross  sec t ion  of t he  pedes ta l ,  ves se l  and 

The r e a c t o r  c e n t e r l i n e  i s  

i h r i r 4 g  t h e  s t a t i c  physics  measurements and k i n e t i c s  t e s t s ,  t h e  

ca lor imeter  w i l l  br! i n  p lace  around t h e  v e s s e l  and w i l l  be supported by 
a 1 - in .  t h i c k  s t a i n l e s s  s t e e l  f l ange  which i s  a t t ached  t o  the pedes t a l .  

The ca lor imeter ,  which i s  f a b r i c a t e d  from F lex ig l a s s ,  has an i n t e r n a l  

diameter of 2 f t  and a w a l l  th ickness  of  1 inch.  An e l e c t r i c a l  hea te r ,  

an  a g i t a t o r ,  temperature measuring instrumentat ion,  and water l e v e l  

measuring e q u i p w n t  are a l s o  loca ted  on t h e  support  f lange .  

meter, which w i l l  be removed f o r  t h e  des t ruc t ive  t e s t ,  i s  he ld  toge ther  
by t m s i o n  bccids placed around t h e  per iphery t o  enable  removal without  

d i s turbance  of t h e  c o n t r o l  s leeve  o r  d r i v e  system. The bands and t h e  

calor imeter  ca.3 be removed by means of extension t o o l s .  

The c a i o r i -  

A l l  e x p e r i m n t a l  and ope ra t iona l  instrumentat ion l eads  within t h e  

ca lor imeter  and r e a c t o r  v e s s e l  are rout:ed i n s i d e  t h e  support  pedes t a l  t o  

1 1 8 9 1 2 1  12 
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an i n s t r w e n t  l ead  conduit  which p e n e t r a t e s  t h e  bottom of t h e  en-firon- 
mental t ank ,  The l eads  a r c  then  brought i n t o  a couplirlg box below t h e  

d o l l y  and out  through waterproof pene t r a t ions .  

I 

5 

The environmental t a n k  has  an i n t e n l a 1  diameter of 14 ft p.nd a 
he igh t  of 10 feet. 

carbon s t e e l  and t h e  base froin l .S-in.-thick carbon s t e e l .  

maintain i n t e g r i t y  dur ing  h igh  p res su re  surges  which m y  be generated 

dur ing  t h e  d e s t r u c t i v e  shutdown of t h e  SNAPTHAN 2/lOA-3 r e a c t o r ,  t h e  

t w k  i s  backed on t h e  s i d e s  by coacre te ,  1 f t  t h i c k  a t  t h e  top  and 2 f t  

t h i c k  a t  t h e  base. 

"he t ank  walls a r e  f a b r i c a t e d  from 0.?5-in.-thick 
I n  order t o  

Mounted wi th in  t h e  ta rA is a s t ee l  s t r u c t u r e  which supports and 

a l i g n s  t h e  s l eeve  motor d r i v e  mechanism and t h e  t r a n s i e n t  d r i v e  system. 

E.  Water F i l l  and Dump 

A schematic diagram of t h e  demineral.ized water s to rage  and supply 

system i s  shoi.?? i n  Figure 111-5. 
system permi ts  t h e  use  of  a s i n g l e  pump f o r  pumping water from two 

12,000 ga l lon  s to rage  tanks  t o  t h e  d o l l y  an2 from t h e  d o l l y  t o  t h e  

s to rage  tanks o r  t o  e i t h e r  t h e  hot waste system o r  t h e  leach  pond. The 

c o n t r o l s  f o r  t h e  nlanifold valve:: iiliG p u p  a r e  loca t ed  i n  a f a c i l i t y  pane l  

i n  t h c  c o n t r o l  room. This  mckeup and d r a i n  system h a s  t h e  m p n b i l i t y  of 

pumping water t o  o r  from t h e  d o l l y  a t  a mxinum rate  of 350 g p m .  

A d i s t r i b u t i o n  m n i f o l d  i n  t h i s  

The SI'WTRAN 2/lOA-3 t e s t  package water f i l l  and dum;, system, shown 

i n  Figure 111-6, has  been designed t o  allow i nd iv idua l  c o n t r o l  of the? 

water l e v e l  i n  both t h e  environmental t ank  and t h e  c a l o r i n e t e r .  The 

f i l l i n g  ra te  through t h e  s i n g l e  i n l e t  l i n e  t o  t h e  envircilmental t ank  i s  
r e g d a t e d  by r-eaiis of a 'pneu!mtic valve.  The mxinum f i l l i n g  r a t e  i s  

approximately 350 gpm. Drain c a p a b i l i t y  f o r  t h e  t ank  i s  provided by a 

t e e  between t h e  pnc-uratic i n l e t  va lve  ar.d t h e  tank ,  which allows t h e  

i n l e t  l i n e  t o  se rve  a d u a l  func t ion .  From t h e  t e e ,  t h e  d r a i n  l i n e  l eads  

t o  a r e t u r n  hecder. A second &rain l i n e  i n  the environmental t ank  a lso 
l eads  i n t o  t h e  r e t u r n  header. T h i s  hendcr i s  routed back through t h e  

f a c i l i t y  p l u g  and connects t o  t h e  s to rage  tanks .  A nornlally-open 

a u x i l i a r y  drain leads  f r o n  the  r e t u r n  header on t h e  d o l l y  t o  t h e  hot  
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Figure 111-6 - Water Fill and Dump System 
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d r a i n  t r ench  i n  t h e  c e l l  f l o o r ,  g iv ing  &sir, c a p a b i l i t y  i n  t h e  e-rent 

of pump fai lure .  Solenoid valve c o n t r o l  of t h e s e  d r a i n  l i n e s  i s  pro- 

vided a t  t h e  console b u t  i s  not inciuded i n  t h e  8 c r m  c i r c u i t r y .  

Two pumping systems are a v a i l a b l e  t o  empty t h e  environmental t ank  

a t  a ra te  of 1100 t3p1:i. 

of water can be removed i n  less than  t e n  rrrinutes. 

age t o  t h e  f l oo r  curl be a c c o q l i s h e d  a t  EL ra te  of 50 a m .  

The t o t a l  volume of approximately 1.0,OOO G l l o n s  

Direc t  g rav i ty  d ra in -  

F i l i i n g  and d ra in ing  of t h e  ca ior imeter  i s  accomplished through a 

p a i r  of' l i n e s  l ead ing  through t t e  envi ror imnta l  t ank  and ca lor imeter  

support  f lange  on t h e  pedes ta l .  

d ra in ing ,  branches i n t o  t h r e e  p s r a l l e l  l i n e s ;  a:] i n l e t ,  an  o u t l e t ,  and a 
scram dump l i n e .  

pncunatic valves  and a so lenoid  valve Irhich are opcrated from t h e  console. 

Flow through t h e  scrcn dum? i i n e  i s  ac tua ted  by a solenoid valve which i s  
opened when a scram s i g n n i  occurs.  

dump and a l s o  f o r  f i n e  l e v e l  cont ro l .  

su i tched  t o  3 b u r e t t e  f i l l  systeiii when t h e  r e a c t o r  l e v e l  reaches R cos- 

ductance probe loca ted  i n  t h e  ca lor imeter  1 i n .  bel3w t h e  bottom of t h e  

r e a c t o r  ves se l .  The b u r e t t e  i s  a s 1 ~ 1 l  diameter cy l inder  i n  which n 

water colun?n i s  a i r - d r i v e n  t o  raise t h e  l e v e l  of water i n  t h e  calor imeter .  

Precise c o n t r o l  of t h e  vater  l e v e l  is thus  obtained s ince  a large change 

i n  t h e  buret te  water hc igh t  r e s u l t s  i n  a ~ m l l  change i n  ca lor imeter  

water l e v e l .  To Dperate t h c  bure t te ,  t h e  t o p  of t h e  cy l inder  i s  charged 

wi th  a i r  t o  20 p s i .  A so lenoid  operated valve i s  used t3 a h i t  Surette 

water i n t o  t h e  ca lor imeter .  

One l i n e ,  used Io;. noma1  f i l l i n g  and 

The f3.m i n  the i n l e t  arid o u t l e t  l i n e s  i s  con t ro l l ed  by 

The second l i n e  i s  used f o r  scram 

F i l l  c o n t r o l  i s  au tomat ica l ly  

I n  order  t o  1o:Jer t h e  l e v e l  i n  t h e  calor i rneter ,  water i s  drained 

through a console operated pneumatic t h r o t t l i n g  valvc i n t o  the d r a i n  

header.  When wn%er is drained,  i t  i s  necessary t o  r e t u r n  the l e v e l  t o  

t h e  probe he ight  i r i  a rde r  t o  ob ta in  a p r e c i s e  re ference  l e v e l .  

Whcn a scram s i g m l  Is obtained, t!ie i n l e t  water con t ro l  valves  are  
ciosed end solenoid volvcs  loca ted  i n  t h e  two ca lor imeter  l i n e s  cre 

opened. T h i s  a c t i o n  c i l l o ~ s  the water i n  t h c  calor inieter  t o  be dwuped. 

I n  order  t o  reduce t h e  d ra in  t ime, t h e  dwnp l i n e s  a r e  connected t o  a 

vacum tank  wi th  a h r g e r  volume t h a n  t h c t  of t he  calor imeter .  I t  has 



been est imated that  t h e  time requi red  t o  lower t h e  water  1 i n .  is 
approximately 325 m e c .  

will be reduced a t  about $6/sec a t  t h e  c r i t i c a l  water  he igh t  l e v e l .  

A t  t h i s  rate t h e  r e a c t i v l t y  of t h e  system 

The vacum i n  t h e  tank is con t ro l l ed  by 8 p r e s e t  pressure  switch 

and au tomat ica l ly  ac tua ted  vacuum pump. When t h e  pressure  i n  t h e  tmk 

r i s e s  t o  a b o s p h e r i c ,  as i n  a Gcram dmp,  o. pressure  switch a c t u a t e s  a 
solenoid velve which allows t h e  ca lor imeter  content6 t o  empty i n t o  t h e  

f l o o r  drain.  

P r i o r  t o  the  des t ruc t ive  t e s t  a l l  rrnnucrl o u t l e t  va lves  from t h e  

snvi ronmentd  tank w i l l  be locked open t o  assu-e drainage capab i l i t y .  

F. Poison Sleeve Drives 

Ref lec tor  poisoning i s  accomplished by t h e  use of a c y l i n d r i c a l  

poison s leeve  which can be posi t ioned v e r t i c a l l y  around t h e  r e a c t o r  

ves se l .  The s leeve  has an i n t e r n a l  diameter of 3.5 i n .  with a w a l l  

th ickness  of 0.25 i n .  arid an  o v e r a l l  l ength  of 30 inches.  The s l eeve  

contains  10.5 wt$ natural boron i n  t h e  form of B4C dispersed  in aluminum. 

The s leeve  i s  e s s e n t i a l l y  "black" t o  t h e m 1  neutrons and, i n  t h e  sea ted  
pos i t i on ,  causes t h e  r e a c t o r  t o  be f o r  s u b c r i t i c a l  as discussed i n  
Sec t ion  I V .  Attached t o  t h e  t o p  of t h e  con t ro l  s leeve  i s  a yoke which 

couples t h e  s leeve  t o  t h e  a c t u a t o r  rod through n sp ider  mechanism. 

con t ro l  s l eeve  is  s h ~ m  i n  t he  p a r t i a l l y  withdraw) pos i t i on  i n  Figure 
The 

11:-4. 

Slow mcvemiit of' t he  sleeve i s  e f f ec t ed  by a prec is ion  motorized 

d r ive  mechar,isn. ri:ipid removal of  t he  s leeve  i s  accornplished by means 

of a pyrotechnic a c t u a t o r .  30th s y s t e m  are coupled t o  the s leeve 

through the  ac tua to r  rod. 

t i o n  of t h e  two drive systems and  t h e i r  phys ica l  r c l a t i o n s h i p  t o  one 

another .  

F'igure 111-1 includes a p i c t o r i a l  represente-  

The s leeve  d r ive  rccchanism i s  powered by a l / b  hp, va r i ab le  speed,  

32 v o l t ,  DC motor. Thz motor r o t a t i o n  i s  t r ans fe r r ed  through a gear 



t r a i n  t o  a ba l l=screw mechanism as shown i n  Figure 111-7. The rotat iom11 

motion i s  then  t r a n s l a t e d  t o  v e r t i c a l  motion by means of a b a l l  nut  which 
t r a v e l s  on t h e  screw. The gear  t r a i n  and bal l -screw reduct ion  i s  s i zed  

t o  provide 1 i n .  of t r a v e l  f o r  each 750 r evo lu t ions  of t h e  d r i v e  motor. 

A t  t h e  rraximun motor speed of 1725 rpm, t h e  s leeve  wi thdrawd r a t e  i s  

2.3 i n i n i n .  

through t h e  d r i v e  housing t o  an  electromagnet.  

with t h e  electrojmgnet  i s  t h e  pyrotechnic ac tua to r  p i s ton .  

e l e c t r o m g n e t  and armature a r e  i n  contac t  and t h e  electrornngnet i s  

energized, the draw b a r  i s  coupled t o  t h e  actuator.  rod. 

assenbly coupled, t he  weight of the  s leeve  and movable por t ion  of t h e  

d r i v e  niechnnism w i l l .  rbot d r i v e  t h e  worn gear  backwards when t h e  motor 
i s  stopped. 

Connected t o  t h e  b a l l  nu t  i s  a draw bar which extends 
The arnsature which nates 

When t h e  

With t h e  e n t i r e  

Sleeve p o s i t i o n  ind ica t io l i  i s  provided by a synchro t r a n s m i t t e r  

which opera tes  a d i g i t a l  i n d i c a t o r  on t h e  console. 

switches are mounted on t h e  d r i v e  housing and a r e  ac tua ted  by %he movement 

of the  b a l l  nu t  wi th in  t h e  housir.q, l i m i t i n g  t h e  t r a v e l  of the s leeve  

d r i v e  mechanism t o  23 inches.  

Upper and lower l i m i t  

To redil.ce s leeve  alignment problems, t h e  upper 1ird.t pos i t i on  

maintains the  bottom of t h e  contro!. s leeve  approxiinately 1.0 i n .  below 

t h e  t o p  of t h e  a c t i v e  f u e l .  Adminis t ra t ive i n t e r l o c k s  i n  t h e  c o n t r o l  

system p r o h i b i t  withdrawal of t h e  s l eeve  beyond t h e  upper l i i l l i t  switch 

during t h e  s t a t i c  physics  and k i n e t i c s  measurements. However, p r i o r  

t o  t h e  d e s t r u c t i v e  t e s t  t h e  d r a w  bar i s  r a i s e d  t o  t h e  f u l l y  withdrawn 

pos i t i on ,  approximately 31 i n .  above t h e  n o m 1  u p x  limit of t ravel . .  

When a scram s i g n a l  i s  obtained t h e  electromagnet is de-energized, 
thereby breaking contac t  with t h e  armature and decoupling t h e  d r a w  bar 

from t h e  a c t u a t o r  rod and con t ro l  s leeve .  The s leeve  assembly i s  then 

acce le ra t ed  downward around t h e  r e a c t o r  v e s s e l  by g rav i ty  u n t i l  t h e  

s leeve  contac ts  a shock absorber  l oca t ed  on t h e  support  f lange .  

i n d i c a t i n g  switch i s  loca ted  i n  t h e  shock absorber  and I s  ac tua ted  by 

the  s leeve  assembly when it i s  i n ' t h e  f u l l y  dmm pos i t i on .  

A s e a t  

I n  order  t o  r ap id ly  withdraw the  s leeve  from arotuid t h e  r e a c t o r  

v e s s e l  t o  i n i t i a t e  t h e  d e s t r u c t i v e  t e s t ,  a pyrotechnic ac tua to r  i s  

provided. This  system i s  designed t o  remove t h e  s leeve  a t  a ve loc i ty  of 

20 
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100 f p s  which r e s u l t s  i n  a n  e f f e c t i v e  r e a c t i v i t y  i n s e r t i o n  t ine of 

approximately 1 0  msec . 
ac tua to r  i s  presented i n  F igure  111-8. 

moval, t h e  draw ba r  i s  wi thdrmn t o  t h e  uppermost p o s i t i o n  p lac ing  t h e  

electromagnet approximately 54 i n .  above t h e  t o p  oi' t h e  s c t u a t o r  rod. 

The pyrotccimic ac tua to r  is then  f r ee  t o  move t h e  s l eeve  independent cf 

t h e  sleeve motor d r i v e  mechanism. 

cy l inder  killch is  f a b r i c a t e d  from cold  r o l l e d  s t ee l  bar s tock ,  7 i n .  i n  

diameter and bcred t o  Bn i n s i d e  diarnetcr of 5.0 inches.  

c learance  is  provided between t h e  p i s ton  and cy l inder  w a l l  t o  a1lo-d f r e e  

movement of' t h e  e n t i r c  asscmbly dur ing  s t a t i c  yhysics  measurements and 

k i n e t i c s  t e s t i n g .  

A p i c t o r i a l  r ep resen ta t ion  of t h e  pyrotechnic 
To accomplish t h e  sleeve re -  

The ac tua to r  p i s t o n  c1oves wi th in  a 

A 0.030 i n .  

A r o t r i t i n c  chCmhcr i s  loca ted  a t  the bottom of t h c  L;'linder. 

chaxber i s  uesizried t o  conta in  ;f black powder charge of approxi.mutely 

50 p a r t s  and two clectr icci l  f i r i n g  squibs  or detonators .  

remotely r o t a t c d  i n t o  t h e  f i r i n g  p o s i t i o n  by means of a motor and worm 

&era- assembly. A hydraul ic  shock absorber i s  loca ted  b c l o - ~  t h e  barrel  

t o  s tgp  t h c  s l ecve  assenihuly a t  t h e  u?per l i m i t  of' i t s  t r a v e l .  I n  t h i s  

p o s i t i o n  t h e  b o t t o n  of' t h e  sleeve i s  npFroxlzc:-tzly 31 i n .  above t h e  t o p  

of t h e  a c t i v e  fuel. 

This  

The chaxber i s  

During s t a t i c  physics  and k i n e t i c s  t e s t s ,  p re s su re  r e l i e f  f o r  t h e  

a c t m t o r  pis tor :  and cy l in2cr  z s sc rk ly  i s  pro.;ided through t h c  r o t a t i n g  

powder chamber t o  e l imina te  a i r  donping of t h e  sleeve assembly dur ing  
1 

scram. 

G .  Reactor Control  Systen 

1. Control Console 

The r e a c t o r  will b e  operated from t h e  S I W I A N  2 / 1 O A - l  console 

i n  t h e  c o n t r o l  room of' t h e  IJ;JT f a c i l i t y  (I). 
panels  and t h e  l e f t  haxl "pie  sec t ion"  panel  of t h i s  console have been 

equipped with con t ro l s  for  t h e  STWRAI'I 2 / l O A - l  exper.iment;. 

secti lsns of t h e  console conta in  s t a r t u p  instrumentat ion,  power l e v e l  

record ing  instrumentat ion,  pcr iod and l e v e l  s a f e t y  instrumentat ion,  

t e l e v i s i o n  monitors and a program sequence t imer .  

The two center  con t ro l  

Other 

This instrumentat ion 
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was i n s t d l e d  f j r  t h e  STWI 2/10A-1 t e s t s ,  b u t  w i l l  d s o  serve f o r  

t h e  water Lmmersion tests.  

are i n s t a l l e d  on t h e  panel ad jacent  t o  t h e  l e f t  h m d  p i e  s ec t ion  of t h e  

console.  

The con t ro l s  f o r  t h e  S I ~ ~ J a N  2/lgA-3 r eac to r  

A lsjlout draving of t h i s  panel  i o  shovn i n  Figure 111-3. 

The opera tor - ind ica tors  shown i n  Figure 111-9 are P i n i a t u r e  rec tangular  

push’oiitton u n i t s  which can accGnmodate up t o  four 2& vol t  independently 

wired incandescent bu lbs ,  and a choice of sp r ing  returned or  r a t c h e t  he ld  

swltches w i t 1 1  as 

con t ro l  sys tem nppl icc t ions  t!iese ind ica to r s  are ; r i r t d  such t h a t  every 

i n d i c a t i o n  is served by t w v  bulbs i n  p a r a l l e l .  

evid5r.t and resLlt i n  erroneous i;;dicatio:i or2.y i n  t h e  ixprobable  event 

of simul%a:ieous burnout. A 1 1  i nd ica to r s  a r e  i l luminated white,  tfe;?ending 

uDon on or off modes, and p r in t ed  !.egcnds arc  used t o  co:ivey inforclction 

t o  t h e  console opera tor .  

G S  four double throw c i r c u i t s .  I:? t h e  Sik!?iTiAid 

T ~ L ~ . Y ,  b u n o u t s  are 

Each keycwitcii has 9 d i f f e r e n t  key, t!ius f i i c i l i t a t i  ni; f l e x i b l e  

a c h i n i s t r a t i v e  con t ro l  of’ opera t ions  without neccssit,atir.g undue de1.e- 

gat ion  of r e s p o n s i b i l i t y .  A 1 1  kcysui tches  e>icc?+. o m  are m i n t a i n e d  i n  

the  OR pos i t i on  by a de ten t .  

t r a n s i e n t  s a f e t y  bypass. 

A sp r ing  r e t u n  kejrsiritc!i i s  used on ?he 

“ h e  p i s t o l  g r i p  d r i v e  motor co1:trol switch i s  de t en t  maintaine2 i n  

the counterclockwise p o s i t i o n  which is used f o r  z!.eeve lowering, and 
spr ing- re tunec i  from the clocl;.<ise pos i t ion ,  wkich i s  used for s l eeve  

r a i s i n g .  

Five Water level recorders  are i n s t a l l e d  on t!ie f a c i l i t y  p m e l  

wi th in  vie;, of t h e  console  opera tor .  These i n s t r u m n t s  record burette 
water l e v e l  and a co<mse and f i n e  l e v e l  ind.ication from both t h e  environ- 

mental t ank  arid c d o r i m t e r .  Two of these  recorders ,  v i s . ,  t h e  b u r e t t e  

l e v e l  and t h e  f i n e  ra lor imetcr  l e v e l ,  have s l ave  ind ica t ing  meters on 
t h e  console panel.  

environmental  t ank  l e v e l  recorder  s c a l e  opera tes  D. r e l ay  and an ind ica to r  

l i g h t  at the  console.  A conductance probe i n  t h e  c d o r i m e t e r , l  i n .  
below t h e  bottom of ‘the core ,operates  another i n t e r lock  r e l a y  and a 

l i g h t ,  providing a r e fe rence  l w e l  i nd ica t ion  f o r  b u r e t t e  operat ion.  

A contact  c l o s u r e  a t  t h e  ugper end of t h e  f i n e  
I 
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All c o n t r o l  c i r c u i t s  opera te  d i r e c t l y  from t h e  console which contains  
t h e  16 r e l a y s  necessary f o r  i n t e r l o c k i n g  c i r c u i t r y .  

supply t o  t h e  COIYS~: i s  a 150 ampere hour, 26 v o l t  l ead-ac id  s torage  

b a t t e r y  which supp l i e s  power fo r  t h e  r e a c t o r  con t ro l  system and t h e  

r e a c t o r  instrumentat ion that requires 28 v o l t  Dc power. 

i s  made up of 34 c e l l s  connected such t h a t  i nd iv idua l  c e l l s  can be 

removed and re9laced without i n t e r r u p t i o n  of s e r v i c e  end i s  i m t a l l e d  

i n  8 corrosi .on-free wooden enclosure for  mechanical p ro t ec t ion ,  pi-oviding 

a v i r t u d l l y  f a i l u r e - f r e e  souzce of power. 

commercial power i s  r egu la t ed  a t  p r e c i s e l y  28 v o l t s  and contiriuously 
m i n t a i n s  b a t t e r y  charge,  

The b a s i c  power 

This b a t t e r y  

A motor-generator set  us ing  

A l l  o ther  r e a c t o r  instrumentat ion requ.iring standard 120 v o l t  AC 

power i s  suppl ied  through an automatic t r a n s f e r  switch e i t h e r  frcm 

commercial power o r  frcm 8 50 ki lowat t  gasol ine dr iven  a l t e r n a t o r .  

Because the engine dr iven  u n i t  genera l ly  shows wwning symptoms p r i o r  

t o  f a i l u r e ,  whereas comerc i .a l  power outages gene ra l ly  occ;;~' wi th  no 

warning whatsoever, the  a l t a x a t o r  w i l l  be  considered t h e  primary power 

source durin,? nuclear operat ion.  

I n s t r m e n t a t i o n  is  continuously suppl ied with po;;er and can be 

t u n e d  off only a t  t h e  breaker  box o r  by p u l l i n g  power ?lugs from 

recep tac l e s  i n s i d e  t h e  instrument enclosures .  

A l l  coritrol  power is  brought through t h e  IIealth Physics console 

power keyswitch on t h e  S>= 2/10A-1 panel.  

c o n t r o l  power keyswitch i s  loca ted  on t h e  SNAFFRAN 2 / l C A - ?  cor.sole. 

The Nuclear Tes t  Sec t ion  

1 
The area s c r m  but ton  y t w o r k ,  t h e  po r t ab le  scrczm bLtton, t h e  AC 

power s c r m  relay,  and t h e  per iod arid l e v e l  t r i p  s a f e t y  scrams of tht? 

SPIAPI'RMJ 2/1CA-1 system we u t i l i z e d  f o r  the  SNAPIRprIl 2/10A-3 system. 
Auxil iary contac ts  c:i t he  SIQWI 'UN 2/lOA-3 power keyswitch remove these  

elements from t h e  SIUPI'RAN 2/1OA-1 c i r c u i t r y  nnd incorporate  them i n t o  

thc  SIWTWI 2/10~-3 system. 

Tne prograin sequence t imer  of t h e  S D W I J  2/1OA-l system w i l l r b e  

used f o r  t h e  SIAITIW %/10A-3 d e s t r u c t i v e  t e s t  and may to used during 

t h e  k i n e t i c s  t e s t i n g .  
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To minimize tAe p r o b a b i l i t y  of inadver ten t  de tona t ion  of t h e  pro- 

p e l l a n t  charge, t h e  l eads  from t h e  pyrotechnic  ac tua to r  detonator  a r e  

kept  s epa ra t e  from t h e  remainder of t h e  c o n t r a l  system. 

w i l l  be  shunted, taped, co i led ,  and appropr i a t e ly  marked a t  t h e  d o l l y  

Junct ion box, s a f e  from damage or be ing  inadve r t en t ly  energized. 

These l e a d s  

2. Scram Control 
... 

Scram shutdown of t h e  S P m  2/10A-3 r e a c t o r  m a y  be  

accomplished e i t L e r  by dropping t h e  poison s l eeve  from t h e  r a i s e d  p o s i t i o n  

it must occupy dur ing  r eac to r  opera t ion  o r  by d ra in ing  water from t h e  

ca lor imeter  by opening t h e  dw.p valves.  

by de-energizing t h e  electromagnet which couples t h e  poison s leeve  t o  i t s  

r a i s i n g  mechanism and d ra in ing  t h e  water is accomplished by de-energizing 

Dropping t h e  s l eeve  i s  accomplished 

t h e  solenoids  which hold  t h e  dump valves closed. 

The scram c i r c u i t  i s  shown on t h c  l o g i c  Ciagram, Figure 111-10. A s  

previously mentioned, pcwer from t h e  console power keyswitch i s  taken 

through t h e  e x t e r n d  scram c i r c u i t r y  of t h e  S€?APTRAA 2/10A.-1 c o n t r o l  

system. 

passes  through t h e  main-bus- d r i v e  keyswitch, t h e  console scram but ton ,  

and t h e  scram r e l a y  holding contac ts ,  f i n a l l y  energizing t h e  four  

p a r a l l e l  connected scram r e l a y s .  When vol tage  is  p resen t  at, t h e  scram 

but ton ,  as evidenced by t h e  red l i g h t e d  scrm r e s e t  bu t ton ,  t h e  scram 

r e l a y s  may be  picked. up by p res s ing  t h e  r e s e t  but ton.  This  momentarily 

shunts  t h e  s w a n  hold.ing c m t a c t s  which c lose  when t h e  reJ.ays a r e  ener-  
gized, whereupon, t h e  r e s e t  l i g h t  t u r n s  white.  Two normally open 

contac ts  connectet! i n  ser ies ,  cne each from two of the scrain r e l ays ,  

se rve  as the scram holding contac ts .  Mien the scrm c i r c u i t  i s  i n t e r -  

rup ted  i n  crri mmner, tk,Zsc contac ts  open thxs maintaining t h e  i n t e r -  

r u p t i m .  

