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I. INTRODUCTION 

The purpose of t h i s  report  i s  t o  present a review of t h e  hazards 
/ 

l i C 

inherent i n  t he  design of t h e  Materials Testing Reactor, to ' the Atomio 

~ n e r ~ ~  Commission fo r  i t s  consideration and suggest.ib'ns, i i f  any, f o r  

improvement of t h e  safe ty  features  of t h e  reactor. The report  empha- 

s izes  t h e  hazards involved i n  t h e  operation of t h e  reactor  and t h e  

sa fe ty  fea tures  incorporated in to  t h e  design t o  n u l l i f y  o r  reduce t h e  

I 
danger from these  h8,zards. The repor t  i S  issued by t h e  Steering Com- 

/ 

mit tee  with t he  approval of t h e  Idaho Operati-ons Office since t h e  . 
\ . . 

s tee r ing  Committee i s  t h e  group most famil iar  with t h e  reaator  design. 

Construction of t he  reactor  a t  t h e  Arco Reactor Testing S ta t ion  

by t h e  Fluor Corporation was s t a r t e d  i n  May, 1950 with completion 

scheduled fo r  t he  Fa l l  of 1951. A t  present t h e  design of t h e  reactor  

i s  being completed j o in t l y  by Oak Ridge National Laboratory and 

Argonri:, National Laboratory. The de ta i l ed  design drawings a r e  being 
L: 

prepared'-by t h e  Chemical Plants Division of t h e  Blaw-Knox Construct ion 
/ 

Company, of Pittsburgh, Pa. The reactor  project  includes t h e  necessary 

f a c i l i t i e s  f o r  operation of t h e  reactor  a t  a remote s i t e  but does not 

include t h e  Chemical and Metallurgical Plants necessary t o  keep t h e  

reactor  i n  operation. These p lan t s  w i l l  be designed by another group 

of engineers. and located a t  another s i t e  a t  t he  Reactor Testing Station. 

Therefore, no information concerning these  plants  i s  included i n  t h i s  

report. 
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The Mate r i a l s  T e s t i n g  Reactor  i s  e s s e n t i a l l y  t h e  same a s  t h e  

High Flux Reactor which was p a r t i a l l y  designed a t  t h e  Oak Ridge 

National  Laboratory dur ing  1946 and 1947. The Reactor Safeguard 

Committee considered t h e  High Flux P i l e  i n  r e l a t i o n  t o  t h e  poss i -  

b i l i t y  of i t s  l o c a t i o n  a t  t h e  DuPage s i t e  of t h e  Argonne i ta t iona l  

Laboratory a t  a meet ing at Oak Rid.ge National  Laboratory on February 

8 and 9, 1948, r e f e rence  "Report of t h e  Atomic Energy  omm mission 

Reactor  Safeguard Coinmittee on t h e  Proposed High Neutron Flux, Water 

Cooled Thermal Reactor," by Edward T e l l e r ,  da t ed  February 10, 1948. 

A copy o f '  t h i s  r epo r t  wi thout  i t s  Addendum I i s  a t t a c h e d  t o  t h i s  

r e p o r t  a s  Appendix A. 

A t  t h e  Oak Ridge meeting, t h e  Safeguard Committee r a i s e d  t h e  

o b j e c t i o n  t o  t h e  High Flux P i l e  opera ted  a t  30,000 k i lowa t t s ,  t h a t  

t h e  f u e l  assembl ies  might mel t  af'ter shutdown and p o s s i b l y  r e l e a s e  

a s  high a s  9,00.0,000 c u r i e s  o f  gaseous f i s s i o n  products.  It was 

i n d i c a t e d  t h a t  eve ry  e f f o r t  should be made t o  r e l e a s e  o f  

t h e s e  gaseous f i s s i o n  products.  The most probable source of  d i f f i -  

c u l t y  was considered t o  be t h e  l o s s  of water  a f t e r  shutdown w i t h  

subsequent me l t i ng  o f  t h e  f u e l  assemblies by t h e  h e a t  l i b e r a t e d  

. b y  r a d i o a c t i v e  decay of  t h e  f i s s i o n  products.  It was considered 

p o s s i b l e  t h a t  a c c i d e n t s  o r  saborage might occur which would c u t  

o f f  a l l  t h r e e  of  t h e  independent sources of  cool ing  water.  
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A repor t  was 'prepared by Dr.  J, R. Huff'man on t h e  heat  evolved 

a f t e r  shl~tdown. This i s  at tached a s  Appendix B. A second report  

based on t heo re t i c a l  and experimen'tal work was prepared by 

D r .  J .  R. Huffman and Mr. S. Untermyer and presented t o  t h e  Committee 

f o r  considerati.on a t  i t s  meeting on Spetember 9, 1948 i n  Washington. 

Since t h e  Committee had a l ready decided t h a t  a reactor  t o  be operated 

a t  30,000 ki lowat ts  a t  t h e  DuPage s i t e  would be '  unsafe, it d id  not 

a c t  on t he  recommendations made by D r .  Hufhan  and I.&. Untermyer. 

A copy of t h e i r  repor t  i s  at tached a s  Appendix C. 

During t h e  l a t t e r  pa r t  of 1948, t h e  Atomic h e r g y  Commission 

decided t o  open a ~ e a c t o r  Testing S ta t ion  a t  a remote s i t e .  Subse- 

quently, t he  s i t e  near Arco, Iciaho was chosen and t h e  decis'ion has 

been made by the  Commission t o  bu i ld  t he  Materials  Testing Reactor 

a t  t h a t  s i t e .  As noted above, construction i s  underway. 

The ac tua l  s i t e  chosen f o r  construction i s  located i n  sec t ion  14 

of tovmship 3 nor-bh, range 30 eas t  i n  Butte County, Idaho, about four  

mi les  northwest of t h e  Naval Provtng Ground f i r i n g  range. Th is  i s  

about 45 miles west of Idaho Fa l l s ,  and i s  i n  t h e  northwest pa r t  of 

t h e  Snake River lava plains.  
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The important changes which have been made i n  the  High Flux P i l e  

design, a s  previously reviewed by t h e  Committee, t o  convert t h e  design 

t o  t h e  present Mate r ia l s  Testing 'Reactor design are  t 

A. Inclusion of addi t ional  sa fe ty  fea tures  t o  provide 
' 

greater  certa.inty of vmter coverage of t h e  f'uel assen~blies. 

B. Introduction of a 4 7/8" x 4 7/8" square experimental 
through hole next t o  t h e  l a t t i c e  and t h e  replacement of 
one of t h e  shim-safety rods by a v e r t i c a l  through hole. 

C. Introduction of eighteen v e r t i c a l  2 9  diameter holes t o  
be placed i n  a r ing  jus t  outside of .Ihe reactor  tank. 

D. Elimination of t he  beryllium oxide b a l l s  and replace- 
ment by graphite ba l l s .  

In.genera1, t h e  remainder of t h i s  report  follows t h e  general 

ou t l ine  presented i n  Appendix H of t h e  "Sumniary Report o f  t h e  Reactor 

Safeguard Committee1' issued i n  1949 with t h e  addi t  ion of Conclusions 

and Recommendations, Section I1 and . I I I .  Section TV of t h i s  repor t  

includes a general descr ipt ion of t h e  rea-ctor and i t s  control  system. . .- 
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It i s  concluded t h a t  : 

A. The Materials Testing Reactor i s  operable wi th  extremely . 

minute probabi l i ty .  of danger t o  t h e  surrounding population. 

I B. The control  system can control  an instantaneous change i n  

k o f  at l e a s t  1%. 

. C. 'Release of t h e  gaseous f i s s i o n  products by melting of t h e  

fue l  p l a t e s  due t o  f a i l u r e  of t h e  vmter system to .  keep t h e  

i 
l a t t i c e  covered by water i s  extremely unlikely. 

D. Further t e s t s  of t h e  s a f e ty  o f  t h e  reactor '  should be made 

l t o  determine experimentally t he  very f a s t  changes i n  k 

t h a t  can.be produced .by malfunction, sabotage, o r  accident, 
t 

and t h e  'effect  of l a rge  changes i n  k on t h e  reactor.  
... . . 
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I I I . RECOIMENDAT IONS 

It i s  recommended tha t :  

\ A. The Materials Testing Reactor be b u i l t  a s  designed . . 

at  the  Idaho Reactor. Testing s i te .  

B. The mock-up be used i n  experiments t o  check the  

changes i n  k tha t  can be produced and the 'effeet s 

o f  large changes i n  k on the  reactor. 
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N. DESCRIPTION OF THE REACTOR 
. . 

A. Introduction - . . .  

General descriptions of t h e  physics and engineering design 

fea tures  of t h e  High Flux P i l e  were given i n  t he  repor t s  " ~ h y s i c s  of  

t h e  High Flux P i l e  - 11" by E. Greuling, He Soodak, and A. h'I. Weinberg 

dated March 27, 1947, MonP-272, and "Feas ib i l i t y  Report on Clinton 

High Flux pile" by 3. Re Huff'man, M. C. Leverett,  He We Navsorr, and 

A. Me Weinberg dated December 1, 1947, MonT-433, Reference i s  made 

t o  these  repor t s  fo r  a general discussion of -;*ha design of  t h e  reactor  

and i t s  f a c i l i t i e s  a s  planned f o r  construction a t  Oak Ridge National 

Laboratory, The fo,llowing paragraphs present a b r i e f  deser ipt  ion of  

t h e  reac tor  and i t s  sa fe ty  features.  Appendix D presents t h e  reactor  

Design Data Sheets with l i s ts  of t h e  spec i f ic  data concerning t h e  

react  or. 

Be Reactor Proper 

The fue l  f o r  t h e  reactor  w i l l  be enriched uranium-alloyed 

with aluminum a* made up in to  25 aluminum clad p la tes  .060" th ick,  

see Figure 1. Eighteen p l a t e s  approximately 2.5" wide and 23  5/8"' 

long w i l l  be made i n to  fue l  assemblies with .118" spacing between 

t h e , f u e l  p la tes ,  see Figure 2. Each p l a t e  w i l l  be b u i l t  up l i k e  a 

pic ture  i n  a frame.' The 18 per cent uranium a l l o y  w i l l  be ro l led  

out, punched t o  siee,  inser ted i n  a continuous aluminum frame, and 

ro l led  hot between backing and cover pla tes .  This hot r o l l i n g  r e s u l t s  
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in'complete welding of t h e  p l a t e s  and frame i n to  a continuous hetero- 

geneous plate.  Arter  trimming and bending s l i gh t l y ,  t he  p l a t e s  a r e  

brazed i n t o  aluminum s ide  p l a t e s  by use of a s i l i c a  f lux,  su i t ab le  

ceramic j i g s  and furnace brazing. These assemblies w i l l  be equipped 

with aluminum end boxes giving a completed assembly rbughly 40 inches 

long by t h r ee  inches square. Each assembly w i l l  contain about 140 

grams of uranium235. Twenty-one o r  twenty-three of these  fue l  assem- 

b l i e s  w i l l  be stacked together  with t h e i r  axes v e r t i c a l  t o  make t h e  
.. 

ac t i ve  sect ' ion of t h e  reac to r  approximately 73 x 23.4 x 60 cm.. The 

reac to r  w i l l  be cooled and moderated with wzter flowing through t h e  

f i e 1  elements of t h e  ac t i ve  l a t t i c e  a t  30 ft/sec. The assemblies, 

of course, a r e  held i n  place by su i t ab le  g r ids  and supports. Outside 

of t h e  a c t i v e  section,  t h e r e  i s  a t  l e a s t  30 c?n of beryllium formed 

i n  a c i r cu l a r  pat tern;  t h i s  i n  t u r n  i s  held  i n  an aluminum tank. 

The beryllium i s  l a rge ly  ground and sintered-hot-pressed metal in  

t h e  form of blocks through which the re  a r e  many cooling holes. 

Figure 3 i s  a cutavmy p i c t o r i a l  drawing of t h e  various p a r t s  of  t h e  

reactor  core and t h e  aluminum tank which contains t h e  ac t i ve  core 

and beryllium re f lec to r .  The .beryllium and fue l  assemblies a r e  a i s o  

cooled by water flowing between'the various sections. Experimental 

beam holes  pass through t h e  beryllium t o  t h e  sags of  t h e  ac t i ve  

l a t t i c e .  These beam holes  end i n  blanked of f  t cbes  welded i n to  

/ t h e  ins ide  of t he  aluminum tank. 
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Figure 8, CSH 184B, ire er drawing of %he verbiosal seer1;ioa o f  %he 

resortor through the active latiti-. Th58 figure, indiaa%es the m*er 

flew* The two i n l d  m%er Tinee m%er +he reao%or a%m~tr;xrre * 
bottom, paas t o  the top through %;he oosar&e ehield and e&sr the trap 

After passing fhmugh %ha a&im Ia5433cxe the water ex54~ fbrough 

'kW0 W $ ~ F  line8 BLt t b  b~tf@& @f $he t ~ $  hLZZd pS888 UP &born 

the fop level of the lattiw, %ha tkm and ow€ thmugk the o~@@mBe 

shield. The purpose of f hess lobprs fn  the enrft lkase: i s  do assum~ 

tha* the water in the alumiaw fan% is no% dmf aed out in O W 6  of 

exf;eraal PV%%QP l lm failure. SSphen bmeLk lines pss  Prom We %q 

of  t;b rea&or to the top of %a& loep. The- ait@cm bmak XZiw8 

will not be equipped with ~%3801r  In ua@@ *he ~ C I L U B O ~ U ~ % I  C& ru@+bu*al, 

elxiel4 wd o a a w t e  s&ieW twfiioh 

%ti11 g r c a ~ e ~ t  rapid lass of O h  =%err WS&W 1mb#j.~ o f  %b ~ O B P  
. . 

%bough the' experimental holes is thew &%el&& Is rnh&dHP by ~ D p p -  ' 

Fbpre Oi, QRP 68, ts an il31&slm&iosr of O b  appewaa6e of 

outside of the reaofor.' Figwe 7 ,  MTR 80388, i'klu@tmfea the ~€428591~ 

of  Bhe exper&enbal plugs, The e~p~~jlgt8$&&3 p b g g  fir *he 8bs  b F i -  

mt;al. be= bo3ies a o h l l y  -atrf;a, the alumiawm t& wn$ tifie 

h r s f l e o t o ~  as shorn La Pi- The sX&z~im 9i* is  W e  wf%i 

5ntern%3, elewes wel&ed on the %net& af 9- twdc an& open #&#F- 

nally. The* beryllbrtsn ~%f'la&or it~ btzQlB iamktM t b m  Wm h&e 
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occurring a t  t h e  edges of t h e  ac t i ve  port ion ra ther  than i n  t h e  
t 

center  of t he  ac t ive  portion. The ac tua l  heat f l u x  var ies  from . I 

322,000 Btu per hour square foot  j24:2 ca lor ies  per square cm sec) . 
t o  502,000 Bt:u per hour square foot  .(3 7 ca lor ies  per square cm se.c). 

The slow neutron f l ux  density i s  higher by a fac tor  of 2 a t  a d is-  

tance , o f  5 cm from t h e  ac t ive  sect ion than t h e  average densi ty  wi th in  
, 

' t h e  ac t i ve  section. 

The second point of i n t e r e s t  i s  t h a t  t h e  r e e c t i v i t y  of t h e  

reactor  i s  dependent upon t h e  r a t e  of growth and decay . . of ~ e ~ ~ ~ .  The 

Xenon i n  t u r n  r e s u l t s  from t h e  decay of 1135 formed i n  t h e  f i s s i o n  

process. Under steady 'operating conditions a t  30,000 kw, t h e  l o s s  of 

a c t i v i t y  due t o  t h e  ~e~~~ i s  about 496 6' After steady opepation 

a t  f u l l  power t h e  f i s s i o n  product 1135, which has a ha l f - l i f e  of 6.6 

h o u r s ,  decays continuously t o  t h e  ~e~~~ which has a ha l f - l i f e  of : I 

9.4 hours and a very high cross section. The net r e s u l t  i s  t h a t  on . . 
shutdown, the  decay of t h e  ,1135 t o  ~e~~~ r e su l t s  . i n  a continuous 

l o s s  of reac t iv i ty .  One-half hour a f t e r  shutdown, t h e  reactor  w i l l  

have l o s t  9% of reac t iv i ty ,  and 2 hours a f t e r .  shutdown, it w i l l  have 

l o s t  1% of reac t iv i ty .  The maximum lo s s  of r e a c t i v i t y  occurs about . . 
? 

11 hours a f t e r  shutdown and amounts t o  3% over t h e  4% lo s s  due t o  

t h e  steady s t a t e '  concentration of Xenon under steady operation a t  

' 30,000 kvr. After  11 hours t h e  l o s s  of r e a c t i v i t y  decreases and be- 

comes only 4% greater  than during steady operation a t  48 hours a f t e r  

shutdown and equals t h e  normal operation r eac t i v i t y  63 hours a f t e r  

shut dovm. . 
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1t has been considered 'unsafe t o  bu i ld  in to  t he  reactor  suff i -  

c ient  r e a c t i v i t y  t o  override t h e  Xenon a t  a l l  times and thus  permit 

shutdowns of any length. The ac tua l  .design has been based on t h e  . 

premise t ha t  accidental  shutdown could be corrected and t h e  reactor  

s t a r t e d  one-half hour a f t e r  shutdown. I f  t h i s  i s  not done, it w i l l  

be necessary t o  p a r t i a l l y  o r  completely recharge t h e  reactor  o r  t o  

l e t  it remain shut down f o r  08 hours. I n  order t o  overcome Xenon 

poisoning t o  t h i s  l imi ted extent, 19% excess r e a c t i v i t y  has been 

designed ' in to  t h e  reac tor  and 5% 6 k/k allowed f o r  expetimental 

work. A 1 1  these  changes i n  &k/, a re  l i s t e d  . in  t h e  IER Design Data 

Sheets at tached a s  Appendix D. 

As a consequence of t h e  high heat t r ans f e r  rat .os md tb high re-  

a c t i v i t y  of t h e  reactor,  t h e  design of t h e  reactor  proper has re-  

quired an extremely large  amount of ana lys i s  and experimental 

development work. The design of t he  e n t i r e  project ,  i n  fac t ,  ' is 

based on t h e  premise ' that  adequate heat t r a n s f e r  must be provided 

and adequate control  devices must be provided t o  r e a l l y  control t h e  

excess r e a c t i v i t y  a t  a l l  times. 

C. Control Rods 

The control  system f o r  t h e  reac tor  cons i s t s  of instruments 

such a s  ion chambers wi thin  t h e  reactor  t o  indicate  t h e  neutron in- 

t e n s i t y  level ,  period meters, e1ectronj.c instrumentat ion t o  i n t e rp re t  

t h e  data  and 'control  t h e  shim-safety and regulat ing rods wi thin  the  
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reactor.  The two regulating rods consis t  of cadmium containing rods 

placed i n  t h e  beryllium jus t  outside of t h e  ac t ive  l a t t i c e ,  eeoh rod 

being capable of control l ing -005 6 k/k. These rods have an accelera* 

t i o n  of 1.3 g and a r e  operated by one horsepower motors. One rod only 

i s  used fo r  control, while. one i s  standby and remains ' f u l l y  withdrawn. 

Two other  regula t ing rod .pos i t ions  a r e  provided fo r  use with other 

loading designs. These holes c i n  b e  used a s  experimental holes when 

not used wi th  rods. These rods a r e  discussed i n  d e t a i l  i n  par t  'F 1 

of t h i s  section. 

The shim-safety rods consis t  of two types  of complex rods one 

of which has a cadmium absorption sec t ion  at t h e  t o p  followed by an  

enriched uranium sect ion s imilar  t o  t h e  fue l  assemblies but with only 

14 fuel  plates.  Operation w i l l  require Ei minimum of three  rods o f ,  

t h i s  type. The other  type can have thorium absorption sect ions  on 
i 

t o p  and probably w i l l  have beryllium i n  t he  bottom sections. These' 

w i l l  be located outside t h e  ac t ive  section. A l l  these  rods end jus t  

wi thin  t h e  top of t h e  ac t ive  l a t t i c e ,  when they  a r e  i n  t h e  f u l l  ab- 

sorption posi t  ion, These rods a r e  at tached by means of magneds t o  

t h e  motorized rods above, thus  making i n t eg ra l  u n i t s  when t h e  magnets 

a re  energized. When the  sa fe ty  system causes " s c r d ,  f o r  any reason, 

the magnets bedome de-energieed and t he  absorption sect ions  of the 

shim-safety rods drop i n to  t h e  reac tor  core. One cadmium sec t ion  has , 

approximately 0.07 sk/k absorption. Release time f o r  t h e  magnets 

i s  l e s s  than 30 mi l l i seconds~ .  
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Amore complete descr ipt ion of  t he  control  system i s  given i n  a 

l a t e r  seotion. The d e t a i l s  of t h e  system can be' found i n  t h e  follo~v- 

ing references, a l l  prepared a t  Oak Ridge National Laboratory: 

Ion Chamber 
General Theory of P i l e  Control 
Physics Division Quar ter ly  
Ionization Chamber 
Physics Divi8.W Quar te r ly  
Guide t o  ~ i t e r a t u r e  on P i l e  Control 
Physics Division Quar te r ly  
E l ec t r i c a l l y  Driven Servo 
Instrument f o r  Measuring t h e  Log. of 

~ e u t r o n  Level and Period of a P i l e  
Physics Division Quar te r ly  

MonP 203 
MonP 271 
MonP 314 
MonP 316 
MonP 368 
MonP 385 
MonP 437 
om 2 
0R.NL 110 

CNL 35 

D. Water System 

The following paragraphs present a b r i e f  descr ipt ion of t h e  

rwter  eysteqt with5n t h e  ronoter aad out f ine  t h e  main features  of t h e  

water supply system. This system has been designed t o  assure t h a t  

t h e  reactor  tank w i l l  be kept f i l l e d  with water i n  sp i te '  of any 

foreseeable accidents o r  sabotage. Figure 9, Draxing MTR 3034-D, 

i s  a flow diagram of  t h e  water system. Figure 10 shows a p i c t o r i a l  

view of t h e  pipe l i n e s  wi thin  t h e  reactor. 

1. Primary Cooling System. 

The 20,000 gallons of water per rnin?&e needed to. cool 

t h e  reactor  a r e  pumped t o  an overhead working reservoir  of 150,000 

gallon capacity. The water then flows by gravi ty  through measuring 
' .  

devices and through t h e  reaotor'  t o  a seal  tank. As noted previously, 
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t h e  flow through t h e  reac tor  i s  designed so t h a t  t h e  ac t ive  sect ion 

w i l l  be kept covered by water i n  case of f a i l u r e  of any external  

water l ine.  The water en te rs  t h e  reactor  tank a t  t he  top by means 

of two pipes, passes down through t h e  ac t ive  uranium sect ion and t h e  

beryllium and out of t he  bottom of t h e  tank, then t u rn s  upward i n  

two pipes t o  form loops wi thin  t h e  sh ie ld  which extend above t h e  

l a t t i c e .  The water l i n e s  then t u r n  dovmard and out through t h e  

bottom of t he  reactor  and t o  t h e  sea l  tanko Vent l i n e s  which w i l l  

have no valves a r e  provided between t h e  t op  of t h e  reaotor tank 

and t h e  tops  of t he  e x i t  water pipe loops. The water l eve l  i n  

t h e  sea l  tank w i l l  f luc tua te  during operation of  the '  reactor. 

During shutdown a depth of 20' 6" above t h e  center l i n e  of t h e  

ac t ive  l a t t i c e  i n  t h e  reaotor w i l l  be maintained by .@ weir?, 

From t h e  sea l  tank,  t he  water i s  drawn by vacuum through spray 

evaporators f o r  cooling and deaeration. Flow from t h e  evaporators 

t o  a sump tank i s  by gravity. The water i s  then pumped t o  t h e  

working reservoir  f o r  another cycle. 

Since t h e  water must be kept very pure, a l l  t h e  tanks except - ..- - .- .... . . -A"- - - - -  _- 
t h e  reactor  tank i t s e l f  and a l i  t h e  pipe l i n e s  i n  t h i s  primary 

1 

hystem w i l l  be made of s t a i n l e S s  s t e e l  or  s t a in l e s s  s t e e l  l i ned  \ 
. . 

piping with a l l '  piping j o in t s  welded. The pumps.and valves i n  

the pump room w i l l  he made of cas t  i ron  flanged t o  t h e  s t a in l e s s  

s t e e l  piping.. 
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The purpose of t h e  150;000 gallon overhead working reservoir  i s  

. t o  give suffici .ent  capacity Co keep t h e  reactor  i n  operation during 

very b r i e f  e l e c t r i c a l  outages ahd t o  provide su f f i c i en t  water t o  cool 

t h e  reactor  i n  case. t he  power outage i s  long enough t o  require t h e  

reactor t o  be shut down. I f  a power outage over 30 seconds duration 

occurs, t h e  reac tor  controls  w i l l  be reversed and t he  reactor  shut 

down. A secondary purpose .of t he . r e se rvo i r  i s  t o  provide su f f i c i en t  

water t o  f i l l  t h e  reactor  thermal sh ie ld  i n  case of f a i l u r e  of t h e  

aluminui tank. 

. . 

The sea l  tadk.  i s  designed t o  keep t h e  water l eve l  i n  t h e  reactor  
. , 1 

well  above t h e  ac t ive  l a t t i c e  a t  a l l  times. The piping and tank w i l l  

bg made of f u l l y  welded s t a in l e s s  $teyIr thy pfpipg byrie4 s ! ~  fee$ 
E 

or  more, and t h e  sea l  tank placed i n  a shielded room. The weir on' 
. . : 

t h e  seal  tank i n l e t  w i l l  be 19' 6" above t h e  top of t h e  l a t t i c e  i n  

t h e  reactor.  

I n  case of power outage over a few seconds duration,the emergency 
v .  / 

power system - w i l l  be s tar ted.  This emergency power system w i l l  be 
/ 

d&cribed b r i e f l y  i a t e r  i n  t h i s  report. As soon a s  t h e  power outage 

occurs, t h e  c i rcu la t ing  pumps w i l l  s topfiut  a s  soon a s  t he  emergenoy 
. . -  

power system begins t o  f'unction i n  a matte; of seconds, an emergency 
, . 

pump w i l l  s t a r t  .to c i rcu la te  1,000 gpm from the  seal  tank t o  t h e  
. . 

reactor. This  pump w i l l  continue operation during t h e  emergency 

shutdom. The f i s s i o n  product decay and pumping energy w i l l  r a i s e  

t h e  water temperature 16.40F i n  24 hours a f t e r  shut down,neglecting 

a l l  heat  l o s s  due t o  conduction. 
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2. Demineralized a'nd F i l t e red  Water .Systems 

Additional safe ty  i s  assured by t h e  a a a i l a b i l i t y  of- 

water d i reot  from t h e  demineralized water -pumps through an 8-inch 

pipe connected d i r e c t l y  t o  t h e  i n l e t  pipes t o  t h e  t op  of t h e  reactor.  
' 

This l i n e  i s  controlled by t h e  reactor  operatof. The gro&d l eve l  

demineralized water tank w i l l  hold 100,000 gallons. An addi t ional  

8-inch l i n e  w i l l  run d i r e c t l y  from the  150,000 gallon overhead 

f i l t e r e d  water storage tank t o  t h e  t op  of t h e  reactor.  This l i n e  

.w i l l  be equipped with a spool piece t h a t  must be manually i n s t a l l e d  

before t h e  l i n e  can be used. This l i n e  i n  t u r n  w i l l  be fed by pumps 

from t h e  1,500,000 gallon raw water storage' tanks. 'One of  these  

pumps w i l l  be operated by e i t h e r  t h e  regular e l e c t r i c a l  c i r c u i t  

o r  t h e  emetgency e l e c t r i c a l  power system,and another plrmp w+1\ 

be operated by! a standby gasoline engine d i r e c t l y  connected. 

Finally,  t he  f i r e  loop w i l l  be fed from t h e  raw water tanks by 

means of a Diesel driveri pump; One of t h e  850 gpm wel l  ;umpg w i l l  

be designed t o  operate by t he  emergenci e l e c t r i c a l  system: This 

pump w i l l  not be -automatically s t a r t ed  but w i l l  be manually s t a r t e d  

f o r  day operation only. The emergency i l e c t f i c a l  system w i l l  be 

powered by a cen t ra l  Diesel engine and This Diesel w i l l  

not run continuously but w i l l  be s t a r t ed  automatically whenever a 
. . 

power outage of over a few seconds occurs. It i s  p l anned to  use 

delay re lays  which w i l l  switch from pr&ary 'power i n  about f i v e  

seconds and automatically s t a r t  t h i  Digsel. The delay re lays  w i l l  

prohibi t  switch-overs every t i h e  a power surge occurs. The .standby 

Diesel power w i l l  s t a r t  and come t o  f u l l  power id one minute 'or  less. 
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Eo Reactor A i r  system 

I n  order t o  cool t h e  graphite 1850 lbs/min. of a i r  

w i l l  be drawn in to  t h e  top  of t h e  reactor,  down between t h e  thermal 

sh i e ld  pla tes ,  up through t he  graphite, and down through ducts i n  
. . 

t he  concrete shielding,  see Figures 10 and .ll. From the  reactor,  

t h e  air  w i l l  go t o  fans and t h e  stack, Additional a i r  w i l l  be drawn 

i n  around' t h e  experimental hole plugs t o  cool these  plugs. 

This a i r  w i l l  leave t h e  reac tor  with t he  main a i r  stream. 

Since t h e  i n l e t  and ou t l e t  air en te rs  and leaves t h e  thermal 

sh ie ld  above t h e  reac tor  l a t t i c e ,  t~rater  would be trapped i n  t h i s  

sh ie ld . . in  case of f a i l u r e  of t h e  aluminum reactor  tank, Thus, 

watgr would leak  out around t h e  e~pe r imen ta l  hoJe plugs'amd mi&$ 

overflow in to  t h e  a i r  ou t le t .  

The a i r  from t h e  reac tor  w i l l  contain about 1500 cur ies  of 

Argon41 per day o r  3.4 x log5 .curies per cu ' f t  average temperature 

and of a i r  a t  t he  t o p  of t h e  stack. This a i r  w i l l  be ex- 

hausted through a stack downwind from t h e  reactor. The s tack height 

h a s b a n  f ixed a t  250 fee t ,  This i s  discussed fu r the r  i n  SectionXIV 
driven 

of t h i s  report.  One of t h e  two aux i l i a ry  exhaust fans w i l l  be motorv 

and t h e  other  w i l l  be equipped with a gasoline engine drive.  tht . ' w i l l  

s t a r t  automatically on f a i l u r e  of t h e  motor driven fan o r  t h e  auxi- 

l i a r y  standby Diesel generator t o  pick up t he  fan load during power 

outages. Ordinari ly one of these  aux i l i a ry  fans w i l l  be operated 
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whi le ' the  reactor  i s  shut dawn. The fans  w i l l  have a cgauS%y of 

5000 c h  eaoh. The temperature of t h e  graphite w i l l  be allowed t o  

r i g e  qqring power outages from the ' t ime  of t h e  power outage u n t i l  
!I 

t h e  reac tor  i s  reversed appr'oximately 30 seconds l a t e r .  

Metearological s tud ies  w i l l  be made continuously by t h e  Idaho 

Operations Office t o  make ce r t a in  t h a t  t h e  amount of  a c t i v i t y  i n  

t h e  a i r  at t h e  ground i n  t h e  reac tor  area, i s  below 1 0 - ~ ~ o / c o .  

Oxidation of t h e  'graphite a t  3 0 0 ~ ~  w i l l  give a weight l o s s  of  

approximately . O l  -per cent per  day. Therefore, 300°C has been chosen ' 

a s  t h e  maximum temperature f o r  any of the  graphite. This temperature 

occurs only i n  very small regions near t h e  aluminum tank and a t  t h e  

ins ide  edge oii t h ~  blcsk graphctsr 

F. Control System. 

The Materials  Testing Reactor, being a thermal reactor  

with a small volume core with highly enriched f u e l  elements and 

l i gh t  water moderator, i s  capable o f  very short periods,*l0-3 sec. 

minimum i n  t h e  prompt c r i t i c a l  range. .Fo r  t h i s  reason i t s  control  

system design has many automatic sa fe ty  fea tures  not included i n  t h e  

controls  of ex i s t i ng  reactors. A period of 0.1 second can be oon- 

t ro l l ed .  The features  t h a t  assure periods within a control lable  

f-3 
range a r e  itemized l a t e r  i n  t h i s  section. 

X 

- -I 
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The sa f e ty  devices w i l l  pervent any period shor te r  than one 

second from occurring. A period < 7 seconds blocks withd.rawa1 of 

t h e  shim-safety rods; a period < 5 seconds i n s e r t s  t h e  s a f e ty  rods; 
r' 

and a period of -one  second or  l e s s  "scrams" t he  reactor.  The system 

can be described a s  a combination of manual control  by t h e  o p  r a t o r .  . 

and automatic control  from instrument s ignals  w i t h  t h e  automatic . 

sa fe ty  system capable of overriding t h e  manual system i f  t h e  opera- 

t o r  manipulates ' the controls  i n  an unsafe manner. The control  system 

i s  designed t o  " f a i l  safe" i n  t he  event of system defects  o r  malfunc- 

t ioning.  Also other  types of reactor  operation t roub les  a r e  t i e d  

i n to  t h e  control  system to . reduce r e a c t i v i t y  and t o  "scram" t h e  

reactor  i n  ser ious .  cases. 

1. , components of t h e  Reactor Control System and Instrvpnentatiqn. 
I 

The pr incipal  pa r t s  of t he  control  system are:  

Sensing elements , 
Regulating rods , 

Shim rods 
Rod drive mechanisms 
Magnets 
Co rvo 0 

Period meters 
Inter locks  
Amplifiers 

The sensing elements a re  i o n  and f i s s i on  chambers. They a re  

-, sens i t ive  t o  t he  neutron densi ty  being generated i n  t h e  reac tor  

'and provide s ignals  which energize t h e  instruments and control  

mechanism. 
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The f i s s i o n  chamber i s  sens i t ive  t o  neutron -densi t ies  of very - 

low order and i s  espec ia l ly  useful  durtng t h e  'time t h e  reactor  i s  . 

beiqg s t a r t e d  up. A counting r a t e  meter which indioates t h e  ra te '  
I 

of neutron produotion and a galvanometer a r e  energized from t h i s  
!l 

chamber. The f i s s i o n  chamber i s  i n i t i a l l y  posit ioned near t h e  ac- 
r" 

five s e c t i o n  i n  t h e  reactor. A s  t h e  power l eve l  of t he  p i l e ;  

increases t h e  chamber i s  removed t o  predetermined posi t ions  i n  I I 

t h e  VN &olee t o  prevent damaging t h e  chamber due t o  high neutron' 

fluxes. This chamber vrith i t s  associa ted instrumentation provides 

an indicat ion of a change of ra te  of neutron production and t h e  . 

power l eve l  of t h e  p i l e  throughout t h e  hll power range of  t he  

reaot  or. 

The other chambers a r e  compensated ',or proportional type. 

One of'  t h e  compensated chambers energizes a galvanometer d i r e c t l y ,  

which indicates  neutron density. This instrument is independent 

of any external  power source. 

Other compensated chambers energize period meters which 

i n d i c a t e  t h e  p i l e  period and a l so '  provide s igna l s  which energize. 

the  rod controls  when t h e  p i l e  period is  i n  one of t he  c r i t i o a l  

ranges described l a t e r .  
1 
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I and p i l e  control rods. The instruments record t h e  power leve l  of 

I 

t he  p i l e  and the  control rods a r e  actuated t o  shut down the  p i l e  when 

. . 

The proportional chambers energize both recording instruments 

power leve l  exceeds 1.5 f u l l  power. Similar chambers a lso energize 

t he  servo mechanism which actuates the  regulating rods. 

Amplifiers are  used intermediately between the  chambers and 

the  instriunent or control load since the  power output from the  

chamber alone would be inadequate t o  meet t he  demand. 

Servos of the  viorm gear reduction sc-rew thread type actuated 

by e l eo t r i c  motors are  used t o  drive the  shim-safety rods. The 

regulating rod servos a re  of the  rack and pinion type actuated by 

D.C. motors. The amplidyne control t o  t h i s  motor automatically 
- 

maintains the  reaotor a t  a  selected f lux in tens i ty  within the  range 

of 1% t o  10% of f u l l  ra ted power of 30,000 kw.. The servo moves 

the  regulating rod d i r ec t ly  and can ind i rec t ly  cause the  movem2nt 

o f  t he  shim-safety rods by various t r ave l  l i m i t  switches on the  

regulating rods. 

Four regulat ing rod posit ions a r e  provided i n  the  beryllium 

ref lec tor  a t  the  edge of the  act ive section. One of these i s  suf f i -  

cient for  f ine  control of the  reactor and a  standby i s  kept i n  t he  . . 

f u l l y  re t racted posit ion for  f a s t  inser t ion i n  case ,of emergency. 

This w i l l  be t r ea t ed  i n  some de t a i l  i n  l a t e r  paragraphs dealing with 
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sa fe ty  interlocks.  The two spare regulating rod posi t ions  a r e  

f o r  use with d i f fe ren t  loadings but can be used f o r  experimental 

holes. Each regulating rod i s  l*'in.;:. in '  diameter and cons i s t s  of 

an aluminum tube 128$ in*;, long with a  24-inch long cadnlium segment 

sandwiched between concentric l ayers  of 3s aluminum t o  make up t h e  

neutron absorbing par t  of t h e  assembly. The rods- a re  driven by a  f 

d-c motor through a pinion and rack arrangement. The motor i s  1 
7 

driven by current  from an amplidyne. There w i l l  be no brake o n ' t h q  

system so t h a t  with motor current  f a i l u r e  t he  rod w i l l  coast t o  i ts '  I 
bottom posit ion.  The regulat ing rod w i l l .  have accelera t ion suff i - :  

I 
c ien t  t o  a t t a i n  a  ve loc i ty  of four fee t  per second i n  0.1 second.[ 

The fill stroke of the  rod i s  approximatfily 27 inches,but l i m i t ,  

switches tend t o  keep t he  t rave l .  wi th in  a  1.2-in. abgQer pane,. . . , 

One regulating rod controls  about 0.5% of react iv i ty ,  which i s  l e s s  

than the  e f f ec t  of delayed neutrons. The f u l l  t r ave l  0.5% Q '/k 

i s  chosen so t h a t  i n  t he  event of misoperation, t h e  servo mechanism 

cannot change t h e  reactor  condition t o  prompt c r i t i c a l .  The shim- 

s a f e t i e s  s t a r t  t o  withdraw t h e  regulating rod h i t s  i t s  upper 

l i m i t  switch, but they a r e  l imi ted t o  a  much slower speed of with- 

drawal than t h e  regulat ing rods. Thus the, various s a f e t i e s  have 

time t o  oauso reversal  of shim-safety rods before prompt c r i t i c a l  

i s  reached. 
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There a r e  e ight  ve r t i c a l  posi t ions  i n  t he  core of t he  reactor  

f o r  shim-safety rods. It i s  planned t h a t  only seven of these  w i l l  

be used-as  such. The remaining one w i l l  be used a s  an experimental 

f a c i l i t y  f o r  access t o  t h e  maximum fas't  neutron flux. Actually, 

t h r ee  shim-safeties a r e  adsquat% t o  op.erate t he .  reactdr  f o r  t h e  

normal condition. These rods a r e  made up of an ac t ive  bottom . 

sect ion 23  5/8 in., 60 cm long, t h a t  has 14 fue l  p l a t e s  i n  it 

as compared t o  18 fue l  p l a t e s  i n  a standard fue l  assembly, an  

absorption sect ion 23  5/8 ,in., 60 cm long, and a magnet and drive 

rod assembly. Three o r  more of t h e  shim-safety roas w i l l  have 

absorption sect ions  made of cadmium, and t h e  others  w i l l  have thorium 

absorption sect  ions. However; i n  i n i t i a l  $operation, a l l  rods w i l l  

have cadmium absorption sections. The magnet i s  fastened t o  t h e  

lower .edd of t h e  dr ive  rod which extends up through t h e  'tip plug 

t o  t h e  drive mechanism. Vhen t he  magnet i s  energized, it holds 

t h e  t op  of t he  absorption sect ion thus  making an in tegra l  rod of 

i t  
t h e  assembly. Any condition ca l l i ng  f o r  scrdtul:' . - deenergizes these  

magnets and drops t h e  shim-safety rods i n to  t h e  maximum absorption 

pos i t  io-n. 

The. drives f o r  each ,of these rods i s  an a-c induction motor. 

S i n a e , i t  i s  impossible t o  increase t he  speed of such a motor under 

load t o  greater  than synchronous 'speed, , there  i s  a de f in i t e  l imi ta -  

t i o n  on speed of withdrawal of t h e  shim-safety rods. The c i r c u i t  
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i s  so designed t h a t  four  speeds a r e  avai lable  f o r  increasing 

. r eac t i v i t y  during start-up. "High speed" i s  t h e  condition where 

a l l  rods a r e  being withdrawn continuously a t  t h e  same time; - 
"Intermediate" speed i s  in termit tent  withdrawal of a l l  rods. The 

time cycle i s  $ second withdrawal followed by 4$ seconds stop 

(none being withdrawn). The "Seconds speed1' i s .  one rod continuously 

w i t h d r a q a n d  "Low speed" i s  in termit tent  withdrawal of one rod, 

Inse r t ion  is. always a t  high speed unless t h e  operator blocks t h e  

inse r t ion  of pa r t i cu l a r  rods by a manual se lec tor  switch. With- 

drawal and inse r t ion  conditions wiGa. be described i n  more d e t a i l  

i n  l a t e r  paragraphs dealing with interlocks.  

