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Dear M r .  Kaufmann: 

Transmitted herewith are two copies  of t he  SNAPTRAN-1 T e s t  Ser ies  
Proposal  No. 5 (Broc-13-@A-N). This Test Ser ies  Proposal covers t h e  
operations t o  be performed on t h e  SNAPTRAN-1 reac tor  during t r a n s i e n t  
t e s t s  from ambient and elevated temperatures with s t ep  i n s e r t i o n s  of r e -  
a c t i v i t y  . 

This Test Ser ies  has been approved by t h e  STEP S ta f f ,  t h e  SPERT-STEP 
Safeguards Committee, and by me f o r  performance i n  t h e  IET f a c i l i t y ,  
commencing t h e  l a t t e r  pa r t  of Apri l  1965. 
submitted f o r  approval by I D .  

This Test Ser ies  Proposal i s  

Very t r u l y  yours /7 
WENyer: j e  

Assis tant  Manager 
nuclear Safety Technology 
Atomic Energy Division 

cc: J .  F. Kaufmann 
J .  P. Lyon 
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Inter-Off ice  Zorrespondence / Subject:  SNAFTZAN- 1 
TesL Ser ies  Proposal  No. 5 
Fevision 1 
Additional Step Transient Tests 
Broc -13-65A-N 

N O T E G R A M  

-Rot .. To: T. R.  Wilson 
From: G. F. Brockett: j e / W  

Management approval i s  requested f o r  the performance of a s e r i e s  of t r ans i en t  
power excursion t e s t s  i n  which t h e  SNAPTRAN-1 reac tor  i s  subJected t o  s t ep  r e -  
a c t i v i t y  inputs  with t h e  i n i t i a l  f u e l  temperature r a g i n g  from 73°F t o  1000'F. 
The purpose of t h i s  t e s t  s e r i e s  i s  t o  extend the  average core f u e l  temperature 
range over which t h e  temperature dependent feedback c o e f f i c i e n t  ma,y be determined 
from 8 0 0 0 ~  t o  1200'F. 

I .  Introduct ion 

The previous s tep  t e s t  se r ies ,  performed within t h e  scope of Test Ser ies  
Proposal (TSP) No. 3, Revision 3, provided information needed t o  determine t h e  
negative r e a c t i v i t y  feedback c o e f f i c i e n t  as a functior, of average core f u e l  
temperature i n  t h e  range of 70°F t o  BOOOF. These provious t e s t s  were performed 
using conservative operating limits of s t r a i n ,  press?ire, and temperature t o  
corf i rm t h e  t r a n s i e n t  behavior of t he  reac tor  and t o  assure  t h a t  reac tor  damage 
as defined i n  TSP No. 3 and redefined i n  TSP No. 4 did co t  occur. 
under TSP No. 3 were limited t o  a f u e l  hotspot temperature of 1500°F. 
b a s i s  of t h e  d a t a  obtained from isothermal furnace tests a t  Atomics I n t e r n a t i o n d  
and f r o n  t h e  previous-s tep tests,  t h e  upper hotspot, temperature can be safe ly  in-  
creased t o  1700°F while maintaining the  former l i m i t s  on strairl and pressure.  
temperature can be safely accommodated s ince  t h e  a x i a l  d i s t r i b u t i o n  equ i l ib ra t e s  
shor t ly  a f t e r  t h e  nuclear burs t  t o  an average Pdel rod temperature below t h a t  
which r e s u l t s  i n  damage. 
during previous tests, l e s s  than 5 p s i g  of hydrogen pressure was observed. 

Tests performed 
On the  

This  

A t  t h e  core f u e l  hotspot t e ~ p e r a t u r e s  of lh00"F a t ta ined  

The only s t r a i n  observed during t h e  previous s t ep  t z s t s  was t h a t  r e s u l t i n g  
from longi tudina l  thermal expansion of t he  f u e l  material. 
a tu re  of 1500°F i s  calculated t o  produce thermal expansior, ard hydrogen pressure 
induced c lad  elongation su f f i c i en t  t o  f i l l  all r a d i a l  void spaces between t h e  
f u e l  rods and the  beryll ium r e f l e c t o r  mater ia l .  
t e s t s  ind ica te  t h a t  s tep  t e s t s  can be performed with hotspot temperatures up t o  
1700'F without exceeding the s t r a i n  and pressure limits as defined i n  t h e  previous 
TSP No. 4. Within t h i s  c r i t e r i o n ,  however, t o  prevent excessive pressure from 
hydrogen r e l ease  following t h e  post-burst  re laxa t ion  of the a x i a l  thermal gradient,  
t h e  average temperature of t h e  h o t t e s t  f u e l  element w i l l  not be allowed t o  exceed 
1350'F. 