Re-entering clie STlAK'lUIJ 2/10A-3 console ,  t h e  c i r c u i t  then 

? 

i 
I 

The s leeve  mawet rece ives  cu r ren t  from t h e  S P L ~  c i r c u i t .  Thus 

t h e  nagnet can bc de-energized by the  s c r m  but ton  o r  any other  of t h e  

above mentioned scrfim in t e r locks  even i f  all of t h e  contac ts  on a l l  of 

t h e  s c r m  relcys becorne welded closed. 
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The two 2-inch duxp so lenold  va lves  on t h e  Calorimeter a r c  operated 

d i r e c l y  by scram r e l a y  contac ts ,  with no o the r  c o n t r o l  save The console 
power keyswitches. These v & x s  we wired sepa ra t e ly ,  having a contac t  

from ecch of two scram r e l a y s  connected i n  s e r i e s  similar t o  t h e  scrcm 

holding contac ts .  

The sleeve-drive-motor withdraw c i r c u i t  and t h e  calor imeter  fill 

c i r c u i t  cont'sin scram r e l o y  con tac t s  which prevent opera t ion  when t h e  

Scram relays are no t  energized. 

i s  used, one from each of two d i f f e r e n t  r e l a y s ,  t o  decrease t h e  proba- 

b i l i t y  of hazard from r e l a y  malfunction. 

I n  every case a p a i r  of r e l a y  contac ts  

3. Writer Level Control  

a. Environmental Tank 

F i l l i n g  and d ra in ing  t h e  environmental t ank  i s  accomplished 

by a 350 gpm c e n t r i h g a l  pump which i s  con t ro l l ed  from t h e  f a c i l i t y  panel.  

Remotely con t ro l l ed  3-inch v a l v e s w i l l  d i r e c t  t h e  water t r a n s f e r .  

va lves  me con t ro l l ed  by t h e  main-tank-fill arid main-tank-drain switches 

on t h e  console.  

Chese '. 
I 

Two l e v e l  recorders  provide i n d i c a t i o n  of water leve3, i n  t h e  environ- 

z e n t a l  tank.  

tank  while t h e  o ther  covers only t h e  t o p  two or  t h r e e  f e e t .  

l e v e l  recorder  i s  provided with e l ec t r i ca l .  contac ts  which a c t u a t e  t h e  

main-tank-full  i nd ica to r  l i g h t  and a r e l a y  which a c t i v a t e s  a n  a l a r m  

c ' l rcu i t  if' t h e  water l e v e l  f d l s '  bdow t h e  se t2o in t .  

The range of one recorder  covers t h e  e n t i r e  depth of t h e  

The upper- 

8 

b. Calorimeter 

I n  add i t ion  t o  t h e  scram-dump valves ,  t h e  calor imeter  has 
a t h r o t t l e d  i n l e t ,  u t h r o t t l e d  o u t l e t ,  and a b u r e t t e  device f o r  adding 
p r e c i s e l y  measured amounts of water.  

solenoid valve i n  s e r i e s  with it t o  reduce t h e  hazard of inadvertent  

r a i s i n g  of t h e  water l e v e l  wound the r e a c t o r .  As i n  t h e  environmental 

tank, t h e r e  o r e  a l s o  two l e v e l  recorders  - a coarse l e v e l  recorder ,  t h e  

range of which includes t h e  fill depth of t h e  ca lor imeter ,  and a f i n e  
l e v e l  recorder  which spans only t h e  r e a c t o r  ves se l .  A conductance probe 
i s  provided t o  i n d i c a t e  a f ixed- reference  water l e v e l  one inch below t h e  

The t h r o t t l e d  in le t  valve has a 

r e a c t o r  core ,  
Il8ql44 29 



Tne water - leve l - ra i se  switch on t h e  console fu rn i shes  power t o  t h e  

calor imeter  i n l e t  so lenoid  and t o  t h e  pneumatic c o n t r o l l e r  of t h e  c a l o r i -  

meter i n l e t  t h r o t t l e  valve,  i f :  

i n  t h e  o f f  pos i t i on ,  ( 2 )  t h e  i n t e r l o c k  r e l a y  i s  energized, (3) t h e  scram 

r e l a y s  are  energized, and ( 4 )  t h e  water l e v e l  r e fe rence  r e l a y  i s  not  

energized. The water - leve l - ra i se  switch i s  a sp r ing - re tu rn  switch which 

must be  he ld  i n  t h e  a c t i v e  p o s i t i o n  by t h e  console opera tor .  

(1) t h e  s leeve-dr ive-cont ro l  switch i s  

The water- level-reference r e l a y  s tops  t h e  f i l l i n g  process at a 

p r e c i s e  r e fe rence  poin t  just .  below t h e  r e a c t o r  core.  

f i l l i n g  w i l l  normally be done by t r a n s f e r r i n g  measured q u a n t i t i e s  of 

water from t h e  b u r e t t e .  However, i f  des i red ,  t h e  va t e r - l eve l - r e fe rence  

r e l a y  m y  be  bypassed by %he inter lock-bypass  keyawitch and f i l l i n g  fron: 

t h e  i n l e t  v d v c  continued. 

poss ib l e ,  whether by t h e  b u r e t t e  tramfer o r  t h e  i z l e t  valve,  i f  t h e  

p re s su re  i n  t h e  s c r m  discharge tam is g r e a t e r  t h a n 1 3  ps ig .  

v a c u m  tank  e f f e c t i v e l y  quadruples t h e  a v a i l a b l e  head f o r  d i scharg ing  

m t e r  from t h e  ca lor imeter  when t h e  scram valves  open. 

Above t h i s  po in t ,  

No f i l l i n g  above t h e  re ference  l e v e l  i s  

The 

The b u r e t t e  i s  f i l l e d  by a c t u a t i n g  t h e  t u r e t % e  f i l l  switch on t h e  

console which opens a small solenoid valve.  

t o  be  s a t i s f i e d .  

r equ i r ed  f o r  some other reason, t h e  b u r e t t e  l e v e l  m y  be reduced by 

p res s ing  t h e  b u r e t t e  dump zwitch, opening anothcr s m a l l  solenoid which 

r e l e a s e s  water from t h e  b u r e t t e  without chq.ngir.g c d o r i l c e t e r  l e v e l .  

ca lor imeter  and b u r e t t e  water l e v e l  switches are spr ing- re turn  type.  

No i n t e r l o c k s  are requi red  

If t h e  b u r e t t e  is o v e r f i l l e d  or l e v e l  cdjustment i s  

A l l  

IC. Electromechanical Sleeve Lkive 

The mechariisn f o r  v e r t i c a l l y  pos i t i on ing  t h e  poison s leeve  

wit!i r e spec t  t o  t h e  r e a c t o r  core ,  i s  a modified Advanced Reac t iv i ty  

Xcasurement F a c i l i t y  (ARM?) con t ro l  rod  d r ive ,  cons i s t ing  of a Sagimw 

bal l -screw and nut ,  a p a i r  of beve l  gears, and 9 worm-gear s e t  d r iven  

by EJ. l/b hp e l e c t r i c  motor. "hc motor i s  a two-pole, conipound-wound, 

32 v o l t ,  c o r n t a t o r - t y p e  DC motor modified f o r  armature vol tage speed 

and d i r e c t i o n  c o n t r o l  and dynamic braking.  

by t h e  worm-gew s e t  which has a 5O:l r a t i o  and i s  non-overhauling, 

S t a t i c  braking i s  provided 



The s e r i e s  f i e l d  of t h e  motor is disconnected t o  allow remote 

r eve r s ing  of t h e  armature cur ren t .  

direct l ly  through a cable t o  t h e  console power switch and is  continuously 

energized by t h e  %-vol t  bus. 

ti r eve r s ing  switch from a 0-26 v o l t  r e c t i f i e r  power supply. 

supply i s  mounted i n  t h e  console and c o n s i s t s  of a 0-135 v o l t  v a r i a b l e  

t ransformer,  a 5:l step-down transformer,  and a full-wave s i l icon-d iode  

br idge,  o l l  conservat ively r a t e d  wi th  r e s p e c t  t o  t h e  loading  of t h e  

s leeve  dr ive .  Resis tance of t h e  nxtor  c i r c u i t  limits t h e  maximuzz 
s t a r t i n g  cur ren t  t:, 25 amperes. 

The shunt f i e l d  i s  connected 

The armature vo l t age  is  provided tkoW3h 
This power 

A synchro t r a n s m i t t e r ,  geared t o  t h e  d r ive ,  i s  e l e c t r i c a l l y  connected 

t o  a synchro r ece ive r  on t h e  console. 

i n d i c a t o r  which shoxs d r i v e  p o s i t i o n  i n  hundredths of an inch. 

The r ece ive r  d r i v e s  a d i g i t a l  

Cam operated switches a r e  provided t o  give i n d i c a t i o n  at l i m i t i n g  

d r i v e  pos i t ions :  (1) mecharical  lower l i m i t ,  ( 2 )  mechanical upper l i m i t ,  

and ( 3 )  t h e  _Dosition at JJliich t h e  bottom of t h e  r a i s e d  s l eeve  i s  m e  inch 

below t h e  t c p  of the r e a c t o r  v e s s e l  (upper iimit). 

upper l i m i t  switches are redundant pairs of m i c r o s d t c h e s  ac tua ted  by 

a cam on t h e  draw bzr. 

from one of two worn-driven c a m ,  geared t o  t h e  sleeve d r i v e  mechanism. 

The lower l i m i t  and 

mechanical upper l i m i t  switch i s  ac tua ted  

\*.en t h e  sleeve d r a w  bar i s  dr iven  down, a 390 o’m electromgne?.  on 

t h e  lower end of t h e  d r a w  bar extends i n t o  t h e  pyrotechnic ac tua tor  

cy l inder  where it engages t h e  ac tua to r  p i s t o n  which serves  as t h e  magnet 

armature. 

wi th in  the magnet solenoid.  
t h e  pyrotechnic ac tua tor  and a t t aches  t o  t h e  b i n a l  slee-vle. A microswitch 

ac tua ted  by tile bottom of t h e  s leeve  gives  ind ica t ion  when t h e  s leeve i s  

sea ted  i n  i t s  lowermost pos i t i on  around the  r e a c t o r  ves se l .  

Contact with t h e  p i s ton  i s  ind ica t ed  by a miniature  microswitch 

The p i s t o n  rod  extends from t h e  bottom of 

To enable t n e  d r i v e  t o  bc r a i s e d  to t h e  mechanical upper limit 
where it. w i l l  not i : i t e r f c re  v i t i i  t h e  pyrotcc!!nic ac tua to r  f o r  t h e  

f e s t r u c t i v c  t c s t ,  a. main-bus-drive keyswitch i s  provided on the control 
console.  With this keyswitch t h e  main-bus power m n y  bc s u b s t i t u t e d  f o r  
the  v a r i a b l c  vol tage  power for t h e  nmtor d r ive .  The maic-5us-drive 

keyswitch d e - e c e r g i x s  t h e  scrun  bus ant? a sca t - r e l ay  in t e r lock  r equ i r e s  

t h a t  thc s lccve  bc  i n  the seated pos i t i on  f o r  t!ic d r i v e  t o  operbtc from 

the main bus. 
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I n  a d d i t i o n  t o  t h e  mechanical-l imit  switches,  t h e  s l eeve - rz i s ing  

c i r c u i t  conta ins  t h e  following, ope ra t iona l  i n t e r l o c k s  : 
raise switch,  ( 2 )  i n t e r l o c k  r e l a y ,  ( 3 )  vacuum-indicating r e l a y ,  and (4) 
scram r e l a y s .  

while water i s  be ing  admitted by t h e  i n l e t  va lves ,  while i n s u f f i c i e n t  

vacum is  available f o r  scram discharge,  o r  u n t i l  t h e  scram c i r c u i t  i s  
energized. 

power l e v e l  monitoring i n s t r m e n t a t i o n  i s  i n  opera t ion  must be energized. 

(1) water- level-  

These i n t e r l o c k s  prevent  t h e  s l eeve  from be ing  r a i s e d  

I n  add i t ion ,  t h e  i n t e r l o c k  r e l a y  which ind ice t e s  t h a t  t h e  

For te rmina t ion  of s l eeve  withdrawc.1 during ramp r e a c t i v i t y  i n -  
s e r t i o n  t e s t s ,  a cm operated ad jus t ab le  l i m i t  switch,  d r iven  by a 

synchro r e c e i v e r  i n  t h e  pos i t i on - ind ica t ion  c i r c u i t ,  i s  provided. 'fiiis 

switch w i l l  energize t h e  s l eeve - l imi t  r e l a y  t o  s t a p  t h e  s leeve  a t  B 

p r e c i s e l y  p r e s e t  pos i t i on .  

the d r i v e  c o n t r o l  switc!'i. 

s l eeve  lowering circ1:l t .  

Ramps w i l l  be i n i t i a t ed  manually by neans of 

There are no opera:ional i n t e r l o c k s  i n  t h e  

r h c  s l eeve  b i v e  magnet de r ives  cu r ren t  from t h e  scram c t r c u i t .  A 

spr ing- re turn ,  magnet-engage pushbutton energizes  t h e  magnet re lay  which 

i s  then  he ld  by one of i t s  own c i r c u i t s ,  provided t h e  magnet-contnct 

r e l a y  gives  indica4;ion t h a t  t h e  mamet i s  i n  contac t  with t h e  arnatwe. 

Press ing  t h e  msgr.et-rcicase pushbutton, a norm'dly c lcsed  spr ing- re turn  

switch,  breaks t h e  c i r c u i t  t o  t h e  magnet r e l a y ,  t hus  de-energizing t h e  

nagnet.  

5 .  Pyrotechnic Actuated Sleeve Drive 

A p i c t o r i s l  r ep resen ta t ion  of t h e  s leeve  e j e c t i o n  mechanism 

showing t h e  powder chclrnber and de tona t ing  sqGibs i n  t h e  s a f e  p o s i t i o n  is 

shown i n  Figure 111-8. 
running t h e  electromechanical d r i v e  t o  i t s  upper l i m i t ,  r o t a t i n g  the 

pmder  chamber i n t o  t h e  ac tua to r  cy l inder ,  and a c t i v a t i n g  t h e  squib 

de tona t ing  c i r c u i t s .  

Arming for t h e  d e s t r u c t i v e  t e s t  w i l l  cons i s t  of 

The destruct-mode keyswitch on t h e  console w i l l  Hct ivate  t h e  powder- 

chamber rc l ta t ing  circuit , deac t iva t e  t h e  dr ive- lockout  alarm, and c lose  

t h e  normally open solenoid valves  on t h e  r eac to r  tank d r a i n .  The main- 

bus-dr ive keyswitch w i l l  enable t h e  d r a w  b a r  'LO be dr iven  t o  t h e  
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mechmical  upper l i m i t ,  clear of t h e  pyrotechnic  ac tua to r .  

w i l l  be  immobilized i n  t h e  upper l i m i t  p o s i t i o n  by t h e  dr ive- lockout  

keyswitch. 

t h e  arming c i r c u i t  w i l l  b e  s a t i s f i e d  and enab le  t h e  powder-chP-nibe.r 

r o t a t i n g  motor t o  be  operated by t h e  w m  switch ( a  sp r ing - re tu rn  

pushbotton).  

t h e  detonator  l eads  t o  %he rpp ropr i a t e  sequence t imer  t e r m i n d s .  

The d r i v e  

Wnen these cor,dit ions nave bcen e s t ab l i shed ,  i n t e r locks  i n  

The f i n a l  s t e p  i n  t h e  arming p rocecwe  w i l l  be t o  connect 

6. Alwms and Auxil iary C i r c u i t r y  

Two f a c i l i t y  panel  annunciator alnsms, t h e  dr ive- lockout  

alsrrm, and the  insufficient-vacaum alarm aze connected t o  t h e  c o n t r o l  

system. The dr ive- lockout  keyswitch, i n  add i t ion  t o  i t s  use i n  t h e  

d e s t r u c t i v e  t e s t ,  se rves  t o  erisure t h e  s a f e t y  of any p e r s c m e l  who 

be requi red  t o  en te r  t h e  t e s t  c e l l  fo l lov ing  the power c a l i b r a t i o n .  

T h i s  switch disconnects  t h e  d r i v e  motor from all other  c i r c u i t r y  and 

a c t i v a t e s  an E l l a r m  c i r c u i t  which gives  wrs-ning i f :  

switch is not ac tua ted ,  ( 2 )  t h e  magnet-contact s x i t c h  i s  not  ac tca ted ,  

( 3 )  the lower-limit  switch is not  ac tua ted ,  ar.d (4) t h e  environmental 

tar& snd c d o r i m c t c r  l e v e l  recorders  do not i .u i icnte  t h a t  t h e  tank i s  
full. 

(1) t h e  sleeire-seat 

During t r a n s i e n t  tes ts ,  r eac to r  per iods and power levels may be  

expected t o  reach v d i l e s  abo;.e t h e  s e t p o i n t s  of the s a f e t y - s w a n  c i r c u i t .  

To permit t r a n s i e n t  t e s t inG; ,  it i s  t h e r e f o r e  necessary t o  inco rpa -a t e  B 

keys;ritch i n t o  t h e  con t ro l  system \:hich vi11 temporarily bypass t h e  

s a f e t y  c i r c u i t s .  

energizes  c r e h y  which bypssscs t he  sa fe ty  t r i p  pcrt-iori of t h e  scram 

c i r c u i t   mi rcna ins  2nergized u n t i l  t h e  m m u d  reset but ton  i s  pushed, 

t h c  scrm c i r c u i t  i s  de-energized, or the consolc powcr i s  turned o f f .  

W,C t ~ a n s i e n t - s u f e t y - b y ~ s s  keyswitcli ( sp r ing - re tu rn )  

For t r m s i c n t  t e s t s  and f o r  t h e  des t ruc t ive  t e s t ,  t h e  seq'Jence 

t imer  of the SWVIT,A.ii 2/1011-1 con t ro l  system may b e  used t o  s ta r t  

record ing  instruments,  t o  energize f i r i n g  c i r c u i t s ,  and t o  terminate  

t e s t s  by s c r a m i n g .  
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H .  Operat ional  In s t runen ta t ion  - 
For e f f e c t i v e  s u r v e i l l a n c e  of t h e  nuc lear  state of t h e  r eac to r ,  t h e  

6 

r e a c t o r  operutor  w i l l  have c c n t r o i  of and ' ind ica t ion  from a t  l e a s t :  

(I) TWO channels of neutron pu l se  counting equipment, covering i n  

overlnpping ranges,  t'ne source l e v e l  t o  one w a t t .  

( 2 )  One channel of l i n e a r  power record ing  equipment c0verir.g 10 IITV~ 

t o  100 kw, I 

( 3 )  One channel of l o g  p m e r  record ing  equipment covering 100 mw 
t o  10 Mw. 

( 4 )  Two channels of l og  n per iod and l eve l  t r a n s i e n t  s a f e t y  equip- 

ment covering 1 watt t o  1 Mw with per iod t r i p  set  f o r  10 sec  

c i d  l e v e l  t r i p  set f o r  2 kw. 
\ 

( 5 )  One disaster channel of l o g  pa re r  covering 100 kw t o  100 Gw. 

The d e t e c t o r s  f o r  t h e  low-level s t a r t u p  and l i n e a r  power channels 

w i l l  be placed beneath t h e  r e a c t o r  so  as t o  minimize the  v a r i a b l e  

sh i e ld ing  e f f e c t  of changing water l e v e l  and s ieeve  g s s i t i o n .  

th reshold  of s e n s i t i v i t y  f o r  t hese  d e t e c t o r s  will be  1 cps f o r  lo2 nv 

a t  t h e  r e a c t o r  f o r  t h e  s t a r t u p  channel and 

The 

amps fo r  2 x lo5 nv 

or watts a t  t h e  r e a c t o r  fo r  t h e  p w e r  channel. A block diagram 

of t h e  ope ra t iona l  instrum2ntat ion is shown i n  Figure III-11. 

A neutron source w i l l  be placed above t h e  r e a c t o r  so  as  t o  be seen 

through t h e  r e a c t o r  by t h e  s t a r t u p  channel de t ec to r s .  

s t a r t u p  and opera t ion  a 0.3 c u r i e  Po-Be source w i l l  be used. 

For i n i t i e l  

I. EG&G Equipment 

The nechenical  equipment crcployed by Edserton, Gemeshauscn, and 

C r i e r  (EGLG) f o r  photographic coverage of' t h e  S I m A n I  2/1OA-3 des t ruc-  

t i v e  t e s t  has been evaluated and i t  i s  P h i l l i p s  Petroleum Cornpany'b con- 

c lus ion  t h a t  t he  i n s t a l l e d  hardware does no t  r equ i r e  f u r t h e r  s a f e t y  

ana lys i s .  

of three per iscopes,  two s e t s  of f h s h  h p s  o r  "back-l ights"  a l l  of 

which are i n s t a l l e d  on t h e  i n t e n d  per iphery of t h e  environmental tank, 

and a 24 i n .  square metal screen " ta rge t" .p laced  between t h e  r e a c t o r  

The Ec&C equipment i n s t a l l e d  i n  t h e  erivironuental  tank cons i s t s  

* 
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vessel and t h e  "back-lights" . 
from alu-ninum, each measure 19 i n .  by 27 i n .  i n  c ross -sec t ion  and are 
f i l l e d  wi th  demineralized water whenever t h e r e  is water i n  t h e  environ- 

mental tank.  mlcn t h e  water i s  removed from t h e  environmental t s n k  t h e  

per iscopes w i l l  a l s o  be drained.  

The per iscopes,  which are f a b r i c a t e d  

The "back-l ights"  are loca ted  03 t h e  opposi te  s i d e  of t h e  ent ' iron- 

Each of  t h e  l i g h t s  measu-cs a p 2 r o x i m t e l y  18 i n .  by 24 

mental t ank  from t h e  per iscopes a t  t h e  approximate e l eva t ion  of  t h e  

r e a c t o r  ves se l .  

i n .  by 6 i n .  t h i ck .  

!This "in-tan!!" equipment does c o t  c o n s t i t u t e  a pe r tu rba t ion  t o  t h e  

nuclear  c h a r a c t e r i s t i c s  of t h e  system and t h e r e f o r e  w i l l  no t  a f f e c t  t h e  

s a f e t y  of t h e  system. 

J. Experimental Instrumentat ion 

The experimental  program encompisses p a r t i c u l a r  ob jec t ives ,  each of 

which p r e s c r i b e s  s p e c i f i c  Eeasurement requirements.  To acqui re  t h e  
maximum m o u l t  of meaningful i n r ' o m t i o n  from a planned nuclear  excursion, 

measurements must be =de t o  determine t h e  r a d i a t i o n  hazards,  r e a c t o r  

k i n e t i c  behavior,  r e a c t o r  disassembly behavior,  rnd t h e  ex ten t  o r  

phys ica l  damage t o  t h e  r e a c t o r  systcm and t o  t h e  immediate enviromnent. 

Beasurements will be made t o  provide information concerning f i s s i o n  
prcduct  bui ldup and spread, r a d i c a c t i v e  zolr;ponent spread, or.d d i r e c t  

r a d i a t i o n  doses(3) .  

energy deposition measccments,  inc luding  space-time f l u  messurements, 
will be maze t o  i l c t e r d n e  t h e  presence of' shutdown nechanims due t o  

niechanical, t h e r m 1  chemical, and nuclear  e f f e c t s .  Neasurements of 

nuclear  hea t  depcui t ion ,  pressure, and conponent k i n e t i c  energy w i l l  be . 

Iuade t o  i n d i c a t e  tile phys ica l  processes  occurr ing during disasseubly.  

Reac t iv i ty ,  nuclear  parer :  per iod,  and nuclear  

The nunber and types  of measurements which can be made i s  dependent 

on the  de t ec to r  and recorder  c a p a b i l i t i e s .  Therefore,  t o  provide optimum 

u t i l i z j t i o n  of t h e  t r a n s i e n t  measuring and recording capabi l . i t i es ,  all 
r?;surements w i l l  be made on t h e  b a s i s  of t h e  r e l a t i v e  importance of t h e  

t e s t  ob jec t ive ,  t h e  app l i cab le  measurable phenomena, t h e  phenorwna 

generat ion t i m e  and dura t ion ,  and t h e  dynamic range. 
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Measurements will be nlade t o  provide dynamic range and s p a t i a l  

g rad ien t  coverage as well as amplitude, event-time, arid k h e - h i s t o r y  

accuracy. 

channels w i l l  a l s o  be provided. 

type of d e t e c t o r s  which w i l l  be used i n  t h e  d e s t r u c t i v e  t e s t  a r e  as 

follows: 

Redundancy of de t ec to r s ,  l oca t ion ,  ranges, and recorder  
The experimental  measurements and t h e  

Within t h e  Reactor Vessel. 

M n i a t u r e  flux monitors f o r  determining t h e  radial  and axial  
neutron flux d i s t r i b u t i o n  dur ing  t h e  power r i s e  and fo r  
c o r r e l a t i n g  t h e  des t ruc t ive  power r i se  with t h e  power c a l i -  

b r a t i o n  data. 

Energy probes f o r  determining energy depos i t ion  as I :hnction 

of t ime and t h e  determinat ion of t h e  onset  of hydrogen r e l e a s e .  

Fuel-clad st rain gauges f o r  determining t h e  t ime-his tory of 

radial and axial me1 rod  rup tu re  dur ing  disassembly. 

Fuel-mid s t r a i n  gauges f o r  determining pressure groscga t ion  

behavior of r eac to r  d i sassea3ly .  

S t r a i n  ga iccs  on the  ves se l  shell and head f o r  de t e rp in ing  

v e s s e l  rup tu re  behavior.  

k x s s u r e  t ransducers  for determining t h e  pressure  bui ldup 

bcfore v e s s e l  rup ture .  

(1) Neutron and gama de tec to r s  for determining t h e  power ‘behavior 

as secn through seve ra l  f e e t  of v a t e r .  

( 2 )  !.liniat~.u-c: flu monitors f o r  deterinining .the pa,rer behcvior ns 

a f m c t i o n  of d i s t ance  fron t h e  core .  

( 3 )  Fas t  neutron de tec to r  and f l i g h t  tube s rangement  for determining 

t h e  1iucleo.r power time-!iis.tory. 

? 

(4) Active presswe tro.nsducers f o r  determining t h e  t ime-his tory of 

t h e  t c t a l  rncchafiicd e n e r a  development ( nuclear ax? chemical) 

and the direction,d.  and source s i ze  c h a r a c t e r i s t i c s  of the 

pr  cs s ’ne  Gencrat ion.  
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Passive pressure  d e t e c t o r s  f o r  determining peak pressures .  

Time-of-arrival d e t e c t o r s  f o r  determining peak pressure  i f  

phenomena r i s e - t imes  are shor t e r  t han  t h e  response-time of 

t h e  pressure  de t ec to r s .  

Water su r face  v e l o c i t y  and displacement d e t e c t o r s  f o r  a d d i t i o n a l  

measurement of mechanical energy development. 

S t r a i n  gavges on t h e  r e a c t o r  support  pedes t a l  f o r  a d d i t i o n a l  

meas-Dcment of t h e  disassembly fo rces .  

Externa l  t r J  t h e  i = n ~ o : m e n t a l  

t h e  f a r - f i e l d  dose and dose r a t e .  

Ai i i  pressure  d e t e c t o r s  for  determining t h e  e f f e c t i v e  mechanical 

energy t r a n s f e r r e d  froxii t h e  environmental tank t o  t h e  environ- 

ment. 

Time-of-arrival d e t e c t o r s  for  determining t h e  peak a i r  

pressure .  

F a s t  response temperature d e t e c t o r s  near t h e  environmental 

tank f o r  dcterrnirling t h e  poss ib l e  chemical r e a c t i o n  time- 

h i s t o r y .  

S t r a i n  gauges on t h e  environmental tank f o r  determining t h z  

s t r a i n  energy absorbed. 