2. Shim-Safety Rod Control and Inter locks  -- 
Shim-safety rod motions must be organized so a s  t o  ca r ry  

out t h e  t h r ee  functions of running, protecting, and maintaining t h e  

reactor. These e f f e c t s  a re  i n  t u r n  obtained from three  groups of 

causes: instrument signals,  operator i n i t i a t i v e ,  and regulator  rod 

posit ion,  see Figure 13. The demands of these causative agents a r e  

complex and of ten conflicting. It i s  t h e  function of t h e  control  

c i r c u i t s  t o  impose on these  demands a p r i o r i t y  sequence and then 

t o  permit exercise of t h e  appropriate function. Figure 14 shows . . 

t h e  reactor  control  rod arrangement a s  designed fo r  t h e  ~lgo%rup. 

The schematic diagram, Figure 15, i s  intendgd t o  show t h e  

sequence and i n t e r r e l a t i ons  of t h e  various act ions  of t h e  control  
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c i rcu i t s .  The so l i d  l i n e s  show t h e  'tflow" of control  . power . which 

eventually r e s u l t s  i n  shim-safety rod mot ion. Rectangles represent 

conditions t o  be s a t i s f i e d  i n  order f o r  power t o  reach t h e  object ives  

represented by t h e  c i r c l e s .  The black dots denote. t h e  two main 

regimes, START and RUN, of withdrawal operation. Dotted l i n e s  mark 

points of inter-connect ion  with instrument signals,  mostly from t h e  

ion  chamber c i r cu i t s ,  see Figure. 12. 

It should be noted t h a t  t h e  objective of r a i s i ng  or  lowering 

t h e  control  point s e t t i n g  f o r  t h e  servo i s '  not, s t r i c t l y  speaking, ' 
/ 

pa r t ,  of shim-safety rod control. It i s  convenient' t o  include it 

i n  Figures 15 and 16 because of t h e  close and complicated r e l a t i o n  . --. 
1 , -,: 

\ '  

betv~een it and shim-safety rod control. The bulk of Fig. 15 i s  

concerned with functions 1 and 2 of Figure 13. The t h i r d  function, 

providing f o r  maintenance, appears i n  t h e  path a t  t h e  extreme 

l e f t  of Figure 15. The purpose h e r e . i s  t o  provide d i rec t  means 

f o r  manual withdrawal of: drive rods. Since t h i s  con f l i c t s  with 

s a f e ty  i f  t h e  dr ive  ac tua l l y  has a rod moving with it, t h e  manual 

r a i s e  switch i s  put i n  s e r i e s  wi th  a group scram. manual switch so . ' 

t h a t  ra i s ing  w i l l  r e su l t  only i f  t h e  magnets a r e  de-energized. 

Need for, withdrawal of t h e  drive rods appl ies  t o  rods 

during runs, and Oo a l l  rods during in te r run  s e ~ ~ i c i n g t  
I 
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Consideration of  Fig. 15 shows t h a t  t he  objectives of rod 

inser t ion  can be reached by any of several simple pa ra l l e l  paths, 

while the  0,bjectives of withdrawal can be reached only v ia  

compliance with more numerois conditions. This i s ,  of course, a 

re f lec t ion  of t he  f ac t  tha t  rod inser t ion i s  a safe operation, 

whereas withdrawal might be dangerous i n  par t icu la r  cases. 

The paths leading t o  withdrawal a r e  organized according t o  

the  speed t o  be made available. Since a-c current induction motors 

a re  preferred because they a re  not subject t o  accidental over- 

speeding, t he  most convenient means of get t ing a wide range of 

withdrawal speeds i s  by various degrees of intemit tency,  Thi's 

leads t o  t he  four speeds previously mentioned -- low, second, 

intermediate, and high -- which, together with the  neutral  posi- 

t ion ,  may be selected by a single speed shif'ter switch handle, 

analogous t o  an automobile gear sh i f t .  Actually, withdrawal 

of . any . individual rod or  rods may be manually blocked, which 

gives t he  operator e f fec t ive ly  an addit ional range of speeds 

betweeli l'ow and intermediate, and between second and high. 

I The permission f o r  high speed withdrawal i s  withhelq seer 1 
. I 

t he  leve l  has reached one per cent of t he  f y l l  operating level ,  Nf,' 

This leads t o  t he  START--RUN dis t inct ion,  where START apeJies 

t o  opesation a t  l eve ls  up t o  NL and RUN t g  operat'ion frqm N t 
!' L .?  ppz 
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NL i s  about one per cent of N& Much of  t h e  complexity of t h e  

withdrawal paths i s  due t o  t h e  t r a n s i t i o n  from START t o  RUN during 

start-up, and t h e  reversion t o  START from RUN when t h e  p i l e  i s  

accidenta l ly  o r  in ten t iona l ly  a l l o ~ t e d  t o  "sag" well below NL. 

Fig. 15 shows t h a t  START is ava i lab le  subject t o  proper control  

point se t t ing ,  t o  su f f i c i en t l y  long p i l e  period.and t o  blocking 

by RUN (so t h a t  one is  not simultaneously i n  both START and RUN). 

The RUN conditio-n i s  obtained by sa t i s fy ing  conditions of t h e  

neutron source, posi t  ion of the  f i s s i on  chamber, neutron leve l ,  

and operator manual i n i t i a t i v e ,  The condition on neutron leve l  

is  governed by a "sag relay", which operates a t  O.lNL o r  log3 NW 
I 

/ 

Intermediate and low speeds a r e  avai lable  a t  a r b i t r a r i l y  low 

levels ,  subject only t o  t h e  neutron source being i n  posit ion* and 

t h e  operation (i.e., s t ab le  v i s i b l e  reading) o f  t h e  counting r a t e  

meter (CRM) and galvanometer,' which a r e  t h e  only ind ica tors  e f fec ;  

t i v e  at  very low levels ,  High speed becomes avai lable  only  a t  t h e  

higher levels .    his means t h a t ,  i n  t h e  s tar t -up of  an unpoisoned 

* An antimony source wi l l .  be i n s t a l l ed  f o r  t h e  i n i t i a l  start-up, 

After t h e  reactor  i s  operated for  an apprec iab le t ime  t h e r ' , n  

react ion i n  t h e  )xyylliupl w i l l  maintain t h e  neutron l eve l  a,$ 

1 0 - * N ~  minimum which w i l l  give r e l i ab l e  indicat ion on t he  c o u ~ t i n g  
'1. 

r a t e  meter and galvanometer. 
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p i l e ,  high w i l l  p lay only a m a l l  part, but i n  start-up from a shut- 

down immediately following prolonged operation, high speed i s  needed 

t o  win t he ' r ace  against  poison growth, and i n  t h i s  case t h e  l eve l  

would not -have dropped below 1 0 0 ~ ~ ~ .  

If t h e  p i l e  r i ses 'wi th  a period leks  than 30 seconds, t h e  

withdrawal w i l l  be interrupted,  and t h e  operator w i l l  have t o  

switch back t o  neu t ra l  before resuming it. This in te r rup t ion  can 

be by-passed, however, by a spring re tu rn  manual switch. This 

means t h a t  t h e  by-pass cannot be used un l e i s  t h e  operator i s  a t '  

t h e  controls  with h i s  hand on t h e  by-pass switch. 

Another switch i s  t he  manual-automatic switch, provided f o r  

changing from one servo regulat ing rod combination t o  t he  other and 

for.manua1 operation i n  case both servos f a i l .  Thus, t h i s  switch 

by-passes t h e  permissive function of , . the  regulat ing rod l i m i t  switch 

LS2, which requires  t ha t ,  while operation i s  servo-governed, with- 

drawal of shim-safety rods i s  permitted only i f  t h e  regulat ing rod 

i s  p r ac t i c a l l y  f u l l y  withdrawn. 

In  RUN t he  use of low and se'cond i s  subject  t o  a similar  regu- 

l a t i n g  rod action,  involving i n  addi t ion t o  LS2 t h e  l i m i t  switch 

LS3a so t h a t  shim-spfety rod withdrawal permission i s  obtained at ,  

LS2 and i s  re ta ined u n t i l  LS3a i s  reached. 
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Of the  remaining aonditions on withdrawal, it i s  perhaps ' only 

necessary t o  explain t ha t  "withdrawal stopped by REVERSE" iqdicates 

t he  overriding, in terrupt ing act ion of a REVERSE signal;  while 

" inser t ion interlock" merely indicates  t h a t  any given rod i s  not 

. t o  be simultaneously subject  t o  withdrawal and insert ion.  

.. 

Eight pa ra l l e l  paths leading t o  shim rod inser t ion a re  shown 

i n  t he  lower r igh t  corner of Fig. 15. Of these,  only the  one far-  

t hes t  left; i s  f ree  from the  condition t h a t  the  rod must not be 
. - 

seated (i.e., f u l l y  inserted);  t h i s  path provides fo r  automatic 

run-in of the  drivo rod a f t e r  a rod has been dropped, unless the  

inser t ion  i s  blooke'd by f he manual m i t o h  (as ik might be during 

inter-run or  dummy rod maneuvering) . 
A l l  the  other paths a r e  e f fec t ive  only i f  the rod i s  off  the  

seat  l i m i t  switch. Otherwise,. jog (the inser t ion  of individual 

rods a t  w i l l )  i s  always available. So i s  group inser t ion v ia  t h e  

manual REVERSE o r  via  t h e  safety  c i r c u i t s  on a period of l e s s  than 

5 seconds, o r  a level  greater  than 3 N L ~  

With the  manual-automatic m i t c h  on automatic, i.e., with 

sorvolgoverned operat ion, inser t ion of a s ingle  preferred rod i s  

i n i t i a t e d  by l i m i t  switch LS4A on the  regulating rod. This means 

t h a t  the  regulating rod i s  nearing f u l l  inser t ion and i n  order t~ . . . . 
keep i n  range of control i s  "cal l ing for" shim-safety rod inser$$on. 

, - 
Ae a oonseq~~snee of shim-safety rod insert ion,  t h e  regulating r ~ d  
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5 ..-, theri withdraws u n t i l  it opere-tes LS3b, stopping t h e  shim-safety 

- rod insert ion.  A s imilar  group i n se r t i on  i s  i n i t i a t e d  by LS4b. 
I 

$1 

placed somewhat f a r t he r  i n  on t h e  regulating rodt s t ravel .  Thus 

LS4b backs up LS4a i n  cases where inse r t ion  of a s ingle  shim rod 

does not s a t i s f y  t he  demands of  t h e  regulating rod. 

The usual  function of  a setback s ignal  i s  t o  l o ~ r e r  t h e  servo\ 

control  point. However, i f  t h e  manual-automatic switch i s  on manual.! 

setback i n i t ' i a t e s  a group inser t ion,  since i n  t h i s  case i t s  usual 1 
function would be without significance. Setback i s  a mild sa fe ty '  i 
function, s e t  t o  operate a t  about 1.1 N; or  on emergency s igna l s  

from the  cooling' system. 

The control  point  s e t t e r  i s  a motor-operated rheosta t  which 

determines t h e  control ,  s e t t i ng  of t h e  servo* There a r e  t h r e e  ways 

a loweririg ac t ion  can be i n i t i a t e d :  manually, by t h e  sag relay,  

and by t h e  setback relay. The l a t t e r  two a r e  complete, i.e., t h e  

rheostat  keeps running down u n t i l  it reaches t h e  l i m i t  stop, 

. Raising of t h e  control  point i s  subject  t o  achieving t he  RUN 

AUXILIARY condition. This requires  an "e r ror  minimum" condit ion 

, showing good servo operat  ion'  (unless t h e  manual-automat io switch 
I 

i s  on manual), a period greater  than 30 seconds and a l eve l  near NL, 

These cgndit ions are  not hovrever, as they  a r e  by-passed 

once RUN AUXILIARY i s  established. Manual r a i s i ng  of .  t h e  control  
.. + 

poille is  then permitted. The general scheme e e t  f o r t h  i n  Fig, 15 
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i s  ca r r i ed  out i n  terms of re lays  and switches i n  t he  elementary 

diagram Fig. 16. 

A s  described previously, s e n s i t i v i t y  of  control  by ' the  shim- 

- sa fe ty  rods i s  se lected a t  w i l l  by t h e  operator in'accordance wi th  
/' 

t h e  power l eve l  needs. However, no mention has been made of t h e  

variation of m%e-it-ivity wi th  p o s i t i ~ n  of t h e  shim-safee  rods in  

thB ac t i ve  lakt ice .  

The effectiveness.  of t h e  shim-safety rods i n  con t ro l l ing  t h e  

reac to r  i s  proport ional  t o  tho neutron densi ty  of t h e  volume of t h e  

p i l e  i n  which t h e  rod i s  lo2ated. 

The neutron densi ty  i n  t h e  ac t ive  l a t t i c e  va r ies  from t h e  

t o p  t o  t h e  bottom approxinately a s  a cosine curve. As a r e s u l t  

t h e  shim-safety rods exerc ise  minimum control  when they a r e  almost 

out o f  t h e  ac t ive  l a t t i c e  and maximum control  when they  move i n t o  

t he  midsection of t h e  ac t i ve  l a t t i c e .  

Under c e r t a i n  condit ions with t h e  shim-safety rods e n t i r e l y  

removed from t h e  ac t ive  l a t t i c e  o r  with one shim-safetg rod ;om- 

p l e t e l y  inse r ted  and t h e  others  removed,a condiiton o f  minimum 

control  o r  zero .control s e n s i t i v i t y  might. occuro IIowever, any 

c r i t i c a l  condit ion which 'might occur because of minimum or  zero 

control  s e n s i t i v i t y  i s  e f f ec t i ve ly  eliminated by proper loca t ion  

of l i m i t  m i tohes  and controls. A su f f i c i en t  number of shim-safety 
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rods pre kept i n  t h e  ac t ive  l a t t i c e  a t  a l l  times t o  assure prompt 

control  of neutron production i n  t h e  p i le ,  

3. Magnet Release Safety  Circui ts .  

The philosophy upon which t h i s  system i s  based i s  t ha t  

t h e  most ca re fu l ly  made system w i l l  eventually f a i l .  For t h i s  reason 

t h e  c i r c u i t  includes a considerabie number of re lays  whose so le  f'unction 

i s  t o  provide a warning of abnormal operation, ~ h e s k  re lays  provide,a  

warning l i g h t  on t h e  un i t  containing them, and t h e  warnings a r e  col lected 

in to  a s ingle  pa i r  of warning l i g h t s  on t h e  main control  panel of t h e  

reactor. The sa fe ty  c i r c u i t  i s  expeited t o  t r i p  a l l  seven of  t h e  

s a f e ty  magnets from any one of th ree  olasses of input s igna l s  (seven . 

o r  more t o t a l  input channels, see Fig. 13). These c lasses  of input 

s igna l s  are: (1) High neutron i n t ens i t y  l eve l  ( t r i p l e ) ,  (2) high 

r a t e  of increase of reactor  power' (short period), (3) scram warning 
- - 

from temperature, water flow, o r  o ther  aux i l i a ry  source. Fig. 17 shows 

a block diagram of t h e  system. 

No relays,  thyrntrons  o r  o ther  type of completely off-on controls  

a r e  used i n  t he  course of t h e  s ignal  from ion chambers t o  magnet cur- 

rent. Th'e reason f o r  t h i s  i s  t h a t  off-on devices do not provide any 

warning of failure. With s t r a igh t  e lec t ron ic  control  throughout, a 

continuous report  of t h e  condition of t he  c i r c u i t  i s  provided by.under 

and over current  o r  voltage re lays  which do not t ake  par t  i n  t h e  normal 

operation of t he  c i r cu i t ,  Alternatively,  a monitor o r  p i l o t  signal  
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may be 'sent through t h e  system and change o r  f a i l u r e  of t h i s  signal  

reported, These systems do not make f a i l u r e  l e s s  probable,but they 

do report  it when it occurs so t h a t  it may be corrected before opera- 

t i o n  i s  required. 

Fig. 18 shows a simplif ied diagram of channel #1. The leads  

f o r  warning l i g h t s  operated by relays,  t e s t  points  f o r  protect ive  

maintenance and in te r lock  switches a r e  omitted. .The adding c i r c u i t  

i s  a necess i ty  i f  any one of t he  s ignal  channels i s  t o  operate a l l  of 

t he  magnets. This i s  t h e  most vulnerable point of t h e  .system and has 

been redu'ced t o  a s ingle  wire joining t h e  un i t s ,  Any short t o  ground 

o r  open i n  t h i s  lead provides a warning signal. Shorts i n  t h e  tubes 

or  wiring of one o r  more of t h e  magnet current  ampl i f iers  w i l l  no t  

prevent t h e  appl icat ion of a scram signal  t o  other  magnet ourrent 

amplifiers. There a r e  two magnet current  ,ampl i f iers  complete with 

power supplies f o r  each magnet. This permits t h e  removal of one 

ampli f ier  f o r  replacement o r  servicing without dropping a rod. 

4. Operation 

The operntion.of t h e  reactor  i s  described i n  Section 

V,B. of t h i s  report.  

G. ~ f f l u e i l t  Control 

There a r e  th ree  c lasses  of radioact ive  e f f luen t  t o  be 

considered a t  t h e  EIaterials Testing Reactor s i t e .  These .are t process 

water purged from the  reactor  primary cooling maker and experimental 
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plug cooling water system; dra,inage from f l oo r  drains,  and "vrarm'' 

d ra ins  from laboratory  sinlcs; and "hot" chemicals from t h e  laborator ies .  

1. Process mater 

The process water w i l l  be purged a t  50 gpm by adding 

f r e sh  demineralized water with overflow from t h e  sump tank t o  t h e  

re ten t ion  basin. The water w i l l  be held from 72 t o  96 hours i n  t h e  

re ten t ion  bas in  before discharge t o  t he  laaching beds. 

The water  w i l l  have an est imated a c t i v i t y  of .5 microcuries per . ' 

l i t e r  of  ~a~~ a t  t he  time of discharge t o  t h e  lea'ching beds. While 

t h e  Health Physics Conference a t  Chalk River i n  t he  Fa l l  of 1949, 

agreed on a permissible l eve l  of 5 microcuries per l i t e r  of  ~a~~ at  

t h e  time of discharge, t h e  Argonne Health Physics ~ i v i s i o n  favor t h e  !,, 

lower value and t h i s  has been used i n  design. 

The water a t  time of discharge w i l l  have an estixqated a c t i v i t y  

of 1 x 10-4 microcuries per cc o f  ~ 3 2  compared t o  t h e  permissible 

a c t i v i t y  f o r  P~~ ,of 2 x lom4 microcuries per cc. Since t h e  h a l f - l i f e  

i s  14.1 days, t h e  amount of decay during t h e  72 hour holdup i s  negli-  

Figure 19, BR-3150-91-5, i s  a p lo t  plan o f  t h e  reac to r  area. 

This plan shows t h e  re.la%ive posi t ions  of .the re ten t ion  bas in  and 

reaching bedsc 
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2. Warm Drains --..- 

Drainage from f loor  drains i n  t he  reactor  building, t h e  

laboratory .warm drains,  etc., w i l l  dra in  t o  1500 gallon glass-l ined 

catch tanks. These tanlcs w i l l  be equipped with ,mixing pumps and 

- sampling out le ts .  A t  in te rva l s ,  dependent on t h e  r a t e  of eff luent '  

accumulation, samples w i l l  be taken from these  tanks and monitored t o  

determine t h e  ac t iv i ty .  Vken t h i s  eff luent  ac t iv . i ty  i s  found t o  be 

of o ther  than short- l ived isotopes, t h e  contents w i l l  be pumped t o  

one of tvro 10,000 gallon underground storage tanks. Effluent having 

short- l ived a c t i v i t y  w i l l  be pumped t o  t he  re ten t ion  basin. A labora- 

t o r y  log system w i l l  be i n i t i a t e d  t o  f a c i l i t a t e  and augment' t h e  count- 

ing proceduie,'i.e., t h e  log system w i l l  t e l l  t h e  monitor p&rsonnel 

what t o  look f o r  i n  l'counting" t he  sample. However, t h e  laboratory 

log alone w i l l  not be depended upon. A complete counting routine w i l l  

be followed t o  assure t h e  absence of long-lived isotopes be'fore t h e  

e f f luen t  i n  a cat  ah tank i s  pumped t o  t he  re tent ion basin. The e f f luen t  
I 

from t h e  vapor scrubber, i n s t a l l e e  i n  t h e  exhaust vent l i n e  from "krm" 

hoods, w i l l  go t o  catch tanks and t h e  disposal procedure w i l l  be t h e  

same as t h a t  jus t  rnentionsd.. 

The a c t i v i t y  i n  each of t h e  10,000 gallon storage tanks w i l l  .be 

l imi ted t o  10 curies. More tanks w i l l  be i n s t a l l ed  a s  needed o r  t h e  

l iqu ids  .s tored i n  t h e  tanks w i l l  be shipped t o  t he  chemical waste pro- 
* .  

~ e s s i i i - ~ l a n t  f o r  concentration and storage. The oatch tanks and t h e  

'10,000 gallon storage tanks w i l l  be buried. over concrete pads t h a t  

w i l l  drain t o  qamplo p i t 6  so t h a t  leaks may be detected. 
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3. Hot Wastes 

Highly radioactive l iqu id  wastes from the  laborator ies  4 

w i l l  be poured in to  glass-lined 9 l i t e r  shielded cans. The cans con- 

ta in ing  only short-lived a c t i v i t y  w i l l  be' stored and then monitored 

a t  a time when the ~ c c t i v i t y  should be below tolerance. If' it checks 

out below tolerance, t he  solutions w i l l  be dumped just  a s  any other 

nonactive waste. Those cans containing long-lived a c t i v i t y  w i l l  be 

emptied in to  one of the  10,000 gallon Gnderground storage tanks or  

shipped t o  some other area  f o r  storage. 

4. ' Solid Radioactive Wastes --- 
Solid radioactive wastes w i l l  be buried i n  a fenced i n  

area removed from the  general york &as but s t i l l  within t he  r e s t r i c t ed  . . 
U 

area fence, see Figure 19, Plot Plan drawing BRC-3150-91-5. 
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V. PLAN OF REACTOR OPERATION 

The Materials  Testing Reaotor i s  e s sen t i a l l y  a research and 

development tool .  Bath t he  design and method of operation a r e  based 

on t h e  premise t h a t  t he  f a c i l i t y  w i l l  be made ava i lab le  t o  c a r ry  out  

a very varied program of research and development problems. Therefore, 

t h e  operational  procedures w i l l  .of necess i ty  be sub jeot  t o  a l t e r a t i o n  

from time t o  time t o  f i t  t h e  experimental program. 

This sect ion of t h e  report  gives t h e  general method of opera t ion .  

of t h e  reactor  without regard t o  t h e  experimental work. 

A,. Handling of Fuel Assemblies - - 
The fue l  assemblies w i l l  be delivered t o  t h e  Materials  

Testing Reactor ready f o r  use. On receipt  t he  assemblies w i l l  be 

s to re4  $a a vaul t  i n  t h e  Reactor Building. Befvre use, t h e  assem- 

p l i e s  w i l l  be inspected t o  make ce r t a i n  they  a r e  wi th in  t h e  drawing 

specif icat ions.  Sui table  j i g s  and gauges a r e  being developed f o r  
1 

* 
t h i s  purpose. 

I 

The following descr ip t ion of t h e  unloading and loading of t h e  

, reac to r  assumes t h a t  t h e  reactor  has been i n  operation and i s  t o  be 

r recharged. The operation of t h e  reactdr  i t s e l f  w i l l  be discussed 
H 

l a t e r .  

Normally dur'ing shutdown 1000 gpm of process water i s  c i rcu la ted  

through t h e  reactor  t o  remove t h e  heat  of radioactive decay 
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o f  t h e  f i s s i on  products and t h e  reactor components,and about 

350 lbs/min of a i r  i s  drawn though t h e  graphite. A t  shutdo~m, t h e  

shim rods are  a l l  t h e  way i n  with the  absorbing sections of t h e  rods 

i n  t h e  ac t ive  l a t t i c e  of t h e  reactor. 

1. The f i r r t  s tep  i n  t he  recharging operations i s  t o  purge t he  

water system within  t h e  reac tor  with non-radioactive water. This i s  

done by closing t h e  process vrater l i n e  completely and running 1000 gpm 

of demineralized water in to  t h e  reactor. Within twe,nty minutes t h e  

water w i l l  have'.been completely purged' and t h e  top  plug. of t h e  reac tor  

can be removed. During t h i s  purging operation and continuously while 

t h e  t o p  plug i s  o f f ,  demineralized water a t  1000 gprn i s  run through 

t h e  reactor  t o  %he s e a l  tank, with overflow t o  t he  re ten t ion  basin. 

The sea l  ' tank weir w i l l  maintain the  level  near t he  top .of  the reactor,  

Then t h e  e n t i r e  system has been purged, t he  water w i l l  be recirculated.  

p f t e r  toe t op  plug has been removed t h e  f l o w  r a t e  w i l l  be adjusted t o  
1 1 :  

a r a t e . t h a t  w i l l  not cause turbulence and yet  w i l l  be high enough t o  

renove t he  radioactive deoay heat. 
1 

2, The second s tep  i s  t h e  removal of  t h e  top  plug. This i s  

done by removing t h e  nuts  from t h e  b o l t s  holding $he plug i n  place, 
. 

i. 

disconnecting t he  shim rods by de-energizing t he  shim-rod magnets, 

r a i s ing  t he  shim-rod magnets, disconnecting t he  d h c t r i c a l  connect ions 

t o  t h e  top  plug, and l i f t i n g  t h e  plug out by t h e  crane. The plug i s  

stored i n  a h o l e ' i n  t h e  main f l o o r . o f  the  reac tor  building. The 
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magnets.'hang through t o  t h e  basement and can be inspected and repaired 

i f  necessary. Since t h e  magnets w i l l  'have .an a c t i v i t y  of  about two 
; .. 

cur ies ,  they w i l l  be e i t h e r  shielded o r  heavy screens w i l l  be placed 

a t  an adequate distance from t h e  magnets t o  p r o t e c t ~ p e r s o ~ n e l .  

3. With t h e  t o p  plug removed t h e  water has su f f i c i en t  depth, 

19' 6", over t h e  t o p  of t h e  ac t ive  sec t ion  of t h e  reac to r  t o  permit 

handling of t he  f u e l  assemblies. The ' t h i r d  s t ep  i s  t h e  remqval of 

t h e  t o p  g r id  from off  t h e  fue l  assemblies. This t o p  g r id  i s  s tored 

wi th in  t he  reactor  jus t ,  above t h e  r e f l e c t o r  while t h e  fue l  assemblies 

a r e  being changed. After removal of t h e  g r ids  the ,bery l l ium sect ion 

over t he  discharge chute i s  removed and s tored above t h e  re f l ec to r .  

A plug i n  t h e  discharge chute below t h e  beryllium sec t ion  i s  a l so  

removed and stored. The grids,  beryllium sec t  ion, discharge chute 

plug and f u e l  assemblies a r e  a l l  handled by l i g h t  t o o l s  moved v e r t i -  

cal ly by p 1000 pound capacity crane above t he  top  o f  t he  reactor. . 
The removal of t h e  plug from t h e  discharge chute exposes t h e  

remainder o f  t he  discharge chute. Thjs chute i s  a .  s i x  inch I D  pipe 

leading t o  t h e  canal through t h e  sub-pile room. In  the.  sub-pile room 

the r e  w i l l  be a hydraulic operated valve i n  t h i s  chute. 

The canal w i l l  .contain a receiver  mechanism consis t ing o f  a 

r o t a t i ng  hydraulic cyl inder  which w i l l  s e a l  t h e  bottom of t h e  dis-  

charge chute and a t  t he  same time receive t h e  discharged fue l  asggpr 

biles, Operation of  t h i s  cyl inder  i s  control led  from t h e  basemept. 
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When t h i s  receiver is  in contact with t h e  discharge chute, f resh 

demineralized water i s  forced up t h e  tube i n to  t h e  reac tor  t o  purge 

t h e  discharge chute, 

4. A h e 1  assembly i s  discharged through t h e  following steps:  

a. The hydraulic cylinder i n  t h e  canal i s  ro ta ted  t o  t h e  

v e r t i c a l  posi t ion and sealed t o  t h e  discharge chute* 

be The valve i n  t h e  discharge chute i s  opened hydraul ical ly  , 

and f r e sh  water forced up t h e  discharge chute. 

c. The discharge t o o l  i s  connected and locked t o  t h e  top  

of  t h e  fue l  assembly t o  be discharged; t h e  fue l  assembly is l if ' ted 

out of posi t ion and lowered down t h e  discharge chute; When t h e  assem- 

b l y  i s  i n  t h e  bottom of t h e  ro t a t i ng  hydraulic cylinder of t h e  receiver  

in theoanal, t h e  t o o l  i s  disconnected from t h e  fue l  assembly and 

removed. 

d. The valve i n  t h e  discharge chute i s  closed. 

e. The ro ta t ing  hydraulic cylinder i n  t he  basement i s  

disconnected from the  discharge chute, ro ta ted  t o  a hor izontal  

positit& and t h e  fve l  assembly e jec ted  hydraulically.  The fue l  

assembly f s then handled and placed i n  storage by hand tools. '  

f. Meanwhile a f resh  fue l  assembly i s  placed i n  t h e  space 

vacated by t h e  burned out f u e l  assembly by lowering t h e  new assembly 

from t h e  t o p  of t h e  reactor* 

g. The shim-rods and removable beryllium sect ions  a re  

handTqd i n  i den t i ca l  manner with the .  fue l  assemblies. 
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5. After a l l  the h e 1  has been renewed, the  stopper 'and 

beryllium.plug a r e  replaced i n  the discharge chute and the grids 

replaced; 

6. The top plug i s  replaced, the oo~mections'made and checked, 

and the  shim rods connected by energizing the  magnets. 

7. The fresh vrater i s  'ahu* off  and the  regular process water 

, circulated through the reactor. 

B. Operation of the  Reactor . 

1.' Start-up 

The i n i t i a l  step i n  operating the reactor i s  t o  s t a r t  t h e  

auxi l iary f a c i l i t i e s  and bring them into operation. This i s  done by 

shutting off  the circulat ion of the 1.000 gpm vrater pump and s ta r t ing  

the  pumps that  w i l l  deliver 20,000 'gpm t o  the process water storage 

tank. A t  t he  same time the  vacuum j e t s  on the vacuum evaporators 

fo r  cooling the process water a re  started. The a i r  system blowers 

are  s ta r ted  and 1850 lbs/min of a i r  i s  drawn throu'gh the graphite 

i n  the reactor. Water i s  run through the  experimental plugs t o  cool 

them. 

When a l l  the  above u t i l i t i e s  a& working sa t i s fac tor i ly ,  the  

reactor i t s e l f  i s  started. ' In the  Oak Ridge ~ a t i o n a l  ~abora to ry  

Physics DiviSion ~ u a r t e r l ~  Report CNL-35. 6r. H. IT. Newson has given 
d 

an excellent description of the s tar tup and operation of the reactor. 
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The following paragraphs a r e  excerpts from h i s  description. . 

"Startup must bs 'divided in to  two cases depending on whether . I, 
t he  in tens i ty  i s  i n  the  counter range or i n  t h e  period range. Taking 

up t h e  former case f i r s t ,  when the  reactor i s  f i r s t  s t a r t ed  o r  when 

a l l  of the  act ive l a t t i c e  has been removed f o r  reprocessing, and 

replaced with f resh  assemblies, the  neutron in tens i ty  wi l . 1  probably 

be too low f o r  operation of the  period c i rcu i t s .  This w i l l  make 

high speed unavailable. Hovrever, a  proper source w i l l  be present 

and a def in i te  reading w i l l  be obtained on the  logarithmic counting 

r a t e  meter (CRMI). This i n t ens i ty  w i l l  make intermediate speed : 

possible. The operator should f i r s t  t e s t  the  c i r cu i t  by moving t h e  

f i s s ion  chamber and observing the  change i n  the  reading. He then 

se l ec t s  intermediate speed. The rods wil lmove 'out  intermit tent ly ,  / 

one-half second movement followed by a  four and one-half second , 

pause. The logarithmic scale w i l l  show an increase of only a  fem . 

millimeters during the  f i r s t  minute of rod motion. However, when the  

p i l e  i s  approaching c r i t i c a l  20 o r  30 minutes l a t e r  and a t  about 
* 

1000'times the  i n i t i a l  in tensi ty ,  t he  galvanometer spot w i l l  show 

de f in i t e  movements durJng t h e  mot ion of t h e  rod and much slotver 

movements during t h e  dead Lime. Jus t  below c r i t i c a l  the  'quick move- 

ment of the galvanometer spot w i l l  be 5-10 mm. Jus t  beyond c r i t i c a l  
n 

t he  spot w i l l  show about an equal displacement during t h e  motionless 

period of t he  shim rods. This w i l l  be the  operator's signal t h a t  he 

i s  s l i gh t ly  above c r i t i ca l .  A t  t h i s  point he 'should s h i r t  t o  low spec$. 
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When the  displacement per time i n t e rva l  becomes 1-2 cm t h e  period 

meter should show a period of 10-15 seconds. Having v e r i f i e d  t h e  

reading of t h e  period meters, he should increase k u n t i l  t h e  reac tor  ' 

i s  r i s i n g  with a s tab le  period of about 7 seconds. This must be done 

by successive approximations. The 4* seconds dead time of t h e  rods 

. . .  i n  low and intermediate i s  about long enough t o  allow t h e t r a n s i e n t  
. 

par t  of t he  apparent period t o  d ie  out between successive addi t ions  

of k. Ordinari ly t h e  period meter w i l l  make i t s  presence f e l t  by 

t r i pp ing  t h e  l a t ch  on intermediate speed a t  about t h e  time t h e  p i l e  

passes c r i t i c a l .  In unl ikely  cases I t h e  reac tor  may go over c r i t i c a l  

a t  an i n t ens i t y  too low t o  o p e r a t e t h e  period meter. Unt i l  t h e  period 
, . - .  

meter shows s igns  of l i f e ,  t h e  operator should proceed cautiously. 

However, if t h e  operator misreads t h e  signs and puts t h e  reactor  on 
. . 

too short a period, nothing worse w i l l  happen than a reversal  o f t h e  
. . 

shim-safety rods f o r  a f r ac t i on  of a second. By observing t h e  s ize .  

of t h e .  quick jynps below c r i t i c a l  t he  operator should be able  t o  . 

determine . , t h e  1c of t h e  reactor  f a i r l y  accurate ly  after he has .% had 

a l i t t l e  practice.  I n  general, it may be sa id  t ha t ,  i n .  t h i s  kind. 
,f, 

of s tar tup,  t h e  pe>iod meter w i l l  - comeinto  play t o  co r r ec t  an ,. opera- . 

t o r ' s  mistake although pephaps not soon enough t o  warn him i n  advanoe. 

"If t h e  ac t ive  l a t t i c e  i n  t h e  reactor  has been operated a t  f u l l  

power f o r  a day o r  more t h e  i n t e n s i t y  i s  not l i k e l y  t o  f a l l  below t h e  
I 

period.contro1 range even through t he  reactor has been shut dorm for  
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several  days. I n  t h i s  case t h e  i n t ens i t y  w i l l  be su f f i c i en t  t o  permit 

t h e  use of  high speed; The in te r locks  w i l l  require t h a t  t h e  logar i th-  

mic ampli f iers  of t h e '  period meters a r e  operat ing and indicate  a mini- 

mum power i n  t h e  neighborhood of 10'5~~'. (A considerably l&er  l eve l  
. 

may be permissible a f t e r  a t r i a l  period). The operator w i l l  put h i8  

speed se iec tor  i n to  high and note ca re fu l ly  t h e  reading a t  t h e  time 

t h e  rods s t a r t  moving. The reactor  w i l l  become c r i t i c a l  about a fac- 

t o r  of 100 above t h i s  in tensi ty .  The exact f ac to r  w i l l  be determined 

from experience. When t h e  reactor has r i s e n  a f ac to r  high enough t o  

be near ly  c r i t i c a l ,  t h e  operator s h i f t s  from high t o  intermediate and 

observes t h e  m a l l  jumps of t h e  galvanometer spot. He may then  s h i r t  

back t o  high i f  h i s  observation indicates  t h a t  t h e  p i l e  i s  s t i l l  de- 

cidedly subc r i t i c a l  o r  r e k i n  i n  inteimediate if t h e  p i l e  i s  approxi- 

mately c r i t i c a l .  I f  c r i t i c a l  i s  approached i n  high, a period of  30 

seconds w i l l  be '  reached jus t  below c r i t i c a l  and t h e  operator w i l l  be 

warned by t h e  t r ipp ing  of t h e  l a t ch  on t h e  shim rod motors. The 

ac t ion  of t h i s  trip should be ant ic ipated by t he  operator who should 

shift  i n to  intermediate before it i s  actuated. When t h e  reac tor  i s  

de f in i t e iy  over c r i t i c a l  t h e  operator should s h i f t  i n to  low and adjust  

t h e  period t o  7 seconds as before. A s k i l l f u l  operator should achieve 
1: . 

a s t a r t up  i n  such a way t h a t  t h e  7'seconds opening of t h e  shim rod 

motor c i r c u i t  and t h e  5 seconds reversal  w i l l  never be aotuated. 

* 
NF i s t h e  neutron i n t ens i t y  at  f u l l  povrer. 
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Frequent dependenae on these  automatic a i d s  w i l l  be evidenc-e of- 

ca re less  manipulation. It i s  f e l t  t h a t  t h i s  combination of manual 

i n i t i a t i v e  under t he  supervision of t he  period c i r c u i t s  gives consi- 

derkbly greater  s a f e ty  since e i t h e r  t he  operator o r  t h e  c i r o u i t s  alone 

. . 
should be su f f i c i en t  t o  prevent a. s tk i t -up accident. 

"After t he  reactor  has reached a s t ab le  7 seaond period t he r e  

should be no fu r t he r  motion of t h e  shim rods. I nen  t h e  p i l e  reaches 

1% NF t h e  servo should br ing it t o  a constant power au toma t i ca l l g  

I f  t h e  servo i s  inoperative, o r  has been switched o f f  by t h e  opera- 

t o r ,  t h e  level ing w i l l  be performed more crudely by t he  reversa l  

of t h e  shim rod motors.'" 

2. Run 

After  t h e  reac to r  i s  leveled t h e  operator should check 

h i s  instruments, pa r t i cu l a r l y  f o r  evidence t h a t  t h e  ion.chambers 

connected t o  t h e  s a f e t y  c i r c u i t s  a r e  showing proper readings and 

a l s o  t o  be sure t h a t  t h e .  count.ing r a t e  meter has been withdrawn 

wi th in  t h e  shield. A t  t h i s  point  t h e  operator w i l l  s h i f t  i n to  ."Run" 

and s e t  t h e  servo con t ro l 'po in t  a t  t h e  .des i red power of operation. 

Final  determination of ITF i s  made by checking t h e  ac tua l  power output 

of  t h e  system by means of t h e  temperature  r i s e  of t he  water. 
. . 

I f  before s t a r t up  the reac to r  was not ' ser iously  poison:d' by 
- / \ r p L x ,  . 

Xenon, t h e  reactor  w i l l  become c r i t i c a l  with t h e  tops  of t h e  absorb- 

iqg sect ions  of t h e  rods. somewhere near t h e  middle of t h e  p i i e T  
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~ u r i n ~  operat'ion Cd rods should b e w i t h d r a k  t o  compensiite f o r  Xenon 

growth and t h e  Cd should b e  fu r ther  withdrawn and Th inse r ted  t o  s e t  

up a rod configuration of greates t  neutron ~conomy. ; This process 

w i l l  be l imi ted by specia l  l i m i t  switches which prevent withdrawal 

o r  inse r t ion  o f  rods t o  zero sens i t iv i ty .  This i s  discussed i n  t h e  

sect ion on interlocks.  

3. ~hu'tdown 

The reactor  i s  shut down by simply turning t h e  se lec tor  ' 

switch a t  t h e  control  console t o  "Reverse." This runs a l l  shim-safe- 

t y  rods i n to  t he  ac t ive  sect ion t o  t h e  fu l1 ,absorp t ion  position. 

Auxi l iar ies  a r e  shut down at w i l l  except f o r  t he  1,000 gpm water 

pump and t h e  350 l b s h i n  air blomer which a re  operated continuously 

or  a t  l e a s t  u n t i l  res idual  gamma heat i s  diss ipated t o ,  a very low 

level. 
4 -  

4. Scram - r : '  

Scram o r  automatic dropping of t h e  shim rods with immediate 
. . .  

shutdown occurs whenever the  ,operator pushes tho scram s ignal  o r  

whenever any of t he  various in ter locks  t o  t h e  scram c i r c u i t  operate. 
1 

On scram the  magnets holding t h e  shim rods a r e  de-energized 

and the rods f a l l  i n  l e s s  than 30 mil-sec. 