An average core temper- 

The r e s u l t s  of the previous s tep  
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11. Scope 

Three o r  more tes t s  w i l l  b e  perforned v i t h  t 'ne r eac to r  a t  an ambient 
These t e s t s  w i l l  be ir , i t iated by s t e p  i n i s i a l  temperature of about 70°F. 

reaccuivity i n s e r t i o n s  of - 1.40  d o l l a r s  arid - 1.59 d o l l a r s  and w i l l  be 
follmdecl by i n s e r t i o n s  leading t o  t h e  highest  value uhich can be accommodated 
wi th in  t h e  strair, and pressure l i m i t s  as defined i n  TSP No. 1: ( v i z ,  f u e l  c l ad  
elongation of 1.2$9 circumferent ia l  r e a c t o r  ves se l  elongation of 0.55 and 
i n t e r c c  f u e l  rod pressure of 830 p s i )  and temperature l i m i t s  of 1700°F f o r  
t h e  hotspot o r  1350°F f o r  t h e  average f i e 1  temperatare of t h e  h o t t e s t  f u e l  
elemefit . 

Several  add i t iona l  s t e p  t e s t s  w i l l  be  performed with t h e  core f u e l  a t  
i n i t i a l  temperatures above 70°F. 
heat.  Under t h e s e  conditions,  t h e  hotspot A T ( i . e . ,  t h e  temperature r i s e  
from s t a r t i n g  temperature t o  t h e  ultimate maximum temperature of t h e  hotspot)  
must be l imited t o  prevent %he average temperatme of t h e  h o t t e s t  f u e l  rod 
from exceeding 135COF. The core f u e l  hotspot temperature occurs i n  t h e  center  
f u e l  rod at t h e  a x i a l  mid-plane. 
average power densi ty  f a c t o r  of 1 . 3  e x i s t s  i n  the cen te r  f u e l  rod, t h e  hotspot 
tenperature  decays following t h e  power b u r s t  t o  t h e  axial ly  equ i l ib ra t ed  
average cen te r  f u e l  rod temperature. The equilib?a+,ed cen te r  f u e l  rod temper- 
a t u r e  r e s u l t i n g  from a given t r a n s i e n t  depends or! t h e  t o t a l  temperature r ise 
a t  t h e  hotspot which then reduces t o  an average cen te r  f u e l  rod temperature 
equal. t o  the  s t a r t i n g  temperature of t h a t  f u e l  rod p lus  1/1.3 t i n e s  t h e  hotspot 
temperature r i s e .  
an a x i a l l y  equ i l ib ra t ed  cen te r  f u e l  rod tempersture of 135G"F p l o t t e d  as a 
funct ion of average core s t a r t i n g  temperature. 
a t t a i n a b l e  within t h i s  l i m i t  i s  a l s o  shown. It i s  an t i c ipa t ed  t h a t  an average 
co re  f u e l  tenperature  of 750°F w i l l  be used f o r  t h e  s t a r t i n g  temperature. 
The tests i n i t i a t e d  a t  t h i s  e levated temperature a r e  desigced t o  y i e l d  an 
energy release which w i l l  resul t  i n  an average tenberzture  i n  t h e  h o t t e s t  f u e l  
rod no g r e a t e r  than 1350°F. 
tenperature ,  a m a x i m m  f u e l  hotspot temperature could not be allowed t o  exceed 
153G°F. 