Displticement de t ec to r  on t h e  p,motechnic ac tua to r  f o r  determining 

t h e  r e a c t i v i t y  i n s e r t i o g  r a t e .  

S t r a i n  gauges and accelerorneters on t h e  f l a t c a r  and ac tua to r  

br idge  f o r  determining t h e  impulse t r a n s f e r r e d  t o  these  

s t r u c t u r e s .  

Blast prGtected gamm d e t e c t o r s  beneath t h e  f l 9 t c c  f o r  

determining t h e  n e = - f i d d  dose and dose r a t e .  

Gamma d e t e c t o r s  a t  var ious  r a d i i  from t h e  tank f o r  determining 



( 9 )  Photographic equipment i n  a quas i  X-Y-2 a r r a y  us in& color t o  

300 f/sec, p ) ~ c k  and white t o  10,090 f / s e c ,  and r a p i d  sequence 

cameras . to  25 f / s ec  for both data a c q u i s i t i o n  of t h e  d e s t r u c t i v e  

phenomena and documentary coverage of the t es t .  A block  diagrm 

of the  experimental  ins t rumenta t ion  i s  shown i n  Figure 111-12. 

(10) Extensive downwind r a d i o l o g i c a l  measuring equi2ment loca t ed  

on a monitoring grid . 0) 
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IV. NUCLEAR CRITICAL EXPERIMENTS AND CfiCVLATIONS 

A. In t roduc t ion  

Cri t ical  experiments were performed by Atomics I n t e r n a t i o n a l  us ing  

the SNAPTRAN 2/lOA-3 f b e l .  

SNAP c r i t i c a l  assembly (SCA-4B). 
were t o :  

"he experiments were c a r r i e d  o u t  i n  t h e  

The object i - res  of t hese  experiments 

(1) determine the c r i t i c a l  loading  and excess  r e a c t i v i t y  of the 

water - re f lec ted  SNAPlTRRN 2/lOA-3 core f o r  comparison with 

o the r  SNAP 2/10A core loadings,  and 

(2) determine the  f e a s i b i l i t y  of u t i l i z i n g  a poison s leeve  t o  

con t ro l  t h e  r eac to r .  

The p e r t i n e n t  r e s u l t s  of a prel iminary analysis of these  experi- 
ments a r e  that  t h e  excess  r e a c t i v i t y  of the water - re f lec ted  SNAF"RA.N 

2/lOA-3 core is a t  least  $3.60, and that the poison s leeve  can maintain 

the  water - re f lec ted  SNAPTRAN 2/lOA-3 core far s u b c r i t i c a l .  

s l eeve  he igh t  wi th  t h e  r e a c t o r  fully immersed i n  water  is 7.75 i n .  

above t h e  lower end of the f i e 1  (4'5). 
mental r e s u l t s .  

The c r i t i c a l  

Table IV-A summarizes t h e  experi-  

i B. Comparison of SNAPTRAN 2/10A-3 and SCA-4B Configurations 

Figure I V - 1  shows t h e  core reg ion  geometric conf igura t ions  i n  the  

SCA-4R experiment and t h e  SNA-pl'mY 2/1OA- 3 d e s t r u c t i v e  experiment. 

f u e l  elerncrits, b c r y l l i u n  i n t e r n a l  r e f l e c t o r s ,  and g r i d  F l a t e s  are 
i d e n t i c a l  i n  these  two conf igura t ions .  

permit exac t  reassembly i n  t h e  SNAPTRAN 2/lOA-3 r eac to r  ves se l .  The 

r e a c t o r  v e s s e l  i n  both conf igura t ions  was f a b r i c a t e 5  from 0.03l-in.- 

t h i c k  316 s t a i n l e s s  s teel ,  

The 

These components are coded t o  

I 
The S W  2/iOA design v e s s e l  head i s  used i n  both conf igura t ions .  

%ne SCA-43 head i s  t h e  unmachined forg ing  and does not  incorpora e the  

N a K  o u t l e t  pipe.  

and pressure  t ransducer  mounting p o r t s ,  These d i f f e rences  a r e  expected 

t o  produce only R minor e f f e c t  on excess r e a c t i v i t y .  

fn 
The SNpgIlRAN 2/lOA-3 head uill incorpora te  N n K  ' f i l l i n g  

._ 
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Figwe  I V - 1  - Geometric Configurations of the SNAFTREIN L3/lOA-3 and the 
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The main d i f f e renccs  ir ,  conf igura t ions  o c c u  i n  t h e  tops  and 

b o t t o m  of t h e  ves se l s .  
t o  t h e  f u e l  reg ion  i n  t h e  SCA-4R conf igura t ion .  It i s  e s t i n n t e d  t h a t  

t h e  0.25-in.-thick d u m i n u ?  p l a t e  i n  t h e  SCA-bB machine does not s i g -  

n i f i c a n t l y  a f f e c t  t h e  r e a c t i v i t y .  

f a r t h e r  away from t h e  f u e l  r eg ion  i n  t h e  SCA-4B. 

t ance  is  a void  region,  and probably r e s u l t s  i n  t h e  g e a t z s t  r e a c t i v i t y  

d i f f e rence ,  alt,houC;h s n a l l ,  between t h e  two confi .gurations,  

a x i a l  water r e f l e c t i o n  of 3.5 inches !n t h e  SCA-kB i n  t h i s  reg ion  i s  

e s s e n t i a l l y  equiva len t  i n  r e a c t i v i t y  e f f e c t  t o  an i n f i n i t e  r e f l e c t o r .  

The bottom water r e f l e c t o r  i s  s l i g h t l y  c lose r  

Tfie t o p  water r e f l e c t o r  is  0.28 i n .  

This  a d d i t i o n a l  d i s -  

The m i n i m  

Another &iffererice,  expected t o  r e s u l t  i n  minor r e a c t i v i t y  e f f e c t s ,  

i s  t h a t  t h e  S l V W  2/lOA-3 core w i l l  be f i l l e d  with !id< whereas t h e  

SCA-4B core was not.  

C. Experiments 

1. C r i t i c a l  Loadinc 

With f u l l  water r e f l e c t i o n  t h e  core  was loaded t o  c r i t i c a l  by 

s u b s t i t u t i n g  h e 1  elements f o r  l u c i t e  rods.  

t h e  vacant fuel pos i t i ons .  C r i t i c a l i t y  was achieved on t h e  33rd. f'uel 

element v i t h  1.a i n .  of water beyond t h e  end of t h e  fuel element. ( I n  
t h e  SCA-4B c o r l f i g u a t i o n  t h e  water d i d  not completely cover t h e  v c s s e l  

head.) 

p l i c a t i o n  a t  each clement loading)  was 32.7 - + C.2  el.etwnts. 

Luci te  rods were loca ted  i n  

The ex t rapola ted  c r i t i c a l  loading  (deterinined from source m u l t i -  

Acirfitional fuel elex lents  were s u b s t i t u t e d  f o r  l u c i t e ,  maintaining 

c r i t i c a l i t y  by vczrying t h e  i:ater l e v c l  i n  t h e  t o p  tank.  With a fill 

loading  of 37 f u e l  elenients c r i t i c d i t y  was obtained k i t h  t h e  core sub- 

merged i n  water f.0 9.02 ir.. of t h e  f u e l  element length. 

2.  Poison Sleeve Eqer imen t s  - 
A l /h-in.-t .hick c y l i n d r i c a l  poison s leeve  ( b i n a l )  was p o s i t i o  

around t h e  r c a c t o r  v e s s e l  1 / 4 - i n .  from t h e  vessel. 
r e f l e c t l o n ,  inc luding  \ ' F t t f X  between s leeve  and core, t h e  f u l l y  loaded 

core  was f a r  s u b c r i t i c a l  wit!i tlie s leevc  coveriilg cit;her 611 or  8.53 i n .  
of t h e  f u e l  element length .  

Wi th  f u l l  water 

With t h e  sleeve covcrifig 2.69 i n .  of t h e  
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f u e l  element Length t h e  core was s u p e r c r i t i c n l  by an est imated $1.50, 

based on c r i t i c a l i t y  when t h e  core  was submersed t o  10.41 i n .  of the 

f u e l  element length .  

The s l eeve  circumscribed the  core  ves se l .  With t h i s  s leeve  con- 

f i g u r a t i o n  the  water-flooded-and-reflected core  was c r i t i c a l  on an 

ex t r apo la t ed  f u e l  loading  of 35.5 fuel elements. 

3. Reac t iv i ty  bleasurements 

The determinat ion of the  excess  r e a c t i v i t y  of the f i l l y - l o a d e d  
water - re f lec ted  core was based on p o s i t i v e  per iod  rceosurements. 

with a loading  of 33 fie1 elements, a d d i t i o n a l  f u e l  elements were sub- 
s t i t u t e d  f o r  l u c i t e  rods, maintaining c r i t i c a l i t y  by e i t h e r  varying t h e  

water r e f l e c t i o n  o r  poisoning t h e  core with s p e c i a l  s p l i n e s  i n  t h e  element 

i n t e r s t i c e s .  

Q range of ful l  t o  approximately $1.20 l e s s  than  f u l l  r e f l e c t i o n  was 
determined by p lac lng  the  assembly on p o s i t i v e  per iods.  

measurements t h e  r e a c t i v i t y  v m t h  of each e d d i t i o n a l  f i e 1  element was 
determined, a1:Jays maintaining, by poison s p l i n e s ,  nea r ly  fill water 
r e f l e c t i o n .  

mined by t b e s e  techniques i s  approximately $3.60. 
a c t d v i t y  worth of s u b s t i t u t i n g  each f u e l  element fdr l w i t e  i s  $0.80 

t o  $C.85/element. 

S t a r t i n g  

The incremental  r e a c t i v i t y  worth of water  r e f l e c t i o n  over 

U t i l i z i n g  these 

The excess  r e a c t i v i t y  of t h e  f u l l y  loaded assembly de te r -  

The incremental  re- 

The r e a c t i v i t y  worth of' water  above the v e s s e l  head i n  the SCA-4B 

This  va lue  should be used only as an assembly is approximately $0.60. 

i n d i c a t i o n  of t h e  worth of water i n  t h i s  region i n  t h e  SYAPTRAN 2/10A-3 

d e s t r u c t i v e  assembly, because of georcetric d i f f e rences  between t h e s e  

two assemblies .  

D. c3 1 c u l a  t i 0.1 s - .L. 

In order t c  assess the r e a c t i v i t y  s t a t e  of  t he  r c e c t o r  dur ing  t h e  

proposed SIWTRAN 2/10A- 3 experimental  program, ca l cu la t ions  were per- 

formed t o  de t e rn ine  the r e a c t i v i t y  worth a s soc ia t ed  wi th  r e a c t o r  environ- 

mental changes. These c a l c u h t i o n s  have beer1 normalized t o  t h r e e  

p a r t i c u l a r  experiments :>erfontied on t h e  SCA-hB c r i t i c a l  f a c i l i t y  a t  
A t  omi cs  I nternat i onn l  ( 4 , 5 ) ,  

I 1 8 9 f b 0  
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Using a d l f f u s i o n  theory ,  r a d i a l  c a l c u l a t i o n a l  model(6), t h e  

r e a c t i v i t y  worth of NaK i:l t h e  core  i s  estimted t o  be p lus  

$0.55 wi th  o r  wi thcut  t h e  s l eeve  around t h e  d ry  reactoi-. 

P lac ing  t h e  p l e x i g l a s s  ca lor imeter  around the d r y  r e a c t o r  

r e s u l t s  i n  a ca l cu la t ed  r e a c t i v i t y  inc rease  of p lus  26 cents  

and an a d d i t i o n a l  Increase  of p lus  1 5  cen t s  when water  surrounds 

t h e  ca lor imeter .  !These ca l cu la t ions  were a l s o  performed using 
(7 1 a radial  model . 

The shutdown r e a c t i v i t y  of t h e  r e a c t o r  when surrounded by t h e  

poison s l eeve  and f u l l y  immersed i n  water  i s  estimated t o  be 

a p p r o x i m t e l y  minus $7.09. This  e s t i m t e  i s  based upon t h e  

r e s u l t s  cf two dimensional (R-Z) d i f f u s i o n  theory calculn-  

t i o n s  . (8 1 

I n t e r l o c k s  provided by a poison s leeve  s e a t  switch prevents  

water  from being added t o  t h e  ca lor imeter  un le s s  t h e  poison 

s l eeve  is i n  i t s  i n s e r t e d  o r  s ea t ed  pos i t i on .  Thus r e a c t o r  

s t a r t u p s  can be accomplished only by withdrawal of t h e  poison 

sleeve. 

A r a d i a l  t r a n s p o r t  model'g) was used t o  descr ibe  t h e  r e a c t i v i t y  

e f f e c t s  of  t h e  poison s leeve  when surrounding t h e  SNAFTRAN 2/10A-3 

r e a c t o r .  

r e a c t o r  with a 1/4 inch Binal  s l eeve  was ca l cu la t ed  ta be mirius 10.70 

d o l l a r s .  The c a l c u l a t i o n s  showed t h a t  by surroundine t h e  r e a c t o r  i n  

a i r  with t h e  poison s leeve  t h e  r e a c t i v i t y  was increased by 1.30 d o l l a r s .  

The m a x i m u m  r e a c t i v i t y  i n s e r t i o n  rate i s  l imi t ed  mechanically by con- 

t r o l l i n g  t h e  s l eeve  withdrawal r a t e  which is ca lcu la t ed  t o  be 5 cents  

per  seond during withdrawal of t h e  poison s l eeve  i n  water. The scraq  

t r i p s  Eire set  f o r  a 10 second or  l e s s  per iod and 2 kw m i m u m  power 

l e v e l  

The t o t a l  r e a c t i v i t y  e f f e c t  of surrounding t h e  water immersed 

Under t h e  condi t ions  of a r e a c t o r  scram occurr ing w i t h  t h e  lower 

edge of t h e  s l eeve  w e l l  below t h e  water sur face ,  t he  subsequent r e l e a s e  
of t h e  s l eeve  w i l l  i n s e r t  negat ive r e a c t i v i t y  and consequently shu t  t h e  

r e a c t o r  down. The condi t ion of scramming t h e  r e a c t o r  w i t h  t h e  s leeve  

pos i t ioned  above t h e  water su r face  w i l l  i n s e r t  p o s i t i v e  r e a c t i v i t y  u n t i l  

t n e  lower edge of t h e  s l eeve  approaches t h e  water  sur face .  Two f a c e t s  of 

t h i s  condi t ion a r e :  



The maximum amount of r e a c t i v i t y  which can be p re sen t  when 

lowering t h e  s l eeve  over the p o r t i o n  of t h e  r e a c t o r  surrounded 

by a i r  i s  t h e  same amount present  when t h e  bottom of t h e  s leeve  
is r a i s e d  t o  t h e  l e v e l  of the  water s u f a c e .  

of r e a c t i v i t y  i s  enough t o  ctiuse t h e  10 second per iod scram t o  

t r i p  (i.e.,  42 cen t s ) ,  scram would occur wi th  t h e  b o t t m  of 
the s leeve  a t  the surface.  But, i f  t h i s  am0ur.t of r e a c t i v i t y  

is no t  s u f f i c i e n t  t o  cause t h e  10 second per iod  scram t o  t r i p  

(i.e., l e s s  than 42 c e n t s ) ,  then  only that amount ( i .e. ,  l e s s  

than 42 cen t s )  can be i n s e r t e d  when scramming the s l eeve  in 
sir, even if t h e  water su r face  has not  moved t o  reduce r e -  

a c t i v i t y .  Since t h e  r e a c t i v i t y  worth of t h e  s l eeve  i n  a i r  i s  

much l e s s  than  t h e  r e a c t i v i t y  worth of the  water around t h e  

r e a c t o r ,  any reduct ion  in water he igh t  during t h e  s leeve  

t r a v e l  in air  would reduce t h e  t o t a l  r e a c t i v i t y  i n s e r t e d  a t  
scram. 

I f  th is  .amount 

(2) The c r i t i c a l  water he ight  with t h e  s leeve  r a i s e d  above the  

r e a c t o r  was measured by Atomics I n t e r n a t i o n a l  t o  be 51.02 i n .  

above t h e  lower end of t h e  f u e l .  The inc rease  i n  r e a c t i v i t y  

r e s u l t i n g  from lowering t h e  s leeve  around t h a t  po r t ion  of t h e  

r e a c t o r  above the  water su r face  (3.23 i n . )  is ca lcu la t ed  t o  

be p lus  33 cents .  

Under e i t h e r  of t h e  two condi t ions presented above, the r e a c t i v i t y  

before ,  during, or  a f t e r  scram w i l l  r\ever exceed the  l e v e l s  which a r e  

allowed during normal r e a c t o r  operat ion.  
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V. OPERATIXG PHILOSOPXY AND NUCLElsrR T S T  PROCDRES 

A. In t roduct ion  

The ob jec t ive  of t h e  S i W M ?  2/l@A-3 t e s t  program i s  t h e  modeling 

of t h e  maximum c red ib le  acc iden t  whic'h may conceivably occur a s  a resul t  
of t h e  r e a c t o r  f a l l i n g  i n t o  water dur ing  launch o r  ascent .  

philosophy and t e s t  procedures which prornote t h e  safe conduct of t hese  

t e s t s  are discussed below. 

Tile opera t ing  

B. Organization 

1. AED 0i-gani.zation 

The r e s p o n s i b i l i t y  f o r  conducting t h e  S€.iApTIM 2/10A- 3 experi-  

n e n t a l  program has been assigned t o  t h e  Atomic Energy Divis ion of P h i l l i p s  

Petroleum Company. 

t r a t i o n ,  Engineering, Operztions, and Technical.  

Branch, which is ti p a r t  o f  t h e  Technical  a c t i v i t y ,  has t h e  r e s p o n s i b i l i t y  

f o r  a l l  r e a c t o r  s a f e t y  t e s t i n g  wi th in  t h e  Div i s ion .  

s a f e t y  t e s t i n g  which involves  t h e  SNAFTliAN 2/lOA-3 program w i l l .  be ca r r i ed  

out  by t h e  STEP Pro jec t .  

branches of t h e  AED i s  shown i n  Figure V-1 .  

The four  major subdiv is ions  of t h e  R E D  are Adminis- 
The Reactor P ro jec t s  

That por t ion  of t h e  

The r e l a t i o n s h i p  of  t h e  STEP ProJec t  t o  o the r  

2. STEP Organi7,ation 

The S'EP organiza t ion  i s  shown i n  Figure V-2 .  The organiza t ion  

cons i s t s  of four sec t ions :  Engineering, Nuclear Tes t ,  Experinents,  and 

Data Reduction and Analysis.  The func t ions  m d  r e s p o n s i b i l i t i e s  of t h e  

four  s ec t ions  a r e  sumnr ized  'below. 

a .  Engineering Sect ion 

This  s ec t ion  is respons ib le  f o r  providing engineer icg 

se rv ice  t o  t h e  S E ?  organizat ion.  Tnese se rv ices  inc lxde :  a s s i s t a n c e  

i n  planning, ciesign, and conduct of engineer ing type experiments; t he  

design of new f a c i l i t i e s ,  modif icat ion of e x i s t i n g  f a c i l i t i e s ,  cons t ruc-  

t i o n  l i a i s o n ,  systems acceptance t e s t i n g  and plar, t  engineering; rind 

nuclear engineeriRg, inc luding  core and containmnt,  design, rad io lopica1  

evaluat ion,  and hazards ana lys i s .  

I I 8 9 f b 3  48 
c\ 



0 

Q 

n 

Y 

Y 

!! II 0 

n I: n 





b. Nuclear Tes t  Sec t ion  

This s e c t i o n  i s  respons iSle  f o r  car ry ing  out  a l l  r e a c t o r  

and p l a n t  opera t ions  and f o r  t h e  coordinat ion of a l l  maintenance a c t i v i -  

t i e s  i n  t h e  r e spec t ive  f a c i l i t i e s .  

c .  Experiments Sec t ion  

This  s e c t i o n  i s  respons ib le  f o r  planning, i n i t i a t i o n ,  and 

rou t ine  e n a l y s i s  of a l l  experiments t o  be performed. T h i s  s ec t ion  i s  

a l s o  respons ib le  f o r  nuclear  su rve i l l ance  of all opera t ions  i n  t h e  r e a c t o r  

aree and dur ing  t r a n s p o r t a t i o n  of t h e  r e a c t o r  t o  and from t h e  examination 

area. I n  add i t ion ,  t h e  s e c t i o n  i s  respons ib le  f o r  t h e  design,  ifistalle- 

t i o n ,  c a l i b r a t i o n ,  and maintenance of  a l l  ope ra t iona l  and experimental  

instrumentat ion and d a t a  processing equipment. 

d. Data Reduction and Analysis  Sect ion - 
This s e c t i o n  i s  respons ib le  f o r  t h e  reduct ion,  handling, 

and s to rage  of experimental  da t a .  I n  add i t ion ,  t h e  sec t ion  i s  respons ib le  

f o r  t h e  a n a l y s i s  and i n t e r p r e t a t i o n  of t n e  experimental  da t a  and f o r  

development of . ?na ly t ica l  models and c a l c u l a t i o n a l  techniques which w i l l  

ass is t  i n  c o r r e l a t i n g  experimental  dcita with t h e  p!iysical theory.  

Supporting Orqnni zatioris 

Supporting se rv ices  a re  suppl ied  t o  the  STEP Pro jec t  by o the r  

brariches of the AED. Other branches sxpplying se rv ice  include:  Reactor 

Physics and Engineering, Applied Mathemt ic s  and Machine Computation, 

Instrument Development, Analy t ica l ,  Engineering, Health and Safe ty ,  ;r>,d 

Naintenance. 

t h e  Divis ion Manager are respons ib le  f o r  a s su r ing  t h e  s a f e  conduct of 

d l  opera t ions  by reviewing p o l i c i e s  mid procedures and eva lua t ing  hazards 

a t t endan t  t o  t h e  opera t ions .  

I n  add i t ion ,  a number of s p e c i a l  committees appointed by 

These cormnittecs include the  following: 

(1) Tne Safeguard Review Committee, which i s  respons ib le  f o r  

determining t h a t  all opera t ing  p o l i c i e s  and procedures are  

safe, cur ren t ,  and complete. 
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C. 

( 2 )  The Naclear Safe ty  Committee, which i s  respons ib le  f o r  review, 

f o r  providing consul ta t ion  se rv ices ,  and f o r  searching out of 

a r e a s  i n  which t h e r e  could be a c r i t i c a l i t y  hazard. 

(3 )  The SPERT-STEP Safeguard Committee, which i s  responsible  f o r  

review and approval of a l l  r e a c t o r  core  loadings and cont ro l  

systems, opera t iona l  procedures,  and experimental  programs 

from a nucleer  s a f e t y  viewpoint. 

Planning and Approvals 

The method of operat ion and scope of t he  t es t  t o  be perfonned on 

t h e  SNA€TRAN 2/lOA-3 r e a c t o r  n e c e s s i t a t e  thorough planning and extensi.ve 

review of t h e  proposed procedures employed by t h e  STL2 Pro,ject. 

procedures a r e  reviewed once each year by t h e  S a f e p a r d  F3view Committee. 

These 

The Experiments Sect ion Chief i s  respons ib le  f o r  t he  prepara t ion  of 

a w r i t t e n  Tes t  S e r i e s  Proposal.  

of t he  ob jec t ives  of the  t e s t  s e r i e s  2nd i t s  r e l a t i o n  t o  t h e  o v e r a l l  

program, t h e  expected r e s u l t s ,  any p o t e n t i a l  hazards t o  be expected, and 

t h e  approximate t i i re  schedule. 

This  proposal  w i l l  include a statement 

The Tes t  S e r i e s  Proposal w i l l  f i r s t  be reviewed i n  d e t a i l  by t h e  
STEP sen io r  s t a f f .  

S e r i e s  Proposal w i l l  be made t o  t h e  SPERT-STEP Safeguard Committee. 

Following t h i s  review a p resen ta t ion  of t h e  Test 

A f t e r  t h e  Safeguard Committee's approval  has been obtained, t h e  

Reactor P r o j e c t s  Manager w i l l  note  h i s  approval and the  Tes t  S e r i e s  

Proposal w i l l  be forwarded t o  t h e  Ass i s t an t  Manager, Technical,  f o r  h i s  

approval.  Following approval by t h e  Ass i s t an t  Manager, Technical,  t he  
r e p o r t  w i l l  be t ransmi t ted  t o  t h e  Idaho Operations Off ice  f o r  review 

and approval.. 

t o  c o n d x t i n g  a t e s t ,  t h e  Experiments Sect ion Chief' w i l l  c a l l  

a planning meeting. The at tendance of Experiments Group Leader, Nuclear 

Tes t  Sec t ion  Chief and Group Leader, and any a d d i t i o n a l  persons designated 

by t h e  Experiments Sec t ion  Chief w i l l  be required.  

posa l  w i l l  be reviewed and d e t a i l e d  plans for performance of t h e  tes ts  

w l l l  be made. 

The Tes t  Se r i e s  Pro- 
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I t  i s  then t h e  r e s p o n s i b i l i t y  of  t h e  Nuclear T e s t  Sec t ion  Chief t o  

prepare t h e  t e s t  procedures that a re  t o  be followed. 

respons ib le  f o r  informing a l l  ope ra t ing  persolme1 of t h e  t es t  ob jec t ives ,  

t h e  p r o c e d u e s  t o  be followed, t he  expected r e s u l t s ,  and any unusual 
procedures which may be r squ i r ed  as a consequence of t h e  t-- ,,t resclt;;. 

Each person w i l l  be  made aware of h i s  i n d i v i d u a l  r e s p o n s i b i l i t y  and h i s  

working assignment f o r  t h e  t e s t  s e r i e s .  

He w i l l  a l s o  be 

I n  aud i t ion  t o  t h e  s p e c i f i c  opera t ing  procedures necessary f o r  t h e  

performance of a p w t i c u l a r  t e s t  , c e r t a i n  b a s i c  n u s l e x  t e s t  procedures 

will app ly  dur ing  t h e  e r i t i re  Si’MTTIIZ;: 2/10A-3 prograin. 

proctdures  u e  discusscd Sc.low. 

These b a s i c  

Since t h e  ob jec t ive  of t h e  SNhPTHf”J 2/lOA-3 experimental  prc63-m 

r e c e s s i t a t e s  opera t ion  of t h e  r e a c t o r  under condi t lons  normally con- 

s idered  hazwclous , extens ive  aiimir,i s t r a t i v e  con t ro l s  must b c  r e l i e d  upon 

t o  mfrliaize t h e  p robab i l i t y  of nuclear  i nc iden t s ,  t o  insure  t h e  s a f e t y  

of STEP personnel  and t h e  T.IRTS, and t o  e l imina te  hazard t o  t h e  genera l  

publ ic .  

t h a t  si1 personnel  i n  t h e  t e s t  a r e s  be i n  t h e  c o n t r c l  and equipment 

bu i ld ing  znd np c lose r  t o  t h e  r e a c t o r  than t h e  con t ro l  roox j u r i n g  rmy 

nuclear  opera t ion .  

by t h e  requirement t h a t  meteorologic21 con t ro l  be exerc ised  dur ing  all 
t e s t s  i n  which f i s s i o n  product release can be reasonably expected. 

Pro tec t ion  of t h a  r e a c t o r  system from excursiorx --’hich could cause pre- 

mature dcmage i s  arsu_r?d by adminis t ra t ive  con t ro l  , i n t e r lock  systems, 

and ty automatic per iod  and l e v e l  scrams t o  be used dur ing  poison s leeve 

pos i t i on ing  opera t ions  and c r i t i c a l  water he ight  neasurcments. 

Safe ty  of opera t ing  personnel i s  assured by t h e  req1Jirement 

Safe ty  of o ther  than  operatin&: personnel i s  ass:ued 

E. XbcleL?s T e s t  Procedures 

1. Adminis t ra t ive Control  

Adminis t ra t ive con t ro l  of t h e  STEP p r o s a n  i s  ou t l ined  i n  t h e  

Standcard P rac t i ces  Nanuai, a w r i t t e n  re ference  containing t h e  b a s i c  r u l e s  

and i n s t r u c t i o n s  r e g J i a t i n g  t h e  safe and c f f i c i e n t  opera t ion  of t h e  STEP 
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f a c i l i t i e s .  
f o r  becoming thorcughly f a m i l i a r  with th0.r.e i n s t r u c t i o n s  x.hich p e r t a i n  to 

h i s  p a r t i c u l a r  phase of t h e  opera t ion .  