C. operation of U t i l i t i e s  

- The process water system,' t h e  a i r  cooling .system, and t h e  

' eff luent  control  w i l l  be fqn i n  ac~qrdance  with normal operating 
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practioe f o r  ordinary commercial plants. A t  least  one operator w i l l  
I 

be present a t  a l l ,  times i n  the  process k t e r  building; steam plant, 

and demineralized water plant; and roving operators w i l l  inspect the  

water wells, fan house, and a l l  par t s  of t h e  effluent control system 

D. 1n i t  i a l  .operation o f  the  Reactor 

The members of the Materials Testing Reactor Steering 

committee w i l l  remain with t h e  project during i n i t i a l  s tar tup and 

u n t i l  a l l  par ts  of the project operate satisfactoriJy.  .The design 

' engineers and physicists m i l l  be available for consultation and a i d  

t o  the  project as  long as t h e i r  help i s  needed. , 

* 
The i n i t i a l  s tar tup should be greatly aided by the  experience 

f r o m  ope'ratibn of the  mockup uporitical experimbdt. The f a c t  

that' the  mqck-up has operated sa t i s f ac to r i ly  a s  a c r i t i c a l  experi- 
>' 

.. , ." , . 
ment gives us confidence tha t  only minor d i f f i cu l t i e s  w i l l  be en- 

countered i n  s tar tup and operation of the  reactor i t s e l f .  
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VI . . EXPERIMEhtTAL WORK 

As noted i n  the introduction t o  the  l a s t  section,, the  very 

nature of the  Materials Testing Reactor as  a researoh and develop- 

ment tool  makes it impossible t o  outline the  experimental workhhat 

w i l l  be conducted with the  a i d  of the  reactor* Rather it i s  hpped 
, . 

and expected tha t  the  reactor w i l l  be used for  an extremely varied 

ser ies  of research and development experiments. If the  reactor i s  

not so used, it w i l l  not have f u l f i l l e d  i t s  basic fbnction. 

The experiments and research programs fo r  the reactor normally 

w i l l  be in i t ia ted '  by so ient i s t s  and engineers who are  working i n  the 

National Laboratories, universit ies,  and research inst i tut ions.  Each 

experiment suggested w i l l  presumably have been approved by the or igi-  

nating laboratory. While the  organization hrts not been fixed, w e  

believe a l l  experimental work conducted with the  reactor w i l l  be 

under the supervision of a technical committee, This committee 

w i l l  probably be made up of representatives dr t he  Nation Labora- 

t o r i e s  as  well a s  one or  more rep'resent-atives from the MTR staff. 

This committee or  some other group w i l l  review a l l  suggested programs, 

examine each experiment from the viewpoint of safety and f eas ib i l i t y ,  

and schedule the experiment on a p r io r i ty  basis. .AS soon a s  an ex- 

periment i s  approved, a lia5son engineer or sc ien t i s t  w i l l  work with 

the  experimentalist i n  designing, se t t ing  up and conducting the  

experiment. It i s  expected i n  most cases tha t  the experimentalist 
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. . 

w i l l  design and construct a l l  equipment a t  h i s  home laboratory. 

The actual carrying out of the experiment w i l l  be under the  joint 

supervision of the experimentalist and the reactor technical person- 

nel. 

The operating s ta f f  w i l l  be expected t o  conduct any experiment 

appr0ved.b~ the technical committee tha t  the  operators consider 

safe. Likewise, t he  operating people w i l l  not be asked t o  run any 

experiment t h a t  they do not consider safe. 

In  case of disagreement the laboratory directors  or  t h e i r  

representatives w i l l  be asked t o  express t h e i r  opinion on any 

experiment. 

A. ~xperimental F a c i l i t i e s  

The chart shown i n  Figure 20 i s  a .summary of the  experi- 

mental f a c i l i t i e s  which w i l l  be b u i l t  into the reactor. The 
. . 

Figures 4, 5, and 8 presented i n  the f i r s t  part  of t h i s  report 

show the  location of most of the main experimental holes and 

Figure 7 shows a cross sectional view qf one of the  main beam hole 

plugs. The main beam hole plugs can only be removed with the 

reactor shut dawn and the  lead doors must be closed whenever t h e '  

plugs a re  being moved away from the holes i n  t h e i r  coffins* 

The cooling water and experimental f a c i l i t i e s  w i l l  be ins ta l led  

one foot inside the  outside of the  biological shield. A one f o o t  
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SUMMARY OF EXPERIMENTAL F A C I L I T I E S  

APPROACH 
ESTIMATED FLUX ( MAX.) 

THERMAL FAST* - 
TYPE OF 

HOLE 

- 'Ihrough 

FACILITY 
DESIGNATION 

vn 

REhlARKS 

An attempt i s  being made t o  provide a 
return loop for  s lu r ry  experiments. 

SIZE, I N .  

2 3/4 x 2 3/4 Vertical thru shim rod hole 2.5 x 1014 1 10" 

4 7/8 x 4 7/8 Horizontal thru reactor  1.8 l o i4  3 1013 

6 ID i n  Be Horizontal t o  core edge 5 10" 7 l o i3  

Next t o  core, loop thru HG.2 f o r  s lurry.  'Ihrough 

Beam One can be 1/4 mile beam, and one f o r  
neutron spectrometer not t o  be in-  
s t a l l e d  i n i t i a l l y .  6 I D i n B e  Horizontal t o  Be i n  act ive '2.8 x lo1' 2 x 10" 

sect .  . 

10 x 16 Horizontal t o  tank wall 8 x 10 4 x 1012 5 x 12 f a s t  neutron channel t o  core. 

2, ID can channels t o  core. 

Beam 

Beam 6 ID Inclined down t o  tank . 4 1013 5 x 10l0 
(I332 only) 

6 f t .  x 6 f t .  Horizontal t o  Pb window 1 x 1012 Max. 'Ihermal column. 

East-west thru s t ructure.  

Within T2, t o  the Pb window. 

Extend to bottom of T2. 

Next t o  core, a i r  operated. 

Pneumatically operated. 

In Be, hydraulically operated. 

In  Be, spare regulat ing rod holes. 

In  graphite pebble zone. 

North-south thru graphite. 

East-west i n  graphite. 

East-west i n  graphite. . .  

Elevation mid-height of  core. 

In graphite pebble zone. 

'Ihermal 

Thermal 

'Ihermal, 

Thermal 

Pneumatic Rabbit 

Pneumatic Rabbit 

Hydraulic Rabbit 

Hydraulic Rabbit 

4 x 4  Horizontal across T2 2 x 1 o 1 O  

4 x 4 Horizontal p a r a l l e l  t o  l2 6 x 10" 

12 x 12 Vert ical  from top of p i l e  2 x 10" 

1 ID Horizontal thru reactor  1.6 l 0 l 4  4 l o i 3  

4 ID Horizontal t o  reactor  tank 8 x l o i 3  

1 ID Vert ical  from basement 2.4 x l 0 l 4  

1 1/2 ID Vert ical  from top 2.5 x 1014 loi3 

2 1/2 ID S lan t '  from top 5 1 0 ' ~  

10 3/4 ID Horizontal thru reactor  10 3 

8 ID Horizontal thru reactor  l o i3  

4 ID Horizontal thru reactor  lo i3  

6 ID Horizontal t o  tank wall 8 1013 

4 ID Vert ical  from top 3 l o i3  

Instrument 

'Ih,ough 

'Ihrough 

. Through 

Isotope 

Isotope w , 4 .  4 ID . Vert ical  thru reactor  3 l o i 3  In graphite, discharge t o  canal. 

Access t o  M(39. 

Terminate i n  graphite pebble zone. 

In graphite zone. 

Access VCZ) 10 ,x 10 Vcrt ical  from top 3 x 10'3 

Isotope VG7,8,10-20 . 2 1/2 ID S lan t  from top 7 l 0 l 3  

Isotope K23-40,42-45 . 2 ID Vert ical  from top l 0 l 3  - 1012 
47-63 

Gamna , m, 2 6 ID Vert ical  from top 500r/hour Gamna thimble i n  water. 

Fast Flux "-40 Be Ass'ys. 3 x 3 Vert ical  from top tank** 5 x 1014 Max. 7 x 1013 Max. Removable re f lec tor  pieces. 

Fast Flux -15 Be Ass'ys. 3 x 3  Vert ical  from top tank** 5 x 10" Max. 7 x 1013 Max. Removable Be i n  core. 

Shielding F a c i l i t y  Horizontal from North 1012 Special handling 'equipment and, con- 
vertor  p la te  t o  be i n s t a l l e d  when 
needed. 

Neutrons having e n e r g i e s > l  mev. 
** Charged o r  discharged only when reactor  is shut down and top plug is removed. . 

~ o t e :  These estimated neutron f lux  values a re  based on beryllium or  graphi te  (according t o  material penetrated) i n  the experimental holes. 
Actually experimental apparatus andsamples w i l l  cause iocai  "sinks'! and reduce the f l u  a t t a inab le  for a par t i cu la r  experiment. 
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-conkrete plug w i l l  be placed outside of these f a c i l i t i e s  fo r  shield- 

.ing 'from the cooling water. 

Before in s t a l l a t ion  within the  reactor each experimental 

plug w i l l  be checked dimensionally and fo r  handling i n  mock setups. 

Be Types of Experiment 

. A great many experiments have already been suzgested by 

various sc ien t i s t s .  Some twenty different types are  l i s t e d  below: 

"1. Isotope manufaoturing, ~ 3 2 ,  ~ a 2 4 ,  ~ a 4 5 ,  e ta*  

. . 2. . Exposures of t i ssue  and animals. 

3. ,Functional t e s t s  of fuel  assemblies f o r  future reactors. 

.4, Shielding materials. 

, 5, Slurry experiments. 

6. Effects of i r rad ia t ion  on reactor .mat,eria;l.s.- :. :. . . . . -  : . .  
Wigner disease. 

,7. Neutron crystal  spectrometer studies. 

,8. Measurement of f i ss ion  product poisoning on thermal reactors. 
0 

,9. Second order capture studiys. 
* * - .  .-\, ---.. . . .  I - I .*- . b v  

-1 
10. Military isotopes. .I ; . ~ c . t  

. ' -1. - *... --I--- .-.. -- - -----. 
11. Neutron diffusion studies. 

12. Gerieral ,lcnorrledge of sol id  state.  

13. Effect of! i r rad ia t ion  on creep of metals, t ens i l e  strength, 
impact strength, corrosion. 

&4., Tests of canning and cladding of reactor materials. 
. . . .  

15, Diffusion of f i ss ion  products 
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16.. Effect of i r rad ia t ion  of metall ic p i l e  coolants. 

17. Dissociation of homogeneous p i l e  materials* 

18, Studies of i r rad ia t ion  damage of plast ics ,  lubricants, 
, . 

19. Induced a c t i v i t i e s  of engineerin$ materials. 

20. Shielding survey of the reactor i t s e l f .  

C, Liniitations on Experiments 

Very few l imitat ions bil l  be placed on the types of experi- 

ments tha t  may be run i n  the  reactor. However, every ef for t  w i l l  be 

made by the teohnical committee and operating personnel t o  assure 

themselves tha t  every experiment i s  safe i n  every respect. The 

rea l  assurance i s  tha t  senior sc i en t i s t s  and engineers w i l l  be asked 

t o  approve experiments i n  respect t o  safety. This means tha t  t he  

emphasis w i l l  be placed on the examination of every experiment and 
. - . .  

the manner i n  which it i s  t o  be conducted Father than t h e  exclusion 

of various types of experiments on an a p r lo r i  basis. Each experi-' 
. - . _*( 

ment i s  a part  of operations and so it must be closely supervised. 
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V I I .  CBEMICAL PROCESSING - AND DISPOSAL OF REACTOR PRODUCTS 

The reactor  w i l l  be recharged every 15 days. About 1% of t h e  

$35 i s  burned daily. A t  each recharge t h e  e n t i r e  core o r  a l l  t h e  

f u e l  and shim rod assemblies w i l l  be removed and replaced by f resh  

assemblies. The burned out fue l  assemblies w i l l  be stored i n  t h e  

canal fo'r a t  l e a s t  21 days as they require water cooling f o r  a t  

l e a s t  t h i s  t i n e  t o  prevent melting o f t h e  f u e l  plates.  After  21 

days air  cooling w i l l  be adequate, and t h e  assemblies may be shipped 

a t  any t ime  i n  coff ins  t o  t h e  25 Separations and Recovery Plant. 

Before shipment t h e  end boxes w i l l  be cut o f f  t h e  fue l  assemblies 

by sawing under water i n  t he  canal. The coff ins  w i l l  be f i l l e d  with 

water t o  permit cooling by si9honing. 

The f i e 1  assemblies a r e  s tored a t  t h e  chemical plant  f o r  a 

t o t a l  of 145 days a r t e r  removal from t h e  reac tor  b e f ~ r e  processing. 

I n  t h e  processing, t h e  fue l  elements a re  dissolved and t h e  uranium - 
recovered and decontaminated. The recovered uranium i s  then reduced, 

formed in to  aluminun a l loy,  and reformed in to  fue l  assemblies f o r  

use i n  t h e  reactor. The u~~~ i s  used u n t i l  i t s  concentration has 

f a l l e n  t o  about f50$ or  f o r  e ight  passes through t h e  reactor. 

. The reactor  products w i l l  be disposed of by t h e  chemical p l an t s  

by re leas ing t h e  gaseous products t o  t he  atmosphere through scrubbers 

and f i l t e r s  and by concentrating and s to r ing  t h e  l i qu id  products. 
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It i s  expected t h a t  t h e  reactor  w i l l  be used t o  manufacture a 
. . 

great  many isotopes. Among those w i l l  be u233 i n  ra ther  s izab le  

amounts. Special processing p lan t s  w i l l  e i t h e r  have t o  be b u i l t  

o r  t h e  i r rad ia ted  mater ia ls  shipped t o  other  ins ta l l a t ions .  I n  
. . 

t h e  case of t h e  ~ 2 3 3 ,  t h e  i-rradiated thorium may be shipped for  a 
\> 

time t o  Oak Ridge National Laboratory f o r  processing i n  t h e  semi- 

works already b u i l t  f o r  s tudies  of t h e  u~~~ separation process. 

The fue l  assemblies w i l l  be manufactured a t  Oak Ridge i n  t h e i r  

p i l o t  production plant  u n t i l  the.  f ue l  assembly production plant  

a t  t h e  Reactor Testing S ta t ion  i s  completed. A separate repor t  

covering t h e  hazards involved i n  t h e  chemical p lan t s  w i l l  pre- 
. . 

! 

sumably' be submitted t o  t h e  Commission. The MT.R Steering Corn- 

.mittee. has no respons ib i l i ty  fo,r these  plants -&, therefore;  t h i s  

report  does not cover t h e  .plants. 
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V I I I .  SAFETY &ECHAlTISlJS OF THl3 REACTOR 

A great many safety mechanisms have been designed intb the 

reactor and the  reactor control c i rcui ts .  Many. of the safe ty  devises 
tha t  have been described previously i n  t h i s  report w i l l  only be heno 

tioned i n  t h i s  section. Others w i l l  be described i n  more. detail .  In  

general, the safety devices deal with the reactor pr'oper,. the  reactor 
a * 

control system, and the  auxi l iary f ac i l i t i e s .  luch of the  development 

and engineering t e s t s  conducted on the reactor components i s  discussed 

i n  t h i s  section since, i n  a way, these t e s t s  have proved tha t  t he  com- 

ponents are  sat isfactory i n  respect t o  design. 

A. Safety Features of tho Reactor Control System 

The operation of the reactor control system covered i n  the  

general description and discussion sections, i s  described i n  t h i s  

section with regard t o  the  safety provisions i n  instrumentation and 

interlocking devices. 

Precautions, .insuring the  r e l i a b i l i t y  of instrumentation control, 

include fai l -safe  design and the  oper'ation of multiple instrument so 

In general, the fail-safe c i rcu i t  designs of the instruments include 

re l iab le  modulating arrangements tha t  provide warning of malfunctioning 

pr ior  fin failure.  Multiple instruments or complete instrument control 

c i r cu i t s  are  provided for  Period, Safety, and control Rod Magnet 

Release Circuits. 
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The reactor  i s  controlled a t  a l l  power l eve l s  by in ter locking 

devices limi$ing t h e  removal of sa fe ty  control  rods o r  e f f ec t i ng  t h e  

i n se r t i on  'of these rods at d i f fe ren t  speeds. The r ap id i t y  of control  

rod inse r t ion  o r  reduction of reac tor  power l eve l  va r i e s  f romthe  most 

rapid  o r  complete i n se r t i on  by "scram" ac t ion  t o  controlled i n se r t i on  

t o  0.01 Nf by f a s t  o r  slow "setback1' requiring 1.5 minutes o r  8 minutes, 

respectively. 

The in te r lock  controls,  summarized i n  t he  following under process . . 

operations and reactor  operations, i n  accord with t h e i r  supervisory 

f i n c t  idns, automatically check incorrect  manipulations and e r r o r  during 

operation of t h e  reactor. 

1. . Process Operations 

Since t h e  removal of heat  from t h e  reac%oi i s  dependent 

on t h e  function of process operations, process in ter locks  associa ted 

therewith a r e  designed t o  e f fec t  "scram", f a s t  setback o r  slow setback. 

These a r e  covered i n  d e t a i l  ' i n  ORNL' CF 50-4-80, and Blaw-Knox Contract 

3150, Conference Notes of ~ a y  22-23, 1950, They a r e  reviewed,br ief ly  

below. 

Scram operations w i l l  take place with t h e  reactor  operating at  

0.01 Nf when t h e  main flow of cooling water decreases below f i v e  per  

cent of normal; and with t h e  reac tor  operating a t  NF when t h e  flow i n  

any one monitor tube i s  below 95 per cent of normal; when t h e  supply 
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of water i n  the working reservoir decreases below a safe ~5.nimum 

level and when an interruption t o  the  normal electpica1 power i s  

. . 
sustained for  50 seconds. 

Fast setback occurs when the  main flow of cooling water decreases 

below 80 per cent of normal and ??hen the f l o w  of cooling water t o  ex- 

perimental plugs  decrease.^. 

Slow setback occurs when the temperature r i s e  of the cooling 

water passing through the reactor reaches 105 per cent of nonnal; 

when the supply of water i n  the  working reservoir decreases below 

the working level,  or when the flow of a i r  i n  the cooling system 

decreases. 

The ent i re  system of supporting processes f o r  the  MTR projeot 
I) 

from the principal vmter and a i r  cooling systems of the reactor t o  

the incident systems of supply and eff luent  wastes a re  provided with 

an adequate number of instruments; These instruments a re  associated 

with local and/or remote indicators, recorders, cqntrollers and alarms' 

a s  required, 

2. Reactor Operations 

The' start-up and run of the  reactor i s  accomplished by 

a combination of manual and automatic controls under the  supervision 

of automatic permissive and safety interlocks associated with the  

reactor neutron instruments as  indicated i n  Figures 15 and 16. 
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The permissive interlocks, effected by the  neutron instrumvpt q 
. I 

and, control'  eTernenta associated with the experimental f a c i l i t i e s ,  

the  posit ion devices of the  regulating rod and f i s s lon  chamber, and 

the  cdntrol rod clutch engagements, permit s t a r t ,  arid~~control the  

' r a t e  of withdrawal of the control rods. 

The safety interlocks, associated with period, safety and poweq 

level  instruments operate t o  l i m i t ,  reduce o r  drop the  power level 08 

the reactor i n  accord with the  degree of deviation from normal opert 

a t  ing conditions. 

B. Mock-up Tests 

A mock-up of the  reactor including fuel  assemblies and 

ref lec tor  was made f o r  hydraulic tes t s .  This mock-up was f u l l  s ize  

and consisted of the main aluminum tank, grids and grid supports for. 

the  fuel assemblies and reflector.  Natural uranium fuel  assemblies 

and aluminum pieces i n  place of the  beryllium ref lec tor  vreiz-e used. 

Pumps and sui table  piping were provided for  c irculat ing water through 

the  la t t ice .  Studies were made of the pressure drops, cross flows, 

etc. 

After completion of the  hydraulic t e s t s , t he  mock-up was re- 

arranged by ins ta l l ing  enriched uranium fuel  assemblies, beryllium 

blocks for  part of the  ref lector ,  graphite b a l l s  outside of one-half 

of the  aluminum tank, block graphite was placed outside the  graphite 
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'balls,.  qpd concretg block sF5,qJding .. , was p\aced outqide of t h i s  

graphite. Complete regulating and shim rods were ins ta l led  along 

with suff ic ient  of the  reactor control instruments for  a complete 

operating mock-up of the reactor a t  low fluxes. A view of the  out- 

side of the mock-up i s  presented i n  Fig 21. 

The mock-up has been' operated fo r  several months a t  a power 

level  of 100 matts. The reactor control instrumentation including 

the  servo 'has functioned very sat isfactor i ly .  Wheil the  water i s  

turned on,. there  i s  a very s l ight  increase i n  the  exercise o r  move- 

ment of the servo. This i s  t o  be expected since no means o f  degasi- 

fying the  mock-up water was provided and there are  always many a i r  
I 

bubbles i n  the  water. 

The mock-up has proven tha t  the  design of the reactor i s  

safe a s  f a r  as i t s  technical features a re  concerned. The expansions 

expected are  well within the design l i m i t .  

C, Water System 

The normal operation of the,vrater system has been described. 

The cooling of the reactor a f t e r  shutdown and i n  case of emergency is 

described i n  de ta i l  i n  the next section. . . 

D. Fuel Assemblies 

While the  h e 1  assemblies are  not a part of the Safety 

&lepbanisms of the Reqctor, the  safety and success of the  reactor i s  
: ' 
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d i r e c t l y  r e l a t ed  t o  t h e  r e l i a b i l i t y  of these  assemblies. The dis-  

cussion of t he  t e s t s  which have been made on t he  fue l  assepbl ies  Is, 

thenefore, placed i n  t h i s  section. 

The design of t h e  fue l  assemblies has.been developed t o  provide 

a means of t rans fe r r ing  t h e  very large  amount of heat t o  t h e  cooling 

medium and obtain an assembly with suf f ic ien t  r i g i d i t y  t o  s tand 'up 

under t h e  various forces  due t o  temperature di f ferences  and t h e  fjpsv 

of  t h e  cooling vrater. A t  t h e  same time, t h e  design of t h e  fue l  assem- 

b ly  has been fixed wi thin  narrow l i m i t s  by t h e  f ac t  t h a t  t h e  cooling 

water a l s o  a c t s  a s  t h e  moderator. 

. . lo Vibration 

The water flow r a t e  through t h e  ac t ive  l a t t i c e  of t h e  

f i e 1  assemblies i s  30 ft per  sec vdth a pressure drop of 28.0 p s i  

overall .  Vibration t e s t s  have been run with water ve loc i t i e s  up t o  

40 ft per  sec over extended periods'without signs of f a i l u r e  of t h e  

fue l  assemblies; Endurance t e s t s  a t  no,mal operating conditions 

have been run f o r  58 days, reference ORNL 50. 

2. Heat Transfer 

Four d i f fe ren t  t ' ~ e s  of heat t r ans f e r  t e s t s  have been 

ca r r ied  out. The f i r s t  of these  was t he  heating of s ingle  passage 

heat t r a n s f e r  u n i t s  with t h e  same in te rna l  dimensions a s  each passage 

i n  t h e  fue l  assembly; The purpose of t h i s  t e s t  was t o  determine i f  
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. t h e  ac tua l  heat t r ans f e r  could be conducted without bubble fannation 

i n  t h e  f i l m .  ' Heat t ranpfqr  r+ tqs  up t o  f l ~ e s  of 740,000 ~ t u b r  p p . f i  
, , . . 

were experimentally produced, :reference MonT-433, page 200 . 

The second type of 'experiment was t he  heat ing of t h e  edges of 
-&. 

t h e  ac t ive  sect ions  only by means 0%. Calrods t o  determine i f  t h e  temper- 

a tu r e  di f ference between t h e  fue l  sec t ion  of t h e  sandwich and t h e  edge 

of t h e  $ic ture  frame would cause cracking, Mo evidence of damage 

occurred, Mathematical analys is  indicated t h a t  t h e  maximum s t r e s s  

a t  any point i n  t he  fue l  assemblies due t'o temperature difqerences 
4, OW r '  

i s  28000 p s i  while t h e  y ie ld  strength i s  w e l l  over 4000 psi ,  reference 

A t e s t  was conducted with mul t ip le  passage u n i t s  t o  determine i f  

melting of t h e  fue l  p l a t e s  would occur i f  one passage became plugged 

f o r  any reason. Wo evidence of high temperatures o r  melting occurred. 

Analysis of t h i s  problem a l so  indicated no t rouble  should be expected. 

A passagevray with only 50% of t h e  nomal  cross  sect ion would cause 

increases of only 200F i n  t h e  temperatures of t h e  adjacent f ue l  plates.  

This work has demonstrated t h a t  a l l  t h e  heat  from a s ingle  f i e 1  p l a t e  

can be t rans fe r red  t o  t h e  cooling medium by t r ans f e r  on one side of 

t h e  fue l  p l a t e  only; o r  i n  other words, t h e  f ac to r  of sa fe ty  i s  a t  

l e a s t  two, 

_ _  
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The four th  t e s t  wa,s a very gimplg oneo A tube gf aluminum was 
i 

c losed a t  one end, f i l l e d  p a r t i a l l y  fu l l .  of water, and an e l e c t r i o a l  

current  run through t h e  tube t h a t  would r e s u l t  i n  a s t a t i c  heat t rans-  

, f e r  r a t e  many times t h a t  of  normal operation. ' I n  t h i s  case, t h e  

water immediately shot from t h e  tube, The tube was not damaged and 

t he r e  w a s  no evidence of inc ip ien t  melting. This t e s t  w i l l  be re fe r red  

t o  i n  t h e  next sec t ion  when t h e  hazards of t h e  reactor  a r e  discusse4. 

The following discussion r e f e r s  t o  slow r a t e s  of  change i n  k. 

Conditions present when there  a r e  vemj rapid r a t e s  of change i n  k a r e  

discussed i n  t h e  next section. Under normal operation t h e  f i lm tem- 

peratures  a t  t h e  edge of t h e  l a t t i c e  w i l l  be 2120F o r  over; so not 

much addi t ional  heating would be required t o  f l ash  some of  t h e  water 

and cause l o s s  of moderator, This temperature i s  estimated as 2420F. 

s ince  t h e  pressure i s  about 45 ps ig  o r  60 ps ia  a t  t h e  cen te r  l i n e  of 

t h e  reactoy. The maximum metal temperature i s  about 2450F under nor- 

mal operation o r  about 325OF' when t h e  steam flashes. These tempera- 

t u r e s  a r e  f a r  below t h e  point at  which any damage t o  t h e  aluminum 

. p la t e s  would occur since t h e  melting point of t h e  cover p l a t e s  is  

about 12200F. However, t h e  f u e l  p1at.e would continue t o  heat-due t o  

t h e  f i s s i o n  heat, and mould'melt if  t he  steam did  not condense o r  be 

forced out and admit addi t ional  cooling water wi thin  a few seconds. 
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It i s  believed t h a t  flashing-would occur a t  the hot tes t  points 

' i n  the  reactor and would resu l t  i n  a vaporization of water followed 

by condensation and cooling i n  localized regio,ns without the  en t i re  

l a t t i c e  be'coming f i l l e d  with.steam at  one time. The flow ra t e  and 

pressure of the  water, 30 f%/sec, i s  high enough t o  force steam dawn- 

wards and out of the l a t t i c e .  

3. I r radiat ion Tests' 

I r y a d i a t i ~ n  Testg of uranium aluminum aIloys have been - ,...... 

carried out a t  Hanford. Samples made from 93 isotopic u~~~ and 

' containing Varying percentages of uranium, i n  aluminum were i r radiated 

for  1, 3, and 6 months.. Small unclad samples de~reased  3$ i n  density 

with approxiniately, 1% increase i n  each dimension under i r rad ia t ion  fo r  

, . . ,. . three' months.. Small alad plates  with 1 mm diameter fue l  and 3 nun ~ 

' diameter cover plates  had s l ight  density decreases but .  no dimenstonal 

changes i n  the lengths or  widths. The data obtained t o  date a re  

presented i n  the following :tam- 

+---"r- 

45 pay Sample 
U atoms 

U I n i t i a l  Burnup. 3.3% B u r n s  12.3% fissioned 
--. -?,&-. r ."a-V vttr LuLul 

atoms present 
Thickness Density Thickngss Densiey 

% w t .  $235 Change Change Change Change I n i t i a l l y  - __fl_ - 
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I r r ad i a t i on  t e s t s  of a f u l l  scale  f u e l  assembly i n  t h e  N?X Reactor 

a r e  planned but not yet  under way. 

4. Corrosion Tests 

~ e r i  extensive corrosion t e s t s  have been run extending, t o  

many times t h e  l i f e  of t h e  fue l  assemblies. The r a t e  of corrosion 

i n  simulated reactor  cooling water i s  negligible.  

E. BerylliLtin 

Tbq Vse of berylljum 'in t h i s  reactor  w i l l  be perhaps t h e  

f i r s t  time g q  puch p f  t h i s  metal has been used i n  one mechanism: 
. . i 

Analysis has been carr ied.  out t o  determine i f  the re  i s  any danger 

of f a i l u r e  of t h e  beryllium pieces of t h e  r e f l ec to r  due t o  tempera- 

t u r e  differences.  This work has indicated t h a t  t he  s t r e s se s  can be 

kept low. Rods of beryllium have been heated and quenched wi;th .tern- 

perature differences several  times those t o  be expected i n  t h e  reactor  

with no damage t o  the 'beryll ium. I n  addit ion,  very extensive cor- 

r p g i ~ n  t e a t s  extending over many months with full scale  assembligs 

have indicated t h a t  r a t e  of corrosion of beryllium of  good qua l i t y  

i p  simulated reactor  water i s  veFj  low. I n  f ac t ,  corrosion o r l y  

t akes  place rapidly 'ari th high chlor ides  i n  t h e  water. The water 

spec i f i c a t .+~n  fqr $XQ dehineralizeg vcitqr for $hp rpsqtqr . , i s  .25 ppm 

chloride, f a r  below %he danger point. 
I 
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No danger i s  an t ic ipa ted  from beryllium poisoning since t h e  

beryllium w i l l  almost nev.er be handled. The greates t  danger w i l l  

come during t he  production of t he  metal and i n  machining. Since *,he 

production and machining v J i l l  be ca r r ied  out under t h e  d i rec t ion  of 

AEC Health Physics Groups, and i n  an . U C  shop, t h i s  danger has been 

reduced t o  a minimum. 

F. Shieldinn . 

Very extensive. caJ pulations have demonst ra ted t h a t  t h e  

. shie ldipg i s  adequate i n  a91 respects. A large  fac tor  of sa fe ty  has 

been used i n  Che shielding design since t h e  amount of very high energy 

radia t ions  %s not accurate ly  known. A caref'ul t e s t  of t h e  shielding 

w i l l  'be made during t h e  s t a r t up  of t he  reactor. For t h i s  reason a 

very large  number of t e s t  holes 'have been designed in to  t h e  reac tor  

i n  t he  permanent graphite and biological  sh ie ld  regions. The biologi-  

c a l  shie ld  w i l l  be made 'with barytes aggregate giving a minimum den- 

s i t y  of 217 lbs/cu fe. 

6. Control Rods 

Extensive t e s t s  both is t h e  laboratory and i n  t h e  nock-up 

have beeq made on both t h e  regulating rods and t h e  shim-safety rods. 

Tests  made by pioki~1.g yp s h b  ~ R Q . s  wCt4 tqe q ~ , g p e t ~  jg ,, flowing , water 

a t  30 ft /sec and dropping by de-energizing t h e  magnets, have been made 

up . t o  . 1,009 cycles without damage t o  t he  rods. 
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M. SPECJXL HAZARDS 
' I ! '  1 

The greatest hazard of the  reactor is, of course, the estimated 

35,000,000 curies of f i ss ion  products present aft'er long operation. 

About one-fourth or  about 9,000,000 curies of these f i ss ion  produots 

are gaseous and might be released i n  case of melting of t h e '  fuel.  

plates,  The Reactor Safeguard Committee considered t h i s  poss ib i l i ty  

a t  i t s  meeting a t  Oak Ridge . i n  February, 1948. Other hazards and 

the  means taken i n  the  deqiqi  of the reactor t o  nu l l i fy  them a re  

discussed i n  the  paragraphs below. 

A. Cooling a o e r  Shutdown 

During ordinary operation 20,000 gpm of process cooling 

water i s  run through the  reactor. A s  described ea r l i e r  i n  t h i s  

report, t h i s  water i s  pumped from a sump tank t o  an overhead process ., 

water storage tank which delivers the water t o  the reaotor under . . 

constant head., This tanlc w i l l  hold 150,000 gallons and thus could 

be used for  7.5 minutes i n  case of power failtfre. 

The reactor process water eystem has been designed so tha t ,  

i n  case of power fa i lure  of the  main power supply, the reactor w i l l  

continue t o  operate foy t h i r t y  secqpds without change. A t  the  end 

of t h e , t h i r t y  seconds the reactor w i l l  automatically go into "reverse1' 

or t h e  shim rods w i l l  be automa~ical ly  s ta r ted  in, thus shutting the 

reactor down. A t  t h e  same time, the main vmter valve i n  the  l ine  

from the'overhead tank t~ the  recctor . , vlr i l l  s t a r t  t 4  clpse. This 
. . 

. . . . 
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valve w i l l  require  about 60 seconds t o  close t o  avoid danger of water 

hammer i n  t h e  system. An e igh t  inch bypass l i n e  around t h e  main valve 

w i l l  not close,but w i l l  remain open holding t h e  flaw from t h e  overhead 

tank t o  t h e  reactor  'at about 1,000 gpm, This flow i s  more than sufff- 

c ien t  t o  remove t h e  heat of decay of t h e  f igs ion  prbducts and reactor  

mater ia ls ,  The.purpose of t h e  t h i r t y  second de lay- i s  t o  keep t h e  

reactor  i n  operation through very short  power outages. Power outages 

over t h i r t y  seconds may be r e l a t i v e l y  frequent since power w i l l  be 

supp;+gd by a singlg high l i n e  t o  , t he  reactor  s i t e ,  

When power outages over about f ive  seconds occur, delay re lays  

w i l l  automatically s t a r t '  a Diesel e l e c t r i c  standby un i t  t h a t  w i I l  

reach f u l l  power i n  l e s s  than one minute. As soon a s  t h e  emergency 

un i t  i s  up t o  pot-~er, t h e  emergency standby process water pump w i l l  

start automatically. This pump w i l l  de l iver  1000 gpm a t  low head 

d i r e c t l y  t o  t h e  reac tor  through pipe l i n e s  t h a t  bypass t h e  overhead 

tank. Figure 9 i l l u s t r a t e s  t h e  flow systems f o r  t h e  reac tor  water. 

No cooling of t h i s  water by evaporation or  otherwise w i l l  be ca r r ied  

out a s  t he  temperature r i s e  i n  t h e  system w i l l  be only 170F in.. the. .  

" f i r s t  24 hours. . 

In o a p  of ' f a i l y r e  of bq%h $he main yatpf pystem find t h e  standby 
! 

water system, demineralized water can be pumped d i r e c t l y  from t h e  de- 

mineralized water storage tank t p  t h e  reactor  i n l e t  ~ i p e s .  The demin- 

e ra l i zed  water plant  w i l l '  not operate on emergencys power but i f  qeeded, 
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f i l t e r e d  r a t e r  can be run t o  the reactor by i n s t a l l a t ion  of a spool 

piece i n  the f i l t e r e d  water line. A s  a l a s t  ditch,n f i r e  hose can 

be used t o  keep water over the  fuel  plates provided the  top plug i s  

removed. . I!!ith a l l  these water l ines  it .is hardly conceivable tha t  

.the reactor could not be. supplied with some'vrater. 

As noted under the  description of the  reactor i n  the  f i r s t  .part 

o f  t h i s  report, t he  in l e t  water l i nes  enter the top of the react.or 

tank and the  ex i t  l ines  a f t e r  leaving the bottom of the  tank a re  

turnqd upvmrds above the top of the l a t t i c e  and then downwards and 

out the bottom of .the shield. Syphon break l ines  run from the  in l e t  

t o  the tops of these ex i t  loops. These exi t  water l ines  are  joined 

into a single l ine  be lowthe 'basemen to f the , r eac to rbu i ld ing .  The 

l ines  are  welded throughout including the connection t o  the seal tank 

weir box, i n  which the water level  i s  always above the  l a t t i c e  i n  the  

reactor. Only an extremely severe earthquake could break t h i s  line. 

The danger of sabotage of t h i s  l i n e  i s  considered low since the l ine  

v i i l l  be buried i n  a tunnol several feet  underground. Simply breaking 

$he l i n e  would probably not permit sufficient water t o  leak 'out  t o  

create immediate danger. Oreat care i s  being exercised i n  the  d e a i , ~  

of these l ines  t o  make cer tain that  the thermal stressqs and the 

mechanical s t resses  due t o  water hmmer are  kept very low. 

. .  
Further, danger of breakage of the ma.in reactor tank i s  minimized 

by the  thermal shield ac t  in; somewhat as  a tank. The graphite b a l l s  
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<, on t h e  outside of t h e  tank and t h e  beryllium on t h e  ins ide  of t h e  

tank would cut dovm water leakage i n  case of tank fa i lu re .  

Subsequent t o  t h e  February, 1948 meeting of the  Committee i n  

Oak Ridge, t heo re t i c a l  and experimental work was ca r r ied  out t o  
I 

determine t h e  minimum water cooling necessary t o  keep t h e  fuel 

p la t e s  from melting a f t e r  shutdown. . The r e s u l t s  of experimental 

t e s t s  a t  Oalc Ridge tmre .reported i n  ORNL-120, "Heat Dissipation 

'from Fuel Assemblies of t h e  High Flux Reactor After  Shutdown," 

by W. K. Stromquist dated November, 1948.. The conclusions from 

these  t e s t s  are: 

1, 'wi th  outside rec i rcu la t ion  of water around t h e  mock fue l  
. . 

assembly channel by natural  convectionsthe heat f l ux  could be main- 

t a ined  a t  greater  than 27,400 ~ t u / f i r  sq f t ,  the, capacity o f  t h e  

experimental equipment. 

2. 'With rec i rcu la t ion  r e s t r i c t e d  t o  t h e  mock channel i t s e l f  

t h e  maximum heat f Iux t h a t  could be maintained without vapor binding 

wao 17,00 ~ t u , h r  sq ft v&en t h e  water i n  t h e  tank above t he  channel 

was a t  t h e  bo i l ing  point, and 19,650 ~ t u / h r  . sq  ft when t h e  water i n  

t h e  tanlc was a t  30°~." 

A check was run a t  Argonne National taboratory i q  which a f u e l  

assembly ' (no uranium i n  t h e  p l a t e s )  ~vas  immersed i n  a column of water 

and heated d i rec t ly 'wi th '  a high e l e c t r i c  current passing through t h e  

aluminum of  t h e  assembly. By bo i l i ng  t h e  water with no farced 
.T 
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convection 220,000 Btu/hr sq ft heat f l ux  was maintained f o r  

20 minutes without damage, t o  t h e  assembly. 

According t o  an analysis  by Dr .  J. R. Huffinan, see memorandum 

"Cooling After  Shutdown," dated June 7, 1948, Om-CF 48-6-155, a 

copy of which i s  at tached a s  Appendix B, heat '  production i n  t h e  

reactor  a f t e r  shutdown from 30,000 lct? operation w i l l  be approxi- 

mately t h e  values shown i n  t he  following . t ab le  : 

FALL OFF OF HTAT FLUX AFTER SHUTDOVJN 

Time - Product'ion, kw . Heat Flux, Btu/hr sq ft 

Operat ion 
4 sec 
5 sec 

30 .set 
1 min 

12 min : - 1, h r  
8%: 1 day 

t ,  ,.I 4 day 

322;000 average 
20;ooo 
13., 000 
9,000 
7; 300 
4,200 . 
2,800 

900 
400 ' 

TQese values indicate  $hat a s  l ~ n g  a s  t h e  active.  l a t t i c e  i s  submerged 

i n  water, t he r e  i s  no danger of melting and re leas ing gaseous f i s s i o n  

products. Thus, t he  problem reduces t o  one of designing t h e  mrabor 

system so t h a t  t he  fue l  assemblies and the  surrounding beryl l im,  is  

coverhd'with vrate'r a t .  a l l  times. . This ' has  been done by t h e  arrange- 

ment of piping wi thin  t h e  reactor described previously. 

I n  case of breakage of t h e  discharge chute i n  t h e  sub-pile . 

room, it i s  estimated t ha t  35 gpm would flow out of t h e  reac tor  
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tank when t h e  l eve l  i s  6 inches above t h e  upper f i e 1  assembly grid. 

This estimate i s  based on t h e  s i ze  of t h e  cooling passages i n  t h e  

beryllium that i s  i n s t a l l e d  i n  t he  ohute .during operation, and t h e  

water c i rcu la t ion  holes  i n  t h e  side of t h e  chute below t h i s  beryllium 

piece. 

Rea l i s t i c a l l y  t h i s  seems t o  be excessive design because of t h e  

rapid drop of f  i n  t h e  heat generation a f t e r  shutdo~rm. For example, 

one minute a f t e r  shutdown a f t e r  operation a t  30,000 hr and assuming 

2 0 0 ~ ~  water leaving t h e  reactor,  only 51 gpm are  required f o r  t h e  

cooling of t h e  reactor  as f a r  a s  t h e  fue l  p l a t e s  a r e  concerned. One 

hour a f t e r  shutdown only 20 gpm a r e  required. I f  t h e  reactor  water 

i s  nilowed t o  bo i l ,  only 376 cu ft vrould be evaporated during t h e  

f i r s t  24 hours neglecting a l l  conduction. The volume of t h e  reactor.  

tank above t he  l a t t i c e  and below t h e  i n l e t  water l i n e  i s  305 cu ft. 