This  w i l l  be accomplished by means of nuclear 

Since during a t r a n s i e n t ,  an axial peak-to- 

Figxre 1 shows t h e  hotspot, tenperature  calcil lated t o  give 

The average core temperature 

Figure 1 i n d i c a t t s  t h a t  using t h e  750°F s t a r t i n g  

111, React o r  Co3trol  azld 1nstruserf;at ion 

Control of t h e  s t e p  t r a n s i e n t  tes ts  i n  t h i s  series w i l l  be achieved i n  t h e  
same manner as f o r  t h e  s t e p  tes t s  previously performed u ide r  TSP No. 3. 
doors t o  t h e  thermal box which normally surrounds the r eac to r  m a y  be i n  place 
t o  reduce heat  l o s s  from t h e  r e a c t o r  following nuclear heatup. The heaters 
at tached t o  t h e  t h e m d  box doors m a y  d l s o  be used t o  help f l a t t e n  t h e  elevated 
s t a r t i n g  temperature d i s t r i b u t i o n  p r i o r  t o  i n i t i a t i n g  a t e s t .  

The 

The i n s t n m e n t a t i o n  used f o r  t h e s e  t e s t s  w i l l  c o n s i s t  of t h e  same i n s t r u -  
mentation as that  used f o r  t h e  impulse t e s t s  as oxt l ined i n  TSP No. k .  
w i l l  include the following: 

T h i s  
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13 each - Nuclear de tec tors ,  ranged from lom3 watts t o  10l1 watts 

16 each - In-core e n e r a  probes, ranged from 0 MW-sec t o  20 MV-sec 

8 each - Fuel temperature thermocoQplea, ranged from 79°F t o  1800~ 

8 each - Fuel c lad s t r a i n  gages, ranged from @ t o  2% elongation 

1 each - Vessel s t r a i n  gage, ranged from O$ t o  3% elongation 

4 each - Fuel rod pressure t r a n s d x e r s ,  ranged from 0 p s i g  t o  3000 psig 

2 each - Fuel rod pressure transducers,  rangzd from 0 ps ig  t o  300 ps ig  

2 each - Fuel rod pressure t ransducers ,  r a g e d  from 0 ps ig  t o  150 ps ig  

1 each - Fuel rod pressure transducer,  ranged from 0 p s i g  t o  25c! ps ig  

1 each - Fuel rod pressure transducer,  ranged from 0 p s i g  t o  50 p s i g  

I n  t h e  case of many of these  de tec tors ,  t he  range of s igna l  output w i l l  be 
expanded so as t o  ind ica te  t rends  more c l e a r l y  i n  the  range of i n t e r e s t .  
addi t ion,  a 15 channel samplicg recorder w i t h  a 30 second cycling t i m e  w i l l  be 
used t o  monitor r a d i a l  and axial  arrays of energy probes and f u e l  thermocouples 
following the  nuclear heatup t o  ind ica te  t h e  s p a t i a l  temperature d i s t r i b u t i o n  
p r i o r  t o  performing a subsequent. test  e 

I n  

I V .  Expected Results 

Based on the  extrapolat ion of r e s u l t s  cf t he  previous s t e p  tests,  i t  i s  
an t ic ipa ted  t h a t  no reac tor  damage w i l l  occur throughout t h i s  test  s e r i e s .  
isothermal d a t a  presented i n  NAA-SR-5483 ind ica tes  t h a t  at a f u e l  temperature 
of lhOO°F a pressure of 3lG p s i g  would r e s u l t .  
5 p s i g  was a c t u a l l y  observed t o  occur i r r  the  center  f u e l  rod as a r e s u l t  of t h e  
1400'F hotspot f u e l  temperature observed i n  t h e  previous s tep  t e s t  s e r i e s .  
This  lower pressure i s  the  r e s u l t  of a x i a l  heat flow away from the  hotspot 
toward t h e  cooler ends of t h e  f u e l  rod. 
f u e l  temperature of l e s s  than llOO°F a d  appears t o  be r e l a t ed  t o  t h e  e q u i l i -  
b ra ted  center  f u e l  temperatare r a t h e r  than t h e  hotspot of t h e  center  f u e l  rod. 
It i s  therefore  estimated t h a t  an  equi l ibra ted  center  f u e l  rod temperature of 
140C"F t o  1500°F would be encountered before the  800 ps ig  pressure l i m i t  i s  
reached. 
Atomics In te rna t iona l ,  a temperature of as low as 1385"~ was found t o  cause 
c lad  rupture,  a 1350°F upper l i m i t  w i l l  be imposed on the  average temperature 
of t h e  h o t t e s t  f u e l  rod ( i . e o ,  the center  f u e l  rod ) .  Under these  conditions,  
t h e  l i m i t s  f o r  damage as defined i n  TSP No. L a re  not expected t o  be exceeded 
during t h i s  t e s t  s e r i e s  