Each person connected with t h e  t e s t  prograni i s  respons ib le  

The STEP i h c l e a  Tes t  Sec t ion  i s  respons ib le  for  a l l  nuclear oper-  

at ions inc luding  s t a t i c  physics ne:tsureLxrits a.zd k imt i c : ;  t e s t s ,  and f o r  

a l l  non-nucle,v operc t ions  i n  t h e  1I.T inc luding  Flzn t  modif icat ions,  

maintenance , and f u e l  handl inc.  

it; i n  t ransport .  bctvcen TSE’ and IEI’, t h e  rL:clear T e s t  Sec t ion  i s  a l s o  

respons ib le  f o r  a11 opera t ions  invo1vir.g t h e  r e s c t o r  . 

I3xir.g those periods when t h e  r eac to r  

T)r;o:. to !-luciear opera t ion  of’ t h e  rencl;or, a number of opernt ions 

invo1viri& nuc lea .  liazariis inus t be coinpl(:tcd. 

f u e l  loadin&, welding t h e  top  bend t o  tiic vessel ,  sea l  wel.ding t h e  i n s t r u -  

ment leads,  helimn le&. t e s t i n g ,  charging the system wi th  NaK, making t h e  

f i n Q  sen1 weld . ,  and i n s t a l l i n g  t h e  loaded r e a c t o r  ves se l  i r l  t h e  environ- 

mental tank. b o c e d u r c s  f o r  acco::;iilishing t h e s e  operut ions i n  il safe 

inanrlcr have been x r i t t e i l  and w i l l  be d i s t r i 5 u t e d  t o  those  personnel 

involved Sn tile operat ic l ls .  

These opera t ions  inc lude  

W i n g  most of t h e  above mentioned opera t ions ,  t h e  r e a c t o r  v e s s e l  

w i l l  be a t tached  t o  a s tand uhich i s  muntecl on one end of t h e  S~~IhPI?IAN 

2/l.OA-3 r a i l r o a d  d o l l y  arid a t  r i l l  times it g i l l  be surrounded by n Binal  

poison s leeve .  

s i x  f e e t  t o  t,he r e a c t o r ,  except w i t t i  t h e  express permission of t h e  Uuclear 

Test Sec t ioc  C h i e f  or  his c!esigriated a l t c r n a t e .  

Only one person a t  a time i s  t o  approach c lose r  than 

The minirr,uI!l neutron i n s t r w x n t a t i o n  t o  be ir. opera t ion  while work i s  

i n  progress  0:) t h e  r eac to r  \,ill be one 1irie‘a.r power recorder ,  cne l o g  

power recorder, and two pulse  systems. The d e t e c t o r s  f o r  t h e  rieutrcn 

instrimerit,s  ill bc placed i n  c l o s e  proximity t o  the r e a c t o r  ves se l  and 

w i l l  be used u n t i l  t h e  normal instrumentat ion i n  t h e  water tank  i s  put  

i n  se rv i ce .  

Any opera t ion  on t h e  r eac to r  which could poss ib ly  a f f e c t  t h e  re- 

a c t i v i t y  of t h e  system (c .G. ,  loading  h e l ,  cliarging wi th  N a i ( ,  e t c . )  w i l l  

b.;! monitored wi th  t h e  neutron p u l s e  counting systems arid i n  t h e  case of 

opera t ions  involving permanent r e a c t i v i t y  changes , 1/M p l o t s  w i l l  b e  
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w i n t a i n e d .  

t h e  i n f o r m t i o n  ga i txd  from t h e  SNAPITAii 2/10A-1 c r i t i c a l  loading  

e spc rhc -n t  w i l l .  b e  used t o  determine t h e  s u b c r i t i c a l  s t a t e  of t h e  r e a c t o r .  

The i r i o r n a t i o n  from these  l / H  p l o t s  i n  conjunct ion with 

j .  Work Procedures with Rerictor Shut Down 

Nuclear s a fe ty  cons idera t ions  d i c t a t e  t h a t  s e v e r a l  procedures 

be followed concerning work i n  t h e  r e a c t o r  bu i ld ing  and work on or  very 
c lose  t o  t h e  r e a c t o r .  

Sec t ion  Chief or h i s  designated a l t e r n a t e  p r i o r  t o  any e n t r y  i n t o  t h e  

r e a c t o r  bu i ld ing .  Pl’icr t o  and en t ry  t o  t h e  t c s t  c e l l ,  t he  respons ib le  

supervisor  w i l l  a s c e r t a i n  t o  t h e  b e s t  of h i s  j u d p e n t ,  t h a t  t h e  r e a c t o r  

i s  shut  d o m  and t h a t  the envirolvnzntal tank i s  a l s o  dry with no s i&- 

nif ic i rnt  no i s tu re  r e m i n i n g  and t h a t  no forcceeable  c i r c w s  Lances w i l l  

cause t h e  tank  inner  sur faces  t o  becone wetted during t h e  shut  down 

period.  

on or above tkle r c i l r o a d  do l ly .  

w i l l  be presen-L i n  t h e  bu i ld ing  without t h e  opprovallof t h e  Nuclear Tes t  

Sec t ion  Chief or h i s  ciesigmtecl a l t e r n a t e  ar.d no l a r g e  amounts of r e -  

f lector-moderntor u la tc r ia l  w i l l  be present  \ ; i thout the approval o€ both 

t h e  Experiments Sec t ion  and liuclesr Tes t  Sect ion Chiefs.  

Approval must be obtained from t h e  Nuclear Test 

A s w v e i l l m t  p!-usicist  mst be present  when any persofinel are 

No por tab le  ref lector-moderator  m t e r i a l  

Administrative con t ro l  of’ the - .a r ious  con t ro l  console keys wi l l . .  be 

m i n t a i n e d  by t!ie Health Phjs ics  and I’hclear Test superv isors .  

fc l lcwing  I s  L l is t i r ;c  of t hccc  kcye en:! t h e i r  func t icns :  

TL,e 

(1) Console power - Two console pover keys a r e  used; one on the  

SIVPI?i,rtrJ 2 / 1 @ A - 1  con t ro l  p m e l  and one on tlie SI’IApIRm 2/10A-j 

ccr , t rol  p a r d .  These  keys con t ro l  power t o  the corisoI.c, w i t h  

t!ie key on t h e  SI’WRA!; 2 / l O A - j  console serving t h e  a d d i t i o n a l  

f i n c t i o n  of t r a n s f e r r i n g  t h e  AC power scram re’lq‘ and t h e  s a f e t y  

t r i p  c i r c u i t s  from t h e  S P W f  2/10A-1 con t ro l  system t o  t k  
SNEIpI?IAN 2/10A-3 system. 

( 2 )  k i n  bus d r i v e  - Pr io r  t o  t h e  power c a l i b r a t i o n ,  t h i s  key w i l l  

be used t,o keep t h e  environmental tank and calor imeter  drained 

of water while people a r e  working i n  t h e  t e s t  c e l l  and s t i l l  

permit consolc power t o  be on f o r  checkout of var ious con t ro l  

c i r c u i t s .  For t h e  d e s t r u c t i v e  t e s t  t h i s  key permits withdrawal 
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of t h e  s l eeve  draw-bar t o  t h e  mechanical npper linit. 

funct ions  a r c  accomplished by connecting t h e  s leeve-dr ive  motor 

d i r e c t l y  t o  w i n  bus power, by-passir:g t h e  v a r i a b l e  vol tage  

power supply,  and de-energizing t h e  scram bus.  

i n t e r locked  so th;t t h e  drai.: b a r  cannot be withdrawn unless  

t h c  s l eeve  remains i n  con tac t  wi th  t h e  seat switch.  

These 

The c i r c u i t  i s  

( 2 )  Drive lockout  - This  key oust D C  ac tua t ed  t o  perinit r o t a t i o n  cf 

t h e  arming cy l in%er .  

prevent  inadver ten t  withdrawal of‘ tiic s l eeve  with m t e r  around 

t h e  r e a c t o r .  

gives  warning if t h e  &maw bar i s  not  a t  lower l i m i t ,  an? ii‘ t h e  

s l eeve  i s  not  s ea t ed  wi th  t h e  m g n e t  i n  con tac t .  

The kcy immobilizes t h e  s l eeve  L . i v e  t o  

Also, t h i s  key  z c t i v a t e s  a n  alarm c i r c u i t  which 

( 5 )  Trans ien t  sa fe ty  ~>y-pass - I’Iiis kdy i j b - p s s e s  tile s d e t j .  trip 

c i r c i l i t s  dur ing  t h e  k i n e t i c s  and des t rEc t lve  t e s t s ,  De- 

energ iz ing  the inagnet, cu r ren t  and s c rm c i r c u i t  or t u m i x g  cf‘f 

console power !:ill 1.eact.ivnte the s a f e t y  c i r w i t s .  

I n t e r l o c k  bypass - I n  t h e  event of’ rn,23.f‘u:iction of o:ic sf tile 

operctlonal.  poder. recordLng channels dur ine :i t e s t ,  this key 

viI.1. yrxi t~ r c p l n c e m n t  01’ r e n a i r  of t!ic u ! i i t  i;ithout abor t i  iig 

t h e  tes t . .  

t 
( 6 )  

(7) Tiner  - T!iis key aytlvcites t h e  sequence tit:!cr or] t he  ?;!!NT’?<A:J 

2 / l O A - l  corisole. 

record ing  devices  ar,d s c r m  the r’em:tor* f’or the k i n e t i c s  t c z t s  

xi wel l  as s t a r t  t!ie recording devices  and i ’ i rc  t h e  pyi*otnclinic 

cct i -a tc i  i‘or t h e  d e s t r u c t i v e  t e s t .  

%e timer mu;’ be used t n  t u r n  OK :xnd off 
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t h e  Heal th  physics Supervisor as needed. 
c a l i b r a t i o n  when non-mclear opera t ion  of t h e  r e a c t o r  cox t ro l  system 

i s  necessary,  t h e  main-bus-drive keyswitch w i l l  b e  locked on and t h e  key 

t c  t h i s  switch surrendered t o  t h e  Health Physics Supervisor.  

t h e  power c a l i b r a t i o n  it w i l l  be necessary t o  keep t h e  r e a c t o r  core 

covered with water while personnel  a r e  i n  t h e  reacto:: a r ea .  

r e q u i r e  that t h e  environmental t ank  and calor imeter  be f i l l e d  with water 

a t  t h e  Seginning or  each working s h i f t .  

t o  i n su re  t h a t  no nuclear opera t ion  of t h e  r e a c t o r  t akes  p lace  un le s s  

proper evacuation procedures have been completed, t h e  dr ive- lockout  key- 

switch will be locked on and t h i s  key a l s o  con t ro l l ed  by t h e  Health 

Physics Supervisor.  

I n  add i t ion ,  p r i o r  t o  the power 

Following 

This w i l l  

During these per iods  of t ime, 

Prior t o  the  power c a l i b r a t i o n ,  t h e  environmental t ank  end c a l o r i -  

meter w i l l  be drained of water x 4 d  t h e  poison s leeve  w i l l  be  i n  p lace  
around t h e  r e a c t o r  ves se l  while people are  working i n  t h e  r e a c t o r  buil.ding. 

k i n g  t h i s  per iod,  ~ n l y  one person a t  a t h e  w i l l  be permit ted i n  tk-.  

envi r  o m e n t a l  tank 

When console sower is turned o f f ,  as aurin@: non-working hours,  t h e  

environmental tank and ca lor imeter  w i l l  a u t o m t i c a l l y  be  dra ined  of 

wa5er and t h e  area i n s i d e  t h e  IFT s e c a r i t y  fence w i l l  be c l a s s i f i e d  as 

a high r a d i a t i o n  area. 

Failure of some components within t h e  environmental t ank  fol lowing 

t h e  power c a l i b r a t i o n  m a y  n e c e s s i t a t e  movement of t h e  t e s t  package t o  t h e  

hot  shop ( TNJ GOT) for r e p a i r  or  modif icat ion.  

L .  b e p a s a t i o n s  f o r  Reactor Operaticns 

P r io r  t o  r e a c t o r  operat ion,  t h e  Yiuclear Test  Sec t ion  w i l l  be 

r e s p m s i b l e  f o r  completing check l i s t s  t o  v e r i f y  o p e r a b i l i t y  cf o?era t iona l  

ins t runer ta t , ion ,  experimental  instrumentat ion and equipment, and process 

instrumentat ion and equipment. Operational i n s i r m e n t a t i o n  w i l l  include,  

as a m i n i m ,  two pulse  neutron counter systems, one l i n e a r  power recorder  

system, one l o g  power recorder  system, and two period and power l e v e l  
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s a f e t y  c i r c u i t s .  When a l l  check l is ts  have been couipleted and t h e  

Nuclear Tes t  Group Leader has v e r i f i e d  t h e  completion of p l an t  and 

r e a c t o r  prepara t ions ,  Q note  t o  t h i s  e f f e c t  w i l l  be placed i n  t h e  console 

log. 

5 ,  Routine Evacuation 

All personnel e n t e r i n g  t h e  t e s t  a r e a  a r e  required. t o  r e p o r t  t o  

t h e  s e c u r i t y  a r e a  guard house wi th in  t h e  t e s t  a r ea .  

maintain a record  of a l l  people wi th in  t h e  a rea .  

The guard w i l l  

b r i o r  t o  any nuclear opera t ions ,  t h e  Nuclear Tes t  Group Leader w i l l  

i n i t i a t e  a r o u t i n e  evacuation of t h e  t e s t  a r e a  i n  t h e  fol lowing s t eps :  

The r e a c t o r  operator  w i l l  a c tua t e  t h e  evacuation horn a t  
pe r iod ic  i n t e r v a l s  for not  l e s s  t han  twenty minutes. 

people not  d i r e c t l y  concerned wi th  t h e  immediate operatiori  of 

t h e  test w i l l  evacuate through t h e  TSF area gate ,  no t i fy ing  t h e  

s e c u r i t y  guard. During those  t e s t s  i n  which f i s s i o n  product 

r e l e a s e  can reasonable  be expected, a chsck of t h e  a rea  l y i n g  

downwind of t h e  r eac to r  bu i ld ing  between t h e  t e s t  a r ea  and s i t e  

boundary w i l l  be made i n  cooperation w i t h  I D  Health and Safe ty .  

The P h i l l i p s  Health Physics Supervisor w i l l  be n o t i f i e d  when 

t h e  downwind a r e a . h a s  been c leared  of personnel.  A t  t h i s  t ime, 

t h e  guard a t  Post  707 (TSF access  g a t e )  will be n o t i f i e d  t h a t  

30 more e n t r y  t o  t h e  r e a c t o r  a r e a  w i l l  3e perrnittsd. 

A l l  those  

Twenty minutes a f t e r  t h e  i n i t i a l  t e s t  a r e a  eveciiation order ,  t h e  

r e a c t o r  operator  w i l l  announce over t h e  puhl ic  address system t h e  

order  f o r  9.11 personnel  i m i d e  t h e  s e c u r i t y  fence ( s e c u r i t y  a r e a )  

t o  proceed t o  t h e  con t ro l  and equipment bui ld ing .  This  w i l l  

include a l l  those  people i n  t h e  t e s t  c e l l  and coupling s t a t i o n .  

A h e a l t h  p h y s i c i s t  w i l l  l eave  t h e  t e s t  c e l l  l a s t ,  c los ing  t h e  

t unne l  s h i e l d i n g  doors,  checking t h e  sh i e ld ing  doors i n  t h e  

coupling s t a t i o n ,  and v e r i f y i n g  t h a t  t h e  passageways a r e  c leared  

of personnel ,  He w i l l  then  lock t h e  access  door behind him. 

The h e a l t h  phyc ic i s t  w i l l  move Cuard Post 705 from t h e  s e c u r i t y  
fence ga te  t o  t h e  turnaround room and will then check t h e  



s e c u r i t y  8x68, inc luding  a l l  ou t s ide  bu i ld ings ,  t o  v e r i f y  

t h a t  a l l  personnel have been evacutlted. 

The h e a l t h  phys i c i s t ,  upon completion of t h e  s e c u r i t y  a r e a  

check, w i l l  ob t a in  t h e  names of a l l  personnel remaining I n  t h e  

con t ro l  and equipnent bu i ld ing .  

t h a t  t h e  l i s t  of people i n  t h e  con t ro l  and equipment b u i l d i n g  
checks wi th  t h e  record  maintained by t h e  guard a t  Post  707 and 

w i l l  a l s o  v e r i f y  t h a t  t h e  t e s t  area has been c leared .  

He w i l l  v e r i f y ,  v i a  te lephone,  

The h e a l t h  p h y s i c i s t  w i l l  t hen  r ece ive  v e r i f i c a t i o n  f r o m  t h e  

Health Physics Supervisor t h a t  t h e  area downwind of t h e  r e a c t o r  

bu i ld ing  between t h e  t e s t  area and t h e  s i t e  boundary has been 

c leared  of personnel i f  f i s s i o n  product r e l e a s e  i s  expected. 

The hea l th  p h y s i c i s t  w i l l  r e p o r t  t o  t h e  Eesponsible Supervisor 

i n  t h e  con t ro l  room and t r a n s f e r  t h e  h e a l t h  physics  key f o r  t h e  

console power switch t o  t h e  r eac to r  operator .  

Reactor O2eration 

When all pre-opera t iona l  procedures have been completed, 

inc luding  t h e  r o u t i n e  t e s t  a r e a  evacuation, t h e  r e a c t o r  i s  ready f o r  
stcartup. 

nated ‘dterr ia te  i s  t h e  Responsible Supervisor i n  t h e  con t ro l  room and 

i n  charge of a l l  opera t ions .  

con t ro l  room during r e a c t o r  operYtions a r e  t h e  Responsible Supervisor,  a 
Surve i l l an t  Phys ic i s t ,  a Reactor Operator,  an Ass i s t an t  Reactor Operator, 

and two Instrument Technicians.  

s p e c i f i c  apprcval of the  Responsible Supervisor t o  remain i n  t h e  cor?trol  

room during t h e  t e s t .  

During opera t ion  t h e  Nuclear Tes t  Sec t ion  Chief o r  h i s  des ig-  

The r i n i m u g  personnel requirements i n  t h e  

A l l  o ther  personnel mst have t h e  

Sefore t h e  r e a c t o r  i s  brought c r i t i c a l ,  checks of t h e  scram mechanism 

w i l l  be made. A s  t h e  r eac to r  i s  be ing  brought t o  c r i t i c a l ,  t h e  con t ro l  

s leeve  p o s i t i o n  o r  water he ight  w i l l  not be changed Pore than  &n amount 

equal t o  $9.50 r e a c t i v i t y ,  without s topping t h e  aovement long enough t o  

a x e r t a i n  t h e  c r i t i c a l i t y  s t a t e  of t h e  r e a c t o r .  If any ind ica t ion  of a 

hazardous cr p o t e n t i a l l y  hazardous condi t ion e x i s t s ,  t h e  r eac to r  w i l l  be 
scrammed and Liie condi t ion w i l l  be inves t iga ted  arid cor rec ted .  It i s  
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t h e  r e s p o n s i b i l i t y  of each member of t h e  STEP organiza t ion  t o  scram t h e  

r e a c t o r  if he be l i eves  t h a t  a p o t e n t i a l l y  hazardous conditior.  e x i s t s .  

I n  ihe event  of R scram from malfunction o r  i n d i c a t i o n  of hazardous 

condi t ion,  t h e  Nuclear Test Sec t ion  Chief must approve t h e  resumption of 

nuclear  operat ion.  

The moun t  of s leeve  w i t h d r w a l  dur ing  k i n e t i c  tes ts  w i l l  be con- 

t r o l l e d  by a l i m i t  switch which w i l l  be  pos i t ioned  by findirig t h e  c r i t i -  

c a l  p o s i t i o n  of the s leeve  and c a l c u l a t i n g  t h e  amount of s leeve  withrirawal 

des i r ed .  

t h i s  pos i t i on .  

c o r r e c t  operat ion.  

The mzgnet w i l l  be  turned of f  and t h e  s l eeve  d r i v e  withdrawn t o  

‘The l i r a i t  switch w i l l  be s e t  and the s e t t i n g  checked f o r  

During k i n e t i c s  t e s t s  it w i l i  be  necessary t o  bypass t h e  automatic 
per iod and power l e v e l  t r i p  c i r c u i t s .  

momentary contac t  keyswitch, t h e  key t o  which i s  con t ro l l ed  by t h e  Nuclear 

Tes t  Sec t ion  Chief. This bypass w i l l  only be  used during k i n e t i c s  t e s t s  

and w i l l  be  t h e  l as t  ste,? i n  t h e  t e s t  sequence J u s t  p r i o r  t o  i n i t i a t i o n  

of s l eeve  withdrawal. A t  t h e  t e r n i n a l i o n  of t h e  t e s t ,  ac tua t ion  of t h e  

magnet r e l e a s e  switch,  ary scram but ton ,  or tu rn ing  o f f  console power 

w i l l  au tomat ica l ly  r e s e t  t h e  t r i p  c i r c u i t s .  

These t r i p s  w i l l  be  byrassed by a 

After f i n a l  p repa ra t iozs  of t h e  r e a c t o r  and da ta  ga ther ing  equipment 

have been completed, evacuat icn of t h e  t e s t  area, including c l e a r i n g  of 
t h e  downwind area t o  t h e  s i t e  boundary, w i l l  be i n i t i a t e d .  M t e r  evacu- 

a t i o n  procedures have been completed t h e  explosives  crew w i l l  r c cn te r  t h e  

t e s t  c e l l  and, w i t h  t h e  poison s l eeve  d r ive  a t  !.mer l i m i t ,  w i l l  i n s t a l l  

t h e  p rope l l an t  chsrrge and b l a s t i n g  caps i n  t h e  renote  i n s e r t i o n  mechar.ism. 

The squib f i r i n g  c i r c u i t  w i l i  be s:iunted and disconnected from the  

a c t i v a t i n g  source u n t i l  ready f o r  use.  

All s t a t i c  and k i n e t i c s  t e s t i n g  w i l l  be performed w i t h  t h e  calor imeter  

i n  place around t h e  r e a c t o r  ves se l .  The removal of th i s  tank w i l l  be 

t h e  l as t  s t e p  i n  t h e  t e s t  c e l l  p repara t ions  f o r  t h e  des t ruc t ive  t e s t  and 
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w i l l  no t  be  removed until a f t e r  t h e  pyrotechnic  ac tua to r  has been loaded. 

Following removal of t h e  calor imeter  tank, t h e  t e s t  c e l l  w i l l  be c l ee red  

and t h e  remainder of t h e  t e s t  p repara t ions  completed i n  t h e  c o n t r o l  room. 

To i n i t i a t e  t h e  d e s t r u c t i v e  t e s t  t h e  poison s l eeve  d r i v e  w i l l  be  

r a i s e d  t o  i t s  upper l i m i t ,  t h e  d e s t r u c t i v e  mode key and pushbutton switches 

w i l l  be used t o  i n s e r t  t h e  p r o y e l l m t  charge, and t h e  b l a s t i n g  cap c i r c u i t  

w i l l  be made operable.  

bypassing t h e  t r i p  c i r c u i t s ,  aiid f i r i n g  t h e  p rope l l an t  charge)  w i l l  be 

i n i t i a t e d  with t h e  t imer .  

The remainder of t h e  sequence ( t u r n i n g  on r eco rde r s ,  

7. Routine Reentry Procedures 

When instrumentat ion ind ica t e s  t h a t  t h e  r e a c t o r  i s  shut  down 

and i n  t h e  b e s t  Judgement of t h e  Nuclear Tes t  Group Leader, t h e  r e a c t o r  

i s  s u 3 c r i t i c a l  and no foreseeable  events w i l l  cause it t o  go c r i t i c a l ,  

r e e n t r y  operat ions w i l l  be permit ted.  

Reentry i n t o  t h e  t e s t  c e l l  w i l l  be  under t h e  d i r e c t i o n  of t h e  Nuclear 

Tes t  Group Leader wi th  t h e  advice of t h e  Health Physics Superv' i s o r .  

equipment a v a i l a b l e  t o  a i d  t h e  h e a l t h  p h y s i c i s t  i n  eva lua t ing  r e e n t r y  

hazards i s  discussed below. 

The 

(1) The remote a r e a  monitoring system uil .1 c o n s i s t  of eleven ion 

chambers which w i l l  continuously record  t h e  i n t e n s i t y  of t h e  

r a d i a t i o n  f i e l d  a t  t h e i r  respect, ive loca t ions .  

and s e n s i t i v i t y  ranges of t hese  ion  chmkers  m e  as follows: 
The l o c a t i o n s  

( a ) ,  Rai l road f l a t c a r  

( b )  

( c )  
( d )  Coupling s t a t i o n  

( e )  Serv ice  room below coupling 

(f) Control  room escape tunnel  

(g )  Control  room 

( h )  Data reduct ion  room 

( i )  Equipment room 

( j )  Vehicle tunnel  entrance 

( k )  Entrance t o  s ta i r s  leading  

Furnace enclosure of t e s t  c e l l  

Personnel door t o  t e s t  ce1.1 

s t a t  ion 

from underground p u k i n g  area 
l 1 8 9 1 1 b  :. 6 1  

0.01 mr/hr t o  10 r / h r  

0.1 mr/hl. t o  100 m/hr 

0.1 mr/hr t o  100 m/hr 

0.1 m/hr t o  100 m/hr 

0.1 m/hr t o  100 m/hr 

10 m/hr t o  10 r/hr 



The ra temeters  and recorders  f o r  t hese  ion  chambers a r e  loca ted  i n  

t h e  f i r e  equipment room o r  t h e  IET. 

One constcnt  a i r  monitor (CAM) w i l l  be  loca t ed  i n  t h e  LET equip- 

mefit room near t h e  f i l t e r s  of t h e  b u i l d i n g  v e n t i l a t i o n  system. 

This  monitor can be  quickly modified t o  sample air from t h e  

hea t ing  and v e n t i l a t i n g  system. The o ther  constant  a i r  monitor 

w i l l  b c  loca ted  below the  coupling s t a t i o n  and w i l l  b e  sampling 

a i r  from t h e  t e s t  cell bui ld ing .  

One portal. monitor w i l l  be loca ted  a t  t h e  end of t h e  tunnel  t o  

t h e  t e s t  c e l l  near t h e  h e a l t h  physics o f f i c e .  

A l abo ra to ry  counter w i l l  b e  loca ted  i n  t h e  hea l th  physics o f f i c e  

for analyzing s x e r r s  of a lpha -pa r t i c l e  and b e t a - p a r t i c l e  

a c t i v i t y .  

A s c i n t i l l a t i o n  type  well-counter w i l l  b e  loca ted  i n  t h e  h e a l t h  

physics o f f i c e  f o r  counting such items as water samples with a 

low ac t i - J i t y  l e v e l .  

A s t a c k  monitor resdout  panel  w i l l  b e  l oca t ed  i n  t h e  f i r e  equip- 

rcent room. 

l e v e l  of t h e  s tack .  Neasurements a r e  made of gross p a r t i c u l a t e  

a c t i v i t y  and gross  gaseous a c t i v i t y ,  which includes t h e  iodines  

co l l ec t ed  by a separa te  chL-rcoal t r a p  sampling system. The 

c o l l e c t i o n  and de tec t ion  equipment f o r  t h i s  system i s  loca ted  

i n  bu i ld ing  713 below t h e  s t ack .  