Further, the re  appears t o  be l i t t l e  danger of l o s s  of much of t he  

water fnom the  reactor  tank even through $hi?  ,tqpk might fail.  A s  - . j  . 

noted above t he  graphite pebbles outside of t h e  tank would l i m i t  t h e  

expansion of t h e  tank and. , the beryl1 ium re'flector sect  ion would l i m i t  

cross-flow and even then t h e  thermal shie ld  would r e t a i n  most of t h e  

water. 

I n  cage a l i  e f f o r t s  f a i l  and t he  fue l  p l a t e s  melt, most of t h e  

gaseous f i s s i o n  products could be held i n  the  reactor  system by shut- 

t i n g  of f  t h e  main water cooiing system or  simply ,going on "emergency1' 
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cooling, I n  t h e  normal course of operat ion, a l l  gases removed from 

t h e  process water a r e  removed i n  t he  f l a s h  evaporators and exhausted 

t o  t h e  atmosphere at t h e  top  of t h e  process water building. Floating 

heads a r e  present on t h e  sea l  tank, sump tank and process water reser-  

voir. In other words, t h e  process water system i s  completely closed 

except f o r  t h e  vents from t h e  evaporators. The s ea l  box weir is, 

of course, vented during shut dam but not during operat ion, 

Those gases which might escape i n to  t h e  reactor  bui lding could 

be trapped there  by shu t t ing  o f f  a l l . a i r  c i rcula t ion.  No windows 

w i l l  be present i n  the reactor  building. A 1 1  personnel entrances 

m i l l  have tvro doors bwt single doors w i l l  be used on t h e  t ruck  

entrances, The construction w i l l  be a s  t i g h t  a s  pract icable ,  and 

t h e  a i r  exhaust w i l l  be through s e l f  closing shutters. O f  course, 

some gases tvbuld di f fuse  out but these  should not prove serious and 

only t h e  immediate reactor  area ~vould have t o  be evacuated f o r  any 

length . J o f  time. 

B, Fission Product Loss from F'uel P la tes  

Theoretical  and experimental work has demonstrated t h a t  

t h e  d i f fus ion  of f i s s i o n  products through pure aluminum i s  negligible.  

m i l e  t h e  10 year ~ r * ?  does diffuse s l i g h t l y  at 250oC, it i s  consi-  

dered .that negl igible  qmounts w i l l  d i f fuse  out a t  t h e  temperature . , 

of t h e  fue l  p la tes ,  However, l o s s  of f i s s i o n  products due t o  
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mechanical in jur ies  t o  the fue l  plates, . t o  p i t t i ng  or corro'sion 

of the  aluminum cover plates o r  t o  the incomplete covering of the  

f ig1  sandwich part of the fuel  plates  a re  possibi l i t ies .  

Each fue l  plate  w i l l  be inspected vfsual ly  and by x-ray 

photographing before assembly: Each fuel  plate  w i l l  be given a 

heat t e s t . t o  determine i f  t h e  cover plates  were welded t b  the 

h e 1  al loy a t  a l l  points. It was been found that  by heating t o  

11300F fo r  one hour, tha t  incompletely welded spots a re  raised 

i n  bubble-like areas. A l l  .fuel plates  with any questionable welds . . 

or mechanical deficiencies w i l l  be rejected. 

~ f t e $  brazing, each fuel  assembly i s  inspected .visual ly  .and 

by "Go-No40 gages" t o  make cer tain tha t  the distances between 

. . fue l  plates  a re  correct. 

Corrosion of aluminum i n  simulated reactor water has been found 

t p  be negligible. Hovfever, lpcalized p i t t l ng  may possibly occur. 

Ip  order t o  make cer tain tha t  f i ss ion  products do not get into t h e  

water i n l a r g e  '@aunts, there w i l l  be a monitor tube d i rec t ly  

below each fuel  assembly which w i l l  measure the  temperature, the 

water velocity and continuously sample ex i t  water from each f i e1  

assembly. The water samples w i l l  pe automatical'ly scanned by counters 

t o  determine the ac t iv i ty  of the  water. An alarm signal v k l l  be given 
I 

t o  the  operators i n  the control rooy i n  case the a c t i v i t y  below any 
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fue l  assembly i s  found more than a. few per cent greater  than normal. 

Some a c t i v i t y  w i l l  always be present due t o  t he  ??a24 and ~ 1 6  i n  t he  

water. I n  txddition, skin  p l a t e s  of ,005 in. 72s a l l o y  a r e  ro!led 

hot t o  t h e  outs ides  of t h e  f u e l  p l a t e s  fo r  p re fe ren t ia l  corrosion 

t o  p roh ib i t . cor ros ion  p i t t i n g  of t he  2s a l l o y  plates.  

C. Disintegration of Fuel P la tes  

NO evidence of d i s in tegra t ion  of f ue l  p l a t e s  due t o  in te rna l  

pressure of t h e  gaseous f i s s i o n  products has been found t o  date. How- 

ever, i n  use of  93.5% i so top ic  ~ ~ 3 ~ ,  d i s in tegra t ion  o r  burs t ing of t h e  

fue l  p l a t e  might occur6 It i s  known t h a t  t h i s  phenomenon w i l l  not 

occur with t he  a l l oys  which a r e  expected t o  be used and with t h e  

burnup times now planned.. As soon a s  t h e  reactor  i s  placed i n  opera- 

t ion,  samples w i l l  be placed i n  t h e  reac tor  of t h e  highest  avai lable  

i so top ic  concentrat ion 'and t h e  highest weight percentages t h a t  oan be 

made t o  determine i f  burs t ing  occurs with extremely high burnups. 

Mganwhile, t e s t s  a r e  being continued a t  Hanford so t h a t  a s  much data 
. 

a s  possible w i l l  be avai lable  when t h e  reac tor  i s  placed i n  operation. 

D. Neutron Beams 

Locally, danger wi thin  t h e  reactor  bui lding w i l l  be present 

i n  ' tha t  neutron beams might. escape from the' beam .&ole s i f  t h e  beam 

hole plugs a r e  not properly designed o r  operated. Fiss ion counters 

w i l l  be placed on t he  wal l s  opposite t h e  s i x  main beam holes and w i l l  

r ing  an alarm i n  case neutron beams do escape. 
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E. Exulos'ion of Reactor 

The ~ e a b t o r  Safeguard Committee a t  i t s  meeting at Oak Ridge 

i n  February, 1948 considered t h e  hazard involved i n  explosion of  t h i s  

reaotor. A report  of t h a t  meeting i s  quoted a s  follows: 

"There i s  no d i r ec t  danger from a violent  nuclear explosion i n  a 

thermal neutron reac tor  l i k e  t h e  one under cons ide ra t i oh  The essen- 

t i a l  reason i s  t h e  much longer nuclear mul t ip l i ca t ion  period. A 

nuclear explosion can ac tua l l y  not produce a s  much a s  1 Kg. TNT 

equivalent energy and t h i s  . i s  not even' su f f ic ien t  t o  vaporize . the  

water pres,ent i n  t h i s  reactor. On t h e  other hand, i f  no water i s  

i n  t h e  reactor,  t h e  nuclear react ion cannot proceed. F o r t h i s  reason, 

consideration need not be given t o  dangers of de i t ruc t ion  of t h e  p i l e  

o r  t he  s t ruc tures  housing t h e  p i l e  by a severe explosion which might 

disperse i n  t h e  air, t h e  radioactive mater ia ls  present i n  t h e  pile." 

In view of t h e  above statements, no attempt has been made t o  

re eat  t he  calcula t ions  on t h e  danger ' o f  a nuclear explosion a s  such. 
, .. f' 

Rather, because of t h e  conclusions obtained by North America  Aviation 

i n  theii .  study of reactor  hazards, a s  reported i n  t h e  repor t  "A Study 

of Reactor Hazards1', by M. M. Mills,  dated December 7, 1949, NAA-SR-31, 

t h a t  a l l  r eac tors  having la rge  amounts of excess a c t i v i t y  a r e  inher- 

e n t l y  unsafe, two other  s tudies  were undertaken. The f i r s t  cqnsidered 

t h e  Inherent control  of .a r i s e  i n  r e a d i a i t y  which ~rrould be possible 

by t h e  most rapid  oontiimed withdirevml o f  t h e  shim rods. The seeond 
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study examined what would happen if there was an instantaneous r i s e  

i n  reactivity.  . Studies were undertaken of various r eac t iv i t i e s  up 

t g  and including 2% increase i n  both cases. 

Some of the  preliminary r e su l t s  of calculations tha t  w i l l  

appear i n  a report which i s  now being written, are  given i n  the  

following paragraphs, This additional report on the general sub- 

ject  of the danger of melting of the l a t t i c e  of the  Materials 

Testing Reactor w i l l  be prepared and presented a t  a l a t e r  date. 

1: Change - i n  Density of the  Moderator -- 

Dr.  Bernard I. Spinrad of Argonne -1~ational Laboratory has 

calculated the  decrease i n  weight of moderator necessary t o  reduce 

the reac t iv i ty  of the  reactor by 2%. He found a density decrease 

of 6.6% of the  water or an equivalent, increase i n  volume of t h e  

aluminum fuel plates  due t o  temperature r i s e  would decrease the  

yeactivity by the  2%. ' t 

Aluminum expands approximately 7.1% between the steady s t a t e  . . 

operating temperature and the  melting point, Since the r a t i o  of 

aluminum t o  water i n  the core i s  .7 t o  1, the '  apparent decrease i n  

the density of the  moderator due t o  the volume change i n  aluminum 

would make a change of 5% i f  a l l  the  aluminum was heated uniformly 

thus appreciably decreasing the  necessary change i n  tnfater density 
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t o  reduce t he  r e a c t i v i t y  t o  safe l imi ts .  However, t h e  f l ux  i n  t h e  

reac tor  i s  not uniform a s  t h e  highest f l ux  i s  1.8 t imes t h e  average 

flux. I n  addition, t h e  control  rods and t h e  experiments present 

w i l l  r e s u l t  i n  lowered f l u x  l eve l s  a t  various points. Another con- 

s idera t ion  i s  t he  f a c t  t h a t  t h e  fue l  p l a t e s  lengthen as they  a re  

heated. Since t h e  temperature i s  not constant over t h e  length of 

t h e  'fuel assemblies, t h i s  is not considered fu r ther  here. 

The ac tua l  change i n  densi ty  of t h e  water i s  very d i f f i c u l t  

t o  est imate due t o  t h e  g rea t ly  subcooled condit ion of t h e  bulk of 

t he  cooling water and t h e  fac t  t h a t  it i s  i n  turbulent  flow at 

30 feet/sec. Due t o  t h e  very shor t  time in te rva l  involved, t h e  bulk 

temperature w i l l  not be r a i s ed  t o  t h e  sa tu ra t ion  temperature even 

though surface bo i l ing  i s  t ak ing  place a t  t h e  in terface  with t h e  

fue l  plates.  It i s  d i f f i c u l t  t o  predict  ana ly t i c a l l y  whether steam 

bubbles w i l l  have a l i f e  great  enough t o  cause appreciable decrease 

i n  moderator density before vapor binding at t h e  surface with resul- 

t a n t  melting of t h e  fue l  p la tes ,  

Since t h e  maximum speed of removal of t h e  shim rods gives an , 

increase i n  8 k/k of .22$ per second when t h e  rods thk center 

plane, t he  control  system w i l l  r ead i ly  .control t he  r e a c t i v i t y  since 

it is  designed t o  have adequate response t o  periods a s  low a s  .1 
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2. Instantaneous ~ h a n l e s  i n  k. 

Using t h e  very conservative values of 30 milliseconds required 

drqpping time and one "g" acceleration,  t h e  shim-safety rod system 

w i l l  s a f e ly  handle an instantaneous increase of 1% b k/ke This is 

without consicierat ion of t h e  inherent sa fe ty  cha rac t e r i s t i c s  mentioned 

previously, i.e., volume expansion of t h e  aluminum, surface bo i l ing  

i n  t h e  moderator, and t h e  negative temperature coef f ic ien t  f o r  thermal 

f iss ion.  .The 5% moderator densi ty  decrease ( r e l a t i ve  t o  t h e  core 

volume) caused by t h e  expansion of t h e  heated aluminum plus t h e  

other  two e f f e c t s  should e a s i l y  reach t h e  6.G moderator densi ty  

decrease t h a t  has been mentioned a s  required t o  be inherent ly  sa fe  

f o r  an instantaneous increase of 2% b k/k without t h e  help of t h e  

safet'ies, Indications a r e  t h a t  between 2 and 3% instantaneous in- 

crease i n  r e a c t i v i t y  can be t o l e r a t ed  i n  an emergency without melt ing 

of t h e  fue l  plates.  Also, when aluminum goes through t he  change from 

t h e  so l id  t o  t he  l i qu id  phase it inc rea se s ' i n  volume 6.3%, and t h e  

local '  melt ing.  w i l l  change t h e  geometry a s  it .progresses t o  fu r the r  

decrease 6 k/ke 

It i s  believed t h a t  i n  t h e  worst t heo re t i c a l  accident with t h e  

Materials  Testing Reactor, roughly 20% of t he  fue l  p l a t e s  would melt 

and shut t h e  reactor  do~m. The melting of 20% of t h e  fue l  p l a t e s  

w i l l  re lease  a s  much a s  2,000,000 c, of gaseous f i s s i o n  products i n to  
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the reactor process water system. It i s  doub th l  i f  500,000 curies  

would escape from the water system. No accurate estimate of t h i s  

value has been attempted. 

Calculations a re  being continued on t h i s  phase of the  work 

using the REAC a t  Argonne. A s  noted previously, an additional 

report w i l l  be presented when the work i s  complete? 

3. Expulsion of Coolant - 
Experimental work conducted a t  Argonne National Laboratory 

i s  covered b r i e f ly  i n  Appendix E, a report by 1:k. S, Untemyer, 

en t i t l ed  "Reduction i n  Reaativity of  Heterogeneous Reactor by 

.Expulsion of Coolant," ANL-1JIPB-60. The experimental work indi- 

cates tha t  steam i s  generated i n  a stagnant tube within t e n  m i l -  

seconds and t h i s  steam' f i l l s  approximately 1% .of l cm cooling 

passage, 

The conditions i n  the AdTR d i f f e r  widely from these t e s t  

conditions in' t ha t  we have a dynamic system with water flow a t  

30 ft per second under approximately 45 psig a t  the center o f t h e  

la t t ice .  The volume of steam formed and present a t  any given -:.-. 

instant  probably vrould be much l e s s  than 10%. 

4. Oxidation of Reactor Materials 

The report by Nir. M. 14. Mills, presented i n  NAA-SR-31, 

included the  heat evolved i n  the formation of uranium oxide and 
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aluminum oxide from t h e  uranium and aluminum present i n  t h e  

reactor  a s  contributing t o  d i s a s t e r  conditions. Experimental 

work conducted a t  Argonne, reference Appendix F, e n t i t l e d  

"Reactor Hazards" by J. J. Katz and H. R. Hoeks'tra, dated 

Jan. 27, 1950, AmL-W-596, indicated t h a t  very l i t t l e  heat  

would be con t r ibu ted  due t o  oxidation of t h e  aluminum and 

uranium. Further work recent ly  ca r r ied  out at Argonne confirms 

t h i s  resu l t .  

F. Sabotage 

Some considerat i o n  has been given. t o  sabotage i n  t h e  design, 

of t h i s  reactor. In t h i s  respect, it appears t h e  most e a s i l y  sab- 

otaged item i s  t h e  proaess water tower; b.&. a bypass and other  pipe 

l i n e s  w i l l  be i n s t a l l e d  which can be used t o  keep t h e  reactor  

flooded i n  case of sabot.age of t h i s  tower. Wrecking of t h i s . t ower  

would cause considerable deiays for  repa i r s  but no danger of  ex- 

plosion o r  melting t h e  fue l  plates.  

The reactor  i t s e l f  i s  not e a s i l y  suscept ible  t o  sabotage 

because of t h e  very heavy shielding surrounding t h e  en t i r e  reactor. 

Shaped charges would seem t o  be t h e  most dangerous type of sabotage 

explosive and t h e s e  would not do much damage t o  t h e  reactor  l a t t i c e  

unless they  could be placed i n  experimental holes. This i s  un l i ke ly .  

a s  t he  plugs would not then f i t  without considerable 'a l tera t ion.  

SECRET 

hamrind
Pencil

hamrind
Pencil



SECRET 

-89- 

A l l  e l e c t r i c a l  l i n e s  wi thin  t he  reactor  a rea  w i l l  be ,underground 

and thus  r e l a t i v e l y  f r e e  from danger of  sabotage, Also key pumps 

w i l l  be not only emergency yower driven but w i l l  be equipped with 

t h e i r  own individual  and loca l  prime movers. Thus several  devices 

would have t o  be sabotaged at  once t o  cause severe damage* 

Explosives placed i n  t h e  control  room i n  such' a way t h a t  t h e  

instruments would be damaged would cause several  days l o s s  of 

operat ion but could hardly cause permanent damage. This same s t a t e -  

ment appl ies  t o  t h e  motor drives on t h e  t o p  plug. 

The bottom plug i s  designed of very heavy s t e e l  and probably 
. . 

, several  hundred pounds of explosive tvould be required i n  t h e  sub- 

p i l e  room t o  ser iously  damage t h i s  plug. 

Cutting of a i l  ' l ines  between t h e  reactor  and t h e  control, room 

would de-energize t h e  magnets on t h e  shim-rods permitt ing them t o  

drop, shut t ing down the  reactor. , 

I 

G. Bombinn 

The 'same considerations apply t o  .bombing a s  appl ied t o  sab- 

otage a s  discussed above. The th ickness  of t h e  biological  s h i e l d  and 

i t s  great  mass means t h a t  ordinary bombing'would do l i t t l e  h a m  t o  

t h e  reactor  unless the re  was a d i rec t  h i t  and t h e  bomb, by charrae, 

penetrated t h e  t op  plug, This i s  so improbable as t o  be negligible.  
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I n  addit ion, '  t o  penetrate t h e  t o p  plug would require  an .amour 

pierc ing bomb. A bomb exploded i n  t h e  reac tor  building would cause 

severe damage t o  t h e  .regulating and shim control  rods on t h e  t op  

plug and t o  t he  control  room instrumentation but could hardly r e s u l t  

i n  re lease  of ' t h e  gaseous f i s s i o n  products. 

The physical s i zes  and locat ion of t h e  reac tor  building and 

aux i l i a ry  buildings w i l l  make them very d i f f i c u l t  t o  camouflage. 

. The reactor  building pa r t i cu l a r l y  i s  almost an ideal  t a r g e t  f o r  

low leve l  o r  skip.bombing. Also, it would appear t o  be near ly  an 

idea l  t a r g e t  f o r  a bomb o r  di rected miss i l e  with homing devices. 

The dispersion of t h e  various p ro jec t s  wi thin  t h e  Reactor Testing 

S ta t ion  make them very poor t a r g e t s  for  area  bombing. Also t h e  

dispersion of t h e  ITTR buildings wi thin  t h e  a r ea  redllce t h e  proba- 

b i l i t y  o f ' h i t s  due t o  high leve l  bombing with conventional bombs.- 

The wal ls  and roof of t h e  reac tor  bui lding w i l l  o f f e r  no reaf  

res is tance ko skip bombing or  high a l t i t u d e  bombs with homing devicqp. 

The wal ls  w i l l  cut down the  damage due t o "  fragments from near n i s s e ~ ~  

H. Third Safety Device 

Some consideration has been given t o  building a t h i r d  safe ty  

deoiaa. The present s a f e ty  devices a re :  

1. The regulat ing rods. 

2. The shim control  rods. 
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Hotvever, t o  date, no s a t i s f ac to ry  t h i r d  sa fe ty  device has been sug- 

gested. The introduction of.neutron absorbing gas o r  a powder has 

not been considered practicable. The use of spring loaded rods has 

been considered and a very . s l ight  timount of consideration has been 

t o  a gun or  pressure chamber which would f i r e  cadmium o r  

boron containing chains su f f i c i en t l y  f i n e  t o  pass i n to  t h e  $ndividual 
I 

cooling water channels within t h e  fuel  assemblies u n t i l  mechanically 

'removed. A l l  these  devices have been considered impracticable. ' 

I. Isotopes present 

The report  o f t h e  Oak Ridge Meeting of t h e  ,Safeguard 

Committee, see Appendix A, presented t h e  following t ab l e  of  t h e  

maximum inventory of radioactive isotopes emitt ing alpha rays: 

I sotope Half Life  Maximum Inventory 

$36 1,000,000 y r s  .40 gm 
$33 160,000 " 700 11 

h239 24,800 " .2 , 'I 

Pu2 38 115 " .005 " 

I n  addit ion,  isotopes may,be present f o r  i r r ad i a t i on  purposes 

a s  par t  of t h e  isotope production or  research and development pro- 

grams.. No r e a l  estimate of t h e  amounts of these  isotopes can be 

made. 

J. Storage of Fucl Assemblies 

Fresh fuel  assemblies w i l l  be s tored i n  a vault  u n t i l  

used- Used assgmbf i e s  w i l l  be stpred.  i n  t h e  canal  f o p  ) . . .  @$ 1qpqt . 
.' . 
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21 days a f t e r  discharge. The storage w i l l  be i n  28 assembly uni ts ,  

cadmium poisoned, and several  f e e t  from one another, ~ h e s e  u n i t s  

w i l l  be individual ly  locked, During t h e  i n i t i a l '  months of operation 

u n t i l  t h e  chemical . . plan ts  a r e  completed and operating, t h e  canal 

w i l l  be used t o  s to re  up t o  a naximum possible number o f  270 spent 

f ue l  assemblies. ' 
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X. POPULATION NEAR SITE 

The ac tua l  s i t e  i s  shown on Figure 22 and t h e  general s i t e  

locat ion i s  shown a s  Figures .1  and 11 o f  Appendix G. The reac tor  

w i l l  be b u i l t  about four miles Northwest o f  t h e  Naval' Gun Sta t  ion 

and about 48 mile? weat of Idaho Falls .  The ac tua l  s i t e  i s  located 

i n  Sect ion 14 of township 3 north, range 30 East i n  Butte County, 

1daho. 

The towns and c i t i e s  near t he  s i t e  with t h e i r  ,population .and 
4 

distanoes from t h e  ac tua l  reactor  locat ion a r e  tabula ted below. The. 

populations of t h e  Idaho towns and c i t i e s  were taken from t h e  1948 

Of f i c i a l  Highway Nap of Iiiaho. s 

Town o r  City Miles from S i t e  

Arao 
Moore 
Terrdton 
Roberts 
Maakay * 

Rlackfoot 
Shelley 
Aberdeen . ' 

Idaho Fa l l s  
Lewi sv i  11 e 

V 

Menan 
Ucon 
Rigby 
American Fa l l s  
Pocatello 
Rexburg 
St. Anthony . 

Ruport 
Burley 
Gooding 
Butte '(~ontana) 
Sa l t  Ikke City ( ~ t a h )  

Population 

100 
550 
300 
2 60 
319 
77 6 

3,680 
1; 751 
1,016. 

19,000 
371 
432 . 

' 449 
1,978 
1,439 

25,000 
3,437 
2,719 
3,167 
6,500 
2,568 

37,081 
140.1 267 

Direct  ion 
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The Smith Hinchman and Gryl ls  report  gives t h e  population of  

t h e  counties near t he  s i t e  a s  follows, 

Count v 

Bingham 
Blaine 
.Bonnevil.le 
Butte 
 lark 
Jefferson 
Madison 

The Snake ,River P la ins  are prac t i ca l l y  uninhabited except i n  t h e  

nor th  and e a s t  where t he r e  i s  some i r r i g a t e d  ground. During the ,  sun- 

mer t h e  p la ins  a r e  pastured by occasional sheep heyders. Some horses 

and antelope a r e  occasionally seen but the re  i s  very l i t t l e  o ther  

wi ld  l i f e .  
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There a r e  no v i t a l  i ndus t r i a l  o r  wtir i n s t a l l a t i o n s  near t h e  

proposed s i t e  except those  conneoted with t h e  Reactor Testing S t a t  ion  

i t s e l f .  Within t h e  hundred mile radius  the re  a r e  several  important 

ins ta l la t , ions .  There a r e  several  p lan t s  at Pocatello makbg.. pMpha%as 

and elemental phosphorous. The Naval Gun Factory with i t s  machine 

shops and t h e  Union Pac i f ic  Railroad Shops at Pocatello a re  important 
, 

i n s t a l l a t  ions. The other  communities a r e  e s s e n t i a l l y  d i s t r i b u t  ing 

centers  t o  t h e  ru r a l  areas. . 
The dam at American F a l l s  and t o  a minor extent  t h e  p a r t i a l  

dam and power plant  a t  Idaho Fa l l s  a r e  important sources of  looal  

power. 

Within t h e  two hundred mile radius  the re  a r e  t h e  Butte and 

Anaconda, Montana, copper mining and smelting plant$ and jus t  out - 
s ide  t h e  two hundred m i l e  radius a r e  t h e  copper mining and smelting 

and other manufacturing p lan t s  of t h e  S a l t  Lake Ci ty  area. 

U. S. Route 20 crosses t h e  s i t e  and i n  f ac t  runs as close as, 

s i x  miles t o  t he  ac tua l  reactor  s i t e .  While t h i s  i s  an important 

road, a l t e rna t i ve  routes  a r e  available. The r a i l r oad  w i c k  s g v e s  
: !' , . . 

t h e  area  is  a branch of t h e  Union Pac i f ic  serving Arco and'Mackay 

with no 'through conneations. The Pocatello t o  Butte branoh of  t he  
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X I 1  KINDS AND PRECIPI.TATION 

The information presented i n  t h i s  section i s  taken almost en- 

t i r e l y  from the report by Smith, Hinchman and Crylls, Inc., ent i t led,  

"Survey Report - Fort Peck, Montana - Pocatello, Idaho Sites," 

March 26, 1949, pages 40 t o  50,and from "Meteorology of the Reactor 
' 

Test S i t e ,   roo, Idaho,' prepared by the Weather Buieau, Sept. 16, 

,1949, A copy of the  f i r s t  section of t h i s  l a s t  report but omitting 

the  tabular  data i s  attached t o  t h i s  report a s  Appendix E, 

A, mind. - 
The surface wind i s  generally from the  Southwest with 

variations dependent on the  local temperature and weather conditions. 

Very low winds from the  Northeast,occur, see Figure 2 of Appendix G. 

The actual s i t e  of the  Materials Testing Reactor i s  not f a r  from the  

ex i t  of the L i t t l e  Lost River ml ley .  A t  times local  winds blow up 

t h i s  valley during the  day and down a t  night, This flow of a i r  tends 

t o  change t h e  wind direct ion t o  the south i n  the daytime and probably 

more westerly a t  night although no data a re  available on night a i r  

flow. 'The average surface wind speed i s  8-10 mph with stronger winds 

occurring ' i n  winter. than i n  summer. The following frequency may be 

0 - 3 mph 10 - 2% 
4 - 16 60 - 70 

16 - 31 10 - 20 
32. - 47 1 -  2 

over - 47 l e s s  than 1 
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Very l i t t l e  re l iab le  data a re  available on the  upper air. 

Apparently up t o  900 f e e t . o r  so the  winds a re  similar t o  the  surfaoe 

winds and from 3,000 t o  25,000 feet  the  winds' a r e  westerly with 

average speeds of 15-25 mph. Pract ical ly  no data except piotures 

of  the smoke from the  one explosion noted i n  Appendix G a re  avail-  

able on the frequency of stable and turbulent wind conditions. In  

general, it i$ believed the  winds are .comparatively uniform. . Inver- 

sions are  disoussed i n  Section X I I I .  

There is  considerable mixing of the a i r  during the hot c lear  

days i n  the summer time. Frequent dust devils occur with mixing 

of the  a i r  up t o  perhaps 3,000 fee t  as  a mxxfmmn., 

B. Precipitation. 

The average yearly precipi ta t ion i n  the area i s  about 10 

inches. The greatest  precipitation occurs i n  the winter months. 

The greatest  precipi ta t ion i n  any one month was 2.6 inches ind i r  

cating tha t  floods a re  re la t ive ly  unknown. Twenty-five t o  t h i r t y  

inches of  snow per season i s  t o  be expected. Fifteen inches 'of 

snow has f a l l en  i n  a single day. Some precipi ta t ion may occur 

i n  any month* 

C. Correlation of Precipit;ation and Wind Direction. 

No data a r e  available on t h i s  subject, 
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Fog i s  considered t o  be mild. During t h e  winter months 

clouds may extend over t h e  a rea  espeDially at  night. Very r a r e l y  

t h i s  aloud o r  fog may drop t o  t h e  ground. This cloud formation 

occurs most f requent ly  from l a t e  November u n t i l  l a t e  February and 

from midnight u n t i l  noon. Apparently t h i s  cloud remains about 1000 

o r  more f ee t  from t h e  ground. Mila winds usual ly  accompany t h e  

cloud formation. 

E. Temperature, Humidity and Dust 

The average monthly temperatures a t  Arco vary from 14 t o  

66?F with t h e  maximum recorded temperatures varying f'rom. - 4 l ' t o  

f-1010F. The humidity va r i e s  from 54 t o  80% i n  t h e  morning, 27 

t o  71% a t  noon and from 24 t o  73% i n  t h e  evening a t  Pocatello. 

.The highest wet bulb temperature a t  t he  s i t e  has been estimated 

a t  650F. Due t o  deser t  type climate, frequent dust dev i l s  occur, 

but no very large  dust storms have h e n  recorded. 

The design of t h e  reac tor  area  and. t h e  outside piping has  

been based on t h e  assumption t h a t  f i ve  f ee t  of f r o s t  i s  possible. 
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X I I I *  INPERSIONS 

The only information concerning inversions i s  presented i n  para- 

g r a p h . 2 ~ ~  page 7 of Appendix G. Frequent inversions can be expected* 

but l i t t l e  i s  de f in i t e ly  known concerning t h e  heights t d  which t hey  

extend. 

Since low night winds from t h e  northeast  frequently occur, t h e  

most t rouble  wi th  argon might be expected in  e a r l y  mornings a f t e r  

continuous discharge under s tab le  a i r  condit ions with low wind rates. 

When t h e  s tab le  condit ions a r e  broken up by r i s i n g  hot air, some 

oontamination of t h e  area  may occur. This oondition may be expected 

t o  be eggpavated by t h e  f a c t  t h a t  t h e  s tack i s  located ea s t  of t he  

reactor  building. 
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XIVs  STACK GASES 

There a r e  t h r ee  sources of contaminated air i n  t h e  Materials  

Testing Reactor Area, These are: 

A. Reaotor cooling air 
B. Laboratory hoods 
C. Vents of e f f luen t  control  tanks 

A. Reactor Cooling A i r  

A t o t a l  of 1850 lb/min. of  f i l t e r e d  cooling a i r  i s  drawn 

through t h e  reactor  t o  cool t h e  graphite,  thermal sh ie ld  and experi- 

mental plugs. The a i r  i n  passing-over t h e  thermal sh i e ld  and graphite 

~ % ~ ; : . p i & g  up p&&ts l~s  ~g aue4, QB& ,@hphbto, 3~ ndd.t.t;l.&oh+. ;th& a$i' tail1 

car ry  with it an estimated 1500 c u r i e s  per day o f  argon 41 ac t iv i ty .  

. . 
The a i r  volume i s  estimated a s  about 34,000 cfh, a t  t h e  e s t i -  

mated temperature and pressure ex i s t ing  a t  t h e  t o p  o f  t h e  staok. . . Due 

t o  cooling, t h i s  a i r  volume w i l l  contract  t o  about 29,000 o h ;  and 

t h e  a c t i v i t y  i s  based on t h i s  vol-e. The argon a c t i v i t y  is then  

about 3.4 x lo-' curies/ff3 o r  1.3 x 10-3 microcuries/oo. 
~ *. 

A d i l u t i on  of 1300 is  required t o  reduce t he  a c t i v i t y  t o  t h e  

value of loo6 mic~ocuries/cc agreed t o  a t  t h e  Chalk River Conference 

of t h e  Radiation Protect ion Committees of t h e  United States,  Great 

Britain, and Canada, September 29 - 30, 1949. 

The in t ens i t y  of gemma rad ia t ion  a t  t h e  s tack  ou t l e t  was cal-  

cula ted from t h e  ooncentration on t h e  ba s i s  of t h e  energy of t h e  

gammas emitted as 1.37 mev, as 1.0 x 108 ev/sec. co. 
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Calculations on t h e  a c t i v i t y  of  t h e  air a r e  presented i n  

wArgon.Activity i n  Reactor Cooling Air;' by J. A. Lane, dated 

November 17, 1949, ORNL Central F i l e  No. 49-11-180 attached as 

Appendix H of t h i s  report. 

After  leaving t he  reaotor,  t h e  a i r  passes through a round 

aoncrete duct t o  blowers and t o  a stack. Space has been provided 

fo r  t h e  construction of  an a i r  f i l t e r  bui lding i f  f i l t e r s  a r e  re-  

qu i r ed  by operat i o ~ l  t e s t s .  

B. Laboratory Hood A i r  

Laboratory hoods w i l l  be. designed with two exhauet exi ts*  

The f i r s t  of these  w i l l  be t h e  normal hood a i r  which w i l l  be ex- 

hausted from t h e  individual  hoods by fans d i r e c t l y  above t h e  labora- 

t o r i e s  and without f i l t e r i n g .  

The second a i r  system i s  expected t o  ca r ry  away a l l  t h e  c ~ n t w a i -  

nated a i r  from t h e  hoods. This contaminated a i r  system w i l l  consis t  

of 2-inch diameter pipes wi th  2-inch openings i n  each hood and ohve 

i n  t h e  laboratories.  These 2-inoh tubes o r  pipes w i l l  j o in  in to  *he 

6-inch heaaer which w i l l  l ead  t o  a scrubber i n  t h e  basement. A l l  

t h e  a i r  i n  t he  eystom w i l l  be passed through t h e  scrubber a n d w i l l  be 

scrubbed with caust ic  so lu t ion  t o  remove gaseous ac id  materials ,  

A 12-inch pipe w i l l  run from t h e  scrubber t o  t h e  fan  house and 

then t o  t h e  stack. If f i l t e r s  'are needed a t  a l a t e r  date,  they  

w i l l  be inotalled.  . . 
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C. Vents. from Effluent Control Tanks 

~ u e  t o  the  small amount of a c t i v i t y  expected, the  vents 

from the  effluent oontrol tanks, par t icular ly trie water system, w i l l  

be exhausted a t  the point a t  which the tanks a re  located, 

Hydrogen and Oxygen 'formed by the decomposition of the  cooling 

water i n  the  reactor w i l l  be removed from the water and compressed 

t o  atmospheric pressure by the  deaerators and steam je t  compressors 

of the cooling water system. This hydrogen and oxygen w i l l  be vented 

a t  the  top of the  process water building. The amount of radioactive 

gases mixed with .[;he oxygen and hydrogen w i l l  be neglibible. A 

l iquid vent seal w i l l  be ins ta l led  just  under the roof to, prevent 

flashbacks and explosions i n  case of possible igni t ion of these 

gases. 

D. Stack - 
The stack w i l l  b e  20 high& C43;cuTations 

are proooh+ied i n  Appehdix f on t h e  stack hi3ight. and a c t i v i t y  .t;o be 

expected a t  ground level. 

. . .  
With a 250-foot s tack,act ivi ty  a t  ground level w i l l  very 

seldom, i f  ever, a t t a i n  tolerance levels. 

The diameter of the  stack a t  the top w i l l  be f ive feet  with 

an ex i t  velocity of 1740 feet  permhutre. It was desired t o  have 

the  diameter such tha t  t he  velocity w i l l  be nearly 2000 fee t  per 

minute t o  make oertain tha t  the exit; gases a re  ejeated well above 

the stack, 
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E. Correlation of Reactor Operation with  meteorologic^ 
Conditions. 

The Idaho Operations Office plans t o  maintain a continuous 

survey of the  meteorologioal conditions and of the a c t i v i t y  a t  

several points i n  the  Reactor Testing Station Area. Reports w i l l  

be correlated with operations of the reactor a t  a l l  times. 

The only hazard expected i s  tha t  an inversion may occur under 

such conditions that  the stack gases flow downwards immediately 

around the stack and spread out a t  the foot of the stack, Such a 

condition might occur without suff ic ient  di lut ion t o  bring the  

a c t i v i t y  beltpr .tdlerance. Oak Ridge National Laboratory has never . . 

experienced t h i s  phenomenon,and Hanford has reported a similar con- 

d i t ion  only. once'. 1n case of the  NTR;the elevated temperature with 

i t s  heating of the stack would tend t o  force upward currents around 

the stack. The ex i t  velocity of the  a i r  of 1740 f ' t b i n  with i t s  

temperature of 1 5 0 6 ~  or more makes t h i s  type of inversion very 

doubtful , 

The almost ccntinuous winds i n  the reactor area and the  L i t t l e  

Lost River val ley w i l l .  cause a very wide dis t r ibut ion of the  radio- 

active argon with very l i t t l e  danger within the reactor area. The 

location of the  stack i n  the  normal downwind direction from t h e  

reactor ,area wi l l  a id  also. There are  no people i n  the' normal down- 

. wind direction for  twenty or more miles from the reaatoro 
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m. DISPOSAL OF LIQUID WASTES 
. . 

The disposal  of t h e  l i qu id  wastes has been la rge ly  described 

previously. Three c lasses  of l i qu id  wastes w i l l  be present --'.the 

cooling water, warm wastes and hot wastes. 

The disposal  of t h e  purge f'rom t h e  process water system is  

handled by means of storage u n t i l  t h e  a o t i v i t y  has decayed t o  a 

low level .  The a c t i v i t y  i n  t h e  prooess water i s  mainly due t o  ~a~~ 

which has a ha l f - l i f e  of 14.8 hours. The a c t i v i t y  on discharge i s  

expected t o  be 1.7 x 10-3 cur ies  per cu ft. After  storage f o r  72 

hours i n  t h e  re ten t ion  basin t h e  a c t i v i t y  w i l l  be 3 x loo5 cur ies  

per cu ft. This i s  one ten th  t h e  value agreed t o  at  t h e  Chalk 

River Conference l a s t  f a l l .  

 he re ten t ibn  basin  w i l l  consis t  of  two 360,000 gallon tanks.. 

One of  these  w i l l  be used f o r  t h e  storage of t h e  process water,while 

t h e  second w i l l  be held  a s  a spare i n  case a f i s s i o n  break should 

occur, I n  t h i s  case, t h e  e n t i r e  contents o f  t h e  process water system 

could be dumped in to  t h e  basin  a t  one time.. No provision has been 

made f o r  evaporating ,or  otherwise disposing of t h i s  water provided 

1% could not be eventually sent t o  t h e  leaching bed. This has been 

taken a s  'a ca lcula ted r i s k  since t h e  danger of a major accident of  

t h i s  kind i s  so remote and disposal  f a a i l i t i e s  could be improvised 

i f  ever. needed. 
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The second c l a s s  of l i qu id  wastes 'are  t he  warm l i qu id  wastes 

from f loor  drains,  laboratory sinks, eta. A s  noted previously, these  

w i l l  be caught i n  1500 gallon sampling tanks, nonitored and t h e  con- 

t e n t s  sent t o  t he  re tent ion basin  o r  10,000 gallon storage tanks. 

Later  when .the Chemical Plants  a r e  i'n operation, it i s  planned t o  

ship  these  l i qu id  wastes t o  t h e  chemical pla'nts f o r  concentration 

and permanent storage, 

The t h i r d  c u s s  of wastes i s  t h e  hot  wastes from t h e  labora- 

to r ies .  These w i l l  be col lected i n  n ine - l i t e r  shielded cans .and 

s tored u n t i l  shipped t o  t h e  Chemical Plants  f o r  disposal. 

The philosophy.of operation at t h e  s i t e  i s  t h a t  t h e  minimum 

laboratory work w i l l  be done there. A s  many of t h e  i t h s  a s  possible 

w i l l  be returned a f t e r  i r r ad i a t i on  t o  t h e  National Laboratories'and 

other  i n s t i t u t i o n s  f o r  detai led '  experiments. However, some work 

w i l l  be done at t he  MTR s i te ,  and t h e  wastes must be adequately 

handled. ~ o n g  distance shipment of t h e  wastes f o r  disposal has been 

given no considerat ion. 
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XVI. HYDROLOGICAL DATA 

A. Ground water 

The source of t h e  ground water i n  t h e  a rea  i s  mainly from 

t h e  L i t t l e  ~ o s t  and Big Lost River sinks. Additional water i s  from 

t h e  Snake River and i r r i g a t e d  areas  t o  t h e  Northeast. The water 

flow i s  generally from Northeast t o  southwest, although nothing i s  

known concerning t h e  flow i n  . the immediate a rea  of t h e  reaotor. 