The 

However, a pressure of only 

The 5 psig correspocdes t o  a predicted 

However, s ince i n  some i s o l a t e d  cases of oven heating of t h e  f u e l  a t  

V. T e s t  Sequence 
- - The t e s t i n g  sequence t o  be used f o r  those s tep  in se r t ions  s t a r t i n g  a t  
c)3 

c7 
--.J 
c3 
.A l i m i t  as discussed above. 

ambient temperature (- 70°F) w i l l  be the  same as those presented i n  TSP No. 3. 
The operating l i m i t s  t o  b e  used f o r  termination of t h i s  por t ion  of t he  t e s t  
series w i l l  be t h e  same as those spec i f ied  i n  TSP No. 4 except f o r  t h e  l7OO"F 
hotspot temperature limit and t h e  1350'3' average hot f u e l  rod temperature 
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The t r ans i en t  tes ts  which a r e  t o  be i n i t i a t e d  from elevated f u e l  temger- 
a tu re s  w i l l  be performed i n  a manner s i m i l a r  t o  those i n i t i a t e d  from ambient 
f u e l  temperature, except t h a t  t h e  s p a t i a l  temperature d i s t r i b u t i o n  w i l l  be 
examiced t o  determine t h e  temperature r i s e  a t  t he  hotspot and i n  the  ho t t e s t  
f u e l  rod which cax safely be accommodated by t h e  emuing  s t ep  t r a n s i e n t .  
Cogiizance of t h i s  d i s t r i b u t i o n  w i l l  be exercised by means of t h e  15 channel 
display recorder as it records t h e  output s igna ls  of p re-ca l ibra ted  energy 
probes and thermocouples 

The drum p o s i t i o n  s e t t i n g  f o r  t h e  intended s tep  i n s e r t i o n  w i l l  be  se lec ted  
on t h e  basis of cold o r  ambient drum worth curves and a pre- t ransient  c r i t i c a l  
performed t o  compensate f o r  t h e  ove ra l l  temperature defec t .  
r e s u l t  i n  a s l i g h t l y  smaller r e a c t i v i t y  i n s e r t i o n  than predicted s ince t h e  hot 
beryll ium i s  l e s s  r e f l e c t i v e  than t h e  cold, however, t h e  projected energy 
r e l e a s e  w i l l  be extrapolated on t h e  basis of what was previously determined 
f o r  a given r e a c t i v i t y  i n s e r t i o n  a t  tenperature .  

This  method w i l l  

The seqwnce of t e s t i n g  f o r  t h e s e  tes ts  w i l l  cons is t  of performing a 
t r a n s i e n t - f r o m  ambient which r e s u l t s  i n  about 800"~ average core temperature 
r i s e .  Following t h e  re laxa t ion  of t h e  temperature t o  an acceptable d i s t r i -  
but ion and l eve l ,  a s tep  r e a c t i v i t y  i n s e r t i o n  y ie ld ing  about 2 MW-sec t o t a l  
energy r e l e a s e  w i l l  be imposed. 
core temperature r i s e  i s  about 8 o 0 ~ / h r  approximately 2 hours w i l l  be ava i lab le  
f o r  evaluation of t h e  previous test  r e s u l t s  and preparat ion f o r  t he  next t e s t .  
T h i s  durat ion i s  expected t o  be more than adequate t o  perform mechanical checks 
on t h e  reac tor  f o r  insur ing  freedom of drum movement. Subsequent t e s t s  using 
successively l a r g e r  r e a c t i v i t y  s teps  w i l l  be performed only a f t e r  t h e  i n i t i s l  
e levated temperature conditions p r i o r  t o  each t e s t  r e t u r n  t o  t h e  conditions 
comparable t o  those f o r  t h e  f i r s t  elevated temperature s tep  tes t .  The l i m i t i n g  
c r i t e r i a  w i l l  be, as before,  s t r a i n ,  pressure,  and t h e  temperatlire of t h e  
hotspot and t h e  average f u e l  temperature of t h e  h o t t e s t  f u e l  roda 