This  monitoring system samples a i r  a t  t h e  80 f t  

I n  add i t ion  t o  t h e  ,?‘oove equipment, t h e  fol lowing equipment i s  

ava i l ab le :  

Five por tab le  G-M ty-pe r a d i a t i o n  monitors ( 0  t o  20 m r / h r )  

Five low-range Juno po r t ab le  r a d i a t i o n  monitors ( 0  t o  5 r / h r )  

Five high-range Juno racl ia t ian monitors ( 0  t o  25 r / i r )  

Two Jordan por tab le  r a d i a t i o n  monitors ( 0  t o  500 r/h) 
Seven Cutie-Pie por tab le  r a d i a t i o n  monitors ( 0  t o  2.5 r / h r )  

Three thermal neutron po r t ab le  r a d i a t i o n  monitors 

One f a s t  neutron po r t ab le  r a d i a t i o n  monitor 

F i f t y  penc i l  dosimeters ( 0  t o  250 nr) 

Five penc i l  dosimeters ( 0  t o  5 r )  

62 



( J )  Three a l p k - p a r t i c l e  p o r t a b l e  d e t e c t o r s  

( k )  Three nuclear acc iden t  dosimeters  

The precaut ions t o  b e  observed p r i o r  t o  e n t r y  i n t o  t h e  t e s t  c e l l  w i l l  

depend pr imar i ly  upon two f a c t o r s :  

(1) a determinat ion by t h e  Nuclear Test Group Leader t h a t  t h e  

r e a c t o r  i s  s a f e l y  s u b c r i t i c a l  by t h e  v i r t u e  of having no 

v a t e r  i n  t h e  environmental tank, and 

(2)  a pre-en t ry  survey of t h e  a r e a  by t h e  h e a l t h  p'hysics s e c t i o n  

us ing  remote monitoring equipment. 

The Health Physics Supervisor E i t  t h e  IET w i l l  eva lua te  t h e  radio- 

l o g i c a l  hazards be fo re  a l lowing r e -en t ry  i n t o  t h e  t e s t  c e l l .  

w i l l  b e  made on r e -en t ry  t ime limits and p r o t e c t i v e  c lo th ing ,  r e s p i r a t o r y  

p ro tec t ion ,  and personal  dosimetry requirements.  After consu l t a t ion  with 

t h e  Nuclear Tes t  Group Leader t o  insure t h a t  t h e  r e a c t o r  i s  safely sub- 

c r i t i c a l ,  a r e -en t ry  team composed of u h e a l t h  p h y s i c i s t  and one o r  more 

members of t h e  Nuclear Test Sect ion w i l l  be  allowed t o  e n t e r  t h e  c e l l .  

A dec i s ion  

8. Post-Destruct ive Test Re-entry Procedures 

Addit ional  procedures t o  those  ou t l ined  i n  t h e  previous s e c t i o n  

are r equ i r ed  f o r  r e -en t ry  i n t o  t h e  t e s t  c e l l  fol lowing t h e  d e s t r u c t i v e  t e s t .  

The r a d i a t i o n  and s a f e t y  hazards w i l l  be evaluated by t h e  STEP Senior 

S t a f f  and when it has been resolvied t h a t  personnel may en te r  t h e  u e a ,  t h e  

f i r s t  r e e n t r y  t e r n  will proceed toward t h e  t e s t  c e l l .  T h i s  t e r n  w i l l  

c o n s i s t  of t v o  h e a l t h  p h y s i c i s t s  an2 m e  person from t h e  nuclear t e s t  

s ec t ion .  The team members w i l l  vear specictl p ro t ec t ive  c lo th ing  w i t h  

self '-contained breathifig a p m - a t u s .  The hea l th  phys i c i s t  w i l l  be equipped 

w i t h  po r t ab le  r a d h t i o n  survey instruments and a por tcb le  r a d i o  u n i t .  

t h e  t e r n  approaches t h e  t e s t  c e l l  they ;rill r s d i o  t h e  r a d i a t i o n  readings 

t o  t h e  con t ro l  room. The r a d i a t i o n  reading  i n  r o o m  and passageways 

leading  t o  t h e  t e s t  c e l l  w i l l  be recorded on a map i n  t h e  con t ro l  room. 

Smears w i l l  a l so  be taken of t hese  areas, cnd t h e  bery l l icm f i l t e r s  
below t h e  coupling s t a t i o n  w i l l  be  recovered i f  exposure time permits.  

The team w i l l  then  rcmovc t h e i r  p ro t ec t ive  c lo th ing  and r e tu rn  t o  t h e  

h e a l t h  physics o f f i c e  f o r  a persondl survey. The r a d i a t i o n  da ta  obtained 

As 
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by t h i s  t e r n  and by t h e  roving  manipulator,  i f  ava i l ab le ,  w i l l  t hen  be 

used t o  determine when and how cleanup procedures may be undertaken. 

A second r e e n t r y  team c o n s i s t i n g  of two h e a l t h  p h y s i c i s t s  w i l l  b e  

s t a t i o n e d  a t  t h e  TSF t e s t  area gate .  

n o t i f i e d  by r a d i o  t h a t  t h e  r e a c t o r  i s  s a f e l y  s u b c r i t i c a l ,  they !;ill 

survey t h e  road l ead ing  t o  t h e  IET f o r  c o n t m i n a t i o n .  

. t h e i r  r e s u l t s ,  t hey  w i l l  opera te  as one of t h e  teams of t h e  s i t e  n o n i t o r m g  

group and w i l l  c o l l e c t  samples c n  t h e  south s i d e  of t h e  monitoring, g r i d .  

Af'ter t h i s  tew, members have been 

After r e p o r t i n g  

F. P a n s f c r  of t h e  T e s t  Package with - Fuel  In  t h e  Core 

When t h e  t e s t  Fackags and t e s t  d o l l y  have beeli prepared for  t r a n s f e r  

t h e  Nuclear Tes t  Group Leader w i l l  n o t i f y  tkc: supervisor  i n  charge of t h e  

hot  shop t h a t  t h e  r e w t c r  i s  ready for  movement. 

a lso inform t h e  s e c t i o n  chief  of t h e  r a d i a t i o n  l e v e l s  surrounding t h e  

t e s t  package. 

evacuat ion of t h e  t e s t  a r e a  i r "  he b e l i e v e s  a p c t e n t i a l l y  hazardous s i t u -  
a t ior ,  could e x i s t  duri1;g t r a n s f e r  of t h e  t e s t  package. 

A t  t h a t  time he w i l l  

The Nuclear Test Croup Leader w i l l  t hen  i n i t i a t e  a rou t ine  

During t r a n s f e r  of t h e  package t h e  sh ie lded  locomotive w i l l  contain 
+ 

t h e  lccomotive opera tor ,  a h e a l t h  p h y s i c i s t ,  a s u r v e i l l a n t  Chys ic i s t  from 

t h e  E x p e r b e n t s  Sect ion,  and one person from t h e  k c l e u  Tes t  Sect ion.  

The Nuclear Tes t  Group Leader w i l l  inform t h e  hot  shop d ispa tcher  t h 2 t  

t h e  package i s  ready f o r  movement and if  par t ia l .  evacuat ion of t h e  TSF 

area has  been necessary,  t h e  d ispa tcher  w i l l  n o t i f y  t h e  Nuclear Test  Group 
Leader t h a t  such evacuat ion has been e f f ec t ed .  

Once t h e  t e s t  dolly has reached t h e  examination area, %he r e a c t o r  

t e s t  package r e s p o n s i b i l i t y  w i l l  be  assumed by t h e  Metallurgy and Hot 

Cells Branch. However, p r i o r  t o  t h e  commencement of any opera t ion  i n  the 

hot  c e l l ,  a q u a l i f i e d  ind iv idua l  o r  group of indiv:duals w i l l  be  ass igned 

t h e  f u l l  r e s p o n s i b i l i t y  for  nuclear  s a f e t y .  

G.  Exmiination Area Operations 

The genera l  program and procedures t o  be followed dur ing  

opera t ions  i n  t h e  examination =ea w i l l  be  prepared by STEP P ro jec t  

personnel.  The procedures t o  accoriplish t h i s  program w i l l  b e  
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w r i t t e n  by Meta3.lurgy an2 Hot Cells Branch personnel.  

cons idera t ions  involved i n  these  procedures w i l l  t hen  be reviewed by 

Reactor Physics and Engineering Branch personnel and forwarded t o  t h e  

SPERT-STEP Safeguard Revicd Committee f o r  f i n a l  approval. 

The nuc lear  s a f e t y  

H. Health Physics Support 

The h e a l t h  physics staff, i u  add i t ion  t o  accomplishing i t s  normd 

d u t i e s ,  w i l l  perform t h e  following: 

Design and coordinate  t h e  i n s t a l l a t i o n  of a s i t e  monitoring gr id  

t o  ob ta in  data on t h e  r e l e a s e  of f i s s i o n  products from t h e  

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

Administer r a d i o l o g i c a l  and phys ica l  s a f e t y  c o n t r o l  over a l l  

p a r t i c i p a t i n g  personnel who w i l l  be on or near t h e  t e s t  g r i d  

and, i n  conjunction with t h e  ABC a e r i a l  monitoring team, 

determine t h a t  t h e  e n t i r e  a r e a  i s  c leared  of personnel p r i o r  

t o  t h e  des t ruc t ive  t e s t .  

Act iva te  g r i d  equipment p r i o r  t o  t h e  d e s t r u c t i v e  t es t ,  recover  

samples a f t e r  t h e  t e s t ,  and d.sl iver a l l  samples t o  t h e  proper 

l a b o r a t o r i e s  f o r  ar.alysis.  4 

Es tab l i sh  a F ie ld  Access Control  Center f o r  a s su r ing  t h a t  the., 

p r e - t e s t  se tup  of equipment has  been completed, f o r  clear.!ng 

t h e  m e a ,  f o r  d i spa tch ing  sample . x o v e r y  teams, Tor checking 

p a r t i c i p a n t s  i n  and out  of t h e  swnpl ing’sec tor ,  f o r  decoritam- 

i n a t i n g  personnel,  and f o r  e s t a b l i s h i n 2  rod io  contac t  with a l l  

p a r t i c i p a n t s .  

Determine when r een t ry  i n t o  t h e  inmediate reactoi. area i s  

safe from a r ad io log ica l  s tandpoint  and what p r J t e c t i v e  

app‘arel r-nd precaut ions must be used. 

Monitor f o r  beryl l ium contamination i n  cooperation with t h e  

P h i l l i p s  I n d u s t r i a l  Hygienist .  
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V I .  

A.  Spec ia l  Considerations Involving Materials Handling and Storage 

The b a s i c  s a f e t y  cons idera t ions  involved i n  rece iv ing ,  handl ing 

and s to rage  of fuel, s o u c e , a n d  r e f l e c t W  materials a re  discussed i n  t h e  

STWRAii 2 / 1 O A - l  Safe ty  Analysis, Report''). The fol lowing sec t ions  , 
t he re fo re ,  cover only those as?ec ts  which a re  unique t o  t h e  SNAFTRAIq 

2 / 1 0 ~ -  3 sys tern. 

1. Fuel Loading and Prepara t ion  of t h e  Reactor'System a t  IET 

The loading uf fue l  i u t o  t h e  r e a c t o r  v e s s e l  w i l l  be performed 
a t  $he IET i l l  accordance wi th  t h e  general procedures ou t l ined  i n  t h e  

STEP Standard P r a c t i c e s  Manual. 

A f i x t u r e  w i l l  be used t o  m i n t a i n  t h e  reac5or vesse l  i n  a f ixed  

I n  add i t ion ,  t h e  f i x t u r e  pos i t i on  during t h e  f u e l  loading osera t ion .  

se rves  t o  posi t ic l !  and clamp t h e  c o n t r o l  s leeve  around t h e  re?.ctor 

vesse l .  

with t h e  head i n  p l ace  i s  shown i n  Figure VI-1. 
s e c p n c e ,  t h e  f i s t u r e  w i l l  be loca t ed  on t h e  r e a c t o r  d o l l y  a long wi th  

t h e  IJaK clinrGing and lezk  t e s t i n g  eqa ipmnt .  

A drawing of t h e  f i s t u r e ,  con t ro l  s leeve,  and r e a c t o r  v e s s e l  

During t h e  f u e l  loading 

Although the  r c a c t o r  w i l l  have no water r e f l e c t i o n  dur ing  loading 

and t e s t  p repara t ion ,  and w i l l  t he re fo re  be s u b c r i t i c a l ,  t h e  f u e l  loading 

w i l l  be performcd i n  s t ages  and w i l l  fo l low s tandard  technicues.  

ioading procedure i s  pl-rely a precaut ionary measure. s ince  ',he s t a t i c  

nuclear  c h s r a c t e r i s t i c s  of' t h e  system are  wel l  h o m i  from crj.',ical expeyi- 

icents conducted by Atoniics I n t e r n a t i o n a l .  The f u e l  elements and beryl l ium 
i n s e r t s  t o  be used i n  t h e  SIiAPTiihi? 2 / l O A - 3  t e s t s  were used i n  these  

experirfients. 

corif'i@ira.cion f o r  t!ie SrlLWMld 2/1OA- 3. 
experinicnts a r e  descr ibed ir. Sect ion IV. 

This  

The coiuponents arc  coded t o  permit reassenbly i n  t h e  same 

The r e s u l t s  O S  t he  c r i t i c a l  

I n  t h e  absence of a hydrogenous r e f l e c t o r ,  t h e  con t ro l  s leeve  

around t h e  r e a c t o r  vecse l  represeflts  a s l i g h t l y  m x e  r e a c t i v e  conf ' igna-  

t i o n  than does t h e  h r c  v c s s c l .  From c r i t i c a l  experiments conducted by 

Atomics I n t e r n a t i o n a l ,  it has been est imated t h a t  t h e  Sul ly  loaded bare 
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r e a c t o r  i s  approximately $20 s u b c r i t i c a l ,  whereas t h e  r e a c t o r  i s  about 
$19 s u b c r i t i c a l  w i t h  t h e  c o n t r o l  s leeve  around it. 

is designed t o  meintain t h e  r e a c t o r  s u b c r i t i c 6 1  with any amourit of hydro- 

genous material surrounding t h e  r e a c t o r  ves se l .  

con t ro l  s l eeve  dur ing  t h e  loading and t e s t  prepara t ions ,  t h e  p o s s i b i l i t y  

of a c c i d e n t a l  c r i t i c a l i t y  as a r e s u i t  of personnel  o r  ma te r i a l s  being 

i n  proximity t o  t h e  r e a c t o r  i s  precluded. 

t h e  loca t ion  of personnel  and ma te r i a l s  i n  the  t e s t  c e l l  w i l l  be exercised 

during t h e  loading,  as discussed i n  Sect ion V. 

and t o  avoid t h e  p o s s i b i l i t y  of core  floodirig, all water systems i n  t h e  

t e s t  c e l l  w i l l  be deac t iva ted  during t h e  f u e l  loading and t e s t  prepara- 

t i o n s .  The two water systems, raw water and demineralized water, lead ing  

t o  t h e  d o l l y  w i l l  be  disconnected from t h e  d o l l y  a t  t h e  coupling s t a t i o n .  
There w i l l  a l s o  be two closed valves  i n  s e r i e s  i n  each of t hese  systems. 

The t e s t  c e l l  f i re -water  system w i l l  have th ree  valves i n  s e r i e s  which 

are closed. 

However, t h e  s leeve 

*I'~;LE, by usin,: t h e  

Adminis t ra t ive con t ro l  over 

A s  a f u r t h e r  precaut ion,  

Two pulse  counting systems and two ion  chamber systeiri--one l o g  

and one l i n e a r - - w i l l  be opera t ing  during t h e  f u e l  loading. 

and a neutron source w i l l  be mounted on t h e  f i x t u r e  i n  which t h e  r e a c t o r  

v e s s e l  i s  posi t ioned.  

w i l l  be a v a i l a b l e  i n  t h e  t e s t  c e l l  and i n  t h e  con t ro l  room. 

The detectGrs  

Audible and v i s u a l  i nd ica t ion  of t h e  count r a t e  

I n  order  t o  f a c i l i t a t e  t he  s a f e  and order ly  loading of instrumented 

f u e l  elements, t he  head w i l l  be f i rmly  supported approx imte ly  four  f e e t  

above t h e  r e a c t o r  ves se l .  The i n s t r m e n t  l eads  from each instruniented 

element w i l l  be passed through penet ra t ions  i r ,  t h e  head and then t h e  f u e l  

element w i l l  be i n s e r t e d  i n t o  the  r eac to r  wsse!.. With t h i s  procedure, 

as t h e  f u e l  i s  loaded, t h e  head w i l l  support  t h e  instrument leads  i n  a 

v e r t i c a l  pos i t i on  and keep them i n  t h e  p o s i t i c n  where they preseht  a 

minicium of in t e r f e rence  t o  the  f u e l  loading sequence. 

A f t e r  t he  f u e l  elements have been loaded i n t o  t h e  r eac to r  vesse l ,  

t h e  head w i l l  be lowered over t h e  instrur ient  leads  and i n t o  pos i t i on  

on the v e s s e l  and welded i n  p lace .  The instrumcnt leads  w i l l  then be 

s e a l  welded t o  t h e  head. 
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2. NaK Loading and Reactor I n s t a l l a t i o n  

The p o s s i b i l i t y  and consequences of a n  acc iden t  have been inves-  

t i g a t e d  i n  which t h e  r e a c t o r  v e s s e l  i s  pos tu l a t cd  t o  rup tu re  o r  l e a k  when 
t h e  r e a c t o r  i s  loaded with f u e l  and charged wi th  NaK. 

operat ion,  t h e  r e a c t o r  v e s s e l  and f i l l  system w i l l  be thorou@l-Y purged 
with helium and then  lea!, i c s t e d .  

wi th  NaK,  a f ter  which t h e  EaK f i l l i n g  tube  w i l l  be crimped and seal welded. 

Thus, t h e  only conceivable vay that NaK could become exposed t o  t h e  a i r  i s  

i f  t h e  v e s s e l  o r  fill system i s  breached e i t h e r  by a d i r e c t  blow o r  by 
dzopping t h e  v e s s e l  d w i n g  i n s t a l l a t i o n .  

NaK cannot proceed r ap id ly  unless  t h e  l e a k  i n  t h e  system i s  of s u f f i c i e n t  

mgn i tude  t o  rcllow a l a r g e  po r t ion  of t h e  NaK t o  become exposed t o  wster. 
Since water w i l l  not  be present  i n  t h e  t e s t  c e l l  during t h i s  period, NaK 

l e a k s  siiould be r e a d i l y  c o n t r o l l a b l e  and present  l i t t l e  hazard t o  proper ly  

equipped personnel.  

which would be l i k e l y  t o  cause a l eak  or  r l ipture  i n  t h e  system. 

water w i l l  not  be present ,  t h e  p robab i l i t y  of a NuK f i r e  appears  t o  be  low. 

The maximum damage t o  t h e  r eac to r  wculd probably occur i f  t h e  W . f i r e  

was by some means i n i t i a t e d  d i r e c t l y  wi th in  t h e  r e a c t o r  ves se l .  

t h e  NaK were t o  r e a c t  with a i r ,  t h e  r e s u l t a n t  e n e r a  r e l e a s e  would be  

approximately 15,000 Etu. 
available f o r  r a i s i n g  t h e  core  temperature,  t h e  temperature increase  would 

be a p p r o x h t e l y  1000°F. 
r e l e a s e  of su f f i c i e r i t  hydrogen wi th in  t h e  Li’uel rods t o  burs t  t h e  cladding.  
Thus, rio p o t e n t i a l  hazard e x i s t s  from t h e  p o s s i b i l i t y  of a n  a d d i t i o n a l  

H2-air r e a c t i o n .  

not considered c red ib l e  during t h e  NaK f i l l i n & :  and r eac to r  i n s t a l l a t i o n  

opera t ions .  

P r io r  t o  t h e  f i l l i n g  

The r e a c t o r  v e s s e l  w i l l  t hen  be charged 

A chemical r e a c t i o n  involving 

Mechanical damge t o  t h e  equipment i s  t h e  only t h i n g  

Since 

If a l l  

If it i s  assumed t h a t  a l l  of t h i s  energy i s  

T h i s  increase  i s  not g r e a t  enough t o  w u s e  t h e  

The occurrence of such an acc ident  i n  t h e  t e s t  c e l l  i s  

In order  t o  provide enough working s p e c  t o  i n s t a l l  t h e  r e a c t o r  

package on t h e  support  pedes t a l ,  i t  w i l l  be necessary t o  raise t h e  a c t u a t o r  

p i s ton  rod above i t s  n o r m 1  upper limit. 

t h e  loaded r e a c t o r  v e s s e l ,  with t h e  con t ro l  s leeve  s t i l l  clamped i n  p lace ,  

w i l l  be  l i f t e d  above t h e  pedes ta l  and t h e  pickage slowly lowered i n t o  
p lace .  The r e a c t o r  v e s s e l  w i l l  be bo l t ed  t o  t h e  pedestal .  The s l eeve  

w i l l  next be unclamped and slowly lowered t o  t h e  support  f lange .  

By mans of‘ a n  overhead crane,  

The 
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l oad ing  f i x t u r e  w i l l  t hen  'De r e m v e d  from t h e  environmental tank. 

t h e  ac tua to r  p i s ton  rod  w i l l  be lowered, and t h e  sp ide r ,  a t  t h e  lower end 

of t h e  p i s t o n  rod, w i l l  be  connected t o  t h e  yoke on t h e  con t ro l  s leeve .  

To complete t h e  r e a c t o r  system prepara t ion ,  t h e  calor imeter  w i l l  be  placed 

over t h e  r e a c t o r  v e s s e l  and secured t o  t h e  support  pedes ta l .  

Next, 

After  t h e  calor imeter  has been i n s t a l l e d ,  t h e  c o n t r o l  system w i l l  be  

t e s t e d  with no wcter i n  t h e  calor imeter  or  environmental tank t o  assure 

proper mechanical opera t ion  of t h e  s leeve  and d r i v e  compcnents. 

water systems w i l l  not  be a c t i v a t e d  u n t i l  t h e  dry  checkout i s  complete 

and t h e  c o n t r o l  s l eeve  i s  secured i n  t h e  lower l i m i t  p o s i t i o n .  

The 

3. Precaut ions During Non-Working Hours 

Cer ta in  precaut ions w i l l  be taken t o  assure t h e  s a f e t y  of t h e  

r e a c t o r  and personnel i n  t h e  TAN a rea  dur ing  non-working hours or e t  kny 

t ime of r e a c t o r  shutdown. The con t ro l  s leeve  and d r i v e  w i l l  be dr iven  t.0 

t h e  lower l i m i t  p r i o r  t o  shutdown and t h e  water i n  t h e  environmental tark 

and calor imeter  w i l l  be pumped t o  t h e  s torage  tanks. 

pawer keyswitch i s  turned o f f ,  t h e  in le t  con t ro l  valves  automatical ly  

c l o s e  and t h e  d r a i n  valves  i n  t h e  calor imeter  and environmental tank 

open. 

pa th  from t h e  ca lor imeter  t o  t h e  d r a i n  t rench .  With t h i s  procedure, no 

c r e d i b l e  chain of events  can be pos tu la ted  which w i l l  cause an  increase  

i n  system r e a c t l v i t y  s u f f i c i e n t  f o r  t h e  r e a c t o r  t o  achieve c r i t i c a l i t y .  

For example, should a IJaK l e a k  occur dur ing  t h i s  t ime, t h e  r e a c t i o n  with 
a i r  o r  remaining moisture i s  expect& t o  be q u i t e  slow and probably 

resemble more c l o s e l y  a non-violent ox ick t ion  process .  It i s  not con- 

s ide red  c r e d i b l e  t h a t  any leak dur ing  shutdown would r e s u l t  i n  v i o l e n t  

NaK-air r e a c t i o n s  which could conceivably damage t h e  r e a c t o r  or experi-  

mental instrumentat ion.  

When t h e  console 

The a u x i l i a r y  d r a i n  valve w i l l  also open, providiiig a d i r e c t  drai.3 

A s  a p a r t  of t h e  s t a r t u p  procedure, it i s  requi red  t h a t  t h e  pressure 

i n  t h e  J!nK expansion chamber be compared with t h e  press.De of t h e  previous 

day t o  a s su re  t h a t  no NaK l eak  has occurred from t h e  system. I n  add i t ion ,  

t h e  tank  w i l l  be v i s u a l l y  inspected t o  a s su re  t h a t  no NaK leak has o c c u r e d  

s ince  t h e  last opera t ion .  

i s  poss ib le  that dur ing  t h e  c a l o r i x e t e r  f i l l i n g  operat ion,  water could  

Should a 1b.K leak occur and go unnoticed, it 
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conceivsbly en te r  t h e  r e a c t o r  core  and r e s u l t  i n  a r e a c t i v i t y  i n s e r t i o n  
s u f f i c i e n t  t o  a t t a i n  c r i t i c a l i t y .  The complete f looding  of t h e  r eac to r -  

ves se l  with t h e  poison s l eeve  i n  t h e  lower p o s i t i o n  could cause t h e  system 

t o  be approximately $2.50 s u p e r c r i t i c a l .  

are s u f f i c i e n t l y  low th%t if it i s  assumed t h a t  only t h e  high power l e v e l  

t r i p  i s  operable ,  t h e  ene rg j  r e l e a s e  would be l e s s  than 1 Mw-second. 

i s  concluded t h a t  even should mul t ip le  f a i l u r e s  occur no hazard e x i s t s  

s ince  a 1 Mw-second energy r e l e a s e  is  not  s u f f i c i e n t  t o  cause damge t o  

t h e  r e a c t o r .  

Houever, t h e  water a d d i t i o n  r a t e s  

It 

Secur i ty  guards w i f i  be on duty a t  a l l  t imes t o  p r o h i b i t  unauthorized 

en t ry  i n t o  t h e  IEJ a r e a .  

l oca t ed  approx imtc ly  600 f ' t  from t h e  t e s t  c e l l  on t h e  t c c e s s  road t o  IFT, 

i s  ca l cu la t ed  t o  be less than 1 mrem/hr. 

dur ing non-working hours w i l l  be under t h e  cognizance of t h e  Nuclear Tes t  

Sect ion.  It i s  the re fo re  concluded t h a t  t h e  r e a c t o r  can be  s a f e l y  shu t  

down and secured i n  a mnner such that no p o t e n t i s l  e x i s t s  f o r  a hazard 

from inadver ten t  c r i t i c a l i t y  o r  from d i r e c t  r a d i a t i o n .  

The dose ra te  a t  t h e  guard s t a t i o n ,  which i s  

Any e n t r y  beyond t h i s  po in t  

!!. Preparat ion f o r  t h e  Des t ruc t ive  Tes t  

After t h e  power ca l . ib ra t ion  experiment and k i n e t i c s  t es t s ,  

c e r t a i n  modif icat ions t o  t h e  t e s t  package a r e  requi red  i n  t h e  Frepara t ion  

f o r  t h e  d e s t r u c t i v e  t e s t .  The r a d i a t i o n  l e v e l s  t o  be expected i n  t h e  

v i c i n i t y  of t h e  env i ronmnta i  tank are discussed i n  Sec t ion  VI-C. 

Since t h e  water l e v e l  i n  the  ca lor imeter  and environmental tank 

cannot be x i in t a ined  without con t ro l  power t o  the s c r m  dump valves ,  
it w i l l  be necessary t o  hilve console parer  on while personnel a r e  i n  t he  

test  c e l l .  Adminis t ra t ive yroceclnxes r equ i r e  t h a t  the  con t ro l  s leeve 

d r i v e  be  a t  lower l i n l i t  p r i o r  to personnel r een t ry .  Inadver ten t  renc- 

t i v i t y  add i t ion  by novenent of t he  con t ro l  s leeve  d r ive  i s  prevented by 

locking the  dr ive- lockout  keyswitch i n  the  "on" p c s i t i o n  and removing 

the  key. Tnis  key w i l l  remain undcr adminis t ra t ive  con t ro l  u n t i l  such 

time as rou t ine  evacuation procedures have been e f f ec t ed  and t h e  r eac to r  

i s  ready for  s t a r t u p .  
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E i n a l  prepara t ions  f o r  t h e  d e s t r u c t i v e  t e s t  w i l l  be conducted under 

t h e  superv is ion  of t h e  Nuclear T e s t  Sec t ion  Group Leader and w i l l  be 

und:r t h e  t echr - ica l  cognizance of a s u r v e i l l a n t  p h y s i c i s t .  P r i o r  to 

removal of t h e  c a l o r i x e t e r ,  t he  powder w i l l  be loaded i n  t h e  revolver  

ch;r*ober on t h e  pyrotechnic  a c t u a t o r  ar,d t h e  s t a r t u p  i n s t r m e n t n t i o n  2nd 

o the r  equipment not  r ecp i r ed  for the d e s t r u c t i v e  t e s t  w i l l  bc  rerr.oved. 