The surface down t o  about 45 f ee t  i s  generally gravel with a 

l i t t l e  f i n e  topsoi l .  Lava ' rockextends  below 45 f e e t  and downward 

t o  t h e  bottom of t he  t e s t  wel l  0 r . a  depth of  a t  l e a s t  588 feet.  The 

lava rock i s  honeycombed with openings of about 1/8" diameter. Fre- 

quently l a rge  openings ocour,and these  range upwards t o  t h e  s ize  of 

tunnels, tubes and caves. The water l eve l  is  453 f e e t  below t h e  . 

surface. Estimates of t he  t o t a l  water flow through t h e  lava p l a in  . . 

run a s  high a s  6,000 second feet .  Pumping t e s t s  on t h e  fkr& 

pbm d uc ti.= well  were ca r r ied  out, 800 g p  being pumped with 

.35 foot pulldown. m a t  l i t t l e  surface drainage t he r e  is, i s  

toward %he Northeast, opposite t o  t h e  main body of water flow. 

Normally surface drainage i s  small due t o  t h e  high porosi ty  of 

.. t h e  gravel overburden. 
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B. Drainage 

The path of water flow from t h e  surface t o  t h e  ground. 

water l eve l  i s  unknown. I n  case ofl a major accident with l o s s  of 

a large  volume of l i qu id  wastes it i s  expected t ha t  t h e  drainage 

through t h e  gravel overburden would be qui te  rapid. The drainage 

pa t te rn  through t h e  lava would be l e s s  rapid  but sti l l  very high 

a s  compar.ed t o  flow through sands o r  clays. It is expected t h a t  

t h e  flow would be around ra ther  than through any c l a y  beds. 

The r e s u l t s  of permeability t e s t s  made by t h e  Twin City 

Testing and Engineering Laboratory were given i n  t h e i r  l e t t e r s  of  

February 6, 1950, and April  7 ,  1950, t o  t h e  Blaw-~nox Construct ion 

Company as P&BBanrs: "The permeability of t h e  s o i l  'is qui te  low. 

The pe,rmeability of t h e  sand and gravel s o i l  i s  i n  proportion t o  
/ 

t h e  amount of c lay  and s i l t  present (material passing Sf270 sieve). 

Those s o i l s  high i n  t h i s  f i ne  mater ia l  a r e  the  lowest i n  perme- 

a b i l i t y ,  The gravel appears t o ' b e  permeable,but because of t h e  

good gradation of t h e  mater ia l  from f i n e  t o  coarse t h e  void space 

i s  very small. The c lay i s  almost e n t i r e l y  impera~ous." The 
. . 

ac tua l  p6rneabi l i ty  measured variede'from 0 t o  .31 f ee t  per day. 

The' r q t p  Q$ flow of t h e  main body of water through t h e  l ava  ! ,  :. 

i s  estimate4 es.one+half  mile per yeak. On t h i s  ba s i s  t he  con- . . 

taminated G t e r  would reach. t h e  Snake River Canyon. springs and 
. . . . . .  

' . .: 

' enter  t h e  Snake River i n  about 140 yearq, since t h e  Oiqtapce $9 
. . 

the  bgr$ngs . . i s  about 70 miles. 
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No experiments have been made on di lut ion a s  a function of rote  

of flow. Hovrever, the  flow cer ta in ly  would be viscous or laminar and 

not turbulent, Some di lut ion would take place a s  well a s  diffusion. 

During the 140 year flow,absorption, adsorption, f i ss ion  decay, 

along with the  d i lu t ion  and diffusion would reduce the radioact ivi ty  

t o  a very small level. Due t o  di lut ion the radioact ivi ty  would reach ,. 

the Snake River Canyon springs over a period of many years, thus 

resul t ing i n  s t i l l  fur ther  d i lu t ion  by the main stream of water. 

Considerable more hazard i s  involved when.we consider t h e  

other ins ta l la t ions  at  the  Reactor Testing Station. Since these , 

wi l l ,  be monitored constantly, means can be.. taken t,o bbtain water 

from uncontaminated sources i f  necessary. 
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XVII EARTHQUAKES 

"The Pac i f ic  Coast Uniform Building code," 1949, designates 

t h e  Testing S ta t ion  region a s  Zone 2 a s  given by t he  "Seismic 

Probabi l i ty  Map of the  United ~ t a t e s ~ l ,  published by t h e  U. S. Coast 

and Geodetic Survey. A l l  buildings and s t ruc tu r e s  i n  t h e  Elaterials 

Testing Reactor Area w i l l  be des.igned and b u i l t  i n  acaordancd with 

Zone 2 spec i f i ca t ions  a s  given i n  t h e  above code. The per t inent  

sect ion of t h e  code i s  at tached t o  t h i s  report  as Appendix J, and 

a repor t  on "Earthquake Infonnat ion of Possible Application at  

Arco, Idaho: by J. Stewart Williams i s  at tached a s  Appendix K. 

r he Smith, Hinchman and Grylls  report  gives information con- 

cerning 16  earthquakes t h a t  oc'curred i n  Idaho and adjacent a reas  

from 1884 t o  1945 with an  i n t e n s i t y  o f  V o r  more on t he  Rossi-Forel 

Scale, This report  includes another repor t  by J. Stewart W i l l i a m s .  

H i s  conclusions a r e  a s  follows: 

"Earthquake r i s k  at t h i s  s i t e  i s  appreciable, but not 

great ,  Since isoseismal maps f o r  p r inc ipa l  earthquakes have been 

drawn, beginning i n  1925, t h e  isoseisrnals of only one earthquake 

reach Cerro Grande. Pr ior  t o  t h i s  time several  earthquakes.re- 
: .  

corded f o r  surroqnding areas.may have been f e l t  at  Cerro Grande. . 

There i s  no record of a major earthquake or ig ina t ing  c lose  t o  

Cerro Grande. 
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"However, Cerro Grande i s  surrounded by areas  of comparatively 

high seismic act ivi ty .  Furt;hennore, it l i e s  i n  a region of geolegi- 

ca l ly  young fau l t s ,  any one of which must be considered poten t ia l ly  

active. For these reasons earthquake r i s k  a t  t h i s  s i t e  should not 
. . 

be dismissed from consideration in-planning an indus t r ia l  plant t o  

be b u i l t  a t  the  s i te .  

"Cerro Grande i s  s i tua ted  within one hundred and f i f t y  miles 

of several  areas of pronounced earthquake act ivi ty .  Any one of 

these might produce a shock stronger than it has yet  produced with 

a correspondingly greater i n t e n s i t y ' a t  Cerro Grande. The earth- 

quake h is tory  of one hundred years f o r  t h i s  area  i s  very short, 

from the  geological point of view, An earthquake might occur any 

day t h a t  would a l t e r  subs tan t ia l ly  our ideas of the  d i s t r ibu t ion  

of seismic a c t i v i t y  i n  the  area about t he  Snake River Plains. 

"Earthquake r i s k  i n  any area i s  re la t ive  t o  the  type of 

s t ructure  t o  bo bu i l t .  Reinforced concrete buildings, well  

constructed in every way, w i t h  high factors  of sa fe ty  and incor- F 

porating features recommended by engineers acquainted with ea&h- 
. . 

quake-proof des,ign, stand l e s s  r i s k  of being damaged. Such build- 

ings, s e t  on the lava bedrock a t  Cerro Grande, cer ta in ly  would be 

reasonably safe froq eartk,quake damage. 

'!Considering the  earthquake h is tory  of t he  surrounding area, 

and i t ?  goologic structure,  any indus t r ia l  plant involving la rge  

ca p i t a 1  i n  
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oap i ta l  investment o r  any government plant  important t o  t h e  general 
. - 

welfare should be constructed t o  r e s i s t  i n t e n s i t i e s  of e ight  o r  n'ine. 

The cost  of  meeting t h i s  requirement would hot be great,. and it would 

offer  p r ac t i c a l l y  complete assurance against  earthquake damage. 

"Viewed from another angle, c e r t a in  types of s t ruc tures  a r e  

of such design a s  t o  be e s sen t i a l l y  earthquake-proof. For such 

s t ructures ,  earthquake r i s k  i n  any a rea  would not be great. For 

such s t ruc tures  a t  Cerro Grande it would be p r ac t i c a l l y  n i l .  

*'No t r ace s  of recent f a u l t s  a r e  known by t h e  wr i t e r  t o  c ross  

t h e  Snake River Plains. The chances, then, of displacement i n  t h e  

ground t h a t  would cut  water supplies a r e  small, small enough t o  be 

eliminated from 'consideration," . 

In  s p i t e  of t h e  fac t  t ha t  a Zone 3 a rea  e x i s t s  both North 

and South of t he  Arco area,  t h e  distances a r e  so great  t h a t  Zone 2 

has been considered completely safe. 
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- XVIII. FIRE 

The probabili ty of an ordinary f i r e  having any effect  on the  

reactor i s  very remote. A l l  buildings i n  the  reactor area a re  

designed a s  completely fireproof. A l l  pa r t i t i ons  w i l l  be s t e e l ,  

and a l l  furni ture  w i l l  be steel.  In addition, there w i l l  be no 

combustible .material except work paper i n  use and e lec t r ica l  

insulation which, with a few exceptions, w i l l  be oarried i n  

conduits. 

Fire extinguishers and portable hose w i l l  be available. No 

f i r e  truoks or s ta t ion  w i l l .  be maintained a t  the  reactor area but 

w i l l  be available from the  central  f a c i l i t y  s ta t ion  about four 

miles ' away. 

The greatest  danger of f i r e  w i l l  ex is t  a t  the  f'uel o i l  

storage area of the  steam plant, but such a f i r e  could.have no 

af fec t  on the reactor, The fuel  o i l  storage area w i l l  be equipped 

with a Foamite system f o r  i t s  protection, 
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HAZARDS TO SU!?ROUhTDING POPULATION 

. \ 

The greates t  hazard t o  t h e  surrounding population is, of 

course, t h e  remote poss ibi l i t 'y  of melting of t he  f i e 1  with 

re lease  of t h e  gaseous, f i s s i o n  products. The only people wi thin  

possible danger wi thin  t h e  25 mile radius a r e  those i n  t h e  region 

of Howe and Arco. Since t h e  population of t h i s  area i s  only a 

few hundred, temporary removal of a l l  of these  .from t h e i r  hmes  

could be. ca r r ied  out without excessive d i f f i cu l t y .  Since Home 

.and Arco a r e  t h e  nearest  towns.to t h e  area,  it can be expecrted 

t h a t  t h e i r  population w i l l  r ap id ly  increase due t o  inf lux of 
a 

people connected with t h e  Reactor Testing Station. , It i s  hardly 

conceivable t h a t  t h e  population could ever become over a few 

thousand i n  any. case. 

It i s  believed t h a t  t h e  danger t o  t h e  surrounding population. 

with a reactor  designed i n  the  manner i n  which t h e  Materials  

Testing Reactor has been designed i s  very much l e s s  than many of 

t he  chemical p lan t s  and mercury bo i l e r s  which ex i s t  i n  ~e t rop ' o l i -  

t a n  Areas. 
7 

. , 

It i s  d i f f i c u l t  t o  conceive of any o ther  danger o r  r i s k  t o  

t h e  surrounding contry. This includes t h e  meteorologica~,geologf 

bal, and hydrologicel conditions. 
. . 
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XX. REFERENCES AND ACICl?OF&EDGIAENT - 
Most of  t h e  mate r ia l  f o r  t h i s  repor t  was taken from depart- 

mental memorandums and r e p o r t s  issued by oak Ridge National Labora- 

t o r y  and Argonne National Laboratory. Almost a l l  t h e  experimental 

work mentioned was done by Oak Ridge National Laboratory. The 

following i s  a l i s t  of references t h a t  give more d e t a i l s  on t he  

subjects  covered i n  t h i s  repor t  : 

MonT-433. "Feas ib i l i t y  Report on Clinton High Flux Pilef1 
by Huf ha, Leverett ,  Newson, and Weinberg, 

MonP-272, "Physics of t he  High Flux Pile'' by  Greuling, 
Soodak .and Weinberg. 

ANL-4263 "Development Reactor Project  (-luarterly Report 
f o r  Period Ending March'\l, 1949," 

ANL-4304 "Materials Testing Reactor Project  Quar te r ly  
Report f o r  Period Ending Sept. 1, 1949. 

ANL-EKF-11 "Retention  asi in" by D. He Lennox. 

OWL-120 "Heat ~ i s s i ~ a t i o n  from Fuel Assemblies of  t h e  
High Flux Reactor After  Shut Down" .by Wb K. Stromquist. 

References on t h e  Control System a r e  l i s t e d  on Page 22. 

Stuar t  Mcl,ain, Chairman 
MTR Steer ing Committee 
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. APPENDIX A 

"Report of t h e  Atomic Energy Commission Reactor Safeguard 

Committee on ' t he  Proposed 'High Neutron F l u ,  Uater, Cooled 

~ h e r m a l  Reactor,I1 by Edward Te l l e r  dated February 10, 1948, 

less i ts  Addendum I. 
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February. , 10; . 1948 

mPORT OF THE ATOMIC EIIWGY COMl4XSS ION IW STOR SAFEGUARD 
COM'ITTEE ON THE PEOPOSED HIGH NEUTROB FLUX, FlATZR 

CO0.W THEREAL REACTOR 

Introduction -- 
The members of t h e  Reactor Saf eguetrd Committee (Manson Benedict , 

Be G. Holzman, J. Kennedy, A.  !Jolman, and E. Te l le r ,  chairman) together 

with G. Vei l  a s  representa t ive  of the  Atomic Energy, Commission and 

E. P. bligner, a s  consultant  t o  t h e  Committee, met ' i n  Oalc Ridge on February 

8 and 9, 19@, t o  consider possible hazards of t he  proposed high f lux ,  

water-cooled,. t l ~ e r m l  neatron reac tor  expressly i n  r e l a t i o n  t o  t h e  

p o s s i b i l i t y . o f  i ts  locat ion a t  t he  Du-Page s i t e  of t h e  Argonne National 

Laboratory. A s  a bas i s  f o r  its s tud ies  the  Committee had t he  F e a s i b i l i t y  

.Report, MON T-433, together with a very complete explanation of t h e  design 

and operation of t he  p i l e  by M. C. Leverett ,  J, R e  Huffman, Henry Newson, 

A.  13. Ireinberg, K. Z. Morgan, and 'other  members of t he  Clinton Laboratories1 

s t a f f . .  During t he  discussions ve  a l so  had t h e  benef i t  of advise from . 
.,. .<%dr 

W. H. Zinn of t h e  Argonpe IJational Laboratory. 

The purpose of the  high flux p i l e  i s  t o  provide the  g rea tes t  

p r a c t i c a l  i n t ens i t y  of thermal and -resonance neutrons f o r  purposes of 

nuclear , theory and technology. I n  addi t ion,  t h i s  p i l e  could be used, 

as a converter, producing r a t e r i a l s  by neutron absorption. I n  pa r t i cu l a r ,  

t h e  p i l e  f o r  production Aflw53r:$1~g~3-'is;:is;: of. ~ 2 ~ 3  
=o-p&y*rz---&*- -. -- &.,,' 
n case of emergency polonium may 

i n  t h e  high f l u x  p i le .  
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This p i l e  d i f f e r s  i n  many' i m p o r t s t  respects  from the  one recen t ly  

considered f o r  construction a t  . the  DuPage s i t e .  of t h e  Argonne I?ational 

Laboratory and we may prof i t ab ly  compare t h e  proper t ies  of these two reactors.  

The f a c t  t h a t  t h i s  i s  a thermal neutron reac tor  and t h a t  it is water cooled 

makes it more s imi la r  t o  reac tors  with which experience has been obtained, 

Moreover, t he  cha rac t e r i s t i c a l l y  longer multj.plication times under t h i s  

arrangement make the  p i l e  much l e s s  susceptible t o  severe nuclear explosion, 

as w i l l  be discussed i n  d e t a i l  i n  a subsequent paragraph. *he liigh f i s s i b n  

r a t e  of t h i s  reac tor ,  corresponding t o  a design energy l e v e l  of 30,000 kw., 

introduces hazards i n  greater  magnitude than were associated with t h e  1,000 

kw. fast neutron reactor ,  In  terms of hazards trhich would a r i s e  from t h e  

dispersion of the  p i l e  mater ia ls  i n  a i r  over a wide area ,  t h i s  increase i n  

power'level we f ind vely ser ious  as regards t h e  radioact ive  f i s s i o n  product 

content. Fortunately, t he  design of t h i s  p i l e  provides no higher l e v e l  of 

a lpha p a r t i c l e  emitt ing radioact ive  s~ibstances than t he  1,OCO kw. f a s t  reactor ,  

including the  alpha p a r t i c l e  rad ioac t iv i ty  of t he  ~ u ~ ~ ~ ,  t h e  Pu238 , u~~~ , 
.li'Wpzlm h'X~**,-9(e zzw-n r̂c-mBr* ~-w-'--uw ?- 

and u ~ ~ ~ .  ) ? t m i m m i s  consideration spec i f i c a l l y  e x c l u d e s 1  
/ A 
( t h e  production of Po from B i . r ~ b - e r e  used i n  

--I 
discussing the  locat ion of t h e  1,000 Lw. reac tor  as applied t o  t h i s  th i r ty-fold  

l a rge r  quant i ty  of f i s s i o n  products would provide a s t rong argument against  

loca t ion  of t h i s  reac tor  a t  the  DuPage s i t e  i f  the re  i s  any s ign i f i c an t  

p o s s i b i l i t y  of d ispers ing these  f i s s i o n  products inffzee a i r .  

A s  with t he  Chicago p i l e ,  the  Committee has been impressed by t h e  

ca r e fu l  design of t h e  p i l e  and i t s  grea t  po ten t ia l  value a s  a research and 

engineering too l ,  It i s  evident t h a t  t h e  p i l e  was or ig ina l l y  designed f o r  a 

location other. than the UuPage s i t e .  
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Enumeration of Hazards 
. . 

The Committee has considered two classes  of hazards: Those - 
, 8 .  

associated with the  normal operation of t h e  p i l e  a t  i t s  design power 

l e v e l  and those which would a r i s e  i n  t h e  event of accident o r  other 
. . 

unplanned mode of operation.  The f i r s t  c lass '  includes : 

. . 

1 )  Radioactive content  of t h e ' p i l e  cooling water 

2) The radioact ive '  argon content. of t he  s tack  gases 

3) The content of radioact ive  substances emitt ing alpha rays i n  

t h e  .p i l e  s t r uc tu r e  

4 )  The f i s s i o n  product content of t he  spent assemblies discharged 

from the  p i l e  

5 )  The f i s s i on  product content of t h e  chemical processing plant  

which w i l l  be required t o  reclaim u235 from t h e  spent assemblies 

6) The f i s s i o n  product content of waste solut ions  from the  p i l e  

The second c l a s s  includes: 

1) ,Nuclear explosion 0 : 

2 )  Interrupt ion of flow of cooling water o r  l o s s  of cooling water 

l e v e l  

'The radioact ive  content of the  cooling water w i l l ,  i n  the  opinion 

of t h e  Committee, give r i s e  t o  no s ign i f ican t  heal th  hazard even i n  t h e  
. . 

immediate v i c i n i t y  of t he  p i l e ,  provided t h e  precautfons described t o  t he  
@ 

Cornit tee a r e  followed. These include shie1.ding of t he  cooling l i n e s  

and provisions of re ten t ion  basins of su f f i c i en t  capaci ty  t o  hold .the 

e n t i r e  contents of t h e  cooling water system i n  the  event of rupture of 

the  ac t i ve  elemenbof the  p i l e  and contamination of t h e  cooling water by 

f i s s i o n  products. 
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The Committee was advised t h a t  a maximum of 2500 c. of radio- 

a c t i ve  argon would be present i n  thesstack gases conveying cooling air  

from the  p i l e  building. The information qvai lable  t o  t he  Committee did 

not permit it t o  evaluate the  magnitude of t h i s  hazard and it is f e l t  

t h a t  a f u r the r  study should be made of it,. taking i n t o  account a i l  

per t inen t  meteorological and geographical conditions, . 

The maximum inventory of radioact ive  isotopes .emitting alpha 

rays  i n  t he  p i l e  s t r uc tu r e  was estimated t o  be 
Maximum 

Isotoee__.,- -- Half Life - -  Invent o m  

U-236 1-,oOO,OOO p s .  ,400 @no 

160,~Oo yrs ,  

24,800 y r s ,  

PU-238 115 yrs.  0.005 gmo 

Of these materials ,  t he  g rea tes t  hazard a r i s e s  from u233. The expected 

maximum ~ 2 3 3  content is  no more ser ious  a hazard than t h e  Pu content of 

t h e  f a s t  reactor.  \*en t h i s  is coupled trith the  much lower p robabi l i ty  of 
"i 

vaporizing the mater ia ls  of t h e  high f l u x  p i l e ,  it can be seen t h a t  the  alpha 

a c t i v i t y  hazard of t h i s  p i l e  is l e s s  than the  f a s t  reac tor  previously considered. 

The- f i s s i o n  product r ad ioac t i v i t y  of t he  high f l u x  p i l e  i s  approxi- 

mately 30 times as g rea t  as t h a t  of t he  f a s t  reactor .  So long a s  t h i s  mater ia l  

remains i n  the  p i l e  tank and a flow of cooling water adequate t o  remove t h e  

heat  l i be r a t ed  by f i s s i o n  and t he  radioact ive  decay of t he  f i s s i o n  product 

is ;maintain~.d, thero 5.3 no l ikbl lhood of hazards a r i s i ng  from the  presence 

o f ' t h i s  mater ia l  i n  the  p i l e ,  However, a s  i s  discussed l a t e r ,  accidents 

which ' interrupt t he  .flocr of cooling water may, through melting and p a r t i a l  
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, . 

cause dissemination of these fission produc.ts , into the air 

surroqmding the pile and constitute one of the nose serious hazerds associated 

with it. The same consideration ,applies to the fission product contained in 

spent assemblies, requiring.that they be kept submerged and adequately cooled 

to prevent melting. In addition, these spent assemblies must be so handled 

they are not allowed to,accumulate a critic%l reaction mass in any place in 

the storage channels. 

Chemical process in^ and Storage of S~ent ttlastes - 
A chemical and metallurgical processing plant to recover the ,- 

I . . . . 

u235 and prepare it for reuse will be an obvious necessity for a pile of 

this type. The Committee has not considered in any detail the nature,of 

such a plant,.but hazards would certainly exist in that.large quantities of 

radioactive fission products would be present and in solution and perhaps 

subject to more ready vaporiza;tion than in the pile or,spent assemblies. 

Moreover, .the opportunity for loss of the radioactive material into nearby 

surface water is probably much greater in the chemical processing plant and 

storage tanks .for spent wastes than in the pile itself or the storage area 

for sp.ent assemblies, The chemical processing plant itself,might well 

contain seve~al million.cwies of radioactive fission products, and the 

storage tanks for spent waste might contain even an order of magnitude more 

fission products of rather long lifetime. It is thus apparent that the 

.leakage of this activity in the surface water could constitute a very major 

hazard. Lacking better information as to the nature of surface trater flow 
> 

and the pattern of water su9plies dobm stream, tre have guessed that cities 

perhaps 50 miles or more away might be endangered. The committee is forced 

to conclude that the storage facilities for these' radioactive wastes must be 

much better located with respect to the water supplies pattern of neighborhood 

S E C R E T  . . . . . . . . . .  
-..rH.Pm--.. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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areas  than they could be a t  the  DuPage s ' i te .  Pa r t l y  because of t he  inherent  

hazard of the  chemical processing plant  i t s e l f  and p a r t l y  because of the  

d i f f i c u l t y  of t ranspor t ing l i qu id  Gis tes  from the  cheniical processing plant  

t o  remote storage,  it w i l l  l i k e l y  prove necessary t o  loca te  t h e  chemical 

processing plant  a l s o  a t  a remote place and adjacent t o  t he  waste storage 

f a c i l i t i e s .  

Hazards of Nuclear E,mlosions --.. 

There i s  no d i r e c t  danger from a violent  nuclear explosion i n  a 

thermal neutron reactor  l i k e  the  one under consideration,  The e s sen t i a l  

reason is  the  much longer nuclear mul t ip l icat ion period. A nuclear explosion 

can ac tua l l y  not produce as much a s  1 Kg. TNT equivalent energy and t h i s  is 

not even s u f f i c i e n t  t o  vaporize t he  water present i n  t h i s  reactor .  On t h e  

other  hand, i f  no water .is i n  t h e  reac tor ,  the  nuclear react ion cannot proceed. 

For t h i s  reason, consideration need not be given t o  dangers of des t ruct ion of 

t he  p i l e  o r  t he  s t ruc tures  housing the  p i l e  by a seveke explosion which might 

d isperse  i n  t he  a i r  the  radioact ive  materials  i n  the  p i l e .  However, 

t h i s  i s  not meant' t o  imply t ha t  f i s s i o n  heat  o r  heat  from f i s s i o n  products 

cannot melt t he  p i l e ,  Liberating f i s s i o n  products should t he  water supply be 
. . 

sBopped . . . 

Hazards a r i s i ng  from Fa i lu re  of bJater Cooling Systems - 
' Accidents which in te r rup t  t h e  flow of cooling'water through t he  p i l e  

' o r  cause l o s s  of water l e v e l  over t h e  ac t ive  elements of the  pi2e cons t i t u t e  

its most ser ious  accidenta l  hazard. Should the  water flow be, in terrupted,  it 

is ant ic ipated t h a t  the  p i l e  w i l l  be shut down immediately; even i n  t h i s  event 

it i s  not c l ea r  how much damage might r e su l t .  I n  t h i s  connection experiments 

on the  cooling of the  assembly s t ruc ture  by stagnant water might pr,ovidc some 
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. reassurance. V the  accident which in terrupted flow of cooline trater a l s o  
1 

made it i m ~ o s s i b l e  t o  shut down the  p i l e ,  t l ieie is a pbs s ib i l i t y  t h a t  evapora- 

t i o n  of water from the  ac t i ve  elements wouid s t op  nuc'iear f i s s i on ,  but the  

extent  t o  which t h e  p i l e  elements might be melted o r  vaporized i s  very d i f f i c u l t  

t o  predic t  with cer ta inty .  A break i n  the  cdoling system below the  l e v e l  of 

t he  ac t ive  elenents i n  the  p i l e  night drop thle water l e v e l  below them and leave 

them without even stagnant water f o r  cooling. Every pdssible precaution t o  

prevent t h i s  occurrence should be taken, s ince  t he  f i s s i o n  product heat  from 

recen t  high l e v e l  operation would sure ly  melt t he  assembly elements and re lease  

gaseous f i s s i o n  products. An e s t i a a t e  of t h e  maximum mount 'o f  r ad ioac t i v i t y  

which might be released at .  t h i s  time i n  t h i s  way can be obtained from the  f a c t  

t h a t  the  t o t a l  rad ioac t iv i ty  of f i s s i o n  products present i n  the  p i l e  one hour 

a f t e r  shut dotm i s  s t i l l  about 35,000,000 c. Out of t h i s  approximately 
\ 

9,000,000 c. might be considered gaseous and thus l i a b l e  t o  escape i n t o  t h e  

air. Under any d i spos i t ion  of t h i s  p i l e  consideration might i ~ k l l  be given t o  

methods of  confining these  gaseous f i s s i on  products and preventing t h e i r  wide- 

spread dissemination. It should be remembered i n  connection with t h i s  type of 

hazard t h a t  t h e  sa fe ty  which can be b u i l t  i n t o  the  water supply system is 

dependent t o  a considerable extent  upon l o c a l  condit ions at  the  s i t e  selected.  

Factors which must.be taken i n t o  account would include t h e  locat ion and produc- 

t i o n  of various rese rvo i r s ,  pipe l i ne s ,  and the  p o s s i b i l i t y  of t he  p i l e  remaining 

submerged even though a najor  break should occur i n  t he  cooling system. 

General Concli~sions 

Although the  p o s s i b i l i t i e s  of dangerous contamination of t h e , a i r  

o r  surface water of t he  Chicago region with radioact ive  f i s s i o n  products from 

t h i s  p i l e  can be made very small by proper design and ca r e fu l  operation, t he  

Committee is  not convinced t h a t  they can be so  far reduoed a3 .to make t h e  DuPage 

County s i t e  a proper locat ion f o r  t h i s  p i l e .  Ile have been lead t o  t h i s  opinion 
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by the  l a rge  content  of f i s s i o n  products res ident  i n  t he  p i l e ,  which, i f  

. dispersed i n  t h e  air  o r  ground water by accident,  no matter how improbable, 

would cons t i t u t e  a very ser ious  hea l th  hazard. to  t he  e n t i r e  Chicago area. The 
, . 

f ac to r  i s  aggravated b y  the  locat ion of  t he  DuPage County s i t e  r e l a t i v e  t o  
0 

Chicago i n  t he  d i r ec t i on  of the  prevai l ing winds. Any fu r the r  consideration 

of  t he  locat ion of t h e  high f l u x  p i l e  on t h i s  s i t e  o r  o ther  s i t e s  i n  t h i s  

general  v i c i n i t y  should by a l l  means take i n t o  account d e t a i l s  of the  meteoro- 

l o g i c a l  conditions and the. pa t te rn  of surface water movement. A supplement t o  
. . 

t h i s  repor t  dealing with t he  meteorological conditions of t h i s  v i c i n i t y  w i l l  be 
. . 

prepared, by Colonel'Holzman. Preliminary consideration of t h i s  f ac to r  suggests 

t h a t  t he  prevai l ing winds make s i t e s  t o  the  Southwest of Chicago pa r t i cu l a r l y  

undesirable f o r  a p i l e  operating a t  t h i s  -power level .  
. . 

This Committee i n  a l l  of i ts  meetings t o  date .  has of , . necess i ty  

considered t h e  s a f e ty  . , aspects of each p i l e  as . an . i so la ted  un i t  independent of 

i t s  r e l a t i o n  t o  ex i s t ing  reactors ,  proposed'reactors,  and reac tors  l i k e l y  t o  be 

proposed . in  t he  future .  The Committee1 s analysis  of t h e  s u i t a b i l i t y  of s i t e s  

proposed f o r  individual  reac tors  would be' more e f f ec t i ve  i f  it could be made 
t 

by taking more and rrore i n t o  account t he  ou t l ines  o f , t h e  reac tor  program a s  

a whule. Also, provision f o r  chemical processing f a c i l i t i e s  and radioact ive  

waste disposal  n ight  more e f f ec t i ve ly  be considered.on a broader bas i s  than f o r  

each individual  reactor .  

/s/ Edward Te l l e r  

CONCURRED I N  BY: 
Manson Benedict 
Colonel Benjamin Holzman 
J. M. Kennedy 
Abel 1:Jolman 

ADDENDUM I - 
'IClimatic ~nnexlt  by Holzman ;- 3/19//+8 
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APPENDIX B . . 

"Cooling After Shutdown," by J. R. Huffman 

, dated June 7, 1948 ORNL CF# 48-6-155 
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COOLING AFTER SHUTDOWN 

Exploratory calculations have,been made to show that the high faux 
reac'tor will cool itself sufficiently after shutdown even though there 
is no forced convection of the water remaining in' the pile tank. 

. . 

Ten seconds after shutdown natural convection of the water in the 
pile tank will provide sufficient cooling without boiling if a down -flow 
is available to complete a thermal syphon. Failing this less than 5% 
boiling will provide sufficient circulation for the same purpose. f ..- 

,' 1 

More exact reduction.factors in heat flux, etc, after shutdown have 
been developed and further calculations made to determine the total water 
requirements and flow rates assuming that forced convection is still avail- 
able after shutdown. %is is val-uable for sizing parts .of the, cooling 
water system. 

The conclusi6n is that failure of the cooling water system' will not 
be a factor contributing to possible melting of the pile after shutdown 
and release of gaseous fission products as a hazard. 'his work has been 
confirmed recently by 'similar calculations and experiments at Argonne. 
Experiments now under way at Oak Ridge also strengthen these arguments,, 

IMTROMJCT'ION 

The Roaetor 3afeguarh Committee, in its review of the high flux pile, 
stated that an important danger in the pile is the failure of cooling after 
shutdown.. The danger is that the pile will melt and release the gaseous 
fission products into the atmosphere. Throe recommendations resulted: 

This document contains restricted data within the meanfng of 
the Atomic Energy Act of 1946 and/or information affecting 
The National defense'of the United States within the meaning 

,-..P' 
of the Espionage Act, 50 U.S .C. 31 and 32 as amended. Its 
transmission or the revelation of its contents in any manner to 
unauthorized persons is prohibited and may result in severe 
criminal penalty. 
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Huffman to File Cooling After Shutdown 

1. Provisions to insure cooling water supply after shutdown. 
This included possib.ility of flooding the pile building. 

2. Provisions to maintain the atmosphere in the building or 
in the system. 

3. Limit the initial dpereting t o  ~O;OOO h. 

This mkmo discusses the fii$t.of these rrcommeddatians. ~ h i b  ia not's 
report, but rather a compilation' of exploratory calculations. Hence, no 
apologies are made for the. p2esenfation of the resuits. 

Popsible Accidents 

,I . Due to the momentum of the cooling water flow during operation, it 
is assumed that full flow will continue for ten seconds after the cohtrol 
rods have stopped the neutron reaction. Accidents whidh could effect the 
cooling water flow are listed as follows: 

a. Stoppage of Wain Pumps. This has already been taken 
care of, in a sense, in a design of a cooling vfater system as follows: 

1) The 200,000 gallons available in the working and 
safety reservoirs, which is equivalent to 133 minutes 
at 1,500 gpm. 

2) Provisions of a 1,500 gpm line from the demineralized 
water system. 

3 )  It has been tentatively planned to provide a 1,500 gpm 
line from the filtered water,supply at X-10. There is 
a'reservoir in the filtered water system which contains 
3,000,000 and will be equivalent to 2,000 minutes 
at 1,500 gpm, not counting the ffl.ter plant supply rate 
of 4,000 gpm, 

.This document contains restricted data within the meaning of 
., the Atomic Energy Act of 1946 and/or information affecting . 
the National defense'of the United States within the meaning 
of the Espionage Act, 50 U. S.C. ,31 and 32 amended. Its 
transmission or the revelation of its contents in any manner 
to an unauthorized person is prohibited. and may result in 
severe criminal penalty, 

S E C R E T  .*----c 
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Huffman to File Cooling After Shdtdown 

I ' , . 

4) Afte= 1s to 90 minutes it is t o  eonsidei 
that' the Tire Department could provide cooling by 

. . 
using the regular fire trucke. 

be complete Rupture of Feed Water Lines From the wokkink 
Reservoirs. This might be caused'by'direct sabotage as can any of' these 
accidents. Under such cii.'cumstances, Items 2, 3 and 4 under a. tr~ould . . still be available for cooling. 

c. domplete. Rupture of All Feed Lines or- of the Tank 
Above pile ~evel, TFis might be guarded against by (1) booling by 
thermal syphon: (2) =ooling bkpermitting hater to bdiL i (3) assistan=& 
of Fire Department after 15 to 30 minutes. 

d. Complete Rupture of Tank op Pipes Below Pile Level. 
As will be apparent subsequently in this memo, this eeemc to be'the worst 
accident, After 15 to 30 minutes it is conceivable that again assistance 
could be'obtained from the Fire Department provided water by some.means 
could be maintained above the pile level in order to serve as shielding. 

During operation the pressure in thn tank above the 
' 

pile is 45 lbs per square inch and below the pile 10 Ibs per square inch, 
giving a pressure drop across the pile of 35 lbs per square incli.' With 
comylete rupture of the tank or wkter outlet pipes below the pile, the 
pressure drop would be 45 lbs per square inch. Assuming that the ~ressure 
dpop across the pile is proportional to the 1.8 power of the velocity, a 
flow of 18,000 gym would result. The tro=king and safety reservoirs would 
prd.ide cooling for 11 minutes and the 3,000,000 gallon reservoir in the 
filtered water system would provide 167 minutes. This would require a 
large diameter pipeline from.the reservoir. 

Power LeveJs . . 

The heat to be removed after pile shutdown will be due' to .(l) gamma - 
and beta rays from fission .product decay, and (2) delayed and 'gamma induced 
neutron effects. For the purpose,of this memo only the first of these is 
considered. It is. estimated that the heat from the second cause amounts' to , 

less than a 10% addition. . 

. After shutdown, the total heat generated is given by 
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Huffman to File Coolikg niter Shutdown 

F = . fissions/sec kw 
t = seconds after shutdown 
T = seconds of.pile operation ' 

. . .  

This is taken from WonP-303, Pile ~ e c h n o l o ~ ~  Lecture No. 16,. and covers 
the range 10 seconds to 100 days. During operation the power level is 
given by 

% 

P = 187F l e v / ~ e o / h  
. . 

( 2 )  

so that the reduction factor .is 
' 

A p 0 o 2  - (t $ T)-O*~I . . .  (3). 

From the results of cannbnls measurements. (CC 2176), the values of 
the kilowatts generated per gram.of fission products are availatle from 
30 minutes to l., 000 hours after shutdown. These have .beell converted' to 
reduction factors, extrapolated back to times as low as 0.1 second and . 
plotted, Calculations and curves are given in Table I and'Figures I and 
11. By comparison.with the above formula, a good value for the constant A 
appears to be 0,080 to 0;.090 over the range '3'60 seconds to 4 days , for . a 
20-day irradiation period. 

There is another way to evaluate the constant A. During operatiop 
. the heats generated are: 

Total' Heat 187 . i~iev/f ission' 
. Fission Product Heat 7 8 Mev/fission - 

5 r~ev/fission 
~ i i e  Neutron Capture Heat 5 @lev/f ission 
Th, ' A1, H20 Capture Heat 2. ?&ev/fission 

During operation the Itota.1 heat generat.ed'is the fraction 
ating heat; 7 due t o g  and 12-7 due to .y. After 

187 ET 
of operating heat: 'L of p and 2 , of gamma. 

. 187 1.87 

From these considerations, the heat generated in the pile at the 
instant of shutdown is . 
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Cooling 
Time 

6 min 
12 
18 
24 
3 0 
36 
42 
48 
54 
1 hr , 

2 
5 
10 
1 &Y 
2 
4 
10 
20 
50 
100 

TABLE I 

. . FEDUCTIOII FACTORS AFTER SHUTDOVN 

10-Day Oper. 

h / g r  - F A 

2.00 2x10-~ 0.0795 
1.65 1.65x10-$ .0775 
1.49 1.49~10-, .0780 

S E C R E T  - - . - - - -  
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Huffman to  Ptle 
b ,  

1 .  

Cobling ~ f t &  Shutdown 

This amounts t o  a value of 0,0785 f o r  the constant A. I t  should be noted 
tha t  t h i s  i s  higher than usual ly  assumed by the 2.7 Iviev due t o  Th,.Al, a n d .  
water capture heat which i s  included to  provi.de a f ac to r  of safety  f o r  in- 
duced ' ac t iv i ty  decay and delayed neutron e f fec t s .  

From MonP-272 the heat which escapes the ~ i l e  and enter8 the beryllium 
i s  83 watts/sq cm of p i l e  sides. The p i l e  has 11,280 sq. cm of side sur- 
face,  so tha t  935 kw escapes i n t o  the beryllium. After shutdown only & 
.of t h i s  reaches the'beryllium a s  400 kw. Hence the heat evolved i n  the 
p i l e  a f t e r  shutdown i s  ' , . 

This i s  assumed to  come from the metal core although' $ode i& eirolved d i r ec t ly  
i n  the water, l?or the p i l e  a f t e r  shutdown therefore,  the heat evolved a s  a 
fpnction 'of time i s .  

Of the gamma heat enter ing the beryllium 'fr0.m the p i l e  .during operation 
, 3 watts/sq cm escapes t o  the graphite,  so t h a t ' t h e  heat evoelved i n  the be- 

ryllium due to  p i l e  influence i s  (83-3) 11,280 = 905 kw. A t  shutdown thi,s 
drops by 3- t o  350 kw, and follows the following equation 

12.7 

From MonP-272 the t o t a l  heat (n  and* evolved i n  the beryllium during 
operation is (118-4.5) watts/sq cm or 1,280 kw. 

These calculations ,are n,ot too exact due to  various fac t s .  A s  
mentioned previously, delayed and gamma neutrons w i l l  contribute some heat. 
The heat loss  out the top and bottom of the p i l e  have been' neglected. In- 
vestigations i n  the Physics Division using high speed rabbi t s  seem to in- 
d ica te  some very high energy short  l ived betas which would increase the 

.heat  re leasesat  very short  times a f t e r  shutdown. I~Jork on the c r i t i c a l  . 
experiments indicates  a possible change i n  the heat f igures  given i n  ' 
MonP-272. I t  i s  f e l t  that  the values a re  suf f ic ien t ly  accurate f o r  the 
present survey, cer ta in ly  a t  times the order of one minute a f t e r  shutr  
.down. 
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Huffman to  F i l e  

' .  

Cooling Aft& ~bbtdown 

. Heat Developed as 3'unction.of ~ i & e  

Using the equation f o r  decay given previously; the heat generated 
i n  the tank assuming no losses  from the t a e , i s  given by 

4 J0.8 4 .(t.+ T ) ~ ~ ~ L  IEW aee 
(8) = 3,000 t - 

For 20-day i r r ad i a t ion  

= . 3,000 too8 kw sec = '2.42 ton8 c a l l s q  cm sec (9) 

and the following f igures  a r e  obtained 

TABLE I1 

CUI~XJLATIVE HEAT AFTER SHUTDOVN 

1 sec 
2 

30 
6 o 

5 min 
10 
3 0 
1 hr 
2 

kw sec  - 
2 ; 840 
4,950 

10; 340 
17 ; 900 
43,300 
75; brio 

,273 1000 
473 , 000 

l ; l40,000.  
a ;  990; ooo 
3,480,000 

C a l  -. 