Since t h e  thermal decay f o r  an 8 0 0 ' ~  average 

V I  Safety Considerat ions 

Radiological monitoring w i l l  b e  provided i n  and around t h e  t e s t  c e l l  i n  
t h e  same manner as f o r  previous t rar ts ient  t e s t s .  
of t h e  a v a i l a b l e  da ta  on hydrogen diffusion, no r e a c t o r  damage i s  expected i n  
t h i s  t e s t  s e r i e s .  However, t h e  ava i lab le  data concerning hydrogen re lease  
l e v e l s  and r a t e s  i s  subject t o  considerabl-e uncertainty and therefore  makes an 
accurate  pred ic t ion  of t e s t  r e s u l t s  d i f f i c u l t .  Hence, it i s  conceivable t h a t  
some p a r t i a l  f i e 1  damage m e y  r e s u l t  f o r  t e s t s  involving in se r t ions  grea te r  than 
1.5 d o l l a r s  or  those t e s t s  approaching t h e  hotspot temperatures associated with 
t h e  1350°F hot f u e l  rod l i m i t .  
cause undue rad io logica l  hazard t o  operating or other  s i t e  personnel s ince t h e  
t e s t s  w i l l  be conducted under meteorological cont ro l .  
imposed f o r  t h i s  tes t  se r i e s ,  a maximum energy r e l e a s e  of 20 W-sec could r e s u l t .  
Should t h e  f i s s i o n  product cloud (assuming a lo@ r e l e a s e )  associated with a 
20 MW-sec energy r e l ease  be d i r e c t e d  toward t h e  Technical Support F a c i l i t i e s  
(TSF) area,  l e s s  than a quarter  of t h e  year ly  allowable rad io logica l  dose would 
be incurred by NRTS s i t e  personnel. To minimize t h e  undue radiological. dose 

Based on present  understanding 

However, such f u e l  damage i s  not expected t o  

Under t h e  conditions 

1 1 8 5 1 0 8  
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i w u r r e d  by s i t e  personnel, evacuation of personnel i n  t h e  TSF a rea  ( t h e  
l o c a t i o n  nearest  t o  t h e  t e s t  area) w i l l  be undertaken. To allow s u f f i c i e n t  
t i m e  f o r  t h i s  evacuation, a maximum wind speed when i n  Lhe d i r e c t i o n  of t he  
TSF a r e a  w i l l  be irnposed as necessary conditions for conduct of t h e  t e s t .  
S p e c i f i c a l l y ,  t h e  meteorological r e s t r i c t i o n s  f o r  t h e s e  tes t s  w i l l  be as 
follows : 

(1) No wind speed r e s t r i c t i o n s  w i l l  be imposed when t h e  wind i s  
blowing i n t o  the  u n r e s t r i c t e d  sec to r s  encompassed by an a rc  
extending from 270" through 0' t o  l 5 G '  ( G o  represent ing due 
north) .  

( 2 )  The wird speed w i l l  not exceed 5 mph when blowing i n t o  the  r e -  
s t r i c t e d  sec to r  encompassed by 150" through 1-80" t o  270'. 

V I I .  Schedule 

These t e s t s  w i l l  b e  started during t h e  l a t t e r  p a r t  of April  and a r e  
expected t o  r equ i r e  +,wo weeks f o r  performance. 

VllI, 1.pproval.s 

Date: ~ L ~ L S -  
Date: ~ , ,~ ,~~~  
Date : ?/ /t{Js4 

c Reviewed by STEP Senior Staff:  2. 

Approved by Engr e & T e s t  Brmcn Mgr: 4. S ? * d o  

SPEl?r-S'L'EP Saf'egdard Committee : 

Approval by A s s t .  Mgr. Nuclear Safety Technolo 
4 

/ ,&&&&f 6ggDate: y / ~ / b /  

Approval Received from I D :  Date : 
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