These procedures w i l l  be taken t o  prevent  d x n g c  t o  t h e  r e a c t o r  ves se l  

and poison sleeve, thereby reducing t h e  p x s i b i l i t y  of a c r i t i c c d i t y  

acc ident  during f i n a l  p r e p u a t i o n s .  

5.  Transportat ioE of t h e  Loaded Tes t  I'ncliage 

In t!ie evcnt that an unforeseen s i  Luntion r equ i r e s  t ranspor tu-  

t i o n  of t h e  r e a c t o r  system to t h e  exa!:Lination nre:i, the cor,t.rol s l eeve  

and d r i v e  w i l l  be  s e x r e d  i n  t h e  l m e r  lixit positio::. 

t o  t h e  s l eeve  ",ivc motor, t h e  irorI[i d r i v e  i n  t he  ge:ir t r a i n  w i l l  rem.in 

s t n t i o n x y .  

t r a i n ,  thus  preventir ,g rr.ovei::ent of t'!-lc s l eevs .  C : : l c A : 2 t i a r ! s  i r idi  ccLt,e 

that, an upsrnrd f'orce of' !!lore than doc' p o w d s  v o u l d  'Le ~ecess l - i ry  tc s t r i p  

gear teet!-t and allcd t h e  d r i v e  rod t u  Le r a i s c d .  ?i:ize t he re  i s  :;o 
c red ib le  rjeans of' excrtir lg cilch a f'orce during ?x:.tnsport:ition o!' t h e  

t e s t  package, i t  i s  concluded that  ti;? c o n t x e l  sleeve conriot Lc r.c:xoved 

during t r a n s p o r t a t i o n .  

iJit!ioLt power. 

?'!!is w i l l  provide a p o s i t i v e  w u n s  of  lockink; t h e  ge:tr 



scram s y s t e m  ac tua ted  by e i t h e r  a - s h o r t  r e a c t o r  per iod  (5-10 s e c )  o r  

a high parer  l e v e l  (2  kilowatts) have been provided. 

ope ra t iona l  neutron l e v e l  chafiiels and two channels of s t a r t u p  i n s t r u -  

mentation (B-10  pu lse  counters)  are provided. 

have been included on t h e  c o n t r o l  console t G  prevent  an  uneuthorized 

r e a c t o r  s t a r t u p  and t o  ass is t  i n  t h e  enforcement of admin i s t r a t ive  

con t ro l s  by ensuring t h a t  s u p c x i s i o n  i s  p resen t  dur ing  s t a r t u p .  The 

p o s s i b i l i t y  of opera tor  e r r o r  i s  reduced by s tandard procedures which 

r equ i r e  t h a t  t h e  a s s i s t a n t  opera tor  and t h e  respons ib le  superv isor  be 

i n  a t tendance a t  a l l  times and be cognizant of any operat ions a f f e c t i n g  

t h e  r e a c t i v i t y  of t he  system. 

I n  add i t ion ,  t r ; ~  

Key-actuated i n t e r l o c k s  

Should an acc iden t  OCCUT 2.s c: r e s u l t  of an operator  e i r o r ,  t h e  

hazards t o  opera t ing  personnel are neg l ig ib l e ,  s ince  during all 
nuclear  operat ions opera t ing  personnel are loca ted  i n s i d e  t h e  sh ie lded  

con t ro l  roon. 

personnel. Kf11 a l s o  be within acceptable  l e v e l s .  

The r a d i a t i o n  exposure t o  o ther  on - s i t e  and o f f - s i t e  

2 .  Stcirtup Accident 

The s t a r t u p  acc ident ,  def ined genera l ly  as an  unin ter rupted  

r e a c t i v i t y  add i t ion ,  was iEves t iga tcd  and analyzed. Such an trccident 

can be pos tu la ted  t o  occur as a r e s u l t  of i nc reas ing  t h e  water l e v e l  

arouiicl t h e  r e a c t o r  o r  as a r e s u l t  of un in te r rupted  withdrawal of t h e  

poison sleeve. Both mechanisms f o r  i n i t i R t i n g  R. s t a r t u p  acc ident  a r e  

considered inc red ib l e .  The analysis i s  presented I!. t h e  fol lowing para- 

graphs. 

The  f i r s t  c2se, t h a t  i s ,  r e a c t i v i t y  a d d i t i o n  by increas ing  water 

i e v e l ,  cay! only  occur 8 s  n r e s u l t  of mul t ip le  component fai3.ure and 

operator  e r r o r .  The con t ro l  system con'hlns n seat-switch in t e r lock  

which prevents wciter add i t ion  unless  t h e  s leeve  i s  sea ted ,  i . e . ,  i n  t h e  

scrnmned p o s i t i o n .  I n  t h i s  m n q e r ,  un in te r rupted  add i t ion  of water t o  

t h e  c a l o r i z e t e r  does riot r e s u l t  i n  c r i t i c a l i t y  of t h e  r e a c t o r .  

i f  sent-switch i n t e r l o c k  fe i lure  i s  pos tu la ted ,  it i s  conceivnble t h a t  

t h c  s l eeve  could be ir .  the withdrawn pns i t fon  dur ing  water add i t ion .  If 

t h e  opcrritor then 4 i s r ega rds  s leeve  p o s i t i o n  ind ica t ion ,  s t a r t u p  i n s t r u -  

mentaticvi, and seat-switch ind ica t ion ,  and i f  supcrvisor-y cognizance i s  

However, 
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assumed t o  f a . i l ,  he could then sdil water t o  t h e  calor imeter  v e s s e l  

through t h e  two inch f i l l  l i n e  a t  3 ra te  of 0.6 inches per minute. 

Assuming that t h e  r e fe rence  probe i n t e r l o c k  f a i l e d ,  he zould then 

cont inue t o  f i l l  the calor imeter  with t h i s  system beyonci t h e  bottom 

edge of t h e  r e a c t o r .  By simultaneous opera t ion  of the b w e t t c  fill 

system, r c a c t i v i k y  a d d i t i o n  r a t e s  of approxilrfitely 4 cents  per  sezond 

could be o b t a n e d .  

porrer and enerpy as c? func t ion  of t i g e  by means of t h e  IREKID: code 10. 

As is comnon p r a c t i c e  i n  ca r ry ing  out  EL s a f e t y  a n a l y s i s ,  conservat ive 

assumptions were euigloyed, that i s ,  no feedback mechanism ve re  used 

a n d  t h e  per iod t r i p  was assumed t o  f a i l ,  w i t h  scram occurr ing  a f t e r  

t h e  2 hv high-power l e v e l  t r i p  was ac tua ted .  

allowed t o  r ise  f o r  an a d d i t i o n a l  350 rr.il-liseconds, r;hich i s  t h e  t ime 

requi red  f o r  t h e  ragnet  t o  release and t!ie s l eeve  t o  f a l l  t o  t h e  f u l l y  

scrammed p o s i t i o n .  The r e s u l t a r k  energy r e l e c s e  i s  ca l cu la t ed  t o  be 

l e s s  t h a n  0.02 Nw-second which i s  neg l ig ib l e  v i t h  r e spec t  t o  r eac to r  

damge o r  h x z a i r s  t o  personnel .  

Ramp i n p u t s - o f  this amount ue;’e used to compute 

The power was then 

The second case,  r e a c t i v i t y  a i id i t ion  by unin ter rupted  s leeve  with- 

drawnl, can occur Or& as t h e  r e s u l t  of c o n t r o l  system cornpor.en% f a i l u r e  

and operator  error. If it i s  asswned that the calorimeter i s  f i l l e d  

w i t h  water p r i o r  t o  r rc tust icn of t h e  s leeve ,  un in te r rupted  i.;ithd.rar.:al 

of t h e  s l eeve  due t o  operator  error snd f a i l u r e  of supervisory cogni- 

zance could r e s u l t  i!i r e a c t i v i t y  add i t ion  r a t e s  of’ npprox imte ly  12 

cen t s  per second. Rarq input  calcul?-tions were a l s o  conducted f o r  

t h i s  case  ?.ssur?inE: again no feedback mechanism and f s i l u r e  of‘ the 
period scram t r i?  c i r c u i t .  The r e s u l t a n t  c n e r i a  release VELS c:i!-cul;iteri 

t o  be approx7hu’icly 0.13 l.k-eeconi!. 

I n  e i t h e r  cdse, t h e  encrpy generntcd >t i th in  t!ie core i s  not sr.ffi- 

c i e n t  t o  dzrrnge t h e  r e z c t o r  system o r  t o  r e s u l t  i n  re lease of’ f i s s i o n  

products  t o  t h e  atmosphere. A s t i r t u p  acc ident  i s  not cocsidered 

c r e d i b l e  s ince  simultaneous m i l t i p l e  f a i l u r e s  i!? t h e  zo:itrol systcm, 

t h e  fai1Lu.e of admin i s t r a t ive  procedures a:id scpervisory cognizance, 

and opera tor  e r r o r  are  requi rcd .  I n  m y  evznt t h i s  accicient does not 

r ep resen t  a p o t e n t i a l  hazclr~d t o  opera t igg  personnel or t h e  general  

publ ic .  



3. Reactor Shut Down 

: 

During r e a c t o r  shutdown, c e r t a i n  opera t ions  are necessary i n  

t h e  t e s t  c e l l  which r equ i r e  t h a t  some func t ions  of t h e  c o n t r o l  console 

remain operable.  These func t ions  i rx lude  t h e  movement of t h e  slow drive 

mechanism before t h e  power c a l i b r a t i o n  and t h e  maintenance o f  t h e  en- 

vironmental  t ank  water l e v e l  following t h e  power c a l i b r a t i o n .  

In order  t o  f a c i l i t a t e  admin i s t r a t ive  c o n t r o l  i n  t h e  t es t  c e l l  

dur ing  these  per iods,  two a d d i t i o n a l  keysuj tches  are provided i n  the  
c c n t r o l  system. The min-bus-dr ive  keyswitch maintains  t h e  scram c i r c u i t  
i n  t h e  de-energized condi t ion.  

be ing  eriergized and water from being i n  t h e  tank. 

keyswitch ensures t h e  presence of water  sh i e ld ing  around t h e  r e a c t o r  and 

s l eeve  i tmob i l i za t ion  a f t e r  t h e  p a r e r  c a l i b r a t i o n  by locking out  t h e  

s l eeve  d r i v e  c i r c u i t s  and by a c t i v a t i n g  c i r c u i t s  which w i l l  t r i p  alarms 

if any of t he  fol lowing condi t ions  are not m e t :  (1) calarirneter and 

environmental t ank  water l e v e l  a t  high re ference  l e v e l ,  ( 2 )  d r ive  a t  

lower limit, ( 3 )  s l eeve  sea ted ,  and (4) m g n e t  i n  contac t .  

It also ;revents t h e  s l eeve  magnet from 

The dr ive- lockout  

The f a c i l i t y  i s  provided w i t h  a waruing horn which i s  audib le  

throughout; tlic t es t  area. 
t h e  s l eeve  sea t  switch i n d i c a t e s  t h a t  t h e  s l eeve  i s  being withdrawn 

from t h e  seat  p o s i t i o n  o r  t h e  water l e v e l  probe i n d i c a t e s  water a t  t h e  

bottom of t h e  r e a c t o r  ves se l .  Thus, any personnel which m y  be i n  t h e  
t e s t  c e l l  area a re  warned of r e a c t o r  operat ion w e l l  i n  advance of 

s i g n i f i c a n t  neutron mul t ip l i ca t ion .  I n  t h i s  event ,  aLminis t ra t ive  

con t ro l s  r equ i r e  t h a t  pe-sonnel  evacuate t h e  a r e a  and opera te  the  nea res t  

scrani bu t ton  upon e x i t .  

T!le o p x a t o r  a t  t h e  console i s  requi red  t o  determine t h e  cause f o r  scram 

and obtairl permission from t h e  Nuclear Tes t  Sect ion Chief before  hs  can 

reset the sc ra~n  c i r c u i t  arid continue ope ra t i rn .  

The horn opera tes  f o r  22 seconds each time 

These scram but tons  s r e  of the  manual  reset  type. 

C.  System Fa i lu re  

1. Control Systen Cornponent F a i l i r e  -- 

One type  of  failure t h a t  must be considered i c  the  s a f e t y  

e v a l k i t i o n  of a r e c c t o r  syst,em i s  fa i lure  of t he  rr-ecnanical or  e l e c t r i c a l  
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cori;ponents of t h c  c o n t r c l  system. Severa l  ty-pes of  fa i lure  during per iods  

of shutdown End opera t ion  hzve been considered and those  a spec t s  of t!ie 

con t ro l  s y s t e a  and opera t ing  procedures which reduce t h e  p r o b a b i l i t y  of 
such fa i lures  are d iscussed  below. 

a .  F a i l u r e  LIurinE?; Operation 

Ikchen ica l  fa i lure  of t h e  s l eeve  d r ive ,  such :IS a broken 

gear, zheared key, or jar,cned ball screjr coald prevent  changing t h e  sleeve 

p o s i t i o n  except by dropping it froin the magnet. To cnsurc that Iipgnet 

release,  by i n t e r r u p t i o n  of' magnet cu r ren t ,  can alwayc be accomplished, 

t h e  ragliet c w r e n t  i s  con t ro l l ed  direztl:: fro!-: t h e  co!.solc by ~ m n u z l  

switches,  t h a t  i s ,  t h e  console power keyswitchee, t h e  s c r m  but tons ,  or 
t h e  ragnet  release 'uuttori. A l s ~ ,  I f  s l eeve  drive fziilure should r c s y l t  

i n  excess ive  power l e v e l  or t o o  shor'i n per iod,  safet; instru: :entnt ion 

w i l l  a u t o r a t i c s l l y  drop the s l eeve  by de-cnergizing t h e  s c r m  c i r c u i t .  

9nce dropped, t h e  slecve cannot L e  r a i s e a  until t!is d r i v e  is i n s e r t c d  

t o  t h e  lower 1irL-L crid t h e  ;r,a&mt and a r m t u r c  x c  in conklct .  
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b. Fa i lu re s  When Reactor is Shut D m  

The r e a c t o r  w i l l  be  co.rlsidered shu t  dawn when t h e  s leeve  
Indica- i s  he ld  i n  t h e  seated position by t h e  electromechanical  dr ive .  

t i o n s  of t h i s  condi t ion are provided by t h e  s e a t  l i g h t ,  magnet contac t  

l i g h t ,  and drive luwer l i m i t  light on t h e  console. 

The r e a c t o r  will be secured i n  t h e  shu t  down condi t ion by opening 

t h e  two series console pa re r  keyswitches, removing t h e  key6 aud p lac ing  

one i n  t h e  custody of Health Physics supervis ion a n a  the  o the r  i n  t h e  

custody of Nuclear Tes t  supervision. De-energizing t h e  con t ro l  system 

opens t h e  tank-dump solenoid valves  and allows a l l  water t o  d ra in  from 

t h e  system. 

2. - N a K  System Fa i lu re  

Although t h e  p o s s i b i l i t y  of a NaK leak during nuc lear  operat ion 

i s  considered h ighly  unl ike ly ,  t he  p o t e n t i a l  hazard a s soc ia t ed  wlth such 

an occurrence has been inves t iga ted .  

If such a l eak  were t o  occur d l r e c t l y  below t h e  r e a c t o r  vesse l ,  t h e  

N a K  i n  t h e  ves se l  and expansion l i n e  could p o t e n t i a l l y  r e a c t  wi th  t h e  

water i n  t h e  ca lor imeter  vesse l .  

has been pos tu la ted  that a!i t h e  N a K  i n  t h e  v e s s e l  i s  immediately exposed 

t o  t h e  water even though such an event i s  highly improbable s ince  a 
l a r g e  opening i n  t h e  r :ackor  v e s s e l  i s  required.  

on NaK-filled capsules containing smll defec t s  i n d i c a t e  the  chemical 

r eac t ion  r a t e  i s  r e l a t i v e l y  sla: and non-e-alosive.  Tes t s  conducted by 

Sandla Corpora t i o n  (11) with a NaK-fiilc? SNAP r eac to r  v e s s e l  containing 

r e l a t i v e l y  l a r g e  openings ind ica t e s  t h e  r eac t ion  time t o  be of t h e  

order  of 15 msec, however, t he  r eac to r  v e s s e l  arid f'uel w a s  not  

Rppreciably d i s t o r t e d  o r  damged. 

For t h e  purpose of t h i s  ana lys i s ,  it 

Tes t s  conducted by ANL 

Using t h e  a s s w p t i o n  that a l a r y e  rupture  might occur, t h e  N a K  
could r e a c t  v i o l e n t l y  with t h e  water and could conceivably s p l i t ,  

deform, o r  otherwise remove t h e  pcison s leeve.  

s leeve  does not  i n  i t s e l f  necessa r i ly  c o n s t i t u t e  a severe hazard &E t h e  

calor imeter  v e s s e l  would i n  a l l  p robab i l i t y  also be ruptured, thereby 

causing o. r ap id  expulsion of  water t o  t h e  environmental tank. 

The l o s s  of t he  poison 

Operatirig 
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procedures f o r  t h e  p redes t ruc t ive  tes ts  do no t  r equ i r e  water  i n  the 

envlronmental t ank  above t k -  bottom of t h e  r e a c t o r  vesse l ,  therefore ,  

no set  of  circumstances appear conceivable which would no t  r e s u l t  i n  8 

loss of water r e f l e c t o r  from around t h e  r eac to r .  

would the re fo re  r e s u l t  i n  a loss  of i - e f l ec to r  from t h e  system. 

r e a c t i o n  could be of  such seve r i ty ,  however, t h a t  the  vessel tiecomes 

dislodged f ro= t h e  support  pedes ta l ,  f a l l i n g  i n t o  t h e  e n v i r o m e n t a l  

tank water. 

eventua l ly  be terminated by d e s t r u c t i v e  diszssembly of  t h e  r eac to r .  

The maxi~num energy r e l e a s e  that could be expecCIed uncier such condi t ions 

has  been es t imate2  t o  be a p p r o x i m t e l y  53 Mw-sec. 
t h i s  acc ident ,  i f  occurr ing under s t rong  invers ion  condi t ions,  a r e  of 
a magnitude s u f f i c i e n t  t o  c i i l s s i i y  t h e  acc ident  as t h e  uminun  expected 

acc ident .  

The water expulsion 

The 

An uncontrol led nuc lear  excursion would r e s u l t  which w u d d  

The consequences of 

O p e r a t i o r i l  Instrument F c i l u r e  

P ro tec t ion  a g a i n s t  instrument fa i lure  w i l l  be effzct'ed by 

f'requent performance checks on neutron s t a r t u p  channels, power l evc l  

channels, and s a f e t y  c i r c u i t s ,  s l eeve  p o s i t i o n  ind ica to r s ,  water  

temperature i n d i c a t o r s ,  and mter l e v e l  i nd ica to r s .  

r e d u d s n c y  i s  provided f o r  a l l  t hese  measurements, i .e . ,  t he re  v i 1 1  be 

two independent s t a r t u p  channels, a t  l e a s t  one l i n e a r  power channel 

with i n d i c a t o r  and recorder ,  on2 l o g  power channel with i n d i c a t o r  and 

recorder ,  and two independent s a f e t y  channels each having per iod and 

l e v e l  i n d i c a t i o n  and t r i p  c i r c u i t s .  Sleeve p o s i t i o n  i s  ind ica ted  by 

a d i g i t a l  synchro system on tne  s leeve  d r i v e  and by s e a t  2nd contac t  

switches.  Water l e v e l  is  monitored by d i f f e r e n ~ i a l - p r e s s u e  systems 

continuously referenced t o  f ixed-pos i t ion  conductance probes.  

In cddi t ion ,  

4. E l e c t r i c a l  Failures - 
The r e a c t m  con t ro l  system, inc ludiag  the  s leeve  d r ivc  m d  

the  water valves ,  i s  designed t o  operate  from f n i l u r e - f r e e  2G-volt 

b a t t e r y  power. 

powered 60-cycle a l t e r n a t o r  vi t h  automatic t r a n s f e r  t o  cocuccrcial power 

i n  case of f a i l u r e ,  and u m a l i t r a n s f e r  provided i n  case of  impending 

t rouble .  

I n s t r m e n t a t i o n  y w e r  i s  provided by u gasol ine  

1 1 8 9 1 9 3  78 



Loss of commercial power i n t e r r u p t s  con t ro l  room l i g h t i n g ,  b a t t e r y  

charging, and camera l i g h t  and power. 

i s  provided a u t o m t i c s i l y  by b a t t e r y  operated f l o o d l i g h t s  mounted i n  

appropr ia te  l oca t ions .  

commercial Tower can i n  no way increase  t h e  r e a c t i v i t y  of the system, 

an e l e c t r i c a l  power f a i l w e  during operat ion does not  p re sen t  a hazard. 

Emergency c o n t r o l  room l i g h t i n g  

Since f a i l u r e s  of t h e  engine dr iven  a l t e r n a t o r  or 

5 .  Pyrotechnic Actuutor F a i l u r e  

The pyrotechnic a c t u a t o r  cannot fail i n  a Clanrier hazardous t o  

personnel  o r  t o  t h e  r e a c t o r  during any t e s t  p r i o r  t o  t h e  d e s t r u c t i v e  

t e s t  s ince  t h e  p rope l l an t  w i l l  be loaded only as p a r t  of the  d e s t r u c t i v e  

t e s t  procedure. C i r c u i t s  f o r  i n s e r t i n g  t h e  chsrge i n t o  t h e  a c t u a t o r ,  

as we l .1  EIL f o r  f i r i n g  t h e  squibs  t o  accomplish t h e  t e s t ,  w i l l  be kept  

i n a c t i v e  and sepa ra t e  from the  remainder of t h e  con t ro l  system unt i l  
t h e  appropr ia te  time f G r  t h e i r  use. I n  add i t ion ,  a f t e r  connecting these  

c i r c u i t s ,  t h e  c o n t r o l  sys t en  prevents  ac tua t ion  of' t h e  loading mechanisn 

u r i t i l  the  d e s t r u c t  mode keyswitch and arming switch have been closed. 

F i r i n g  of t he  ac tua to r  can take  place only through the  sequence timr 

which miy be operated a f t e r  a l l  con t ro l  system and admin i s t r a t ive  i n t e r -  

locks have Seen s a t i s f i e d .  

Should the  p p o t e c h i :  u c t u t c r  f a i l  t o  rexove the  s leeve  suf 'f i-  

c i e n t l y  f a r  t o  i n i t i a t e  t h e  riucleor excxrsion, t h e  water surrounding 

t h e  r e a c t o r  w i l l .  be  drs ined  Sy a rer.ote3.y operated valve and the  s leeve  

d r i v e  operated t o  a s su re  t h e  s leeve  i s  posi t ioned around t h e  r eac to r .  

Should t h e  pyrotechnic  ac tua to r  f a i l  i n  a manner c rea t ing  m l y  e 

p a r t i a l  rernoval of' t h e  s leeve  s u f f i c i e n t  t o  i n i t i a t e  u nuclenr  excursion,  

t h e  event  w i l i  be t r e a t e d  as a des t ruc t ive  t e s t .  

however, w i l l  ti? i n i t i a t e d  ar, r ap id ly  RS Dossible.  
able high r e so lu t ion  tele'Ji:, .on sys t cn  w i l l  be brought up above t h e  

environmentd t a n k  p e m i t t i n , v  :i detemxinntion of t h e  s t a t e  of  the systeE.  

DraiAii3g of the water,  

A rmoLe ly  r e t r k c t -  

Personnel are n o t  permitted i n  t h e  t e s t  a r ea ,  except in the cor , t rol  

The above procedures  ~ O O R ~ ,  duinl :  tlie T i n a 1  arnling and tes t  i n i t i a t i o n .  

therefore  miriirriizc hazards t o  personnel following an aborted t e s t .  

I1891911 79 



I). Radiological  Safe ty  Analysis  

The rnd:ation l e v e l s  considered i n  t he  following sec t ions  Eire those  

r e s u l t i n g  from: 

long-pcriod power excursion tests, and ( 2 )  f i s s i o n  product decay follow- 
i ng  these  t e s t s .  

(1) nuclear  opera t ion  dur ing  the  power c a l i b r a t i o n  and 

1. Nuclear Operation 

The power c a l i b r a t i o n  w i l l  involve operat ion of t h e  r e a c t o r  

a t  3 s teady  power of 1 k i lowa t t  f o r  two t o  four  hours. 

e n t i r e  operat ion,  t h e  water l e v e l  i n  t h e  e n v i r o m e n t a l  t ank  w i l l  be  

eveli wi th  t h e  bottom of the r e a c t o r  core. 

gamma, above the  r e a c t o r  under these  condi t ions i s  ca lcu la ted  t o  be 
approximately 80 ren/hr .  

t h e  dose i s  c a l r u l a t e d  t o  be l e s s  than 1 rem/hr. 

c a l i b r a t i c n ,  2ersonnel  w i l l  no t  be allowed wi th in  t h e  boundaries of' 

t h e  IET obs t ruc t ion  fence,  which i s  a minimu of 5000 f t  from t h e  

r eac to r ,  wi th  the  except ion of those i n  the  con t ro l  r o m .  

rate a t  $ne Gbstruct ion fence is  ca lcu la ted  t o  be l e s s  than 0.1 mem/hr. 

I n  t h e  con t ro l  room, t h e  dose rate during t h e  power c a l i b r a t i o n  w i l l  be 

less than 0.01 mrem/hr. 

c a l i b r a t i o n  t e s t  will- not  cont r ibu te  an excessive r a d i a t i o n  dose t o  

G i t e  o r  opera t ing  personnel.  

During t h e  

The dose r a t e ,  neutron Plus  

At, t h e  ou te r  wall of' t he  e n v i r o m e n t a l  tank 

During t h e  power 

The dose 

On t h e  b a s i s  of t hese  4ose r a t e s ,  the  power 

The f a s t  neutron dcse r a t e  ( D  ) a t  the water su r face  was ca lcu la ted  

us ing  the  following poin t  source equst ion n (12). 
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where : 

S [ = (3.1 x 10 10 ) P Y 

r = d i s t ance  from center  of core,  cm 

t = th ickness  of water,  cm 

p = s p e c i f i c  g r a v i t y  of water 

P = r e a c t o r  power (1 x 10 3 watts) 

Y = neutron y i e l d  (2.47 neu t r cns / f i s s ion )  

The g a m  dose rate a t  t h e  water sur face  w a s  ca l cu la t ed  using t h e  

fol lowing equa.tion(13) f o r  a cy l inder  on end: 

1 E (bl sec  el) 2 
*% E* (bl) - sec  O1 

D [ F ]  = - 
KeBSv 

where : 

p1 = macroscopic c ross  s e c t i o n  ( l i n e a r  absorp t ion)  of 

t h e  water sh i e ld ,  cm'l 

tl = th ickness  of water,  cm 

p = macroscopic c ross  s e c t i o n  (energy absorp t ion)  of 
E -1 

t h e  core ma te r i a l ,  cn 

L3 = dose buildup f a c t o r ,  based on e x t e r n a l  s h i e l d  

(water ) only 

S = sou rce  dens i ty ,  a 
0 3  sec  

V 

R -1 0 el = t an  - 
R = r ad ius  of the  core 

K 

c 
= conversion from gama flu t o  dose r a t e  (13) a s  0. e 

func t ion  of energy. 
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(14) 
Three e f f e c t i v e  gamma ene rg ie s  were considered: 

The ca l cu la t ed  t o t a l  dose ra te  i s  t h e  sum of t h e  cont r ibu t ion  Yrom each 

energy group. 

0.8, 2 ,  and I+ Mev 

I n  order t o  oSta in  9 p e r f o m n c e  check of t h e  in s t runen ta t ion  ond 

t o  deterraine some of t h e  self-shhtdown c h a r a c t e r i s t i c s  ~f t h e  r e a c t o r ,  
a few lorig per iod  pc.er  tests will be perforrced. The per iods  w i l l  not  

be s h o r t c r  than 10 becoods and t h e  c n e r ' ~  r c l c a s e  v i 1 1  be rrdntd.ried 

below 10 megawatt-seconds f o r  3 s i n g l e  t e s t  5:, ttieans of' ri progam-ed  

scram of  t h e  r ecc to r .  Since t h e  t o t a l  energy relecise f r o q  any t r3ns ie r . t  

i s  of t h e  same orde r  of Icognitdue as t h a t  f o r  t h e  power c a l i b r a t i o n ,  the 

i n t e g r a t e d  dose from t h e  t r a n s i e n t  can be expfz ted  t o  be 3pproxi.mtely 

t h e  sn5e as for  t h e  powcr cn!.ibretion t e s t .  Sin(:.- it wos chown i n  t h e  

above s e c t i o n  t h a t  t h e  r a d i a t i o n  hazard t o  persofinel 2mi:ig the  p a r e r  

ca l ibr f l t ion  i s  n e g l i g i b l e ,  I t  win also be assurr.ed neg l ig ib l e  i n  the case 

of t h e  long  per iod wwer  excursion tes ts .  