S E C R E T  - - - - -  
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Huffman t o  File Cooling After Shutdown 

The pile is considered to consist of 22 fuel assemblies, 4 thorium 
shim rods.and 4. cadmium shim rods, Compositions are. as follows for 60 cm 
of active length: . 

PILE COMPOSITION 

Volume 
CC 

Heat 
Capac i t y 

. A1 - U SS Th Total e a l ~ ~ ~  - - - - - 
&el Assembly 2 1270 1,680 13 3 ;900 3 ;290 
Thorium Shim Rod 2,180 ' 880 722 3;780 2 ; 974 
Cadmium Shim Rod . 2,200. 1,400 . . 3 ,600 3,380 

Henee in the active seation there are 115,100 cc and 97,800 ~ a l / ~ ~ .  Per 
liter, of pile volume, heat capacity is 850 cal/O~; per liter of 'assembly 
volume 8U cal/O~. The total water in the active 'section is 67,500 cc. 

6 6 yllium there are 1.36 x 10 cc Be, 0,028 x 10 cc of H20 
cal/'c equivalent to 670 calIoc per liter. 

If all the water is out of the active assemblies, there is a total 
heat capacity of 30, 310 calIoc in 115,100 cc = 264 cal/O~/litei. ~e&t 

@ring operation is 10 kw per gram, 143 gr in assembly, or 1,430 kw 
in volume of 3,900 cc. This is equivalent to about 367 kwlliter. 

The majority of .the heat released in the assemblies is .given off over 
the surface area' of the core which amounes to 14,045 sq cm or 15,l sq f t per 
assembly. At 30,000. kw this corresponds to 322,000 ~tu/hr f t2 (24.3 callsq 
cm sec) (~vera~e value). ' (~ctually the total area available for water cool- 
ing, including end plates, is 18 sq, ft.) 

. . 
The quantity of water in the lattice (67,500 grams) has a total heat 

content at 1 0 CO (above 4.0'~) including boiling of 60.71 540 = 600 cal/,gr 8 or 4.05 x 10 cal. With no motion, the water will h i 1  in about 10 seconds; 

On the other hand if the lattice water can be linked by thermal syphon 
or other means of circul tion to the total water fn the pile tank, some 8 3,500 gallons or 26 x 10 gr are available for storage of heat. Then in 
two hours. the temperature tise is 34'0. 
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Cooling After ~hutdbwn 

. . 
f~her&l Syphon 

The force causing flow i n  a thermal syphon i s  

i s  the difference i n  density of the water leaving the heated zone 
and t h  water i n  the reservoir  above. the p i l e  and h i s  the height of the WhereLaB 
p i l e  (60 cm). The fac tor  112 accounts .for the var ia t ion i n  denslty over h. 

Now 

The v ~ l u e  o f A  i s  roughly proportional to  I= t from 40°C to  . lOO°C 

AP = 0 . 0 0 0 5 1 2 ~ ~  

q = ca l / sq  cm sec p = density - 
w , =  breath of passage u = cm/sec 
d = . width of passage " . T - =  temp r i s e  of water 

cp = -  s p ' h t  

' ~ t  steady s t a t e  the force opposing flow i s  ' the  f r i c t i o n  i n  the *assage 
given by the well known formula . , 

where 
f -  - f a r  stream l i n e  flow 

d' 
(15) '  

This neglects the f r i c t i o n  i n  the re turn passage o f ' t h e  syphon system. 

. By aosurning a& T the two forces can be .balanced by t r i a l '  and error.' 
A cold temperature of 4 0 ' ~  and a heat flux of 0.87 cul/sq cm set. a r e  'used 
(10 seconds a f t e r  shutdown). 

Two types of syphons can be studied. F i r s t ,  the water flows up the 
heated s ides  of the assembly annulus and down the middle of the annulue, 
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Cooling Af t&r Shutdown 

For t h i s  case d i n  f 3 )  i s  equal t o S / k  and d i n  (4) and ( 5 )  i s  equal 
i s  t he .3  mm width of the arrnulus; and heat i n to  the water 

For t h i s  case, i .e . ,  in te rna l  syphon, a 60°c r i s e  i s  not suf f ic ien t  
to  remove the heat a t  10 seconds a f t e r  shutdown; any&T grea te r  would re- 
s u l t  i n ,  boiling. 

The second case i s  that  i n  which the syphon water ko+es upward through 
the whoie annulus and downward. by some other path,  i e., an external syphon. 
For t h i s  case d i n  ( 3 )  i s  equal t0.J ; d i n  (4) and (5 )  i s  equal t o  2 2  ; 
and q i s  replaced by 2q i n  (2). 

For t h i s  case a temperature r i s e  of 3 0 ' ~  i s  suff ic ient .  This neglects 
f r i c t i o n  i n  t h e  external passage ' fo r  water return. To handle t h i s ,  i t  i s  
assumed that  on shutdown the beryllium plug f o r  the discharge chute i s  
automatically raised.  This provides a path 100 cm long of 15 x 15 cm 
cross  section f o r  down flow. In  addit ion,  down flow can go through the 
beryllium and a t  the tank edge. 

TABLE I V  

CROSS SECTION FOR FLOW 

30 Assemblies (up flow) = 1,200 sq cm 
' Discharge chute (down flow) a =, 225 

Beryllium (down flow) . = 280 
. Annulus (1/~6'!) at tank w a l l ,  

( d o h  flow) - - 67 

By trial and e r r o r  it i s  diBcovered that.;; 3 5 ' ~  df' the t o t a l  up flow i n  
the assemblies i s  11,900 cm3sec (1,200 x 9.94 -), C m '  requir ing a veloci ty  
of 53 cm/sec f o r  down flow i n  the discharge chu@? For t h i s  case the 
dr iving force = 0.52 gr/cm2 and the f r i c t i o n  force is  0.529 @/om2 (0.301. 
up flow and 0.228 down). 

Hence an J'external'' syphon w i l l  provide cooling a t  10 seconds a f t e r  
shutdown and with aQT of the water of 35'C, giving a 75 '~  temperature 
i n  thr 'water leaving an annulus, 

Heat Removal by Boiling 

The o th i r  method of l inking the water in the reactor l a t t i c e  with the 
bulk water i n  the p i l e  tank i s  by boi l ing with the steam bubble0 condensing , 

S E C R E T  - - - - - -  
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. Huffman to pile Cooling uter Shutdown 

in $he bulk water above the reactor, In addi'tion; this might be the method 
required to start the thermal ,syphon to operating, the steam rise acting as 
an air lift. 

. . 
The driving force would %e at least the' he.ight of water ih tde discharge 

chute 
hfk 1dogrjcm2' , , " .  . ' . (16) 

?his is backed by1 the friction drop in the ahnulus whbPe a mixture of st6am 
and wate~ is f lowirie. By assuming 'per&ent.;3 of steam 1 ri the 'waiter, tux+- 
bulent flow so. the friction factor is ' b.d(j6 can calculate the opposing . 

force, 

A p  .= a8 K 70 x 2 fhP (1-X) u2 
gd 

(17) 

wbere x is the fraction of steam 

TABLE V 

REAT REMOVAL BY BOILING 

$ Steam 
V 

czsec p/sec %%tt Steam 
cc/sec 

.1I1 
2.2 
4.7 
1 'b9 

, 20.1 
37.8 

Removal 
ca.l/sec 

The required heat removal is 680 aal/sec. It is concluded that even a few 
percent steam is sufficient, Vapor binding is not likely with 5 to 105 
steam. It is interesting to note that the liquid water pumped by a small 
amount of steam is more effective'than more complete vaporization. 

Coolinn ,Water Requirements 

It is interesting to investigate further the water requirements after 
. shutdown. During operation at 30,000 kw 13,100 gpm of water at 30 ft/sec 
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&Iffman to  F i l e  Cooling After Shutdown 

inside and 25 f t / sec '  outside the assembiies a r e  required through the 
l a t t i c e  portion including lealiage water. In addit ion a flow of '1,900 
Dm at 12 f t l s e c  i s  required +rough the beryllium ( a r b i t r a r i l y ,  i n  over- 
a l l  design 1,000 gpm more' should be added f o r  thorium kooling): . 

The r a t e s  of flow af ter .  dhutdown are. appioximately proportional t o  
the r a t e  of decay of  heat reJe,ase. For the l a t t i c e  t h i s  i s  

and f o r  the beryllium 

$ i n e e  reduction i n  beryilium heat i s  l e s s  than i n  p i l e  heat by a 
f ac to r  of 4.2 althdugh the pi le .water  requirements drops off more at 
shutdowh, t o th l  flow i s  determihed by cdoling r a t e s  dic ta ted by the 
beryllium. It should be remembered tha t  t h i s  water .f i 6 w  is deter- 
mined by thermal s t r e s s  ra ther  than by heat capacity considerations. 
A s  a r e su l t  the flows through the p i l e  system as a function'of time 
a f t e r  shutdown a r e  given i n  column 8 of ,the following table ,  calcu- 
l a t e d  from . ' I . .  

These f igures  should be checked f o r  heat t ransfer  using 

V i n  f t / s e c  -. 
De i n  inches ' ' . ,  

9 = ~ t u / h r  f t 2  OF - 

S E C R E T  ------  
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TABLE VI . 

Time 
bperatio2 
0 sec .... . 1 ...... 

....: 10 

. 1 day 
..9 

,.;p. .. 2 
" *+" . ...... 4 

Reactor Lattice ~ery l l ium 

Callsq cm sec 

(24.3) 
18525 
1.43 
1.01 
.O .87 
0.68 .. : 
.ow55 
0.47 
0.38 
0.32 

" 0,25 
0.21 
0.17 
0.10 
0.07 . 

., 0.05 
0.03 

* Based r- on Beryllium controlling - . _ __-.- 

Reactor Lattice' 
f %/see 
Active 

. . .  ftilsec* Second 
. . 

30' . ,  

., 8.2 1.95 
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Huffman to File Cooling After shutdown 

The bulk teqirature is taken as 100~F, the allowable 'film temperature 
drop as 10o°F, and the scale coefficient as 25,000. The' possible heat 
fluxes are calculated in the following table. 

/ 

TABLE VII . 

REAT TRANSFER RATE vs WATER VELOCITY 

~ a l  /sa ' cm sec 

38.6 
15!5 
10,9 
9.5 ' 
3.14. 
1.82 
0.875 

This shows the flow in the lattice dictated by the beryllium flow is 
very much more than sufficient to cool the lattice (by factprs of 10). 
Actually 1 ft/sec in the lattice is more than sufficient to cool at 
10 seconds after shutdown; it takes out' 3.14 cal/sq cm sec. The actual 
heat flux is 0.87 callsq cm sec which requires 0.2 ftlsec. (See Table VI) 

The heat generation in the beryllium at the.median plane -in the 
material cooled by one 1/8n D hole nearest the pile is 7.5 wattslcc. 
However 5 watts /cc is taken as average. The 1/811 .D hole drains heat 
from a surface of 7 sq cm over 100 cm of length. 

So 3,500 w a t t s  is removed froin a cooling surface of 30 flsq cm or 
a heat flux of 

This is during operation. The remainder of the beryllium receives much 
less,heat as shown by the fall off given in MonP-272, As a function of 
time this heat flux falls off after shutdown as follows 

(9 cal/sq cm sec) /-t-oo2 - (t + ~ 1 - O - y  (23)  
- 
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I .  

Recent experiments indicate that  there. i s  .probably a f ac t& of 
s a f e t y  of 4 i n  the thermal s t r e s se s  developed i n  the beryllium. Further- 
more; thermal s t r e s s  i s  not, control l ing f o r  the 'emergency heating a f t e r  
shut down. 

So calculat ions  have been made assuming tha t  the heat f a l l  off r a t e  
f o r .  the p i l e  can be used f o r  the beryllium flow r a t e .  Column 8 of  the 
Table VIII shows tha t  water would b e l l  i n  the beryllium a f t e r  shu.tdown. 
For safety  i t  is decided t o  permit  the water.. i n  the beryllium to  reach 
the boi l ing point ,  i .e. , roughly a 60°c temperature r i s e  and the flow r a t e  
i n  the beryllium calculated (see column 9) .  This r a t e  i s  'about exactly 
twice the flow r a t e  dic ta ted by p i l e  requiremeats. It  is' euggested there- 
fo re  that  the f low,rate  a f t e r  shutdown could be graded according t o  

2 x 15,000 1 0  /-t-0.2 
30,000 

- ( t  + gpm 

and given. i n  the 3as t column of Table. VIII. 

The t o t a l  water requi rementaaf te r  shutdown can now be estimated by 

with suf f tc ien t  accuracy. 

TABU'IX ' . 

TOTAL IJATm N3QSTIm41NTS 

Time - 
1. sec 
2 
5 ,  

10 
30 
'60 
5 min 

10 
30 
1 h r  
2 

Gallons 
40.5 . . 

. 71 
146 
255 

' 617 
1,080 
3; 900 
6;750 

16; 200 
28 ; 400 
57 e 000 
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T A B U  VIII 

BERYLLIUM HEAT FLUX AND COOLING REQUIF3biENTS 

~ ~ 0 %  . A ~ . .  Flaw forQT Pile Be .Be of 60°C Pile Be Total 
ZP~; Cal/.sq cm sec Velocity Velocity e' flysee OC gr/sec -ft/sec ft/rec mm 

Operation 
0 see .... 1 ...... - 5  

0 .  :..:.: 10 ...... 30 ... :.i . 1 min ...... 2 . 

ee*. : 6 . . .  
.**. : 12 

Sq cm of heat surface = ' 30 
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INFORlfATION FOR REACTOR SAFEGUARD COmiITTEE MEETING 

(High Flux Research Pi le )  

John R. Huffman and S. Untermyer 

One of t h e  main objections raised t o  the  high f lux  p i l e  
operated a t  30,000 kw was t h e  danger a f t e r  shutdown of the  f u e l  
assemblies melting and releasing f i s s ion  products i n t o t h e  a i r ,  
This objection, it was stated, could be removed i f  adequate water 
flow .could be maintained a f t e r  shutdown t o  remove the  heat l iber- 
a t  ed by radioactive decay of f i s s ion  products. Accidents might 
occur which would cut off a l l  o f  t he  three  supplies of cooling 
water. It was expressed tha t  maintaining the  p i l e  1attice.submerg- 
ed i n  water mikht provide adequate cooling by natural  convection 
or  p a r t i a l  boiling. 

Calculations and experiments have been performed which show 
tha t  as long as the  p i l e  c a n b e  kept submerged there is  no danger 
of melting. . By natural convection without boiling, 27,500 Btu/hr 
sq ft can be removed, By boiling t h e  water a s .  much as  '220,000 Btu/. 
h r  sq  f t  can be removed f o r  a t  l e a s t  twenty minutes. Even i f  a corn . 
ple te  thermal syphon cannot be provided, i.e., the  return,passage 
is  not .available, the  water i n  the  p i l e  tank w i l l  remove 19,500 
Btu/hr sq  ft. A t  the  instant  of shutdown a f t e r  operation a t  30,000 
kw the  heat f lux  is  20,000 Btu/hr sq  f t ,  f a l l i n g  t o  13,000 i n  f i v e  
seconds. 

The accompanying sketches show changes i n  the  design pre- 
sented in ildonT-433 which w i l l  assure submergence a t  a l l  .times, 
barring a d i r ec t  bombing or  a drasticearthquake* 

Sketch No, 1 shows changes i n  the p i l e  structure. The i n l e t  
and out le t  a i r  and water ducts a r e  relocated i n  t h e  top of the p i l e  
structure. The out le t  water ducts a re  provided with a i r  bleeds a t  
t h e i r  topmost point t o  

This docuaent contains res t r ic ted  data within the  meaning of 
the  Atomic Energy Act.-of 1946 and/or information affect ing the  
National Defense of the United Sta tes  within the  meaning of 
the Espionage Act, 50 U.S.C. 31 and 32 a s  mended. Its trans- 
rpis$ion or  the  revelation of i t s  contents i n  any manner t o  an 
unauthorized person i s  prohibited aid may result in severe 
criminal penalty. 
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eliminate syphon e f f ec t s .  In ,  t h i s  manner the thermal sh i e ld  would pro- 
vide a secondary tank t o  hold water . i n  case the  p i l e  tank should rupture.  
If t h i s  i s  so, these  changes a r e  su f f i c i en t  t o  assure continual submergence 
of t h e  p i l e  l a t t i c e .  

One of two other provisions could a l s o  be m d e i  In  the f i r s t  a l t e r -  
nat ive  a sa fe ty  reservoir  could be placed on top of *he p i l e  building o r  
i n  the  p i l e  sh i e ld  and d i r e c t l y  connected t o  the  p i l e  tank. As a second 
a l t e rna t i ve ,  the basement could be eliminated, t h e  p i l e  placed s l i g h t l y  
below ground l eve l  and t he  canal water l eve l  brought above the  upper l eve l  
of the  p i l e  l a t t i c e .  I n  -case of an emargency t he  water i n  t ha canal would 
flow i n t o  t h e  p i l e  tank, through' any ruptures i n t o  the p i l e  s t ruc ture  and 
through s m l l  leaks around the beam holes, i n to  t h e '  p i l e  building,  eventual ly  
f i l l i n g  the building with water t o  a height  of 4-5 f ee t .  I n  t h i s  case suf- 
f i c i e n t  -water storage capacity would have t o  be available i n  t he  canal ,  or  . . 
an attached reservoir .  Sketches No. 2 and No. 3 show these two add i t iona l  
provisions. ' 

Calculations ind ica te  t h a t  by increasing the cooling gap from 0.3 cm 
t o  1.0 cm, na tura l  .convection a i r  cooling i s  su f f i c i en t  t o  prevent melting 
a t  operating leve l s  below3,OOO kw. ' . . 

The committee, i n  i t s  report  of February lo th ,  suggested t h a t  consid- 
e r a t i on  be given t o  methods of confining any escaping gaseous f i s s i o n  pro- 

' ducts. If such a provision i s  necessary, the p i l e  and surrounding experi- 
mental space conceivably could be enclosed i n  a pressure s h e l l  with a i r  
locks. To handle 15 lbs/sq i n  pressure, a s t e e l  she l l  1/2" thick,  60 f t  i n  
.diameter weighing 100 tons would be necessary. 

The at tached pages present addi t ional  data and calculations t o  a s s i s t  
the committee.in studying the p i l e  a t  various operating leve l s  up t o  
30,000 ~ V I .  

This document contains r e s t r i c t ed  data wi thin  the meaning of the  Atomic 
Energy Act of 1946 and/or infornation a f fec t ing  t h e  National Defense of 
t h e  United S ta tes  within the meaning of t he  Espionage Act, 50 U.S.C. 31 . . 

. and 32 a s  amended. I t s  transmission o r  t h e  revela t ion of i t s  contents 
i n  .any manner t o  an  unauthorized person i s  prohibited and may r e s u l t  in 
severe criminal penalty. 
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Heat Developed After Shutdowp . , 

. . 

In  order t o  evaluate the heat remokd ljroblem and the  hazards a f t e r  
shutdown it i s  necessary t o  have considerable derived data. For reference, 
t h i s  material  i s  summarized i n  t h i s  section. 

T A B U  I 

Pi le  Data 

Number of Fuel Assemblies 
Number of Thorium Shim Eiods ' 

, Number of Cadmium Shim Rods 
Volume Active La t t i ce  
Volume of 'flater i n  Active Lat t ice  
Heat Capacity Active La t t i ce  
IIeat Capacity Active La t t i ce  wi th  

no water 
Volume of Beryllium 

(28 l i t e r s  ~ ~ 0 )  
Heat Capacity of Beryllium 
Heat Surface i n  Active Assenlbly 
Volume Water i n  P i le  Tank 
Cross sect ion fo r  Flow in 

A l l  Assemblies (up flow) 
Cross sect ion of Discharge Chute 

(dovm flow) 

2 2 
4 
4 

115.1 l i t e r s  
67.5 Ii.$ers 

97,800 . c a l / ~ c  

1,360 l i t e r s  . 
912;OOO c a l / ~ c  

14,045 s q  cm 
3,500 gallons 

The power evolved i n  the ac t i ve  l a t t i c e  section,  neglecting end 
losses,  i s  

The t o t a l  heat evolved i n  the p i l e  tank is obtained by in tegra t ion  

H = 7.2 x 105 t0.8 ca lor ies  

t = time a f t e r  shutdown 
i n  seconds 

T = time of operation 
i n  seconds 

This document contains r e s t r i c t ed  data wi thin  the meaning of the Atomic 
Energy Pct  of 1946 and/or information a f fec t ing  the National Defense of 
the  United S ta tes  wi thin  the meaning of t h e  Espionage Act, 50 U.S.C. 31 
and 32 a s  amended. I t s  transmission or t h e  revela t ion of i t s  contents 
i n  any manner t o  an unauthorized person i s  prohi5ited and may r e s u l t  i n  
severe criminal  penalty. 

S E C R E T  
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-7 - S E C R E T  ------  

TABLE I1 

Heat Flux and Total  ITeat Af te r  Shutdown 

(30,000 kw) 

Power Heat Flux Total  Heat 
Time t-0.2 - (t  / ~p.2 ' t ~ ; 8  .' - hv cal/sq cm sec Calories - 
Operat ion 
0 sec 
1 
5 
10 
3 0 
1 min 
2 
6 
12 
30 
1 hr 
2 
10 
1 day 
2 
4 days . 

. - One day a f t e r  shutdown if heat  were not removed by other  means, the 
t o t a l  heat  evolved would.boi1 2,800 gallons of water. Table 111 shows t h a t  
it i s  necessary t o  l i n k ' t h e  p i l e  l a t t i c e  wi th  t h e  water contained i n  the p i l e  
tank t o  prevent melting. 

T A B U  I11 

T ime 

Temperature Rise After Shutdown 

Temperature Rise OC 

Lat t ice  Only La t t i c s  Only Pi l e  Tank " 

After Shutdown No Water plus lirater" Plus Water . 

S E C R E T  
- - - - - - .  
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S E C R E T  
. - - A m - -  

Heat Removal by Natural Convection 

Exploratory calcula t ions  were k d e  t o  determine the  heat f l ux  which 
i l  

could be handled by a thermal syphon. Ihe heated path was. consideked t o  
be t h e  60 cm high, 3 mm wide cooling gap i n  the  ac t ive  port ion of the  f b e l  
'assembly and the downward path t o  be t h e  100 cm high 6 inch square dis-  
charge .chute i n  the beryllium r e f l ec to r .  . These calcula t ions  neglect  
entrance, e x i t  and eddy e f f ec t s  , in  the p i l e  tank which vrould lower t he  
heat  removal; a l so  the  existence of other d o b a r d  paths (226 sq crn i n  t h e  
beryllium r e f l ec to r  cooling holes and 67 sq cm a t ' t h e  tank wa l l )  and t h e  
f a c t  t h a t '  l i g h t e r  densi ty  water would p e r s i s t  i n  a column for some dis tance 
above the l a t t i c e , .  both of which would favor more heat removal. 

P i  - Po h Driving Force = ! 
2 

Pressure Drop i n  Cooling S lo t  = l 2 P u k  ( F.~c.A.dams , 
d2 g p.124) 

Pressure Drop i n  Discharge Chute 4f 
1 

%dl 

Heat Flux = q = 3600 d P cp T u 

2 h  

h = height i n  f e e t  
,Q = densi ty  i n  lbs/cu f t  

v i s cos i t y  i n  

f a f r i c t i o n  f a c t o r  
q = heat f l ux  i n  BtV/hr sq f t  

cp = spec i f i c  heat i n  Btu/lb OF' 

TABLE N 

I n l e t  Outlet  9 9 u A P 
Temperature Temperature ~ t i / h r  ft2 c a l k q  cm sec' f t / sec  f t  Hz0 

+ - - 

S E C R E T  ------ 
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S E C R E T  ------ 

By comparison wi th  the 1.525 cal/sq cm second heat f l u x  given i n  Table I, 
a temperature di f ference of about 400C i s  su f f i c i en t  t o  cool ths p i l e  a t  
the i n s t an t  of shutdown without' boi l ing vrater. 

I n  addi t ion experiments have been performed a t  ANL and ORNL t o  confirm 
the heat removal by thermal' syphon with.and without boil ing.  In  these  ex- 
periments the re tu rn  passage was su f f i c i en t l y  large  so  as  not t o  produce 
appreciable addi t ional  f r i c t i on .  

The experimental equipment used a t  @NL was designed t o  correspond t o  
one f u e l  assembly channel and i t s  re le ted  rzactor s t ruc tures  a s  near ly  a s  
pract icable .  A mild s t e e l  tube wi th  inside cross sect ion 1/8 x 2-3/4 inches 
was mounted v e r t i c a l l y  and had a heated length of 24-5/8 inches. An 11-3/8 
inch unheated sec t ion  extended upward t o  simulate an upper adapter t o  a 
3-inch g lass  pipe t o  simulate t h e  proportional  cross sec t ion  of the reactor 
tank which, i n  tu rn ,  was connected t o  a 15-gallon head tank with the  water 
surface 40 inches above the top  end of t he  heated sect ion of the tube. A 
l i n e  of 1 inch and 1/2 inch pipe connected t h e  bottom of t h e  tank to t h s  
rectangular tube below the heated section,  and a gate valve i n  the  l i n e  
was closed when it was desired to  prevent outs ide  c i rcu la t ion .  The rec- 
tangular tube was heated by passing through it a heavy current  from a 
var iable  transformer , and heat f l ux  was determined from measurements of 
current and voltage drop i n  the tube. Thermometers t o  measure f l u i d  tem- 
peratures were placed i n  the i n l e t  below the  heated sect ion and a t  a posi t ion 
jus t  above the  top end of t he  rectangular tube. Thermocouples placed on the  
outside of t he  rectangular tube were used t o  measure the metal temperatures. 

I n  the  t e s t s  conducted wi th  outside c i rcu la t ion ,  the  power input was 
increased successively and readings were taken a f t e r  stea&j s t a t e  conditions 
were reached for  each value of power input. Bo appreciable f luc tua t ions  
were observed i n  any t e s t ,  and no d i f f i c u l t y w a s  encountered i n  reaching the  
capacity of t h e  equipment. Circulation was rapid enovgh t h a t  the  metal tem- 
perature did not  exceed lOOoC u n t i l  a  heat f l ux  of 14',000 Btu/(sq f t ) ( h r )  
was reached, and boi l ing was not observed a t  the t o p  of the  1/8 x 2-3/4 inch 
passage u n t i l  the heat f l ux  was increased t o  25,000 Btu/(sq f t ) ( h r ) .  With 
l i t t l e  or  no bo i l ing  a f l u x  o f '  27,500 ~ t u / ( s q  f t ) ( h r )  vras removed. 

lJfien the rec i rcu la t ion  valve was closed so '  t h a t  f l u i d  ccald en te r  and 
leave t h e  channel only a t  t h e  top of t h e  tube,, a s imilar  procedure was 
followed except t h a t  the  tank was drained and r e f i l l e d  each t i m  the  water 
became hot i n  order t o  determine t he  e f f e c t  of .  the res idual  water temperature. 
Visible bo i l ing  and audible bumping occurred when the heat  "flux was increased 
t o  5,200 ~ t u / ( s . ~  f t ) ( h r ) ,  and a l l  temperatures f luctuated several  degrees d w  
ing t he  remainder of the  t e s t s .  The power input was increased successively 
u n t i l  a  "hot spot" developed, indicat ing t h a t  vapor binding was occurring 
and, t h a t  excessive metal temperatures would resu l t .  The ,mximum h e a t  f l ux  

S E C R E T  ------ 
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S E C B E T  

achieved with hot water i n  t he  tank was 17,000 ~ t u / ( s ~  f t  ) (h r )  and the max- * 

imum heat f l ux  with cold water i n  the  tank was 19,750 ~ t u / ( s q  f t ) ( h r ) .  Rough 
calcula t iohs  indicated t h a t  502% steam formation by volume would remove 
20,000 ~ t u / h r  f t 2 .  

A t  the  ANL an aluminum sect ion was fabr icated t o  simulate a sect ion 
of the high f l u x  p i l e  assembly representing the equivalent .of  t h r ee  water 
gaps. This un i t  ivas suspended v e r t i c a l l y  i n  a 105 gallon water tank. The 
p la tes  were heated by the passage o f '  low v 0 1 t a ~ e ' ~ ~  current. Power was 
measured by a wattmeter on t h e  primary of the power supply transformer. 
Suf f ic ien t  power vras avai lable  t o  run a un i t  u n t i l  t h e  p la tes  warped. 

The f i r s t  element t e s t ed  had been air-cooled a t  0.25 caljcm2 second 
and the p la tes  were s l i g h t l y  warped. This element was used t o  t e s t  equip- 
ment and ca l ib ra te  me+erq. It was run f o r  about 10 minutes a t  44 kw 
(8.7 cal/cm2 sec).  . It f a i l e d  immediately a t  90 hr (18 cal/cm2 sec)  and 
inspection showed tha t  t h e  p la tes  were seoerely warped. 

L 

The second uni t  was ope~a t ed  fo r  20 minutes a t  48 kw (9.6 cal/cm2 sec),  
, A t  the  suggestion of Dr. Te l le r ,  tho power was increased t o  82.5 lcw (16.5. 

cal/cm2 sec),  and the un i t  was operated a t  t h i s  power u n t i l  the water tem- 
perature had r i sen  t o  96OC. This required about 20 minutes. Boiling ivas 
violent  a t  f i r s t ,  But when the  water tompcrature. rose to(.about 900C the 
churning sound disappeared an6 was succeeded by a s l i g h t  hi'ssing. Current 
was shut off momentarily when the water. reached 960C. T.he un i t  f a i l e d  
when the  current  was turned on again. 

Finally,  a t  ANL, a complete hich f l u x  p i l e  h e 1  assembly (18 p l a t e s )  
was suspended i n  t h e  105 gallon tank. The assembly was surrounded by 
2-inch th ick  wood for  insula t ion.  It was operated f o r  30 minutes a t  69 kw 
and then for two minutes a t  86 ~ T J  without a s ign of f a i l u r e ,  Output of 
t h e  transformer was l imited by e l e c t r i c a l  power l ines .  These power in-  
puts  correspond t o  1.1 and 1.4 oal/oq em second I-espectively. The tem- 
perature of the  water i n  t he  tank was not over the  boi l ing point. 

A i r  cool in^ ~ f t e r  Shutdcwn 

Calculations were mde  t o  determine how soon a f t e r  shutdown natural  
convection of a i r  could handle t h e  heat f lux.  

S E C R E T  ------  
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Combining the proper .equations given above and neglecting both frictidn 
outside the cooling gap and entrance and exit losses, the following equation 
can be obtained. 

A T Z temperature 
. . 

difference. in 
. air in OF 

The driving 'force is 

For the 3 mm gap, 30°C inlet air 

The film.drop' is found'from 

S E C R E T  - - - - - -  
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S E C R E T  - - - - - -  

TABLE V ; 

Air Cooling Aftet' Shutdown 

If the metal temperature is to be kept at 6000C. i.%. . below the melt- 
ing point,. of aluminum, 0.0036 callsq cm second is the maximum heat flux which 
can be handled. This is reached at 50 days after shutdown for ,the pile 
operating at 30.000 kw. Air cooling after shutdown is definitely not 
possible .for the 3 mm cooling gap and 30.000 kw operation. If operated 
at 3,000 kw this f . 1 ~  i's reached after three days cooling. 

The effectiveness of air cooling increases a s  the bube of the width 
of the cooling gap. The following table gives the heat flux possible as 
a function of the gap again maintaining the metal temperature at 600°C. 

If a wider gap is defined as 

dl = bd 

these formula become 

The film drop is @dependent of b, 

Air Cooling vs Gap width 
Q 

Gap Width 
3 
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S E C R E T  ------  

I .  
~hese calcubations do not take advantage of the lass of heat by 

radiation and conduction to the pile beryllium and pile tank walle. 
For operation at 30,000 kw this might reduce the heat flux by 100p; for 
operation at 3,000 kw the factor might be 50$. 

Using twenty-two assemblies, increasing' the plate thickness and 
decreasing the number of plates per assembly, the heat fluxes existing 
in the pile ht shutdown for various power levels were estimated and are 
shown in ~able VII. Since more gamma energy will escape the pile lattice 
if no water is present, the power and total heat were taken as follows: 

P = 0.05 PO t-0.2 kw sec 

TABLE $11 
; I ,  

Effect di! PXte Spacing and Power Level 

on Air Cooling 

Plate a Heat Flux ' Heat Flux'at Shutdown 
Case Per Plate Cooling Removed by Air 5; 000 kw 3,000kw 2,OOOkw 
No. Assembly Thickness Gap ' cal/sq cm sec .: .. ' cal/sq cm sec 
1 .18 0.002 0.182 0.11 0.072 
2 9 0.20 0*15 ::: 0,016 0.36 0.22 0.146 
3 5 0.3 1,1 0.098 0.65 0.39 :Oe26 
4 3 0.5 1.8 0.43 1.09 O;65 0.43 

In Table VIII the time in which the piie would reach the melting point 
of aluminum, assuming no other loss of heat, is coqared with the tine after 
shutdown necessary to reach establishment of a steady state for air cooling, 

TABLE V'III 

Time Comparison for Air Cooling 
Time After Shutdown 

Time After shutdown to Reach Steady State 
to Reach 60o0C, No cooling with Air Cooling 

Case Seconds Seconds 
No. 5 ,  OOOh 3,000kw 2,000kw - 5,000kw 3, oookw 2. oookw 
1 730 1,400 2,300 - - - 
2 460 900 1,450 - - - 
3 400 780 1 , 250 l3,OOO 1,000 
4 400 780 1,250 100 7.6 1 

136 

From this table a pile operating at 3,000 kw with 3 mm thick plates, and 
1.0 nrn cooling gapo would be safe with only air cooling after shutdown. 

S E C R E T  - - - - - -  
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 TO:^ Fi l e  

From: D. J, Mallon . . 

Oak Ridge National Laboratory . 8 

' Central F i l e s  Number 
49-10-232 

Date t October 18, 1949 

Subject : Materials Testing React or 2 

D e s n  Data Sheets 

Before reading th i s  document, sign and date below: 

RESTRICTED DATA 
, This 'document contains restricted data 

as defined i n  the Atoliilc Energy Act of 
' 1946. 

CAUTION 
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MATERIALS TESTING REACTOR 

Light Water Moderator - Beryllium Ref l ec to r  . 

Fif th  Edition 

October 18, 1949 

Physical and Pre-Desiah 
(see NonP-206, 272,357,433:ORNL 79,167) 

1 ,Q ENGINEERING DES IAN 
.1.1 Pile  Structilre . 

~ e i ~ h d :  above f loor  . level  . 

~ e r a i j .  Cross section of cdndrete 
Balc onjf leve l  
Height of Basement : i n  building 

i n  sub p i l e  rm,  
Centerline.of Pi le  above f loor  leve l  
Centerline of horizontal beam holes above 

f loor  l eve l  
Water,depth in discharge canal 
Clearance t o  crane hook 
Thickness of Alminum tank 
Design cooling water fl.ow 
Purge of cooling water 

24 ft  
34 f t  x 32 f t  6 in, 
1 1 f t  : 
13 ? 6" 
8r6I1 
3 ft-6 in. 

3 f t -6 in. 
17 f t  
28 f t  
3/4 in. 

1.2 Reactor 
1.21 General Data 

Operating output 
Normal p i l e  loading (23 fue l  assemblies 

no shim. rod contribution) 
Max. possible loading (37 fue l  assem- 

bl ies)  
Number of l a t t i c e  spaces 
Number of shim-safety rod spaces 
Heat fluxes Average 

Center of P i le  
M a x i m u m  

RESTRICTED DATA CAUT X ON 
This document contains res t r ic ted  This document contains information 
data as defined i n  the Atomic Energy affecting the National Defense of the 
Act of 1946. IJnited States.  Its transmission o r  the 

disclosure of i ts  contents i n  any manner 
t o  an unauthorized person i s  prohibited 
and may r e su l t  i n  severe criminal pen- 
a l t i e s  under applicable Federal Laws, 
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, I 

t l a &  Transfer daef f icientk Film (30 ft /sec) 6,300 Bl'~/hf. sq. ft o 
. Scale 25,000 " 

'Overall '5,100 
.Tdmperatures : July average wet b u l b ( ~ ~ ~ 0 )  65OF 

Pi le  cooling water i n l e t  100°F 
Pi le  cooling water out le t  1 1 0 . 2 ~ ~  
Max Temp drop across film 97* 

: Max Aluminum metal temperature 22J°F 
&te+ velocity i f i  activk port3ons . 30 ft /sec 
l?t+essure drop across  pile^,. 35 p s i  
C&oling aii. r equ i re@ts  @ (70PF& 25.5 cm. ~ g )  

Atmos. cond. 25 ,:OOO: bd 
Temperature of graphite pebbles (max) . . .  

WOOF C 30,000 kw 
5 7 0 ~ ~  @ 45000 kw 

Exit air temperature 155OF @ 30000 kw 
Pressure drop (thru pebbles) . : 30-40 ins. H20 

1.22 a e l  Assem&: 25 per uni t  area 20.3 mg/sq cm . 
$ composition s t a r t ing  n25t1-93.4% 

. . 28 - 5,5 
24 - 1 e 1 . .  . 

$ ~ b m ~ b s i t i o n r e j e c t i o n  25 -60.3% ! ' .  

26 -23.75 
24 & 28 -16 

Per cent 25 Consumed before reject ion .73.91 
Maximum Uraniuni i n  a l loy  22. % by weight 
Ratio : VA~/VH;?O ( ~ c t i v e  l a t t i c e )  0b70/1,00 
25 per active assenbly . ' 140. gms 

, Total heat t ransfer  area per .assembly 14,045 sq cm 
Number, of act ive plates  18 
Water gap between act ive plates  .I17 

1.23 Reflector ( ~ e )  . .  ~ 

"A" Piece cross section 3.018 x 3.018 in. 
cooling water passages 1/8 Dia holes-1 h, centers 
Ratio VH d Vge 

2 
0,02 

Removable l a t t i c e  pieces-cross 'section 3.015 x 3.150 in. 
cooling water passages 1/8 Dia holes-l 

in. center 
Ratio VH 

2 / 
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g 1.3 External Ref lec tor .  

Graphite pebble bed 
E-W & l!?4 (outside) 

Pernanent graphi te  E-I{ & N-S (inside) 
E-l:I & N-S (out s ide)  
Height 

1,4 Shielding 

1.41 Thermal Shield 

Composition 
Thickness 

Ins ide  dimensions 
Height . 
Distance from cen te r l ine  of p i l e  

55-3/11 ins ide  d i a  
7 ft-&in. x 7 ft-4inr 
7 ft-4 in x '7 ft-4 in.  
12  . f t  x 14 f t  
9 ft - 4 in 

Iron 
8", 2-411 ' l aye r s  with 

3" air  gap 
12  ft-1'' x 14 f t  1" 
12  f t  - 10 in .  
6 ft-U& - and 7 f t  -O& in ,  

1.42 Biological Shield 

Composition 
Thickness (~inimum of Portland Mix) 

Concrete 
9 ft 

1.43 Top Shielding 

Composition (separate)  15Jater 19 ft-10 in. H20.above 
p i l e  c en t e r l i ne -  . I . 

Plug: 3;- l"s 
7". Lead 1% i n  ( t o t a l )  

Composition at shutdown 18 ft-10 in.  H20 above CL 

1.u Bottom .... . . Shielding 

Composition (separate)  ldater 8 f t  below p i l e  c en t e r l i ne  
Plug: 1" SS 

13" Lead 
2" SS 16  in ( ~ o t a l  composition)' 

2,O Nuclear.Data 
2 -1  Neutron Fluxes (nv) 

Maximum Virgin Flux i\ = 5 1.2 x $4 n/sq.cm.sec. 
MaximumEpicadmiumF~' .  

- '  6 x 10 I1 

Average Slow ~ l u x ( ~ c t i v e  Portion, no Thorium) 2 x 1014 . 11 

Maximum Slow F l ~ ( 1 n  Be Reflector,  no Thorium) 5.2 x I' 

Slow Flux a t  Center of Slab P i l e  2.5 x 10 II 
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Nuclear Data (cont'd - 
Max.  Slow f lux  a t  A 1  - Graphite Ball Interface 34 cm Be 5 . 2 d 3  

50 cm Be 3 . 5 ~ 1 ~ ~ 3  
Slow Flux a t  Entrance t o  Thermal Column 9 x l~l l  
Slow Flux a t  Face of Thermal Column (with Boren Shield) 6 x 10' 
Slow Fluxes i n  Thorium Production Rods 5 x l 0 l3  
Neutron Fluxes above and belo:! Pi le  measured from 

Lattice Surface 

Distance 
Cm -- 

Total Incident Epithermal 
N/SO cm/sec N/sa c d s e c  

k of cold, clean p i l e  1.614 
A k/k f o r  Xe poisoning (operation) -0.039 
D k/k f o r  Sm poisoning (operation) -0.010 
n k/k Xe (maximum @ 11 hours a f t e r  shut-down) -0.435 
o k/k Sm (@ 11 hours a f t e r  shutdown) -0.012 (0.033 M a x )  
A k/k 25 Depletion (1$ of 25 per day) -0.0033/day 
a k/k Ternperatwe (maximum) -0.008 
c k/k Thorium -0.007 
a k/k allowed f o r  experinent s -0.050 

k/k allowed i n  Design ( to t a l )  0.190 
k of p i l e  a t  end of operating cycle (288 hrs)  1.31 
Thernal Uti l izat ion 0.77 I )  
Minimum Cr i t ica l  Mass 0.95 kg 
Average energy of P i l e  Neutron *-;I Nev 
Neutrons escaping l a t t i c e  per f i ss ion  0.9(k= 1.6)Oe67(k= 1.37) 
Neutrons absorbed i n  aluminum and trater 

per f i ss ion  0640 

2.2 Neutron P r o ~ e r u  

Material Diffusion Area Transport Mean Free 
( ~ 2 )  . cm2 - Path - 

Avg.Slow Avg,Fast 

In Pi-le 3.32 60.3 0.8 3.73 
In LJater 8.3 33 0.5 3.43 
In  Be(2% H20 by vol) 40° -- 96 1.9 2.01 
In H20 - A 1  15.6 60.3 a Oa75 3 073 
I n  Thorium Production Rod 7.3 - 3.9 ... 
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2.2' Nuclear Data (con t td l  

I n  Thorium Shim Rod 
In  Graphite 
1n Pure Be 

. I n  A.2min1m 
I n  Bismuth .f! 10% H20 
I n  Bismuth 30% H20 

2,3 Gamma Ray Sjectrum 

Source Material  

Fiss ion of u23'5 
Prompt Fiss ion 

- Fiss ion Product 
Capture in "25" . 
Capture i n  A 1  
Capture i n  H20 
Capture i n  Th., 

Diffusion Area Neutron Age - -- 

8-/f i s s i on  
Elev 

Transport Mean Free - 
Path 

0.83 3 .80 

Energy& Energy/f i s s i on  avg .vatts/cc 
Mev Mev 

1 5 8.4 
2.5 5 8.4 
6 ,O 1.1 1,02 
g o o  0L9 1.48 
2.2 0.5 0.88 
6 e o  0,5 

Tota l  13.0 ~ e v  
JUL 
20,6 Tota l  

, . 

3.0 Pi l e  Control 
3.1 Rew. la t5n~  Rod 

Composition 
Total  weight of combined rods 
Buoyant force  of regula t ing rod 
Total  buoyant force  
Resistance force  of rod t h r u  p i l e  sect ion 

( f r i c t i on )  
Acceleration 
Acoelerating force  required a t  rack t o  r a i s e  

rod (combining only mass of rod & g) 
Total  Force required a t  r sck  t o  rq i s e  rod 
Acceleratin force  required t o  lower rod 

ycombini g nly  m a y  pf rod & ) 
Total  force resulre8 a? rack o over ro6 
The horsepower required t o  move t h e  rod 

a t  four f e e t  per second ~ i t h i g  1/10 
. second has been estimated t o  be ap rox. 

20 per cent of t he  t o t a l  load and !he 
t o t a l  horsepower required is  estimated 
a t  5 hp. 

Factor of s a f e ty  of regula t ing rod 
Factor of s a f e ty  of dr ive  rod 

,A k/k per rod 

Cd-AI.. 
55.5 pounds 
8.1 pounds 
17.9 pounds 

--<, 130. pounds 
rJlll pounds 

..8 pounds py+g pounds 
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DISTANCE FROM CENTER-CM 
NEUTRON DISTRIBUTION IN A SLAB PILE 
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S E ' C  832 - - -  . . S . 

i Regu1.atina Rod (cant 'dl 
I -. 

Force ~ c t i n ~  f o r  Safety  
Acceleration required f o r  s a f e ty  

3.2 --~afetv '  Rod--General Data 

Composition 
Max. 110. of Rods 
Max. Speed of Travel (up and  own) 
Minimum accelera.tion of f a l l  
Total  t r a v e l  
Permissible overtravel  upward 
Permissible overtravel  downtiard 
Lecgth of Thorium, Cadmium o r  U. Sections 
External Dimension, Cross Section 
Thickness 6f Thorium p l a t e  
Number of Thorium Plates  
IzTater Gap i n  Thorium P la t e s  
Number of Uranium Pla tes  
Thickness of Uranium Pla tes  
Thickness of Uranium End P la te  
Space between Pla tes  
~ ' 1  k/k f o r  Thorium Section 
i.1 k/k f o r  Cadmium Section 
Magnetic re lease  time 

3.21 Thorim.-uranium Rod 

Weight of rod 
Weight of ~ a g n e t i c  coupling 
Total  weight-rod, sha f t ,  coupling 
Vater pressure load on rod 
bleight of rod and water p r e s swe  minimum 

brg, f r i c t i o n  
Load on Magnet '(rod being withdrawn) 
23 Production i n  Thorium (max) 

365# 
1 G i n  f i r s t  3" of t r a v e l  

Th-25 and Cd-25 
8 
0.2 cm/sec(0.0798 in/sec) 
1 grav i ty  
2 f t .  6-7/8 inches 
1/2 mm (0.0197) inches 
2 mm (0.078 inches) 
60 cm (23-5/8 inches) 
7.21 x 7.8 cm 
5.1 mm 
6 
9.48 mm 
.U- 
0.060 inches 
0.241 inches (1.55 cm) 
0.113 inches 
0.04 per' rod 
0,07 per rod 

/'\J 0.03 second 

132 lbs ,  
40 lbs.  

207 lbs.  
290 lbs.  

352 lbs.  
467 lbs.  
2.85 g/day o r  0,08 atoms 
Th per atom 25 destroyed 

hamrind
Pencil

hamrind
Pencil



1. 3.22 Cadmium-Uranium Rod 

Weight of rod 135 lbs.  
Total weight-rod, ' drive shaft ,  coupling 210 lbs. 
Water pressure load on rod 290 lbs. 
Load on magnet (rod being withdrawn) 470 lbs. 

3.3 Shock Absorber 

Length of Shock Absorber 8 inches 
14aximum Downward Acceleration of Cadmium Rod 2.7 g 
Max. velocity of rod in f a l l  a t  35 p s i  press. 

drop 15 ft/sec. 
Maximum force t o  stop rod 1274 lbs. 
Pressure developed i n  dash-pot . 175 p s i  , 

EXPERnbENTA 1, FACILITIES 

4.1 Available FZUX(~IV 1014) (Fast. and Thermal Neutron) 

4 . 1  Active Lattice Hole - A 3" x 3" ve r t i ca l  hole through a 
' shim rod location i n  the act ive l a t t i c e .  

4.12 Horizontal Through Hole - A 5" x 5" horizontal hole extending 
from side t o  s ide of reactor adjacent t o  act ive l a t t i c e ,  

4.13 Horizontal Beam Holes - Six - 6" dia. ( a t  inner ends) 
? (-2' > . \ 

4 .\ 
horizontal holes penetrating permanent Be t o  l a t t i c e ,  two of 

-cl 

0 
these t o  be 8" I.D. outside the reactor tank. 

4.14 Horizontal Pneumatic Rabbits Two 1" I.D. rabbi ts  pene- 
t r a t ing  permanent Be near Active l a t t i c e  edge. 

4.15 Vertical Hvdra~llic 3abbits - Four holes s i tuated i n  permanent 
Be near l a t t i c e  edge and penetrating ve r t i ca l ly  through 
bottom shield; two of these we 1" I.D. and two are  1.D. 
 h he l a t t e r  a re  regulating rod spaces not i n  use). 

4.16 Replaceable Bervllium Positions - A t  l e a s t  for ty  sections of 
the Be ref lec tor  a re  removable without appreciably reducing 
f l u x  values f o r  other experiments, 

4.2 Avai1,able Flux (nv 1.013) (Thermal Neutrons) 

4.21 Horizontal Nerltron Channel - A 1011 wide x 16" high approach 
hole to  the tank wall, Actual neutron channel comes from 

5 5" x 12" tunnel through cans i n  Be t o  face of act ive l a t t i c e ,  
y Ver t i ca l~ccess  t o  hole close t o  the aluminum tank from the top 

of p i l e  structure.. 
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Angular Ream H- - Six  downward sloping 2" I.D. holes i n '  , 

t h e  permanent Be t h a t  do not pierce tank. Access through 
6" I.D. holes t o  outs ide  of reac tor  tank. 
Oriented Sample Holes - Ttro 4" d i a  hor izontal  holes 
penetrat ing t o  tank  all'. 

.Pebble Zone --- Holes - S i x  4" dia.  v e r t i c a l  holes penetrat ing 
from t o ~  of reac tor  t o  bottom of pebble zone. Two of these  
holes ac tua l ly  penetrate through t o  t h e  canal. 
Inclined Pebble. Zone H o r n  - Thirteen 291 dia. inclined holes,  - 
s l i g h t l y  o f f s e t  frorli v e r t i c a l ,  penetrat ing from.top of  r eac to r  
to .pebble  zone near tank wall. 
Vertica.1' Instrument Holes - Six  2 2 3 ' I  d i a  (ac tua l ly  incl ined)  
holes penetrat ing from top of reac tor  t o  tank wall,  Two of 
these  holes terminate in t h e  oriented sample holes and t t ~ o  

. terminate i n  holes described i n  3.27. 
Horizontal.&proach H o l z  - Two 611 dia.  hor izontal  holes, 
-_1_1 

approaching tank wal l  a t  angle of 300 t o  N-S center l ine ,  
and penetrat ing t o  tank wall,  

4.3 Available Flux (nv 1012) 

4.31 Test  I-Ioles - Approx. thirty-seven 2" d i a  v e r t i c a l  holes 
penetrat ing from t o p  of reac tor  t o  bottom of permanent 
graphite. 

4.32 Horizontal Thsr ugh Holes - TFro grl d ia .  and two 4" dia. 
holes extending from sZde t o  s ide  of t he  reac tor  and 
penetra t ing through the  permanent graphite,  

4.33 -- IIorizontal Instrument Holes - Two 10-3/4.'~ I.D. horiz. holes 
# extending from s ide  t o  s i de  of the  reac tor  ( pa r a l l e l  t o  

t P-S cen te r l ine )  and penetrat ing through t he  permanent graphite,  

4.4 Available Flux (nv l 0 l0 )  

4.41 Ver t ica l  T h e r k C o l u m n  Holes - ?Cro 1 f t  x 1 f t  holes pene-' 
t r a t i n g  from top  of reac tor  t o  and including the  Horizontal 
Feutron Channel (see 3.21 above) . 

4.42 Horizontal Thermal Column Holes - Two 4" x 4" hor izontal  
holes extending from s i d e  t o  s i de  of t h e  reac tor  through t h e  
Thermal Column. S ix  hor izontal  holes extending t o  thermal shield.  

6 - Two v e r t i c a l  holes penetrat ing 4.5 $vaj.I.ab7.e R i ~ e  Gamma Fli  
rom top  of r eac to r ,  t o  aupo!%O f t .  above p i l e  d and i n t o  

t h e  p i l e  e x i t  water l i n e  cross-overs (one per  cross-over.) 

5.0 Miscellaneous Data - . " 

5.1 Health Haz- 

Tolerance f o r  areas  1 cm2 0.1 r o f d ,  ;r/24 hrs.  
( t o t a l  addi t ive)  . 0,025 ro/entgen equivalent 

physical of f . n. , 200 n/cm2 
sec. 1,500 n/cm2 sec. th. 
neut s . 
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Tolerance f o r  areas 1 cm2 

. . Gases 

River 
Normal Background 

0.lr/8 hrs  fo r  beams 
on average 
General Toleranfit? 
dusts 3.1 x l$c/cc a i r  

6.3 x 1 0 ~ u c / c  c air 
0.5 / c / l i t e r  water 
0.01'5 mr/hr 

5.2 Induced Activi t ies  i n  Pi le  Structure ( 3 months operation) 
(values t o  be used fo r  'lajor Overhaul) 

\ .  
Doses a t  top 

of well 
No . l.?at,er 

Stainless  S tee l  Bottom Tank 90 mil l icuries  
Stainless  S tee l  tank section 25 curies 2,5 
Upper Support Ring 1.5 curies 9.0 
Beryllium Reflector 2600-10,000 curies 250-1000 
Aluminum Tank 500 curies  
Replaceable Graphite Ring 60 curies 

(no self  absorption) 
Total Graphite Reflector 500-5,000 curies  8,5 
Magnets 3.7. curies t o t a l  

6.0 RESUME1 OF DATA SHEHESS3S 

6.1 Issue No. 1 Memo t o  f i l e  by John R. Huff'man June 1, 1948 
ORNL CF 48-6-68' . . 

Issue No. 2 Memo t o  Steering Comm by J.R.H. April 1, 1949 
ANL-AB$-3' 
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APPENDIX E 

"Reduction in Reactivity of Heterogeneous Reactor by 

Expulsion of Coolant ,", by S . Unt ermyer ANL-IJPB-60 
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FOR OFFICIAL USE ONLY ANL-WPEE.60 

Reduction i n  React ivi ty .  of  H e t $ p ~ ~ g p p , R e a c t o r  

E&-Emulsion of Coolant 

Introduction 
-__I_- 

Several  recent repor t s  (A) (B) (c) have questioned whether p l a t e  type 

heterogeneous water-cooled and moderated r e ~ c t o r s  f a i l  s a f e  i n  event of a 

major reac*ivity excursion. A s  it seems d i f f i c u l t  t o  ca lcu la te  accurate ly  

whether the  moderator can be expelled or  heated quickly enough t o  s top  t h e  

p i l e  before t h e  f u e l  p l a t e s  melt, we have done experiments which ind ica te  

t h a t  expulsion of t he  coolant s t a r t s  within 30 mill.iseconds a f t e r  applica- 

t i o n  of heat. I n  most thermal reac tors ,  t h i s  appears t o  be f a s t  enough t o  

prevent melting of f u e l  p la tes .  . - 

A p ~ a r a t u s  (Figure 1 )  

Heat was applied t o  a thin-walled A 1  tube by t h e  momentary passage of 

a large ,  low'voltage a l t e rna t ing  current .  Current was obtained from t h e  one * _.-- -I. 

,/ ' 
t u rn  secondary c o i l  of a smqll transformer. The 220~ ac primary input was 1 .  

control led by an e l e c t r i c  timer, so  t h a t  the  duration of heat  input could 

be varied. 

The sample was an A 1  tube, about 15 cm long, 1 cm I D  and ,  o r ig ina l ly ,  

about 50 m i l  wall.  The cen t r a l  heated sect ion of the  sample was machined 

t o  5 m i l  wall  thiclcness. The sample tras mounted v e r t i c a l l y  so t h a t  the  tube 

could e i t h e r  be empty o r  f i l l e d  with stagnant 

One pen of a' Brush oscil loscope w a s  connected t o  t he  heating c i r c u i t .  

The other  pen was actuated by immersion of two probes i n  water expelled from 

the  tube. Thus, a permanent record was obtained of heating time and of t h e  

time delay i n  expel l ing water. 
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A low heat capacity thermometer was used to measure the initial and 

final water temperature. 

p& 

The minimum time to 'melt the 'tube wall Mas determined by hpplying 

successively longer impulses until the tube melted. 

Condition Time to Melt Tube (cycles = SeC 73) . 
1" long tube - no water 
1" long tube - filled with water 
2" long tube - no water 
2" long tube - filled with water 
The water temperature rise was measured for a two inch long tube. The 

average value was: 

0.9~~/cycle , . 

The time delay in start sf expulsion of water was measured on the 

oscilloscope tape, 

Tube Length Time Delay (Fyclks 9%) - 

Typical oscilloscope records are shown on Figure 2. -\. 

Calculations . 

A. . .Heat Input 

From "Metals Handbookf1 we find that the heat required to heat and 

I fuse 20°C aluminum is 256 cal/gr or 692 cal/cc, 

FOR OFFICIAL USE ONLY 
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A 5 m i l  tube wall  contains 0.012 OC metal. Thus, t o  melt such a cmz 
wall  requires  0.012 x 692 = 8.3 cal/cm2 of heat. 

? 

The burnout time f o r  t he  '1 inch tube was 5 9  cycles o r  0.092 sec i  corre-  

8 3 sponding t o  a heat input of L. : 91 c a l / c d  s d o i  The 2 inch tube h a d a  burn- 
0.092 

. . 
' out time o f  11 cycles, corresponding t o  - a  heat input .  of 8.3" = 45 cal/om:! seb. m* 
The over-al l  tube length was 15 cm and the I D  was 1 cm so t he  water volume 

was 12 dc. ' Thus t h e  heat input deduced from the  temperature r i s e  of t he  

G t e r  i n  t he  2 inch tube was 54 x 12 =. 650 cal/sec. The heated surface 

65 0 - area  was 16  cm2 so t he  heat input was -- = 41 cal/cm2 s;ec. Considering 
. 16 

heat losses  and other uncer ta in t i es ,  t h i s  seems a reasonable check on t h e  

value of 45 cal/cm2 sec calcula ted from the  time required t o  melt t h e  A l .  

B. Heat Transferred t o  Coolant 
. -Y 

A t  t h e  time t h e  1 inch wate r - f i l l ed  tube melted, 8.3 cal/cm2 must 

have been re ta ined i n  t h e  metal wall* However a t  t h i s  time heat  had been 

generated fo r  11 cycles (0.183 seo) a t  a r a t e  of 91 cal/cm2 sec. This 

corresponds t o  16.7 Thus, 16.7 - 8.3 = 8.4 cal/crnZ must have been 
cm2 

t rans fe r red  t o  t h e  water i n  0.183 seo, giving an average heat t r a n s f e r  r a t e  

of 46 cal/cm2 sec t o  t h e  water. 

Rate of Steam Formation 

It requires 'about  600 ca l  of heat t o  convert one cc of 40?C water 

t o  1700'cc o f  1 atmosphere steam. With a ' h e a t  f lux  of 40 cal/cm2 sec  steam 

i s  generated a t  t h e  r a t e  o f .  

40 - 600 IK 1700 = 110 cc/cm2 sec. 

...................*.. +! . . . . . . . . . .  0 . .  . . . . . . . . .  . . . . . . .  q ~ p ~ g :  -: : : .. . . . . . . .  ...*...... *A. .... I... .) I..: *.: - 
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Thus, t h e  steam generated i n  10 milliseconds would f i l l  about 10 per cent  of 

a 1 cm cooling passage. 

React ivi ty  Decrease in a Heterogeneous Reactor - 
The d i f fus ion  a rea  (L~) is  given by >a h depends princi-  

.-/!a . - . 3  
pa l ly  on f u e l  concentration, while As depends on moderator concentrstion. 

. . 
Thus, expulsion of 10 per cent of t h e  moderator.has about t he  same e f f e c t  . . 

on dif fus ion a rea  a s  removing 10 per cent  of the  fue l .  I n  addit ion,  *CI 

depends on A2; thus  it is seen t h a t  expulsion of ( say)  10F of the  

moderator increases L~ by 10% and increases Thy 205. For enr iched 

p i l e s ,  where k-1 is over 1/2, t h i s  w i l l  cause r e a c t i v i t y  reductions of 

about 5%; which w i l l  promptly s t op  t he  chain reaction.  

For r e a c t i v i t y  excursions beyond prompt c r i t i c a l i t y ,  the  p i l e  period 

is p r ~ m p t  neutron l i f e t ime  
excess k beyond probipt 

A l i f e t ime  of 1 millisecond and an excess k of 2% gives a 

period of 50 milliseconds, which is appreciably longer than the  time 

required t o  expel water from the  reactor.  

S. Untermyer 
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"Reactor Hazards," by 3. J. Katz and H, R. ~ o e k s t r a  
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January 27, 1950 
Wo M. Manning 

J. J e  Katz and H. R. Hoekstra 

Reactor Hazards 

A theore t ica l  examination of reactor hazards h8s i e c e h t l i  been made 

i n  North American Report NO. NIIA-SR-31, Dec. 7, 1949* in addi t iba  t o  t he  

nuclear phenomena resul t ing from a sudden inc rease ' i n  lc, the  heat evolved 

a s  a r e su l t  of complete chemical react ion.of  the fue l  elements with t h e  - 
ooolant has been compiated. The reactions which are oon~idcred are:  

It i s  assumed t h a t  these reactions would o c c u r , ~ h e n  the  fue l  elements reach 

a suf f ic ien t ly  high temperature. In the  case of CP-3, it i s  estimated tha t  

t h e  heat evolved by these chemical reactions i s  comparable t o  t h a t  evolved 

by the  nuclear reaction. 

There i s  l i t t l e  'doubt tha t  the  thermochemical calculations presented 

i n  NAA-SR-31 a re  correct '  or  a re  a t  l eas t .  of the  r igh t  order of magnitudeo 

However, it i s  impl ic i t ly  assumed t h a t  these a re  e s sen t i a l l y  instantaneous 

s e l f  -propagating .reactions. This s i tua t ion  tvould f e ry  lilcely obtain i f  

tlie fue l  elements were vaporized, or i f  they  were i n  some way rapidly dis-  

t r i bu t ed  throughout -the coolant as very f ine ly  divided solids. We have examined 

the  hahe.vior of massive uranium (and some uranium al loys)  with steam and 
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oxygen a t  temperatures close t o  o r  above t h e  rnelting point of uranium, 
-) - 

The r a t e s  of  these  react ions  appear t o  be such a s  t o  require hours r a t he r  

- . .  
than  sedonds fo r  completion. 

Reaction of Uranium Netal and Alloys with Steam:--Samples o f  metal and -- 
a l loys  were t r e a t ed 'w i th  steam a t  ~ O O O ~ C ,  15 ps i ,  with t h e  following resu l t s ;  

The samples were f a i r l y  small, of the  order o f  1-3 g with  surface areas  

. - - - - I . -  - - --..- 

I Rate of formation of oxide a. meta l  reacted/cm2/hr 
i n  mm/h r  a t  10000C * a t  1000oC* I i 

I-.____ -..--- _-..-_..----.-----..--- -.-- -I----------- -.- - .. 
I 

i 
1 U ,  0.28 0.55 

b f  1-3 cm2. Uranium metal was exmi-ned i n  t he  temperature range 500-1000°C; 

I 

t h e  r a t e  a t  t h e  higher temperature i s  four times t h a t  a t  the  lower. 

i 
I ! 

I 0.20 0.12 ! 

1 

This ind ica tes  a modest temperature coeff ic ient  f o r  t h e  steam reaction.  

/ ~(10%)-~1 not measurable I not measurable i ! 
s. .- 1 - .( 

*Results ca lcula ted from r e s u l t s  obtained on 15 min. exposure, 

- I n  t h e  case of t he  uranium-aluminum a l loy ,  t he  sample was f a r  above i t s  

melting point. Deformation occurred, but t h e  oxide coat iag  which p r a c t i c a l l y  

p r e v e ~ t s  reaction'was a l so  e f f ec t i ve  i n  stopping f r ee  flow of t h e  alloy. 

Reaction of Urenium Metal and Alloys with Oxygen:--Samples were 
, -  

t r e a t e d  with oxygen a t  temperatures up t o  1150°C, which i s  above t h e  

melt ing point of t h e  metal and t he  aluminum alloy.  The r e s u l t s  a r e  given 

graphical ly  i n  Figure 1. It can be seen t h a t  although considerable re-  

ac t ion  occurs, t h e  r a t e s  a r e  slow, even above t he  .melting point.  This 

must c e r t a i n ly  he t h e  r e s u l t  of t h e  oxide f i lms which form very rapidly  

and which a r e  qui te  adherent. In  t h e  case of t he  alwninum~.alloy, a f t e r  

a rapid  i n i t i a l  uptake of oxygen, l i t t l e  r eac t ion  occurs even a f t e r  long 

continued heating. 

.Reactions of Aluminum:--The usual method of preparing aluminum shot 

i s  t o  -pour t h e  molten metal i n to  water. The l i t e r a t u r e  shows qui te  c l e a r l y  
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COMFIDEHT IAL 

t h a t  t h e  react ions  o f  molten aluminum with  water and a i r  ar 'e  very slovr? 

Conclusions : 

1. ~ h b  react ion of uranium metal,  U-Zr ,  and U-A1 a l loys  wi th  steam 

a t  1 0 0 0 0 ~  and with oxygen up t o  11500C a r e  r e l a t i v e l y  slo~v. We have seen 

no evidence fo r  self-propagation, but t h i s  may be due t o  the '  small samples 

used here. 

2. , The aluminum aqd 'zirconium a l loys  a r e  l e s s  reac t ive  then t h e  

pure metal. This i s  t r u e  f o r  t h e  aluminum a l l o y  even a t  temperatures 

f a r  above i t s  melting point 

3. The aontr ibut ion of t he  chemical react ion t o  t h e  heat evolut ion 

as a r e s u l t  of a run-away w i l l  depend on t he  degree of subdivision of t h e  

. fue l  elements. If t hey a r e  vaporized o r  dispersed i n  very f i n e l y  divided 

:form, then the  contribution w i l l  approach t h a t  r esu l t ing  from t h e  th'ermo- 

chemical considerations, I f ,  however, the  f'uel rods melt and p e r s i s t  i n  

massive form, then t h e  heat evolution from chemical react ion may be neg- 

l i g i b l e  compared t o  t he  nuclear energy. 

SECRET 
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APPENDM G 

!IMeteorology df thk Reactor Test S i t e ,  Arco, IdahoYft 
: .  

prepared by U.S. id,edkh&f. ~ureau, September 16, 1949, 
, 1 ;  

l e s s  t he  detai led tkbu~.a# dat8. 
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Handle t h i s  document a s  
Unclassified -- 

UNITED STATES DEPARTMENT OF COMMERCE 
I,EATHER BUREAU 

September 16, 194.9. . .  

Meteorology 

of t h e  

REACTOR TEST SITE, ARCO, IDAIIO 

Introduction - 
The weather of t he  Snake River P la ins  i n  which the  reac tor  t e s t  s i t e  i s  located 
i s  pr inc ipa l ly  determined by the  combined e f f ec t s  of a l t i t u d e ,  topography and 
t h e  moderating Pacif ic  Ocean operating. i n  a b e l t  of prevai l ing wester l ies .  On 

c s ion cold waves arid blizzards of Canadian or ig in  cross  t h e  Continental 
'*to t h e  north and ea s t ,  but on the  ;whole the  cl imate is  milder than t he  
l a t i t u d e  and a l t i t u d e  would lead one t o  expect. 

! , . 

The egg-shaped area ,  160 miles long i n  a northeast-southwest d i rec t ion  and 
120 miles wide, with which t h i s  repor t  j.s concerned, is  shown i n  Fig. 1. This 
a rea  is bounded by t he  Snake-Salmon watershed on t he  northwest, the  Big Wood 
River and Gooding on the  west, t he  snake River and' Camas Creek on the  south 
and eas t ,  and t he  Continental Divide on the  north. Within t h i s  a rea  l i e s  t he  
reactor  t e s t  s i t e ,  defined fo r  purposes of t h i s  repor t  (Fig.2) a s  a rectangle  
without a northwest corner, 25 miles i n  t he  eas t -west 'd i rect ion and 32 miles i n  
the  north-south, enclosing t he  Arco Navy Proving Ground. In  the  southeast 
corner a r e  Middle and L i t t l e  Buttes, reaching heights of 6394 and 6605 f t .  
above sea-level i n  contras t  t o  t he  average of about 5000 f t .  over the  gent ly  
r o l l i n g  remainder, which i s  the  focus of several  r i v e r s  t h a t  disappear i n  o r  
near t he  s i t e .  The l a rges t  of tnese  a r e  Big ~ o s t '  River, ~ i % t l e  Lost River, 
Birch Creek and Camas Creek, 

Three separate  meteorological repor t s  dealing with t h i s  a rea  have been pre- 
pared i n  recent months. The U. S. IJeather Bureau submitted two repor ts  t o  t he  
Washington AEC Division of Engineering, namely, "Preliminary Climatological 
Report of t he  Pocatello Area," dated Decernber 21, 1948, and "Cold Weather 
Climatological Study of Arco, Idaho," dated February 12, 1949. Additional 
information on t h e  weather of the  s i t e  neighborhood hasla lso  appeared i n  t he  
IISurvey Report," by Smith, Iiinchman and G ~ y l l s  under t he  general  t i t l e  of 
"Climate." This repor t  draws f r e e l y  from these  various publications and i n  
some instances abs t r ac t s  o r  includes complete sections.  A l l  da ta  and est imates 
contained herein have been examined c r i t i c a l l y  and i n  some cases a r e  revis ions  
or  extensions of e z r l i e r  mater ia l  based uporl a ra ther  complete examination of 
a11 avai lable  da ta ,  f i e l d  t r i p s  i n  t h e  area,  and conversations with l o c a l  
res idents .  The needs of t h e  engineers, designers, contractors ,  and t he  problem 
of atmospheric pol lut ion and i t s  behavior i n  t he  atmosphere have been kept i n  
mind a s  much as possible during t he  wri t ing of t h i s  repor t .  It is  hoped t h a t  
the  present repor t  w i l l  provide a useful  est imate of t h e  climatology of t he  s i t e  
u n t i l  ac tua l  "on the spotrr  meamrements a r e  available, 
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The f i r s t  of t h e  th ree  pr incipal  sect ions  comprising t h i s  repor t  discusses t h e  
meteorological expectations of t he  s i t e ,  weather data  outs ide  of t h e  s i t e  being 
mentioned when considered helpful  o r  documentary. The second summarizes the  
principa1,weather 'estimates f o r  t h e  area. Tables and sources of cl imatological  
da ta  f o r  t he  a rea  a r e  given in  t he  f i n a l  section.  

I. MEl!EOROLOGY OF THE &REJ 

The s i t e  embraces perhaps the  coldest  and d r i e s t  port ion of t he  Snake River 
Plains,  and one of t h e  coldest  and d r i e s t  regions of t h e ' s t a t e .  The southwest 
and northeast  quadrants describe at  l e a s t  two t h i r d s  of a l l  surface winds, and 
these  occur i n  about t he  r a t i o  .two t o  one. Calms represent a l a rge  par t  of t he  
remaining th i rd .  

De ta i l s  of the  w.ind,_temperature, p rec ip i ta t ion ,  humidity, f r o s t ,  fogs, clouds, 
and.rniscellaneous weather features  a r e  discussed below i n  order, 

1. WINDS 

Because of i ts  loca t ion  i n  a va l ley  oriented southwest-northeast i n  t he  zone 
of the  wester l ies ,  t he  t e s t s i t e  has a prevail.ing southwest wind. Winds from . 
the  opposite d i rec t ion ,  northeast ,  may be expected of ten a l so ,  l a rge ly  due t o  
g rav i ty  e f f e c t s  when rad ia t ion  outward cools and hence '~naires t he  air a t  higher 

' l eve l s  of the  large va l ley  more dense. Variat ions i n  t h i s  general wind p ic tu re  
may be expected due t o  the  l oca l  c i rcu la t ions  i n  t he  mountains t o  t h e  west and 
north. 

ordinar i ly ,  the  d i rec t ion  and speed of a i r  flow is governed p r e t t y  much by 
widespread pressure systems such a s  a r e  observed on weather maps. However, 
i n  h i l l y  country t h i s  i s  not a l ~ ~ a y s  t rue .  Because of t he  lowered density,  
a i r  t h a t  is  being .strongly heated during 'the day ten& t o  flow up t he  val leys  
and mountain sides.  A t  night ,  the  a i r  cools o f f  rap id ly  a t  t he ,h igh  e levat ions  
of the  area  apd then flows, much l i k e  water, dotmhill out onto t h e  plains.  
This cycle of  "drainage wind" movement i s  evident on a la rge  sca le  i n  t he  
Snake River Valley, but a l s o  appears i n  the  small val leys  l i k e  these ~f L i t t l e  
Lost River o r  Birch Creek Valleys t o  t he  northtrest of t h e  s i t e .  The up slope and 
drainage e f f ec t  should not be co1:sidered merely a s  super-positions on t he  f r ee  
atmospheric wtnd, s ince  they may a t  t i i n a s  be s o  powerful a s  t o  reverse d i rec t ion  
of the  surface wind from t h a t  expected from a study of 'weather naps. 

During the  co ld ' ha l f  of the  year, f r o n t a l  wind s h i f t s  a t  the  ground of ten do 
not occur o r  e l s e  l a s t  only a few hours a s  t he  f ron t s  r i d e  over t he  surface 
pool of cool a i r .  

A, Winds. i n  t he  General Area.--Wind records were not avai lable  fo r  t he  v i c i n i t y  
of the  Naval Proving Grounds so t h a t  a de ta i l ed  s m . a r y  of t h e  frequency of 
t he  wind d i rec t ions  and speeds f o r  the  s i t e .  i t s e l f  would be guesswork. However, 
such summaries a r e  avai lable  fo r  a few meteorological s t a t i ons  along t he  Snake 
River.such a s  Idaho Fa l l s ,  Pocatello, BurZey, and Boise. The wind a t  t h e  s i t e  
had t o  be evaluated from the se ' da t a  along willi a atucly of  the  d a i l y  prevai l ing 
wind as recorded by cooperative observors who take one meteorological reading 
each day a t  most of the  other s t a t i ons  shown i n  Fig. 1. 
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For Idaho Fa l l s ,  s i x  years of hourly observations have been summarized i n  Table 
I. Tabulations both f o r  a year and by months a r e  given of t h e  frequency of 
occurrence of wind d i rec t ions  and speeds. Winds of 40 mph o r  more have occurred 
i n  a l l  months of the  year, t he  highest frequency of wind speed-s over 3 1  mph . 

occurring i n  Februery, March and April ,  t he  lowest i n  Ju ly  and August. Calms 
(0-3 mph) occur each m n t h  with a frequency between 8 and 17$, a r e  l e a s t  
frequent i n  hkrch through June, and most frequent i n  October through January. 
High winds (aver 31 mph) occur almost exclusively from t h e  south through crest- 
southwest, the  r a t i o  of annual frequency i n  t h i s  sec tor  t o  the  balance of t h e  
wind rose  being approxin~ately 20 t o  I-. High winds outside t h i s  sec tor  occurred 
almost exclusively i n  Apri l  through July,  and arr ived from a l l  d i rec t ions .  
except eas t .  ?ri th regard t o  d i rec t ion  frequencies, on an annual bas i s  southwest 
and south occur 43% of the  time and a r e  t o  the  secondary di rect ion,  north and 
northeast  (23$), i n  almost the  r a t i o  2 t o  1, However, i n  January and February 
these  d i rec t ion  groups occur with p r ac t i c a l l y  equal frequency, while i n  Apr i l  
and May the  r a t i o  i s  p r ac t i c a l l y  3 t o  1, Furthermore, i f  a t t en t i on  is confined 
t o  the  l i g h t  wind c l a s s  (4-15 mph) it i s  seen t h a t  about th ree  four ths  of 
these  winds annually a r e  southwest t o  south o r  northeast  t o  north,  and these  
a r e  i n  t h e  r a t i o  of only 13 t o  11 (cf.  2 t o  1 if a l l  speed c lasses  a r e  considered)* 
I n  t he  months November through February, northeast  t o  north i n  t he  l i g h t  wind 
c l a s s  even exceeds southwest t o  south, i n  January and February, t he  r a t i o  being 
approximately 2 t o  1. The d i rec t ions  e a s t  and west occur with minimum frequency. 

Six years of hourly observations a t  Pocatello Airport  ending i n  1938 a r e  
summarized i n  Table I1 which gives the  annual frequency of occurrence of wind 
d i rec t ions  and wind speeds. Calms (0-3 mph) occurred more frequently (17 $6 
compared with 135) than at Idaho Fal ls .  The frequency of southwest and south 
winds is  t o  t h e  frequency of northeast  and north winds almost a s  t h e  r a t i o  
5 t o  1. A t  Pocatel lo Airport winds from the  southeast a r e  jus t  as frequent a s  
those from the  southwest. Table 111 presents average wind speeds at Pocate l lo  
and Pocatello Airport  by months f o r  ttro d i f f e r en t  periods of record. There is 
a suggestion t h a t  i n  spring and suinmer the  c i t y  i s  shielded somewhat by t he  
Bannock Range from the  prevail ing southwesterly winds. 

I n  Table IV, the  percentage frequency of occurrence of various wind speeds by 
seasons is given f o r  Idaho Fa l l s ,  Pocatello, Burley, and Boise, based upon 5 
t o  8 years of record f o r  ea.ch s t a t i on .  Calm acd 1-ight winds (0-3 mph) occur 
most frequently i n  f a l l  and winter a t  Idaho F a l l s  and general ly  a t  t he  other  
s t a t i ons ,  and l e a s t  frequently i n  spring. Moderate (16 - 31  mph) and heavy 
(over 31 mph) winds a r e  more frequent a t  Idaho Fa l l s  than a t  the  other s t a t i ons  
downstream on t h e  Snake, occur i n  a l l  seasons, and are most frequent i n  spring. 

Boise frequencies of occurrence of wind speeds i n  t he  c lasses  0-3, 16-31, and 
32 mph o r  over $or a period of approximately 8 years were studied because they 
exhibi t  features  of the  diurnal  var ia t io l i  of wind speeds i n  the  Snake River 
Valley which apply t o  the  s i t e  neighborhood, but b~hich a r e  not avai lable  f o r  
s t a t i ons  nearer the  s i t e .  A corncm feature  of the  data  fo r  a l l  four seasonal 
mid-months (January, April ,  etc.)  i s  a high frequency of calm and l i g h t  winds 
(0-3 mph) between 2130 and 0730 hours, with the  maximum frequency a t  0730.* 
Minima occur a t  1330 and 1630 hours, thefiequencies being 1/3 t o  1/10 of t h e  
maxima. Calm and l i g h t  winds occur most of ten i n  October, and l e a s t  o f ten  i n  
April.  Winds of 16-31 mph occur most of ten at  1330 i n  a l l  months except Ju ly  
when they occur most often a t  1630. This c l a s s  of wind speed is most'frequent 
i n  April  and l e a s t  frequent i n  October and Juay. 

*Times i n  t h i s  paragraph represent the  3-hour period centered on t he  given 
time. A l l  a r e  l o c a l  times. 
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. The prevail ing winds by months fo r  each of 16 s t a t i ons  i n  the  a rea  under 
consideration,  and including Boise a r e  given i n  Table V. It should be remembered 
i n  the  in te rpre ta t ion  of t h i s  t ab l e  t h a t  no information whatsoever is given about 
t h e  second most frequent d i rect ion.  Furthermore, a t  cooperative s t a t i ons  (those 

- not marked with an a s t e r i sk , )  the  prevai l ing d i rec t ion  tends t o  be based by the  
daytime wind occurring a t  t he  most regular  t i n e  of observation. The prevai l ing 
wind d i rec t ions  given f o r  ~ o c a t e l l o ,  Pocatello Airport ,  Idaho F a l l s  Airport ,  
and Boise on t h e  other  hand are determined from hourly observations. The more 
de ta i l ed  Idaho Fa l l s ' and  Pocatello Airport  records were mentioned above. Most 
s t r i k i n g  is  the  influence of t h e  Portneuf Valley on t h e  Pocatello City prevail-  
ing di rect ion.  I n  t h e  f i v e  miles from the  c i t y  t o  a i rpo r t ,  going away from the  
Portneuf Valley, t h e  prevail ing d i rec t ion  changes from southeast t o  southwest 
i n  every month of t he  year. This is  mentioned s ince  it shows the  e f f e c t  of 
val leys  on prevail ing wind?. 

For s t a t i ons  on t h e  Snake River Plains,  t he  downstream d i rec t ion  preva i l s  i n  
January and ~ e b r u a r y  a t  Idaho Fa l l s ,  and siinilar s h i f t s  from southt.rest and , 

west t o  north, northeast  or  e a s t  may be noted f o r  Richfield,  Shoshone, Gooding, 
Aberdeen, and Hailey. Mackay, up i n  t h e  Big Lost River Valley, has prevai l ing 
northwest winds i n  a l l  months, due t o  t he  combined e f f e c t  of va l ley  a i r  drainage 
downstream and the  react ion of westerly flow a l o f t ,  upon t he  va l ley  topography. 

Tornadoes a r e  of r a r e  occurrence i n  southern Idaho. 

B. Maximum IaJinds i n  t he  General Area,--1IIaximum reported winds over t he  Snake 
River Plains a rea  a r e  comparable a t  Idaho Fa l l s ,  Pocatello,  Burl.ey, and Boise 
(see  Table N). Maximum winds f o r  each month f o r  Idaho F a l l s  a r e  given i n  Table 
I and fo r  Pocatello i n  Table V I .  The l a t e r  t ab l e  contains records f o r  both c i t y  
(40 years record ending i n  1938) and the  a i rpo r t  (10 years record ending i n  1948). 

. Maximum winds of 38-47 rnph have occ~rrred i n  every month o f ' t h e  year i n  t he  c i t y  
I and of 39-56 rnph i n  every month of t he  year a t  the  a i rpor t .  The average number 

of days i n  each month t h a t  t h e  wind exceeded 33. mph during t h e  8 year period 
ending i n  1946 is  a l s o  given i n  Table V I .  General winds of 20-30 mph of ten  
continue fo r  two days a t  a t h e  i n  t h e  spring. 

C. Winds Aloft.--Upper a i r  movements t o  3,000 f e e t  follow c lose ly  t h e  surface 
winds, except t h a t  the  frequency of southtlrest and west winds w i l l  tend t o  in- 
crease l a rge ly  a t  t he  expense of north and northeast  winds. From 3,000 t o  25,000 
f e e t ,  t he  winds a r e  predominately from the  west, favoring southwest i n  summer 
and northwest i n  winter. Average wind speed a t  10,000 f e e t  mean sea l e v e l  i s  
approximately 15-25 mph. 