2.  Reactor Shut Dc.,.*n 

No one will be allowed i n  the  t e s t  c e l l  o r  t h e  inned ia t e ly  

surc;unding area a f t e r  t h e  power c a l i b r a t i o n  (Jr kinrl t ics  tes ts  u n t i l  it 

has been d e t c r d n e d  by the hen l th  p h y s i c i s t  that  the  dose r a t e s  are 

wi th in  safc  1irLts. Following t hese  t e s t s ,  hmevc!r, i t  w i l l  be r:ccesstlry 

f o r  pcrsormel t o  c n t c r  thr? t e s t  c e l l  GO t h a t  t h e  r ezc to r  systerr. can be 

prepared fal* t he  d e s t r u c t i v e  tes t .  

t h i s  prcpari l t ion i s  t h e  rcrcoval of t he  cn lo r inc t c r .  

The only mjor operz t ion  involvcd i n  

The i n i t i a l  c tc t iv i ty  f o l l w i n G  a run a t  or,e k i l o m t t  ?or :'our ~ O U ' E  

i s  est imated t o  be  3OW cur i e s .  'rhe dose r a t e s  u s  :I t'unctiori ot' d i s t ance  

from the edge 01' t h e  r e n c t c r  ves se l ,  one hour after shutdowl,  1'cr t h e  
case i n  which t h e  tank  i s  drained i s  shown i n  F i p e  VI-2. F i g u e  V I - 3  
p re sen t s  t h e  corresponding dose rctes for t h c  c:isc i n  which w o t e r  i s  l e f t  

i n  t h e  environ:nentnl tank.  Dose r a t e s  f o r  times ot!icr t h n  one ho?w 

a f t e r  shutdown, m y  be obtained by multiplying the doses rntde at one h c u  
by thc  r e l a t i v e  dose ru tcs  given i n  Figure Vl-4 .  

The g u m  dose r a t e s  from f i r s io r i  product decay a f t e r  shutdown uere 

ca l cu la t ed  by considerLrig the r e a c t o r  t o  be a po in t  source,  except  f o r  

d i s t ances  lcss  than 10 f t  from t h e  s i d e  of t h e  core,  i n  which case D. 

c y l i n d r i c a l  source geometry was used. 
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D I S T A N C E  F R O M  R E A C T O R ,  I t .  

Figure VI-2 - Gu~uma Dose Rate from F i s s i o n  Product Decay After Parer  
Cn li brat i  on : Envl ronnental Tank Empty 
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TIUE A F T E R  SHUTDOWN, * @ C .  
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The ca lcu la t ions  f o r  t h e  po in t  source and c y l i n d r i c a l  source 

geometries are based cn t h e  f o l l a r i n g  equat ions:  

(131. Poin t  Source 

where : 
D = gamma dose r c t e  

7 

B = gamin dose buildup f a c t o r ,  based on external.  s h i e l d  only 

P = opera t ing  p m e r ,  w c t t s  

fE = number of 7 ' s  cf energy E per mev 

a = d i s t ance  f'ron source t o  dose po in t ,  cn: 

= f p t ( inc ludes  an e f f e c t i v e  s e l f - s h i e l d i n g  from 

i=1 
= macroscopic c ross  s i c t i o n  ( l i l i ea r  absorption) of t h e  

i t h  e x t e r n a l  sh i e ld ,  cm-I 

t h e  core ma te r i a l )  
bl 

pi 

ti = s h i e l d  th ickness ,  cm 

Per 
(13) rem 
'hr K e = conversioe from gamma f l u  t o  dose r a t e  

+, a func t ion  of g a m  ene rg i .  
cm sec  

I n  c a l c u l a t i n g  So, t b z  g a m  energy r e l e a s e  per  f i s s i o n ,  G ( t o ,  t , ) ,  
( 1 5 ) .  was obtained from 

where : 

to = opera t ing  time 

t = time a f t e r  shutPam 
6 
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'r"ne gamma energy spectrw;: was obtained from reference  (15) E 1 S O .  

Three e f f e c t i v e  gamma energ ies ,  0.9, 1.8, and 2.6 !.lev, were used i n  

c d c u l a t i n g  t h e  dose rates. 

Cyli  n d r  l. c a l  Source (13).  

where : 

s = source dens i ty ,  
V em 3 -sec  

Z = e f f e c t i v e  se l f -absorp t ion  th ickness  of t h e  core,  crn 

Ro = core r ad ius ,  cm 

-'02sec 0 0 
F (0,  b2) = .f 0 e de 

h = cyl inder  he ight ,  crn 

The o ther  q u a n t i t i e s  are as previous ly  def ined.  

"he r e l a t i v e  dose ra te  as  a furletion of shutdown time (Figure VI-4) 
was obtained frorc publ ished curve.: (15) 
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VlI. 

A .  In t roduct io?  

SKFETY NQILYSIS OF TIIE DESTRUCTIVE TEST 

The S p i f ~ m J ~  2/10A-3 d e s t r u c t i v e  t es t  w i l l  D e  i n i t i a t e d  a f t e r  t he  

r e a c t o r  ptwer c a l i b r a t i o n  and a few long-period power excu'sion. t e s t s  

have been perfom.ed. 

computer code t h a t  t h e  f i s s i o n  prodcct  invc::,tory b u i l t  up during the  

p redes t ruc t ive  t e s t s  w i l l  no t  be sign.i.ficant compared t o  t h a t  produced 

during the d e s t r u c t i v e  experiment. 

It has bee11 ca3.cuk<.'4cd bjr nems of the  CuTlE 

A s  discussed i n  t h e  SNAAPTRAP! 2 / l O A - l  S a f e t y  knalysis Rc-port''), the  

upper limit t o  the  nuclear  energy r e ~ . e s s e  ?roc1 t!ie SIaTimi 2/10tA-1 

d e s t r u c t i v e  test. has been computed t o  b e  1'7s i4w-sec, which is the niwunt 

of energy necessary t o  raise t h e  temparnture of all the  xet.al i n  t he  core 

t o  t h e  melt ing po in t ,  t o  add t h e  hezt of: P a i o n  to this  :~.c,f;d,, and to 

a l s o  d i s s o c i a t e  a l l  the  hydrogen fron; i t s  bociid s t n t e .  

thLs r ep resen t s  an upper l i x i t  a r e  discussed i n  same d e t a i l  i n  %he r e p o r t ,  

b u t  t o  b r i e f l y  recount  tnat d iscuss ion  it m y  be stiic? t h a t  the  "end-point" 

of such an  energy relcnse or ,  i n  o the r  words, t h e  condi t ion of' t!ie core  

a t  that  i n s t a n t  r ep resen t s  a s i t u a t i o n  which cannot be reconci led v i t h  

b a s i c  phys ica l  laiws. The pressure  generated from t h e  entrapped hydrogen 

wi th in  t h e  r e a c t o r  v e s s e l  would be i n  t h e  order  of s e v e r a l  hundred thou- 

sand psJ while t he  v e s s e l  w i l l  only withstand an i n t e r n a l  pressure  of 

approximately 750 p s i .  

bc a c c e l e r a t i n g  a t  s e v e r a l  hundred thousand f t / s e c  , which would mean 

complete r e a c t o r  shutdown wi th in  50 microseconds, assuming no shutdown 

mechanism uhat.soever had ac t ed  p r i o r  t o  t h a t  time. Experii~?cntal  d a h  
i n d i c a t e  that t h z  prompt temperature c o e f f i c i e n t  a lone 1.s s u f f i c i e n t  t o  

remove the  t o t a l  excess r e a c t i v i t y  a v a i l a b l e  by t h e  time f u e l  mel t ing 

temperatures a re  reached. I n  add i t ion ,  t he  e f f e c t  of non-uniform power 

d i s t r i b u t i o n  wi th in  t h e  core was a l s o  neglected i n  the  aforementioned 

ana lys i s .  

t r i b u t i o n ,  i s  approximately 1.8. Shutdcwn f rou  hydrogen gns expansion 

would then commence long before  t h e  in t eg ra t ed  energy reached 170 Mw-sec. 

It can the re fo re  be s t a t e d  t h a t  a l though t h e o r e t i c a l l y  t h e  e n e r a  r e l e a s e  

could approach 170Mw-sec, t h e  a c t m l  r e l e a s e  expected i s  lower by about 

The retisons why 

The core boundaries would the re fo re  a t  t h i s  time 
2 

(G) 

The mximum/nverage power dens i ty ,  and tieme te~opern turc  d i s -  
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a f a c t o r  of th ree .  These figures are considered t o  apply t o  t h e  S W -  

TRAl 2/1OA-3 d e s t r u c t i v e  t e s t ;  a l so ,  f o r  t h e  fol lowing reasons:  

t h e  core i s  e s s e n t i a l l y  t h e  same i n  both  t e s t s ,  (2)  t h e  prompt neutron 

l i f e t i n e  i s  about twice as long  i n  t h e  water  immersion t e s t  as j n  t h e  

bery l l ium-ref lec ted  t e s t  due t o  t h e  d i f f e r e n c e  i n  r e f l e c t o r  m t e r i a l ,  

(3 )  t h e  disassembly process  i s  expected t o  be about t h e  saae  i n  both 

tests,  and (4 )  t h e  excess r e a c t i v i t y  add i t ion  w i l l  be about t h e  same i n  
both tests.  

i n  t h e  fol lowing sec t ions  covering t h e  on- ana o f f - c i t e  r a d i o l o g i c a l  

a n a l y s i s  are based on 170 Mv-sec t o  give the  worst  case.  

2/1OA-1 Safe ty  Analysis  Report'') a l s o  i n d i c a t e s  t h a t  t h e  maximum 

energy r e l e a s e  vhich can reasonably be expected f o r  complete and r a p i d  
i m r s f o n  of the  core i s  43 t o  50 Mw-sec. Fur ther  s n a l y s i s  (") y i e l d s  

an expected maximum energy r e l e a s e  Oi' 46 Mw-sec. 
ten;perature arid core p a r e r  versus  tine a f t e r  a $3.60 s t e p  r e a c t i v i t y  

i n s e r t i o n  i s  presented  i n  Figure VII-1. 

(1) 

Therefore,  the b i o l o g i c a l  r a d i a t i o n  doses t o  be discussed 

The S W R I W  

A p l o t  of average f u e l  

It has  been pos tu l a t ed  (I7) t h a t  

t h e  power b u r s t  may be turned  over by t h e  temperature c o e f f i c i e n t  before  

ccjre disassembly begins.  The r e s u l t s  of a l l  a n a l y t i c a l  s t u d i e s  i n d i c a t e  . 

t h a t  t h e  m a x i m  expected energy r e l e a s e  ~111 not  exceed 60 Mw-sec. 

Some of the  o the r  a s s m p t i o n s  t h a t  have been rcade i n  a s ses s ing  t h e  

r a d i o l o g i c a l  consequences of the  d e s t r u c t i v e  t e s t  a r e  a l s o  bel ieved t o  

give p e s s i E i s t i c a l l y  high r e s u l t s .  F i r s t ,  t he  ca l cu la t ions  of doses 

damwind of t h e  t e s t  c e l l ,  due t o  t r a n s p o r t  of r ad ioac t ive  mater ia l ,  a r e  
based on the  hssumption t h a t  1005 of t h e  noble gas i so topes ,  50% of' t h e  

halogens, and 50% of t h e  remaining (non-gaseous) f i s s i o n  products  are 

r e l eased  t o  t h e  atmosphere. I t  i s  a n t i c i p a t e d  t h a t  considerably less 
than these  percentages w i l l  a c t u a l l y  be re leased .  

based p r i m r i l y  on .the f a c t  t h a t  a considerable  amount of water w i l l  be 

avaiL2ble t o  r e t a i n  r ad ioac t ive  ma te r i a l .  

This  estimate i s  

(This assumption i s  supported 
by the  SPERT I d e s t r u c t i v e  t e s t  i n  which lebb tha:',"l$ was r e l eased  (18). 1 
Thus, on t h e  b a s i s  of t h e  est imated lower f i s s i o n  product r e l ease ,  t h e  
r a d i o l o g i c a l  doses downwind would be roughly a f a c t o r  of 50 lower than  

those t o  be discussed.  Second, t h e  e f f e c t  of cloud dep le t ion  due t o  

f a l l o u t  of p a r t i c u l a t e  mat te r  was not considered i n  the  ca l cu la t ions .  

i 
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B. On-Site Consequences of t h e  Des t ruc t ive  Experiment 

1. Radiological  Doses 

Severa l  sources  of on - s i t e  r a d i o l o g i c a l  hazards of t h e  SNAP- 
TRAN 2/lW-3 d e s t r u c t i v e  t e s t  have beer, considered. These are: ( a )  

d i r e c t  r a d i a t i o n  during t h e  power b u r s t ,  (b )  doses from rad ioac t ive  

m a t e r i a l  t ranspor ted  downwind from t h e  t e s t  c e l l  under t h e  plsrmed 

meteorological  condi t ions,  and ( c )  consequences of a wind s h i f t  soon 

a f te r  t h e  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  t e s t .  

considered a r e :  

(2 )  gonm dose from rad ioac t ive  mz tc r i a l  t h a t  has f a l l e n  from t h e  cloud 

and deposi ted on t h e  ground, and (3 )  dose t o  the thyro id  from t h e  in -  

h a l a t i o n  of r ad ioac t ive  iod ine .  

The damwind doses 

(1) g a m  dose from a cloud of r ad ioac t ive  mater ia l s ,  

a. Radiation from t h e  Poder Sur s t  

The r a d i a t i o n  from t h e  power bu r s t  w i l l  cons i s t  of 

r a d i a t i o n  from t h e  s i d e  of t h e  environmental t ank  p lus  t h a t  from t h e  

t o y  which i s  s c a t t e r e d  by a i r  t o  t h e  ground. 

wi th in  the  l i d t s  shown i n  Figure VII-2, based on a point-source geometry 

and a 170 I..lw-scc nuclear  energy r e l e a s e .  The t o t a l  i n t eg ra t ed  dose from 

t h e  p m e r  b u r s t  5005 f t  froin tbe t e s t  c e l l  i s  ca lcu la ted  t o  be l e s s  than  

1 mrem. 

except those i n  t h e  sh ie lded  con t ro l  roorc, it i s  ev ident  t h a t  no danger 
e x i s t s  from d i r e c t  r a d i a t i o n  f r G m  t h e  power b u s t .  

The a c t u a l  doses w i l l  l i e  

Since no personnel w i l l  b e  wi th in  5000 f t  of t h e  t e s t  c e l l ,  
f 

b .  Dormmwind Radiation Poses 

z I n  order  t o  reduce t h e  r ad io log icn l  dosages to .per ronne1  
6 

i n  t h e  TAT4 8re.a and t o  t h e  o f f - s i t e  population, s t r i c t  meteorological 

con t ro l  w i l l  b e  exerc ised  during t h e  d e s t r u c t i v e  e q e r i m e n t .  These 
con t ro l s ,  s p e e d  upon by P h i l l i p s  Petroleum Camrmy and A E C - I D  are:  

(1) Wind d i r e c t i o n  va r i a txe :  160' t o  220' during second and t h i r d  

qua r t e r s  of calendar  ye,w (graz ing  season) ,  and 180" t o  240" 

during f i r s t  and  fou r th  qua r t e r s  (19) 
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D I S T A N C E  FROM REACTOR,  1 1  

Figure VII-2 - Tota l  Dose from D i r e c t  Radiation f o r  a 170 E.lw-scc Parer Burst 
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(2)  Minimum wind speed of 10 mph. 

( 3 )  Lapse condi t ions  

( 4 )  No p r e c i p i t a t i o n .  

These parameters s h a l l  be f o r e c a s t  t o  last f o r  a t  l eas t  three hours 

f o l l m i n g  t h e  d e s t r u c t i v e  t es t .  
Weather Bureau a t  t h e  NRTS through the I D  Health and Sa fe ty  Division. 

The 60" r a d i o l o g i c a l  s u r v e i l h n c e '  

given i n  (1) above. 

Forecas t  w i l l  be provided by t h e  U .  S. 

w i l l  be loca t ed  i n  t h e  s e c t o r  

ilnder these condi t ions ,  the  passage of a cloud conta in ing  rad io-  

a c t i v e  material will be over a n  uninhabited area f o r  a d i s t ance  of a t  

least  6.5 mi les .  

f icant,  f o r  a per iod  of time following the  t e s t .  

r e s t r i c t &  u n t i l  it has been determined by the  Health P h y s i c i s t s  t h a t  

the  dose r a t e s  are acceptab ly  low. 
r a d i o a c t i v e  f a l l o u t  as a func t ion  of d i s t a n c e  fron: the  r e a c t o r  i s  pre- 

sented i n  Figure VII-3. 

The g a m a  dose f r G m  depos i ted  m a t e r i a l  w i l l  be signi- 

Thus, the  a r e a  w i l l  be 

The i n t e g r a t e d  gamma dose from 

c. Consequences of' a Wind S h i f t  

Although t h e  SNAFTRAN 2/1OA-3 d e s t r u c t i v e  experiment w i l l  
be i n i t i a t e d  under con t ro l l ed  rnetecrologicnl condi t ions ,  the  e f f e c t  o f  a 

s h i f t  i n  wind d i r e c t i o n  i m e d i t i t e l y  following the  power excursion has 

been inves t igo ted .  

a c t i v e  cloud passes over one cP t h e  o n - s i t e  work loca t ions ,  an exposed 

person would r ece ive  a r a d i a t i o n  dose. 

dose d i r e c t l y  from t h e  cloud and r ad ioac t ive  depos i t ion  and an i n t e r n a l  

dose r e s u l t i n g  from the i n h a l a t i o n  of  r ad ioac t ive  materials during the  

time t h e  perso.? r e m i n s  i n  t h e  a rea .  

I n  t h e  event t h a t  a w i n d ' s h i f t  occurs and t h e  rad io-  

T h i s  would c o n s i s t  of an  e x t e r n a l  

I t  has been pos tu l a t ed  tha t  TAN a r e a  pe+*sonnel can be evacuated i n  

l e s s  than t e n  minutes. 

tha t  i f  t h e  wind s!iifts s w h  t h a t  on - s i t e  personnel are exposed t o  a 
r ad ioac t ive  cloud they are not  exposed t o  depos i t ion  frou t h e  cloud f o r  

I t  i s  assumed i n  t h e  s a f e t y  a n a l y s i s ,  t he re fo re ,  

morc than  t e n  minutes. Under t h e s e  condi t ions ,  t h e  maximum t o t a l  dose 
received by a person i n  t h e  TSF a r e a  dur ing  t h e  passage of t h e  cloud i s  

I l 8 W l 8  
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DOWNWIND DISTANCE, f t .  

Figure VII-3 - Deposition G R ~ ~ R  Dose for 170 Mw-sec Power EXCUTS~OII  - 
Lapse Condition, 15.7 mph Wind 
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ca lcu la t ed  t o  be  32 mrem.  This inc ludes  24 mrem d i r e c t l y  frm the  cloud, 
l less than  1 mrem from the t e n  minutes exposure t o  t h e  depos i t ion ,  and 7 

c : mem t o  t h e  thyro id  from inha la t ion .  . .  

Figures  VII-3, -4, and - 5 ,  from which the  dose a t  the Technical  

Support F a c i l i t i e s  (TSF) is obtained g ive  t h e  t o t a l  i n t e g r a t e d  cloud, 

deposi t ion,  and thyro id  i n h a l a t i o n  doses as a -function of d is tance .  

depos i t ion  dose f o r  a t e n  minute exposure is less than 20% of  the  t o t a l  

i n t e g r a t e d  dose sham i n  Figure VII-3, which is based on an i n f i n i t e  

exposure time. 
h a l a t i o n  dose, s i n c e  it is the  major con t r ibu to r  t o  t he  t o t a l  i n h a l a t i o n  

dose. 

The 

The thy ro id  dose has been chosen t o  r ep resen t  the i n -  

The TSF area is t he  c l o s e s t  l o c a t i o n  t o  the r e a c t o r  (1.3 mi les )  

t h a t  any personnel,  except  t hose  i n  t h e  c o n t r o l  room a t  IET, w i l l  be 

permitted.  Doses a t  o t h e r  l oca t ions ,  t he re fo re ,  would be ] .mer  than  

those  presentez  i n  t he  above figures. 
0utsid.e t h e  TAN complex, is t he  Naval i ieactor F a c i l i t y  ( N R F )  about 22 

miles t o  the southwest. 

dose t o  an  exposed person would be  much l e s s  than 1 nrem. 

The c l o s e s t  on - s i t e  a r e a  t o  IET, 

If a rad ioac t ive  cloud should pass  NRF, the  

The presence of a s t rong  invers ion  i n  conjunction wi th  a wind s h i f t  

i s  no t  considered c red ib l e .  

been inves t iga ted .  

exposed t o  t h e  r a d i a t i o n  from a pass ing  r ad ioac t ive  cloud and subsequent 

deposi ted material f o r  the t e n  minute evacuation time. 
a 24 rem e x t e r n a l  cloud dose, a 30 rem t h p o i d  i n h a l a t i o n  dose, and a 
1 rem dose from depos i t ion .  

i n  Figure 1711-6, -7, and -8. Personnel i n  any work loca t ion  o the r  than  

TSF would r ece ive  a smaller  dose than t h a t  s t a t e d  above s ince  t h e  o ther  

l oca t ions  are a l l  f a r t h e r  from t h e  t e s t  c e l l .  

However, the  doses f o r  t h i s  condi t ion have 
A maximu dose of  5 5  rem is ca lcu la t ed  f o r  a person 

This dose inc ludes  
. 

These doses were obtained from the curves 

I t  is concluded t h a t  the  d e s t r u c t i v e  t e s t  w i l l  cont r ibu te  no s e r i o u s  

r a d i a t i o n  doses t o  on - s i t e  personnel.  

circumstance r equ i r ing  emergency proceduz'es, such as  a wind d i r e c t i o n  

s h i f t ,  the  P h i l l i p s  Petroleum Company Emergency Action Plan  w i l l  be 

placed i n t o  e f f e c t .  

I n  t he  event of some unforeseen 

1 1 8 9 8 1 0  
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Figure V I I - 4  - Cloud Dose for 170 Mw-sec P a r e r  Excursion - Lapse 
Condition, 15.7 lnph Wind 
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Figure V ~ I - 5  -Thyroid Dose for 170 Mw-sec Power Excursion - Lapse 
Condition, 15.7 mph Wind 
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DOWNWIND DISTANCE,  I t .  

DOWNWIND DISTANCE, f l .  

Figure VII-7 - Deposition G a ~ m a  Dose f o r  170 Mw-sec Power Excursion - 
Inversion Condition, 4.5 mph Wind 
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DOWNWLND D I S T A N C E ,  I t .  

Figure VII-8 - Thyroid Dose fo.r 170 Mw-sec Power Excursion - I n w r s i o n  
Condition, 4.5 mph Wind 
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d. Radiological  Calcu la t ion  Techniques 

The fol lowing methods were used i n  determining t h e  radio-  

l o g i c a l  dosages t o  on- and o f f - s i t e  personnel  due t o  the passage of a 
r ad ioac t ive  cloud. 

"$e wind speeds used i n  computing the  doses, 7 meters/sec f o r  lapse 

condi t ions and 2 meters/sec f o r  invers ion  condi t ions,  are the  speeds 
considered most probable et t h e  N W S  by t h e  1J. S. Weather Bureau ( 2 0 )  

(1) In t eg ra t ed  Externa l  Cloud G a m  Dose 

The in t eg ra t ed  e x t e r n a l  cloud dose i s  t h e  maximum 

&xoimt of r a d i a t i o n  t o  which a po in t  a t  the  ground may be exposed as a 

r e s u l t  of t he  passage of  a cloud of diff 'using substance. 

The r ad ioaz t ive  m a t e r i a l  r e l eased  t o  t he  atmosphere as 8 r e s u l t  of 

t h e  cor2 d e s t r u c t i o n  w i l l  probably no t  r i se  t o  any g r e a t  d i s t ance  above 

t h e  ground because of the r e s i s t a n c e  of t h e  water above t h e  r e a c t o r .  

For t h i s  reason, and also because it g ives  t h e  most pes s imis t i c  r e s u l t s ,  

t h e  assumption has beer. mde t h a t  'the cloud remains e s s e n t i a l l y  a t  
ground l e v e l .  I n  t h i s  case,  sssun;ing an instantaneous release of the 

r ad ioac t ive  material t o  the atmosphere, t he  in t eg ra t ed  e x t e r n a l  cloud 
dose i s  given by (21) : 

i 

2 Q(t) F 
n c c u d  Y Z  

2- n Dc(rem) = 

where : 

Q(t) = number of cu r i e s  i n  t h e  cloud a t  time t 
= S u t t o n ' s  d i f f u s i o n  c o e f f i c i e n t  (0.350, v e r t i c a l  

d i r e c t i o n )  

d i r e  c t i on) 

c z  

C = S d t t o n ' s  d! f fus ion  Coeff ic ien t  (0.350, l a t e r a l  

U = mean wind speed (7 meters/sec) 

d = downwind d is tance ,  meters,  E. u t  

n = S u t t o n ' s  s t a b i l i t y  parameter (0.20) 

Y 

sec-cur ie  rem-m3 I (22) = conversion f a c t o r  , 0.26 -- F 

1 1 8 9 8 1 b  101 



(2)  In t eg ra t ed  Deposit ion Gamma Dose 

The i n t e g r a t e d  depos i t ion  dose i s  t h e  mximwn amount 

of r a d i a t i o n  which a po in t  a t  t h e  ground w i l l  r ece ive  as a r e s u l t  of 
deposi ted r ad ioac t ive  materiels. 

Twc groups of f i s s i o n  products,  t h e  halogens and a l l  t h e  non-gaseous 

i so topes ,  w i l l  be deposi ted from t h e  r ad ioac t ive  cloud. 

l a t i o n s  have been made sepa ra t e ly  f o r  t h e s e  two c l a s s e s ,  s o  the  t o t a l  

depos i t ion  dose i s  t h e  sua of t h e  two  con t r ibu t ions .  

The dose calcu- 

Nineteen i so topes  of iod ine  and bromine were considered i n  conputing 

the  depos i t icn  dose from halogens. 
used was ( 2 3 ) .  

2 v  c! 
2-n 

i =1 
13 

2 v  c 

nc- c-u d 
S ’ L  

- 
- 

2-n 

For zero  cloud he ight ,  t h e  equation 

- 
U 

hid - -  
GO i e  u 

wherz : 

= the i n i t i a l  number of cu r i e s  of i s e tope  i r e l e a s e  

t o  t h e  atmosphere, as given by t h e  3JRIE code 

for halogens = depos i t ion  v e l o c i t y ,  2 - vg [ sec  
cm 

-1 hi = decey constant  of i so tope  i, sec  

C = conversion f a c t o r ,  2.78 x 
sec-curie 

The o ther  q u a n t i t i e s  a r e  a s  previously def ined.  

102 
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The depos i t ion  dose from non-gaseous f i s s i o n  products  I s  given 

00 

- d t  
x c c u d  Dd - 
Y =  U 

2 V  C Qo (:) 
-0.21 

- - 3- - 
2-n 0.21 x c c u d  

Y Z  

where : 
= the  i n i t i a l  nurcber of c u r i e s  of non-gaseous f i s s i o n  

products  released t o  the  atr-osphere 
QO 

tl = 1 s e c  

( 2 0 )  f o r  t h i s  group of i so topes  . = depos i t ion  ve loc i ty ,  1~ cm 

The depos i t ion  dose fo r  a t e n  minute esrposure i s  obtained by merely 

s u b s t i t u t i n g  the  time d/u + 600 seconds as t h e  upper limit i n  t h e  i n t e -  

grals of t h e  two preceding dose equat ions.  

( 3 )  In t eg ra t ed  Thyroid Inha la t ion  Dose 

The i n t e g r a t e d  thyro id  i n h a l a t i o n  dose is t h e  maximum 

dose a himan would r ece ive  t o  t h e  thy ro id  gland as a consequences of 
brea th ing  the m a t e r i a l  from the r ad ioac t ive  cloud. 

thyroid i s  the  major con t r ibu to r  t o  the t o t a l  i n h a l a t i o n  Zose received.  
The dose t o  t he  

(24). The thy ro id  inha la t ion  dose i s  given by . 

where : 

1 1 8 9 8 1 8  

Qi (t) = c u r i e s  of i so tope  i i n  the cloud a t  time t ,  as  

given by t h e  CURIE code 
I 

j 
= brea th ing  r a t e ,  3.47 x 10 - sec  

-4 m 
Br 
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= conversion factor12 5i t abu la t ed  below Ki 

fa f r a c t i o n  of inhaled m a t e r i a l  which reaches t h e  thyro id  

= e f f e c t i v e  energy absorbed by t h e  thyro id  per  d i s i n t e -  

gra t ion ,  Kev/dis 

c e f f e c t i v e  half- l i fe ,  days Te 
m = mass of the thyroid,  gm b 

- (26 1 
Values f o r  fa, E, Te, and m were obtained frcbm the  l i t e r a t u r e  . 

i - 
1 

4 5.36~10 

5 1 . 2 4 ~ 1 0  

I n  a l l  t h e  ca l cu la t ions  of downwind doses, the following percentages 

of f i s s i o n  product inventory from a l’TO Mw-sec nuclear  power excursion 

were ass:med r e l eased  t o  the  atmosphere: 

halogens--50’$, and (3)  remaining (non-gaseous)-- 50%. 

(1) noble gases--100$, ( 2 )  

2. Beryllium Contamination 

I t  has been shown‘’) that t h e  beryll ium concentrat ions r e s u l t i n g  

from Lie SNAYTR4N 2/1OA-1 d e s t r u c t i v e  t e s t  w i l l  not  endanger the  hea l th  

of the  on - s i t e  personnel.  This  same conclusion i s  considered v a l i d  501. 

t he  S M R P J  2/lOA-3 des t ruc t ive  t e s t .  I n  f a c t ,  t h e  water covering the  
r e a c t o r  should tend t o  reduce the  a i r  concentrat ion.  

7. Fis s ion  Products Generated and Released 

The a c t i v i t i e s  of f i s s i o n  products of major r ad io log ica l  con- 

cern l i s t e d  i n  Table VIS-A a r e  based upon a decay time of zero secorids. 
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! 
FISSION PROZWCI? ACTIVITY GENE;RATED 

FRCM A 170 Mw-sec POTJER BURST 

Half - L i  f e 
A c t i v i t y  a t  Decay Time 

t = o ( c u r i e s )  

n 
Bromine 

4.86 x 10; 

5 1.00 x 10 
16.3 sec 1.80 x io6 

1.00 x io6 
1.6 sec 2.62 x io6 

82-85 
87 
08 
89 
90 

54.5 sec 

4.4 sec  

4.15 x 10 T o t a l  Bromine 

! 

Zirconium 
65 day 1.84 95 

Ruthenium 
103 40 day 4.35 10-3 

Tel lur ium 

2.57 x 10:; 
8.81 x ioo 

=7 9.3 hr 
131 
132 

Iodine 

25 min 
78 h r  3.74 x 10 

131 8.05 day 5.37 x 10:; 
132 2.3 hr 1.57 x 10-2 

20.8 h r  3.50 x lo2 
2.63 x lo2 

1 3  3 
134 
135 6.7 hr 

1.56 x lo6 136- 139 6 

53 d n  
1.60 x i o  

T o t a l  Iodine 1.56 x 10 
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TABLE YII-A (Continued) 

I SotcDe - Half -Li f e 

Cesium 

135 
137 
141 

6 2.0 x 10 yr 
30 Yr 
25 sec  

A c t i v i t y  a t  Eecay Time 
t = o ( c u r i e s )  

1.64 x 101; 
1.66 x l o 5  
1.46 x 10 

T o t a l  f i s s i o n  product a c t i v i t y  7 2.75 x i o  inc luding  above isot*opes 

C. Off-Si te  Consequences of t h e  Des t ruc t ive  Experiment 

1. Radio loa ica l  Doses 

Off-site r a d i c l o g i c a l  exposure can occur only from t h e  f i s s i o n  

products  r e l eased  t o  the ataosphere s i n c e  t h e  d i r e c t  r a d i a t i o n  e f f e c t  has 

previous ly  been sham t o  be neg l ig ib l e .  

During con t ro l l ed  meteorological  condi t ions  t h e  wind w i l l  blow i n  

a n c r t h e a s t e r l y  d i r e c t i o n .  

is  aiproximately 6.5 miles ,  and the nea res t  tam i s  Monteview, I 2  miles  

away. 

l y i n g  i n  t he  e.xpected pa th  of a r ad ioac t ive  cloud r e l eased  as a r e s u l t  

of t h e  d e s t r u c t i v e  t e s t .  The doses l i s t e d  are t h e  combined e f f e c t  of  

The n e a r e s t  inhabi ted  a r e a  i n  t h i s  d i r e c t i o n  

Table VII-B give t h e  miximum exposure t o  i n h a b i t a n t s  of towns 

e x t e r n a l  cloud dose, i n h a l a t i o n  thy ro id  dose, and dose from depos i t ion .  

These dosages were obtained from the dose versus  d i s t ance  curves i n  

Figures  VII -2 ,  -4, and - 5  and are based on a probable wind speed of 
15.7 mph. 

The e f f e c t  of a wind change occurr ing during t h e  d e s t r u c t i v e  t e s t  

has been presented i n  the  s a f e t y  a n a l y s i s  report‘’) f o r  t he  SNAPI’RAN 

2/1OA-1 d e s t r u c t i v e  s e r i c s .  

r e v e r s a l  of wind d i r e c t i o n  w i l l  occur during o r  i m e d i a t e l y  following the  

d e s t r u c t i v e  t e s t  s i n c e  t h e  t e s t  w i l l  be conducted only under con t ro l l ed  

meteorological  coriditionc 

I t  I s  very unl ike ly ,  however, t h a t  a complete 
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DOWNWIND DOSES FROM CLOUD (EXTERNAL AND I I W T I O N )  

AliD DEPOSITION - WITH M.E!I’EOROLOGIW COWI’ROL 

T o t a l  In t eg ra t ed  T o t a l  In t eg ra t ed  Distance From IFT Whole Body Dose Thyroid Dose 
(Ni les )  \ (mrem) - (mrem - T a m  - 

1?.’&6 0.19 Monteview 12 

Winsper 21  

Cams 26 

Small 30 
Dubois 33 

0.023 0.074 
0.014 0.05 

0.01 0.039 

3.008 0.033 

Although t h e  des t ruc t ive  t e s t  is t o  be run under s t r i c t  meteorolo- - 

g i c a l  cont ro l ,  t h e  e f f e c t  t o  the genera l  populat ion of no meteorological  

con t ro l  has  a l s o  been inves t iga ted .  

grated doses f o r  wir ious towns surrounding t h e  t e s t  s i t e .  The i n t e g r a t e d  

doses f c r  invers ion  condi t ions are shown i n  Figure n1-6, -7, and -8. 

Table VII-C gives  t h e  t o t a l  i n t e -  

I n  some coses the pos tu la ted  doses under adverse condi t ions are 
s l i g h t l y  g rea t e r  than t h e  maximum permissible exposures(27). Marever, 

it i s  inconceivable tha t  a r e l e a s e  w i l l  occur during these  condi t ions.  

I t  i s  recognized t h a t  o. p o t e n t i a l  r h i a t i o n  dose e x i s t s  t o  humans 

from the c o n s u p t i o n  of food products which were produced i n  an a r e s  

where f i s s i o n  products had deposited.  

wuy i n  which r ad ioac t ive  m a t e r i a l  could be ingested.  

l a t e d  t h a t  the  dose t o  8 c h i l d ’ s  thyro id  from continued d a i l y  consumption 

of one l i t e r  of milk would n c t  exceed 25 mrem, dssuming t h a t  t h e  cow 

grazed every dzy following t h e  des t ruc t ive  t e s t  on the  neares t  grazing 

land t o  IET (6.5 miles). 

Consurrption of milk i s  t.he chief  

It has been calcu- 

The thyro id  ingestior,  dose per l i t e h  of milk per  day was ca lcu la t ed  

; 
(2$) by menns of t h e  following equation 

2Q V FiFmbId 

xc ,c u d2’% w m  V 
s z  

D = 1 ‘mj KJ/20 and C a 7 e’hjt d t  
j 

J 



TABLE m1-c 

DOWNWIND DOSES FRO4 CLOUD (MTERNAL AND I I ~ L T I O N )  

AND -. EEPOSITION - NO METEOROLOGICAL CONTROL 

Total I n t e g r a t e d  To t31  In t eg ra t ed  
Whole Body Dose Thyroid Dose 

(mrem hem) 
Lapse Inve r  s i on Lapse Invers ion  Distance from 

-_ Town IET (miles) (u=15.7 mph) (u=4.5 mph) (u=15.7 mph) (u=4.5 mph) 

Montevie w I 2  

blud Lake 13 
Terre ton  1 5  
Howe 16 
Winsper 2 1  

Roberts 30 
S m E n l l  30 
m b o i  s 33 

Arc0 34 
Menan 37 

Atomic Ci ty  33 

0.085 
0.0; 
0. ob 
0.04 
0.025 

0.01 

0.01 
0 008 

0.008 

c ,006 

0.0075 

300 
255 

19 5 
170 
105 

53.5 
53.5 
45 
45 

36.5 
42.5 

0.19 

0.165 

0.13 

0.12 

0.075 
0.04 
0.04 

0.035 

0.035 
0.03 

0.027 

14 50 

1300 
1000 

910 
600 

310 
310 
260 
260 

240 

205 
Idaho Falls 39 0.0055 33 0.024 18 5 

where : 

C z: t o t a l  i n t e g r a t e d  milk concentrat ion due t o  t h e  j t h  

3~ i so tope  of i od ine  

rem = cmvers ion  f a c t o r ,  - KJ cur i e  

= c u r i e s  of i so tope  j a t  a time of two days a f t e r  depos i t ion  

on the  grazing land. 

two days a f te r  graz ing . )  

( M l k  r ic t iv i ty  i s  found t o  be h ighes t  
Qj 

4 
Fi 
F = f r r ’c t ion of d a i l y  in t ake  converted t o  milk, (0 .1)  m 

= a n i m a l  i n t ake  f a c t o r ,  (4 x 10 @/day) 

= milk dens i ty ,  (1 ?\ 
cm I 

*d 



4 = d a i l y  mass of milk, (2 x 10 @/day) 

= vegeta t ion  weight/area f a c t o r ,  (50 gm/m2) 

= -1 
FW 

d i s i n t e g r a t i o n  constant  f o r  i so tope  j, day 

The K values  are l i s t e d  below f o r  the i so topes  considered: 3 
rem 

Lsotope K j  FGG 3 6 

3 ,133 5.22x10 4 

1 ,131 145x10 

2 1132 7. OOxlOL 5 

4 ,134 3.27~10 5 
c; ,135 1 .62~10  
/ 

(28 1 The f a c t o r  of 20 i n  the equation is an empir ical  reduct ion f a c t o r  

A l l  other  f a c t o r s  i n  t h e  e q p t i o n  I a r e  as previously def ined.  

. 
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V I I I ,  EAFETY ANAL'fSIS OF TIE POST-DESTRUCTIVE TEST OPEWTIONS 

The s a f e t y  a n a l y s i s  of tiie pos t -des t ruc t ive  t e s t  operat ions pre- 

sented here  i s  taken l a r g e l y  from the  E2W"M 2,/1OA-1 s a f e t y  ana lys i s .  

Since t h e  mngnitude of both t h e  SW' IRAI I  2/10A-1 and t h e  SNA€TM 2/10A-3 

nuclear  excursions are expected t o  be about t h e  sLme, and s ince  same of 

t h e  SNNTiAN 2 / lOA-3  r a d i m c t i v e  material may remain wi th in  t h e  environ- 

mental tank,  t h e  a c t u a l  r a d i a t i o n J e v e l s  ou t s ide  t h e  tank  should be less 

than those  presented i n  t h i s  s ec t ion .  

Scrface contamination, a i rborne  contamination, arid d i r e c t  r a d i a t i o n  

i n  the  IET and TSF a r e a s  a r e  considered i n  t h e  pcs t -des t ruc t ive  ana lys i s .  

Tiae l i m i t a t i o n s  f o r  personnel  i n  t h e  above areas arc e s t i m t e d .  

%rider no circumstances w i l l  R person be admitted t o  the  a r e a  i n  quest ion 

y i t h o u t  proper Health Physics approval.  

d e s t r u c t i v e  t .?st  are discussed i n  Sect ion V.  

A .  Fhdiological  Sa fe ty  Analysis 

However, 

4 

Reentry procedures fo l lox ing  t h e  

* 

1. I n i t r i a l  Engineering Test (IET) F a c i l i t y  

a. Di rec t  Rariiation 

The r a d i a t i o n  doses r e s u l t i n g  from f i s s i o n  product decay 

fol lowing the  dest,ruct;ive t e s t  have been evaluated for t h e  case i n  which 

a l l  t h e  f i s s i o n  products are r e t a ined  on t h e  t e s t  pad. 

?'tie gama. dose ra te  as 3 func t ion  of d i s t ance  from the  bui ld ing  

f o r  t h i s  condi t ion i s  presented i n  Figure V I I I - l . ,  1111s ana lys i s  is  

based on t h e  comerva t ive  a s s m p t i o n  t h a t  t he  f i s s i o n  prodacts  c o n s t i t u t e  

tr lirie source j u s t  i n s i d e  t h e  bui ld ing .  

no s e l f  - sh ie ld ing  o r  ex te rnn l  sh i e ld ing  except a i r .  

The source i s  a s s u e d  t o  have 

The predic ted  dose r a t e s  anu access  time l i m i t s  f o r  thc var ious work 

w e a s  a t  w e  hour and 24 hours a f t e r  shutdown are presented i n  Ttble 
V I I I - A .  On t h e  basis of' t h i s  ana lys i s ,  eccess  t o  t k c  area ins ide  the 
s e c u r i t y  fence surrounding t h e  In, except i n s ide  the  c c n t r o l  am3 equip- 

!:!erit buildir;g, Z i r m o t  b e  perndi tcd f o r  a t  l e a s t  211 hours following the 
d e s t r u c t i v e  t es t .  After one week, access  t o  t h e  retictor bu i ld ing  can >e 

pcri!Aited f o r  approxinmtely 16 uiriutes before p c r s o m e l  rcce i  :e 300 !;rem* 

110 



102 ,  I I I I I I l l 1  t I I I I I  

IO@ I O 1  

D I S T A N C E  F R O M  I E T  B U I L O I N G , f t .  

Figure V S I I - 1  - G m r m  Dose Rate One Ilour Af te r  Destructive Tcst 
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The r e a c t o r  bu i ld ing  w i l l  no t  be over t h e  pad a t  t h e  time of the  

The a c t i v i t y  could thus  be s c a t t e r e d  over a l a r g e r  d e s t r u c t i v e  t e s t .  

a r e a  than  when enc3.used in t h e  buildicg. 

is spread over a l a r g e  area, will no t  exceed t h e  pred ic ted  dose ra te  
i n s i d e  t h e  tes t  c e l l  (9.0 x 10 rem/hr). 

The dose rate, i f  the a c t i v i t y  

2 

The t o t a l  g m  energy (mev/sec) emitted by t he  f i s s i o n  products 

as a func t ion  of opera t ing  time ( t o )  and shutdown t i n e  ( t , )  when to << 
such as fol lowing a nuc lear  excursion is determined by the  following 

(15). 
tS' 

equat ion . 

where : 
a 

2 6 0.2919 f o r  1.5 x 10 - < ts - < 10 sec  

(P)  ( to) 

t 

= 

= shutdown time (3.6 x 10 s e c )  

i n t e g r a t e d  power excursion (170 Mw-sec) 

3 
S 

C ( t o ,  tJ= gamma emission (mev/fission) a s  a func t ion  of 

opera t ing  and shutdown time. 

The gamma energy spec t run  as o. function of tt; was a l s o  obtair,ed from 

reference  (15). 
t h a t  a t  one hour a f te r  shutdown, are given i n  Figure VI-4. 

The dose rates a t  o the r  shutdown times, r e l a t i v e  t o  

To determine t h e  g a m  dose rate from f i s s i o n  product decay, t h e  

source geometry 

500 f t  from the  

500 f e e t .  

For a l i n e  

u J =  

where : 
- 

sL - 

so - 
- 

L =  

1 1 8 9 8 2 8  

was assumed t o  be a l i n e  source f o r  d i s t ances  l e s s  than  

bu i ld ing  ar,d a poin t  source f o r  d i s t ances  g r e a t e r  than  

(13).  source 

s .  

S 

L 2 = y's/cm 

& a m  source s t r e n g t h  of energy E ( y ' s l s e c )  

length  of t e s t  pad (1.83 x 10 3 cn) 



B = dose bui ldup f a c t o r  f o r  water 

. 

bl = p t  f o r  a!.r 

e = t -  - 2 a  
-1 L 

a = d i s t ance  from t e s t  pad t o  dose po in t .  

The c a l c u l a t i o n a l  tec'mique f o r  t h e  po in t  source i s  t h e  same as 

that descr ibed i n  Sec t ion  VI. 

The r a d i a t i o n  l e v e l  i n s i d e  t h e  bu i ld ing  was determined by assuming 

t h a t  t h e  f i s s i o n  products  were evenly d i s t r i b u t e d  over t h e  f l o o r  of t h e  

bui lding.  An i n f i n i t e  plane s o w c e  geometry was used. 

where : 

2. 

0 2 S 
s = A y'slcrn a 

6 2  A = area of t e s t  pad (2.52 x 10 cm ) 

El (bl) + 4  as bl -+O where bl = p t  f o r  L e  ex,ernal  sh i e ld .  

Transpor ta t ion  t o  Examination Area 

a. Contamination SPread 

The spreading of r ad ioac t ive  ma te r i a l s  along t h e  r a i l r o a d  

right-of-way i s  R p o s s i b i l i t y  when t h e  r e a c t o r  deb r i s  i s  t ranspor ted  t o  

t h e  examination a reb .  Therefme,  a d i s t ance  of 500 f t  on each side of 
t h e  t r a c k s  w i l l  be an exclusion area u n t i l  it has been surveyed and 

decontaminated. 

b. Rsdiet ion -. 

The major r a d i a t i o n  l e v e l  a s soc ia t ed  with t r anspor t ing  

t h e  r e a c t o r  t o  t h e  examination area i s  t h e  d i r e c t  garmm r a d i a t i o n  from 
the  f i s s i o n  product decay. 

r a d i o l o g i c a l  co rd i t i ons  assuming a l l  t h e  f i s s i o n  products ,  following the  

d e s t r u c t i v e  t e s t ,  have been reassembled on t h e  d o l l y  with no sh ie ld ing  

114 except a i r .  

This  has been evaluated f o r  t h e  mximurr 

I189829 



The gamma dose r a t e  as a func t ion  of d i s t ance  from t h e  source (a 
po in t  source)  i s  presented i n  Figure VIII-2. 

24 hours a f t e r  shutdown s i n c e  it i s  f e l t  that t h i s  is a reasonable time 
a f t e r  shutdown a t  which personnel  would be allowed access  t o  t h e  a rea  
f o r  the purpose of preparing t h e  r e a c t o r  f o r  movement. The a n s l y t i c a l  

techniques a r e  t h e  same as those  used t o  determine t h e  gamma dose r a t e  

following t h e  des t ruc t ive  t e s t .  

The a n a l y s i s  i s  made f o r  

- 

The gamma dose r a t e s  a t  var ious  l o c a t i o n s  along t h e  d o l l y  t r a c k  
while t h e  r e a c t o r  i o  being t r anspor t ed  t o  t h e  examination a r e a  are pre- 

sented i n  Table VIII-F. 

When t h e  r e a c t o r  i s  being t ranspor ted  t o  t h e  examination a rea ,  a 

d i s t ance  of 500 f t  on each s i d e  of t n e  four  r a i l  d o l l y  t r ack ,  except 

behind t h e  e a r t h  embankment, w i l l  be an exclusion a rea .  

of high r a d i a t i o n  l e v e l s ,  personnel i n s i d e  t h e  examination a r e a  (Bldg. 

607) may be evacuated t o  a p o s i t i o n  behind the  earkh ernbanktnent u n t i l  

t he  r e a c t o r  in i n s i d e  t h e  l a r g e  ho t  c e l l  room. 

.sentionell, a l l  o ther  a r e a s  will be considered as unliinited access  a reas .  

I n  t h e  event 

Aside from t h e  a r e a s  

3. Examination Area 

a. Sontamimticn - 
The h a t  shop i n  t h e  examination a rea  i s  designed t o  handle 

h ighly  r ad ioac t ive  and contaminated mater ia l s .  Thus, sur face  contarnina- 

t i o n  of r e a c t o r  components does not  present  an uncontro1labl.e hazard. 

b. Di rec t  Radiation 

The gmme r a t i a t i o n  l e v e l  ou ts ide  t h e  ho t  shop walls, 
with the  r ed ioac t ive  core in s ide ,  is ca lcu la t ed  t o  be l e s s  than 1 mrern/hr. 

B. Secondary C r i t i c a l i t y  

Poss ib le  secondary c r i t i c a l i t y  causes dtLning o r  as a r e s u l t  of  t h e  

cleanup operat ion a r e :  (1) accumulation of dry c r i t i c a l  m r s ,  ( 2 )  

accumulation of a c r i t i c a l  so lu t ion  i n  t he  d ra in  system, and ( 3 )  accumu- 

l a t i o n  of a c r i t i c a l  mss on t h e  t r i p  t o  the  examination a rea .  

I 1 8 9 8 3 0  
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TABLE VIII-B 
i 

RADIATION TLEXELS WHIU TRANSPORTING R E A C C O B  TO TSI' FOLLOWING 
DESTRULTIVE TEST ' 

Loctlt ion  
Approx. Distance Dose Rate Access 
from Track (ft) (mremlhr) Time L i m i t s  

* 
5 .  

Poin t  on Taf t  road nea res t  900 c 2  None 

Administration Building 1000 c 1  None 

# 

t h e  t r a c k  

Nearest p o i n t  t o  s e c u r i t y  TOO 
fence around Administration 
B1dg.--no% sh ie lded  by t h e  
earth embc?akment 

Shielded c o n t r o l  room f o r  ho t  
c e l l  ( 5  f t  of  concrete) 

50 

4.7 None 

< 1  None 

Unshielded p a r t  o f  Dldg. 607 60 (min.) 400 (max) 3/4 hr. 
Shielded locomotive c 1  None 

c 

It is expected t h a t  t h e  explosive i n  t h e  d e s t r u c t i v e  t e s t  c o h d  

dismantle t h e  r e a c t o r  and d i s p e r s e  d e b r i s  over 8 l a r g e  area. 
posed cleanup schedule w i l l  inc lude  t h e  c o l l e c t i o n  of d e b r i s  ou t s ide  

The pro- 

t h e  t e s t  pod, c o l l e c t i o n  of coar6e p a r t i c u l a t e  d e b r i s  on t h e  pad, and 

then, af ter  r e p l ~ c i n g  the bui ld ing ,  washing t h e  remaining material i n t o  

a d r a i n  system l ead ing  t o  a ca tch  tank. 

A p o s s i b i l i t y  e x i s t s  t h a t  FL c r i t i c a l  conf igura t ion  could occur 

during t h e  dry cleanup e i t h e r  by loading  a c r i t i c a l  mass i n t o  a waste 

conta iner  o r  vacuum c leane r  o r  by pushing fuel debr i s  i n t o  a c r i t i c a l  

c o n f i g w a t i o n  on the  r e a c t o r  do l ly .  These F o s s i b i l i t i e s  w i l l  be 

elirnindted by secur ing  d e b r i s  t o  t he  d o l l y  and by t r a n s p o r t i n g  t h e  d o l l y  

d w i n g  favora5le  weather conditions.  

The wet cleanup of the  t e s t  pad w i l l  be accomglished by washing 

Tne d r a i n  system is made up of a f i n e  d e b r i s  i n t o  the  d r a i n  system. 

d r a i n  trench, a 10 i n .  pipe,  a f i n e  mesh p a r t i c u l a t e  f i l t e r ,  and 8 

15,000 gallon ca tch  tank. The 10 i n .  diameter d r a i n  piPe has no t  only 

been covered w i t h  pndmium b u t  also has  been sec t ioned  i n t o  " c r i t i c a l l y  

b 
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safe"  flow segments with cadmium s t r i p s .  

been p l a t ed  with cadmium and cadmium s t r i p s  have been added t o  the  

d r a i n  t rench  t o  make t h i s  s e c t i o n  of t h e  system 

Calculat ions on t h e  1134-650 us ing  t h e  CMM Code i n d i c a t e  t h a t  t h e  d r a i n  

system with t h i s  add i t ion  o f  poison, forms a c r i t i c a l l y  s a f e  donfigura- 

t i o n  f o r  t he  cleanup operat icn.  

The p a r t i c u l a t e  f i l t e r  has 

11 sa fe"  ( see  Figure VIII-3). 

Fig. VIII-3 - Contaminated Waste Trench and S t r a i n e r  
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IX. CONCLUSIONS 

The hazards a s soc ia t ed  wi th  the  conducting of the SNAPTRAN 2/laA-3 
r e a c t o r  s a f e t y  t e s t  program have been considered i n  t h e  previous sec t ions .  

Some important p o i n t s  i n  t h e  d iscuss ion  are presented  belcw: 

The core components t o  be used i n  t h e  SNAPTRAN 2/1OA-3 program 

have been used i n  ex tens ive  water-immersion c r i t i c a l  experi-  
ments conducted by Atomics I a t e r n a t i o n a l .  

behavior of t h e  t e s t  Fackw,e has been e s t ab l i shed ,  inc luding  

t h e  determinat ion t h a t  t h e  polson s leeve  w i l l  maintain t h e  

r e a c t o r  extremely s u b c r i t i c a l  i n  t he  presence of water r e f l e c -  

t i o n ,  

The s t a t i c  nuc lear  

Mechanical con t ro l s  and opera t ing  procedures have been es tab-  

l i s h e d  f o r  t h e  f u e l  loading and subsequent r e a c t o r  p r e p a r a t l m  

f o r  t h e  s t a t i c  physics  measurements i n  order  t o  e m u r e  t h e  

s a f e t y  of such operat ions.  

Mechanical con t ro l s  and opera t ing  procedures have been es tab-  

l i s h e d  f o r  t h e  handling of a l l  ref lector-moderator  ma te r i a l s ,  

inc luding  removal of  t h e  calor imeter ,  i n  order  t o  ensure the  

s a f e t y  of such operat ions.  

System design, mul t ip le  channel i n s t runen ta t ion ,  ope ra t iona l  

i n t e r locks ,  automatic per iod and l e v e l  s c r a m ,  and f a i l u r e  

ind ica t ion  s o n i t o r s  have been incorporated and operat ing 

procedures e s t ab l i shed  i n  order  t o  p r o t e c t  aga ins t  opera tor  

e r r o r  o r  system f a i l u r e  and t o  provide backup p ro tec t ion  i n  
t h e  event of such e r r o r  o r  failure. 

During nuclear  operat ion of t h e  r eac to r ,  personnel movement 

i n t o  and f ro=  t h e  t e s t  a r ea  w i l l  be cont ro l led .  The t e s t  a r ea  

i s  def ined as t h a t  a r e a  enclosed by an obotruct ion fence sur- 
rounding the  IET f a c i l i t y  a t  a d i s t ance  of a t  l e a s t  one mile.  

Access t o  the  ares. w i l l  be cont ro l led  a t  t h e  fence ga t e  adja- 

cent  t o  t h e  Technical Support F a c i l i t i e s  (TSF). 

Personnel remaining i n s i d e  the  te r ; t  a r e a  during nuclear  opera- 

t i o n  w i l l  be loca ted  i n  the  underground, ear th-sh ie lded  con t ro l  

and equipment bui ld ing .  
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