D. Average Wind Conditions over t he  Test Site.--From de ta i l ed  study of t he  
wind information discussed above, it is believed t h a t  t he  wind over t he  s i t e  
follows t h e  general  wind p ic tu re  a s  depicted by the  Idaho F a l l s  wind summary 
i n  Table I, modified t o  some extent  because of t h e  neighboring mountains t o  
t h e  west and northwest of t he  s i t e ,  so  t h a t  a grea te r  frequency of west and 
northwest winds (15-20$ instead of 10%) is expected a t  t h e  expense of t he  pre- 
va i l i ng  southwest and northeast  wind d i rec t ions ,  The most frequent d i rec t ion  of 
strong winds w i l l  be southwest*, of l i g h t  winc?s, northeast .  The season of 
l i g h t e s t  winds w i l l  be l a t e  winter and e a r l y  spring. l l inters may be expected 
when stagnant near calm conditions w i l l  p reva i l  i n  t he  s i t e  neighborhood and 
over most of t he  Sn,ake River Plaino gcnsrnl ly  fo r  severa l  weeks without in- 
ter rupt ion.  The prevai l ing win6 should s t i l l  be from the  southwest quadrant, and 
there  should be a d e f i n i t e  secondary maximum from t h e  northeast  quadrant. Wind 

.*a 
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flow from the  northwest quadrant should follow i n  percentage frequency. The 
. . l e a s t  frequent winds should a r r i ve  from t h e ' e a s t  and southeast.  One o r  two chi- 

nooks may be expected annually, occurring i n  January o r  February, 

The percentage frequency of t he  wind speeds w i l l  probably be s imilar  t o  those 
reported f o r  Idaho Fa l l s ,  although it is expected t h a t  a grea te r  percentage 
(18-23% instead of 13%) of calm t o  l i g h t  winds s h a l l  be encountered. l?aximum 
winds should average 55-65 mph although gusts. may reach 20 o r  more mph higher. 

Winds a l o f t  shou3.d be approximately the  same as those discussed i n  sec t ion  1-C. 
A good example of t he  change i n  t he  wind d i r ec t i on  height can be noted by 
examining p ic tu res  of t h e  "Big Blast t t  a t  t h e  Kaval Proving Grounds i n  August 1945 
which a r e  shown i n  Fig, 3. From spec ia l  meteorological observations which were 
taken during t h a t  experiment, it has been noted t h a t  winds from the  surface t o  
approximately 900 f e e t  were northeast  4 mphsbifting gradually t o  southwest 4 mph 
a t  1600 f e e t  above t he  ground and increasing t o  southwest 18 mph a t  4900 f e e t  
above t h e  ground. The temperature was near ly  constant a t  16OC t o  130 f e e t  above 
t he  surface,  then rose  t o  1 8 O C  a t  1500 f e e t ,  r emined  a t  1 8 O C  t o  2220 f e e t ,  and 
was adiabat ic  above. Note how the  smoke i n  t h e  l w e r  port ion of t he  smoke cloud 
d r i f t s  t o  t he  l e f t  (southerly) and a l o f t  it d r i f t s  t o  the  r i g h t  (northerly).  

2 ,  TEMPERATURES 

A. Variation of Surface Temperature.--1-lore r e l i a b l e  temperature data  a r e  
ava i lab le  over t h e  Snake River Plains than wind data  described e a r l i e r ,  and it is 
therefore ea s i e r  t o  s t a t e  with sone f a i r  degree of accwacy the  average surface 
temperature condit ions which may be expected over t h e  s i t e .  

Table V I I  shows t h a t  the  highest temperatures recorded i n  t h i s  a rea  range from 
. 990F a t  Idaho F a l l s  t o  109O a t  Eaileg, while the  lowest temperature ranges from 

1 
-23OF a t  Pocatello Airport  t o  -46O a-L; Arco. The winter climate is tempered some- 
what by warm a i r  cur rec t s  moving i n  from t h e  Pacif ic  Ocean, but t h i s  e f f e c t  is  
noticed l e s s  a t  t he  s i t e  than southeast of t h e  Nidway r i s e .  The year ly  average 
minimum temperature ranges from 26.00F a t  Arco t o  36.8O a t  Pocatello, while t h e  
annual average maximum temperature ranges from 56.4OF at  Arco t o  62.0' a t  Burley. 
The year ly  average temperature ranges from 41.80Y a t  Arco* t o  ~ 9 . 4 ~  a t  Hazelton. 

From a de ta i l ed  study of these  temperature data ,  there  appears t o  be a d e f i n i t e  
"cold tongue't protruding over t he  a rea  from t h e  northeast  and north roughly 
centered on the  s i t e ,  During t he  winter, t h i s  tongue is  much nore marked. 

A br ie f  cooperative weather record ava i lab le  from Kidway f o r  t he  period October 
1941 through September 1943 bras examined. The mean monthly temperatures were com- 
pared with those of Pocatello and Pocatello Airport  f o r  t he  same period. I n  
every case the  Midway temperature was lower than t he  corresponding Pocaf,ello 
temperatures, and most of t h e  time exceeded t h e  2 t o  3 degrees t o  be expected due 
t o  a l t i t u d e  di f ferences ,  reaching 8 t o  9 degrees lover during t h i s  shor t  period 
of record. 

To get some idea of t he  duration of cold weather i n  t h e  neighborhood of t h e  s i t e ,  
a de ta i l ed  tabula t ion of approximately 16 years of maximum and minimum temperatures 
records f o r  Arco was undertaken. The minimum temperatures observed f o r  each winter 
month during the  period studied i s  tabulated Jn Table V I I I .  The'sub-EZOPO minimum 

* 38,9O a t  Chil ly,  38.7O a t  Spencer, and 37.5O a t  Sun Valley, a l l  a t  considerably 
higher e levat ion than Arco. Average maximum and minimum temperatures fo r  these  
Sta t ions  do not appear i n  t h i s  repor t ,  
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temperatures observed during a l l  of t he  above months a r e  tabulated by t en  degree 
i n t e rva l s  i n  Table I X .  

. . 
To obtain some idea of t he  durztion of t h i s  cold weather, the  ~~aximum temperature 
f o r  each day of sub-zero weather, is  a l s o  tabulated i n  t h e  same table .  It is  of 

. i n t e r e s t  t o  note i n  Table I X  t h a t  during t he  e n t i r e  period studied,  the re  were 
510 days with temperature below O°F, o r  approximately 33 days per year.  his' 
may be expanded i n  t he  following d i s t r ibu t ion :  

Temperature range Average number of 'days per 
year with sub-zero temperature. 

21  
8 
3 
1 - 

I n  Table IX j.t is  a l s o  of i n t e r e s t  t o  note t h a t  out of the  510'days with sub- 
zero temperatures, 117 days (23%) had a paximum tem2erature g rea te r  than 320F, 
Also there  a r e  on1.y 2 days when the  ruaxim~m temperature remained below OOF. 
It appears t h a t  whenever low minimum temperatures occur, the  temper'ature r i s e s  
most f requent ly  during t h e  day t o  approximately 21-32q. January is by f a r  the  
coldest  month on t he  'average, as shown below: 

Piont h Average number of days per 
year with sub-zero temperature. 

November I 
December .7 
January 14 
February 

I 9 
March 1 

1 I n  order t o  provide addi t ional  infornakion on t he  duration of t h e  cold weather, 
a11 data  which shows sub-zero minimum tempera.ture on consecutive days (2  o r  more), '1 during t h i s  period of record a r e  tabulated i n  Table X. The following d i s t r ibu-  

I t i o n  of t h i s  cold weather may be noted: 

. ~inimum temperature 

O0.F o r  below 
-110 o r  below 
-20° o r  below 
-30° o r  below 

Average number of 
consecutive cases 

6 
2 
1. 
l e s s  than 1 

A s  might be expected, the  most frequent number of consecutive cases c a l l s  f o r  
2 cold days i n  a row, althou-gh there  were   any cases when the minimum tempera- 
t u r e  rercained below zero f o r  10 or  nore consecutive days. 

To give fu r ther  inforra t ion about t he  duration of cold weather, Table X I  shows 
the  number of consecutive days (2 o r  more) when the  rcaximum temperatures never 

. exceeded 32O. ' Over t h i s  long period of record the  fol101.1ing d i s t r i bu t i on  was 
found : 

Maximum temperature Average number of consecutive cases per  
year. 

3 2 ' ~  o r  below 8 
20° o r  below - 1  
100 o r  below $ . ~ ~ ~ ~ ~ c :  less. than 1 ...... * '  

: : .: : t2:k i 6' ,** * . a  . . I  . . . I .  . . . . . . .  . . . . . . . . . .  : .*: :*: ( 8 
*i..e? ........... ~-77:2 /q  
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This means t h a t  o3e may expect 8 cases per year when t h e  maximum temperature 

.- . on consecutive days is  below 32OF. An id$a of the  number of consecutive days 
t h a t  t h i s  w i l l  happen on the  average may be found Q? studying Table X I .  

- .  

. The mean monthly and annual number of degree days f o r  Pocatello f o r  t h e  47 
years ending i n  1946 i s  given beloti: 

January Feb, . Ibr. Apr. May June. Jul. Aug. Sept. Oct. Nov. Dec. 
1221 ,997 843 553 328 118 14 22 177 480 819 1166 

Annual 
6740. 

It is estimated t h a t  the  number of degree days a t  t he  s i t e  w i l l  exceed t h e  
Pocatello t o t a l  by 1500, making a t o t a l  of 8300 degree days with base 65OF. 

Based on the  above data ,  it is believed t h a t  the  temperature a t  t he  s i t e  may 
vary from an average d a i l y  maximum temperature i n  January i n  t he  high 20's  
t o  an average minimum of about 50F. In  July,  the  average d a i l y  maximum 
temperature w i l l  be i n  t he  mid 801.5, and t he  average d a i l y  minimum temperatures 
i n  t he  high 40's. Jktremes of lO5T  and -45OF nay be expected. Temperctures 
above 90°P v i l l  be observed from l a y  througli Septenber, and freezing weather 
can occur i n  any month. On the  average, temperatures of 90°F o r  over w i l l  
occur about 20 days a year, and temperatures of 32OF o r  below on about 150 days, 
Temperatures of o0 o r  below may occur on an average about 30 days a year. 

Ki l l ing  f r o s t s  w i l l  on the  average occur a s  l a t e  a s  t he  f i r s t  veek of June and 
a s  ea r ly  as the  second week of September, with an average growing season of 

-, 95-100 days. (see Table X I I ) .  Growing seasons a s  shor t  as 53 days and a s  long 
a s  130 days may be expected. 

e Indications a r e  t h a t  f r o s t  w i l l  penetrate t h e  s o i l  t o  a depth of 3 f e e t  on t he  
average. A s i gn i f i c an t  combination of weather circutnstances occurred i n  t he  
l a t t e r  hal f  of January 1943, which i s  reported t o  have resul ted i n  widespread 
pools of water and i c e  on t h e  "rye grass  f l a t s w  southeast of t he  Navy base." 
Midway cooperative records show t h a t  several  days of below freezing weather with 
minimum temperatures below zero and with ~ b o q t  6 inches of sno1.i on t h e  ground 
were fol101.1ed by a 10-.inch snowfall on Janucry 20,, 1.36 inches of r a i n  and 2 
inches of snow during the  f o l l o ~ . ~ i n g  t h r ee  days, and 3ernper2.tures ranging above 
freezing up t o  400F. It i s  believed t h a t  such a combination of circumstances 
may repeat ,  but probably l e s s  of ten than every 10  years on the  average. 

Deposits up t o  hal f  an inch of rime and hoarfrost  on exposed surface ob jec t s  
I 

I such a s  t r e e s  and wires a re ' r eps r ted  t o  occur every few years. 

B. Vert ical  Dis t r ibut ion of Temperature. --Frequent inversions (i .e., in- 
crease of temperature with height) w i l l  be found i n  the  101.1 l ayers  of t he  atmos- 
phere a t  the  s i t e  i n  a l l  months, espec ia l ly  i n  f a l l  and t ~ i n t e r .  It is  considered 
probable t h a t  i n  view of the  low frequency of cloud.iness and the  high alti*,ude 
of t he  s i t e  inversion condit ion w i l l  occur about twice a s  of ten as lapse  r a t e  
conditions (i.e. decrease i n  temperature with height) .  It may be reca l led  t h a t  
e f f luen t  released within an i n v c r s t p J L ~  d i f fuses  slotrly, especia l ly  i n  t he  
v e r t i c a l  d i rec t ion ,  compared v i t h  t Areleased i n  a lapse  layer .  

jClaims a re  made t h a t  t he  extent  of t he  high water may be t o ld  evenmti from 
a i r c r a f t .  
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/ . It i s  believed t h a t  ac tual ,  measurements a t  t h e  s i t e  o f v e r t i c a l  temperature 
. .  d i s t r i bu t i ons  (and wind) a r e  most des i rable  f o r  purposes of s tack design and 

ana lys i s  of s a f e ty  problems. 

Prec ip i ta t ion  i n  t h e  a rea  is  low mainly due t o  t h e  in tervent ion of t h e  Olympic 
and Cascade mountain ranges i n  t he  westerly flow from the  Pacif ic .  Average 
year ly  p rec ip i ta t ion  i n  t he  area  ranges from 7.38 inches a t  Nud Lake, 7.45 a t  
Chil ly,  and 7.80 a t  monte vie^.^ t o  1.7.93 inches a t  Spencer, and 18.88 inches a t  
Sun Valley (see Table XIIT). The grea tes t  p rec ip i ta t ion  is i n  the  l a t e  spring 
and mid-winter with near ly  twice as many hours of p rec ip i ta t ion  expected i n  
winter a s  i n  spring. Precipi ta t ion has varied i n  wet ' to dry years from 18-22 
inches t o  6-8 inches i n  Pocatello. The area average i s  about 11 inches annnally, 
and t he  most frequent values a r e  9-11 inches. The maximum prec ip i ta t ion  i n  one 
month was 3.2 inches a t  Arco and 4.34 inches a t  Pocatel-lo. In  24 hours it was 
2.6 inches a t  Pocatello (see Table X I V ) .  The maximum, prec ip i ta t ion  i n  one hour 
may be expected t o  be approximately 1-2 inches. This indicates  t h a t  it is  un- 
l i k e l y  t h a t  f loods would occur i n  t h e . a r e a  because of heavy r a in s  alone. 
(h~wever, see sec t ion  2 4 ) .  

While snow has f a l l e n  i n  a l l  months except August i n  t h i s  general area ,  
p r ac t i c a l l y  none has occurred from June through September. The average annual 
f a l l  ranges from 23.7 inches at  Aberdeen .to 81.0 at  Hail-ey (see Table xV) . 
The maximum snowfall i n  one month was 27.4 inches a t  Pocatello (see Table XVI), 
while t he  g rea tes t  f o r  Pocatello was 14.6 inches. The grea tes t  number of 

, consecutive days Chat 1 inch 'o r  more of snow cover renained on the  ground was 
. approximately 68. 

a For the  s i t e  i t s e l f ,  p rec ip i ta t ion  w i l l  average about 9 inches annually, 
. f a l l i n g  i n  amounts of .01 inch o r  more on about 50 days of t he  year (see Table 

XVII). Most p rec ip i ta t ion  f a l l s  i n  l a t e  spring and rid-winter, whereas, l e a s t  
may be expected i n  l a t e  summer and f a l l .  

- The average winter p rec ip i ta t ion  t r i l l  be 3-4 inches (melted equivalent) .  The 
average.precipitai ; ion from a wet t o  a dry year may vary from 13-16 inches t o  
4-6 inches.. A s  much a s  4 inches may f a l l  i q  a month, and most of t h i s  i n  one 
storm. Sprinkles resu l t ing  from showers vhich l a rge ly  evaporate before reach- 
ing the  ground w i l l  occur of ten i n  the.warm months. Snor.~ may f a l l  i n  a l l  
months but August (smal.1 aniounts i n  June through September). The average 
annual snowfall w i l l  approxilrate 35-40 inches, f a l l i n g  on perhaps 60 days of 
t he  year. It i s  ventured t h a t  snow (one inch or  more) may be expected t o  re-  
main on t he  ground annually f o r  80-100 days. Maximum snowfall i n  one month 
i s  not expected t,o reach the  Pocatello f igure  of 27.4 inches nor i s  . the  maximum 
depthon t he  ground l i k e l y  t o  exceed 20 inches except i n  d ra f t s .  

The thunderstorm season extends from Apri l  t o  October with a maxirnum i n  the  
su&r months. The average t o t a l  nunbor per year is perhaps 30. Elore than t h i s  
w i l l  be observed over neighboring mountain ranges. Hail  accompmies these  
thunderstorms on an average of 4 days per jd  7 ear.  

Relative humidity records have been col lected by t h e  Pocatello and Idaho Fa l l s  
* Weqther Bureau Offices. However, only the  former records were found t o  be 
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. tabulated and a r e  presented i n  Table X V I I I .  A t  Pocatello, average r e l a t i v e  
. . humidity ranges from 53 t o  79% i n  the  morning(8:00 a.m.), 26 t o  715 a t  noon, and 

24 t o  725 i n  t he  l a t e  afternoon, A t  Pocatello Airport ,  average r e l a t i v e  humidity 
- ranges from 54 t o  89$ at  5:30 a.m., 29 t o  80% at  11:-30 a.m., 22 t o  77% at  5:30 pm, 

. % and 37 t o  875 at  l l : 3 O  p.m. The higher average relr?.tive hwnidities occur i n  
winter and i n  t he  ea r ly  norning. 

Because of the  s l i g h t l y  higher e levat ion of the  s i t e  a rea  a s  compared with 
Pocatello, ( r e f e r  t o  Figure 2), i t s  s i t ua t i on  i n  t he  l e e  of prevai l ing 
wester l ies ,  .and i t s  dis tance from the  moisture s i~pply  represented by the  Snake 
River and i t s  i r r i g e t i o n a l  system, t h e  everage wet-bulb temperature a t  the  s i t e  
w i l l  be some~,:hat lower than t ha t  of Idaho Fa l l s ,  which has in Ju ly  a wet-bulb 
temperature of approximately 55%'. 

5. FOG AND CLOUD COVER 

Dense fogs a r e  not frequent throughout t he  Snake River Valley. Idaho F a l l s  
experiences l i g h t  t o  moderate fog approximately 15% of t he  time during the  winter, 
although r e l a t i v e l y  l i t t l e  dense fog (see Table XU) .  The e f f e c t  of t h i s  fog on 
v i s i b i l i t y  can be noted i n  Table XX trhich shows t h a t  v i s i b i l i t y  on t he  average 
map bo reduced t o  6 miles o r  less approximately 205 of t he  t i n e  during t he  
winter months. Cloud cover a l s o  has a r,linter maxim1.m. s t l ~ . ~ y  made of t h e  
instrument, closed o r  contact f ly ing  condi t io i?~  expcr iencedatvar ious  a i r f i e l d s  
along t h e  Snalie River indicates  t h a t  t he  maxiniun frequency of instrument o r  

- closed conditions occurs a t  a l l  f i e l d s  except Pocatel.10 from December through 
February. The highest  frequency occurs a t  Idaho Fal.ls, which may exyerience 

. approximately 22s instrument o r  closed conditions on t he  average i n  January, 
' 

- ' Pocatello shows spring maxirm i n  Apr i l  through June and an August through 
October minimum. Similar  conditions a r e  a l s o  noticeable from Table XXI which 
shows t he  percentage frequency of occurence of various ce i l i ng  heights a t  Idaho 

- Fa l l s ,  Pocatello,  Bu-ley and Boise. From t h i s  t ab le ,  c e i l i ngs  l e s s  than 5000 
f e e t  above t he  ground can be expected near ly  40% of t h e  .time during t h e  winter 
months i n  t h e  immediate v i c i n i t y  of the  Snake Biver around Idaho Fal l$ ,  Ceil ings 

- l e s s  than 1000 f e e t  may bo expected approximtel.y 155 vf the  time during winter 
months. However, much sunshine e x i s t s  i n  l a t e  spr i~?g ,  summer, and ea r ly  f a l l  
a s  can be seen i n  Table X X I I .  

For t h e  s i t e  i t s e l f ,  it may be expected t h a t  long 2nd almost cloudless days i n  
smrner with invar iably  cool n ights  due rapid radia t ion.  Because t he  loca t ion  
of t h e  s i t e  is on the  l e e  s ide  of t h e  rnoln~tains, both fog and 1014 cloudiness 
should be less frequent and the  a i r  d r i e r  than eqe r i enced  along t he  Snalte River. 
C1oud.s may form and hang on the  Buttes on many days during t he  winter. On the  
average, when clouds d~ e x i s t  over tho s i t e  a rea  they should be nuch higher above 
the  ground than the  ce i l i ngs  measuiled along t he  Snake River, and r e r e l y  should 
ge t  below 1000 f e e t  above t he  ground except during storms. L i t t l e  fog i s  ex- 
perienced over the  s i t e  a rea  according t o  l o c a l  observers, and during thcse 
occasions, it w i l l  more than lilcely be ice fog. 

6. DUST 

There a r e  no da ta  regarding the  dust  content of  the  atmosphere i n  t he  Snake 
River Plains area.  Local observers repor t  occasional "dust devi ls"  o r  small 
twis te r s  which wend a zig-zag course across t he  pla ins .  These appear t o  have a 
strong twis t ing force  but not enough t o  dzrrage buildings nnd other s t ructures .  
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However, these storms have been reported t o  ca r ry  duqt many hundred f e e t  i n t o  
the  a i r .  P i l o t s  have reported these  t v i s t e , r s  t o  be windy and turbulent  and 
have s t a t ed  t h a t  some ,of them a re  !large endugfi t o  car?y "mud balls." Local 
weather personnel 'est imate t h a t  t h e  average diameter of a l a rge  dust  d e v i l  
may approximate 5-10 miles and t h a t  the re  niziy 'be a t  l d a s t  s ix  of these  occur- 
i n g  during each of t h e  months of Hay, June and July. 

I n  dry  years there  i s  some "soil-blowing" r e su l t i ng  i n  dust storms over con- 
s iderable  areas ,  e spec ia l lg  where t he  s o i l  cover has been removed. This type 
of storm i s  repor tedly  worse c lose  t o  the  American F a l l s  Reservoir where l o c a l  
observers est imate t h a t  6-12 l i g h t  t o  moderate dust storms may be expected 
annually. The best  months fo r  theae dust  storms appear t o  be June and July,  
and i n  r a r e  occasions v i s i b i l i t y  may-be reduced t o  zero. P i l o t s  have reported 
t h a t  on the  average, t h e  dust  i n  these  storms may be ca r r ied  t o  2-3,000 f e e t  
above the  surface. A competent observer who has l ived  f o r  a t  l e a s t  10  years 
i n  Eastern Vashington and f o r  a s imi la r  period i n  the  Snake River Plains,  
s t a t e s  t h a t  the  dust  storms cxpericnced i n  t h e  l a t t e r  l o c a l i t y  a r e  d e f i n i t e l y  
not a s  severe, numerous o r  a s  lengthy a s  those experienced i n  the  Yalcima, 
Washington area. Continllous dust  storms of several. days duration have not 
been observed. 
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11, SUMNARY OF THE E:~TEOROLOM OF THE SITE 

The following summary i s  presented a s  a b r i e f  resume of the  average meteo- 
rological  conditions which may be experienced i n  t he  v i c i n i t y  of t h e  t e s t  s i t e  
over a period of years based upon study of such neighboring records a s  a r e  
available.  

A. ' Surface Winds 

Prevail ing d i rec t ion  
Next most frequent d i r ec t  ion 
Least frequent d i rect ion 
Frequency of wind speeds 

0-3 mph 
4-15 
16-31 
32 and over 

Most frequent direction of 
strong winds 

Most frequent d i rec t ion  of 
l i g h t  winds 

Season of highest  winds 
Season of l i g h t e s t  winds 
Annual number of chinoolcs 
Maximum winds 

B, Upper Winds ' 

Most frequent d i rec t ion  
below 3000 ft. above surface 
Most frequent d i rect ion 

3000-25,000 
, Average speed 10,000 ft 

NE 
l a t e  winter  and ea r ly  spring 
f a l l  and e a r l y  winter  
1-2 per year 
55-65 mph with gusts increasing 
wind by 20 or  more .mph. 

vf 
15-25 mph 

C, Temperature 

January 
Average da i l?  maximum high 20'soF 
Average da i ly  minimum 4-6 OF 

Ju ly  
Average d a i l y  maximum mid 80 ' sOF 
Average da i l y  minimum high 40'soF 

Extremes 
Maximum 
Minimum 
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. . USTVB "n4eteorology of t h e  Site". -12- September 16, 1949 

. . 
'a Average no. days annually 

with temperature 
90°F o r  over 20 days ' 
320F or below 150 days 
OOF o r  below (see pp. 6 
t o  7 Part I f o r  deta i ls . ) .  30 days 

Average no. Degree Days 
annually (base 65'~). 8 300 

Season of maximum number of inve$sions f a l l  and winter 
Ratio of invers ions ' to  lapse r a t e  
condit ions. 2 t o  1 

E. , Prec ip i ta t ion  

Average annual p rec ip i ta t ion  
Season of m o s t  p rec ip i ta t ion  
Season of l e a s t  p rec ip i ta t ion  
Average t o t a l  p rec ip i ta t ion  

October t o  March 
Average t o t a l  p rec ip i ta t ion  

April  t o  September 
No. days of .01 in. o r  more 

annua 11 y 
Prec ip i ta t ion  i n  wet/dry year. 
Max. prec ip i ta t ion  i n  1 month 
~ax imum'~$?ec i~ i t a t i on  i n  1 day 
Maximum prec ip i ta t ion  i n  1 .hour 
Average annual snowfall 
Month of greates t  snovrfall 
Month of no snowfall 
Average number days annually with 
1 inch or  more snow on ground 
Maximum sno~vfall  i n  24 hours 
Average no. thunderstorms 

per yearso 
Months of maximum frequency 

of thunderstorms (no.) l 

Average number days annually 
with h a i l  

9 inches 
l a t e  spring and mid winter 
l a t e  ,summer and f a l l  

4.5 inches 

4.5 inches 

50 days 
13-1 6 in./4-6in. 
4 inches 
2 t o  3 inches 
1 t o  2 inches 
35 t o  40 inches 
January 
~ u ~ u s t  (June through ~ e p t , )  

80 t o  100 days , 

25 inches 
30 (more w i l l  be v i s i b l e  over 

. dis tan t  mount sins* ) 
June-August (4 t o  5 per  month). 

F. Frost 

Average date f i r s t  k i l l i n g  f r o s t  2nd week September ' 

Average da te  l a s t  k i l l i n g  f r o s t  1 s t  week June 
Length of growing season 95 t o  100 days 
Range i n  length of growing season 50 t o  130 days 
Average depth of f r o s t  penetrat ion 3 f ee t '  

. . .  ...c-E~wEB ( b  . ..: : . a b  e . . ,. .. "..... . -  .. .  . . * . .  
. . . . * . . . a * . .  : L :  .:q* . . . . . . . . . . . . . .  
a . . . . . . . . . . . .  i,, . * .  ..........*............ c-"7 ~ - 2 ~  
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. . 
. . 

USWB "IVIeteorology of tlie Site." -1 3- ~ e ~ t e m b e r  16, 1949 
. . 

, " 

Average annual r e l a t i v e  humidity . . . . 4% ea r l y  ai'ternoon 
75% near sunr ise  

Average summer r e l a t i v e  humidity 20% e a r l y  afternoon 
. . 55% near sunr ise  

Average winter  r e l a t i v e  humidity , 70% e a r l y  afternoon 
z .  85% near sunr ise  

Average Ju ly  wet bulb temerature 50 degrees 

He Fog and Clouds 

Season of Maximum occurrance of fog ??ri nt e r 
Percent o f  occurrence of f og  i n  winter  5 t o  1% 
Season of maximum cloudiness winter  and spring 
Percent of occurrence of ce i l ings  
I.ess than 5000 f e e t  i n  winter  25 t o  35% 
Percent of occurrence of c e i l i ngs  l e s s  

than 1000 f e e t  i n  winter  5 t o  10%~ 
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APPENDIX H 

"Argon Activity in ~ e a c t b r  cobling A i r , l t  by J. . . A. Lane 

dated November 17, 1949, ORNL CF# 49-13-180 
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. . . ., . 

Oak  id& fidtional Laboratory 
Central  Fkles Number 
49211 ' ,180 

L 

Date : November 17, 1949 

Subject : Argon Act ivi ty  in - 
React o r  Cooling A i r  

3 ,  

TO: NTR Steer ing committee 

J. A, Lane &om: 

Before readlng t h i s  document, s ign and da te  below: 

RESTRICTED DATA 
This document contains r e s t r i c t ed  da t a  as 
defined i n  t he  Atomic Energy Act of 1946. 

CAUTION 
This document contains information 
a f f ec t i ng  t he  National Defense of the  ' 

United Sta tes .  Its transmission o r  t h e  
disc losure  of i ts  contents i n  any manner 
t o  an unauthorized person is  prohibited ' 
and may r e s u l t  i n  severe criminal  pen- 
a l t i e s  under applicable Federal laws. 
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November 17, 1949 . . 

, 

To: MI!R s t e e r ing  Committee 

From: J. A ,  Lane 

Subject: Argon Act ivi ty  i n  Reactor Coolina.Air 

The following calcula t ions  ind ica te  t he  a c t i v i t y  of t he  p i l e  cooling 

air  due t o  neutron capture i n  argon and resu l t ing  decay f o r  the  ex i s t -  . 
. 

ing design of the  graphite r e f l ec to r .  Contributions from the  pebble zone, 

plenum chambers and permanent graphi te  a r e  considered separate ly  f o r  

operation of t he  MTR a t  30 M.W. 

Pebble zone 

maximum thermal neutron f l u x  = 5 x 1013 

f l u x  at  tqp of pebble zone = 5 x 1011 

f l u x  a t  bottom of pebble zone= 1.5 x 1012 

average f l u x  a t  tank wall ' = 1.2 x 1013 

average f l u x  a t  permanent . 
graphite = 3 , 6 ' x  1012 

average f l u x  i n  pebble zone = 6 x 1012 n/sec(cm)2 

The absorption cross sect ion of A = 1.24 barns 

N = .00002 atoms/cc 

at  6o0C, 720 mm 

RESTRICTED DATA 
This document contains r e s t r i c t e d  da ta  
as defined i n  t he  Atomic Energy Act of 
1946. 

CAUT I O N  
This document contains information a f f ec t -  
ing t he  National Defense of t h e  United 
Sta tes .  Its transmission o r  t he  disc losure  
of i ts  contents i n  any manner t o  an 
unauthorized person i s  prohibited and may 

S E S f G T  r e s u l t  i n  severe criminal  pena l t i es  upder 
applicable Federal Laws, 
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The concentration of argon in air is 0,94%. 

~ 6 a  = 2.5 x 10-5 

The number of atoms of ~4~ f6rmed per second is, 

nA = (N d a )  nv ( .0094) v . . 
. . 

. where, V = volume of ai= i< pebble zone 
' 

= 0.40 x 9.5, x ,lo6 cc (not including plenum) 

. - 3 . 8 x 1 0 ~ o c a i r  

- % 

N A  - (2.5 x 10-5)(6,x10~~)(9.4 x lom3) 3.8 x lo6 

= 5.37 x 1012 atoms per second 

= 4.64 x 1017 atoms per day 

,NAA " 4.6L x 1017 x 1.05_~,10-4 
3.7 x 1o1O 

s 1.3 x 103 curies = 1300 curies per day 

In Plenum Chambgs 

Top plenum 

. . 
nv(avg) . = 2 x 1 0 ~ 1  

V = 150 cu ,ft 
= 4.25 x io6 C,C 

NA' 2 5 x loo5 (2 x loll) ( .0094) 4.25 X lo6 
t 2 x 1011 atoms per second 

N& 50 curies per day 
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Bottom plenum chamber 

N, = 145 cur ies  per day , 

Permanent Graphitp 

700 coo l ing  holes, 1/2",iamet,ei.. 9 i  long 

Assume half  of holes.  a r e  i n  an average.  f l u x  of 2 g 1012 and ha l f  of . 

boles  i n  f l u x  of 1 ' x  1012 . . 

NA (2.5 x 1o05)(1,5 x 10l2](9.4 x 10-3) 2.6 x 105 

= 9 x 101° atoms A4'/sec 
0 ' 

N A h  = 23 cur ies  per day 

Tota l  a c t i v i t y  i n  a i r  is equal t o  1500 curies/day. 

50000 cfm up the  s tack = 7; 2 x lo7 cf/day 

= 2 x 1012 cc/day 

Act iv i ty  a t  top  of s tack  = 7.5 x 10-10 curiesjcc 

The d i l u t i on  due t o  wind ve loc i ty  over t he  s tack is given a s  follows: 

The width of t he  cloud is  roughly equal t o  one seventh o f ' t h e  

dis tance ' f rom the  stack. ' The height of the  cloud depends on inversion fac tors ,  
, . 

e tc .  Conservatively it may be taken a s '  twice the  s tack  height, For a 2 mph 

wind, the  volupe of a i r  past  t he  s tack per day, 700 f e e t  from t h e  s tack is, 

For a 250' s tack t he  width'and hei,ght of t he  cloud a r e  100 ft.. and 500 .ft. 

respectively.  

The a i r  flow is 1.27 x 10lo cu ft/day 
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The a c t i v i t y  i n  t h i s  cloud due t o  ~4~ i s  

The maximum energy i s  1.18 nev/disintegration and f inergy 1.37 

mev/photon. Assume tha t  range of gammas i s  1000 f t  and betas 5 f t .  The 

rad ia t ion  i n t e n s i t y  f o r  t h e g r a y s  i s  equal to ,  ' 

(3.7 x 1010)(4 x -- 1.18 x lo6 = 5.8 x ldr ev/.sec (cc) 
2 

The rad ia t ion  i n t ens i t y  due t o  T r a y s  i s  approximately 

I = 10 (1 - Fl ( p h ) ) .  - where, h = 50 ft. 
2 fi = 1/1000 f t  . 

The rad ia t ions  from the  T r a y s  w i l l  therefore  be equal t o  1.9 mr/hr. 

The t b t a l  i n t ens i t y  i s  5 mr/hr f o r  t h e  above condit ions,  

Experience a t  0-WL indicated t ha t  i n  a l l  probabi l i ty ,  t he  d i l u t i on  due t o  

wind i s  considerably g rea te r  than estimated above. A t  Oak Ridge.the maximum 

argon a c t i v i t y  ever observed on t h e  ground i n  t he  v ic ing ty  of t he  105 s tack  

amounts t o  c u l 0 - ~ 3 ~ ~ u r i e s / c c ,  while the  concentration a t  t he  top of t he  

s tack was 10-lo curies/cc. This means a ?inimwndilution f ac to r  of 1000 

compared t o  ' t h e ,  calculated value ' of  200. Even under. unfavorable wind conditions 

a t  Arco, therefore ,  the  a c t i v i t y a t  t h e  ground l e v e l  due t o  argon w i l l  probably 

not exceed 1 mr/hr. 

signed J . A . L q e e  - 
J. A. Lane 
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APPENDIX I 

Stack Height Calculations - -- 
I 

The s tack height of 250 f ee t  was determined by t h o  following 
calcula t ions  made i n  t h e  main by Mr.  Carl ~ e ~ s e ( 1 ) '  of Argonne National 
Laboratory. 

a. Horizontal Cone Analysis. 

This approach has been used previously i n  CH-504, Report f o r  Period 
Ending February 27, 1943, Metallurgical Project ,  Health Radiation and 
Protection. It i s  assumed t h a t  t he  v e r t i c a l  cross sect ional  a rea  of t h e  
contaminated cloud a t  t h e  point where it reaches t h e  ground i s  h2, 
h being t h e  height of t h e  stack. 

The t o t a l  volume of t h e  cloud past  t h i s  point per day i s  ... - 
then  

7 h 2  v t where h = stack height, cm 
v = wind velocity,  cm/sec 
t = time f o r  days a c t i v i t y  t o  

pass observer, 86,400 sec. 

Then, i f  C i s  t h e  t o t a l  cur ies  produced per day and o, i n  
curies/cc, i s  t he  to lerance at  ground level ,  we have 

The to lerance fo r  an observer immersed i n  a semi-infinite 
medium of  ~~1 i s  10-6 micro-curies/cc f o r  plant  areas. 

The t o t a l  a o t i v i t y  fo r  one day i s  1500 curies.  

The above then reduces t o  

which enables us t o  oalcula te  t h e  m i n ~ u m ' v e l o a i t i e s  necessary 
t o  provide su f f i c i en t  d i l u t i on  f o r  d i f f e r en t  staok heights. 
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Stack Reight (f't) Minimum Wind Velocity (mph) 

In  a report  by the-Weather Bureau an t h e  Arco, Idaho S i te ,  
t h e  wind i s  l e s s  than 4 mph only 15.20% of  t h e  time. Thus, a 250-foot 
high s taak appears adequate. 

b. Oak Ridne Experience. 

I n  CF-49-11-134, Dr.  K. 2. Morgan of Oak Ridge National Laboratory 
gave t h e  following information. The argon i n t ens i t y  at t h e  e x i t  of t h e  
200-foot high s tack at  ORNL i s  1.2 x 10-4 micro-curies/cc. Instruments 
on and off  t h e  plant  a t  ORNL show t h a t  a c t i v i t y  has not exoeedsd 
2 x 10-7 micro-curies/cc a t  any time i n  t h e  past  f i v e  years and has 
reached t h i s  on only a few r a r e  occasions which a r e  believed l a rge ly  
due t o  dissolver  gases and not argon. This represents a d i l u t i on  fac- 
t o r  of 600 which has always been exceeded o r  a f ac to r  of about 103 
whioh probably has always been exceeded f o r  argon. 

I f ,  on t h e  ba s i s  of t h i s  information, a d i l u t i on  fac tor  of 
103 i s  applied t o  t h e  I\dTR, t h e  a c t i v i t y  a t  t h e  ground would be 1.25 
x 10-6 micro-curies/cc, which' i s  1.25 times t h e  to lerance 10-6 micro- 
auries/cc. This f igure  i s  f o r  maximum concentration l i k e l y  t o  occur, 
while t h e  to lerance i s  f o r  continuous radiat ion.  Thus t h e  in tegrated 
dose over a period of a week i s  not l i k e l y  t o  exceed tolerance. Since 
t h e  ORNL s tack i s  200 f e e t  high, t h e  same height may suf f ice  f o r  t h e  
MTR stack. It should be remembered t h a t  t h e  t e r r a i d  a t  ORNL i s  h i l l y ,  
while t h a t  a t  Arco i s  f l a t .  The minimum d i lu t i ons  a t  both places w i l l  
not neoessari ly be t he  same. 

c. Use of Sutton's  Eauations. 

The equations derived by ~ u t t o n ( ~ ) ,  see references  qq pqge 11, 
have had some experimental ve r i f i c a t i on  a s  reported by v a r i o i t ~  authors. 
m i l e  t h e  equations cannot be r e l i e d  upon t o  give precise data, t hey  
a r e  believed t o  be t h e  best  available.  The Sutton   qua ti on is, 

eqpation continued on page 3, 
. . 
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where 

C = conce.ntration of gas a t  any point (x, y, 2) down wind. 
M = s t rength  of source, curies/sec. 
h = s tack  height, cm. 
x = dis tance  down mind, cm. 
y distance cross  wind from center  l i n e  of smoke stream, cm. 
z = v e r t i c a l  distance above ground, om. 
u = mean wind veloci ty ,  cm/seo. 

Cy = d i f f u s i o n  coeff ic ient  i n  hor izonta l  
C Z  = dif fus ion coef f i c ien t  i n  v e r t i c a l  
n = 0 - extreme lapse  r a t e  

= $ - neut ra l  
= 1/3 - mild inversion 
= & - s t rong inversion 

I f  we a r e  i n t e r e s t ed  only i n  t h e  concentrat ion a t  t he  ground 
(z = 0), on a l i n e  down wind from t h e  stack'  (y = 0), t h e  above equation 
reduces t o  

The above equation can be d i f f e r en t i a t ed  t o  give t h e  maximum 
concentrat ion a t  ground leve l  down wind from t h e  stack, This w i l l  give 
a maximum concentration of ' 

at a distanoe from t h e  .s tack of 
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The d i f fus ion  coef f ic ien t s  Cy and CZ a r e  assumed t o  be equal 
and a r e  taken .as equal t o  0007. The value of (n) i s  taken a s  zero; 
t h i s  oorresponds t o  gn extreme lapse ra te ,  Both of t h e  above values 
a r e  reasonable and conservative based on information given by Sutton 
and on ~homas(3) cor re la t ion  of data from several  smoke stacks. 

The above equations then reduce t o  

xm = z 14.3 staok heights 
c z  

The distance of maximum coxioentration a t  ground leve l  f o r  
s tack heights of 200, 250 and 300 fee t  would be 2,860, 3,575, and 
4,290 f ee t ,  respectively. Since t h e  BdTR s i t e  i s  wi thin  a radius of 
2,000 f ee t  from t h e  stack, t h e  maximum concentration w i l l  not be with- 
i n  t h e  s i t e  area  f o r  any of t he  above s tack heights. 

The equation f o r  maximum concentration i s  solved f o r  t h r e e  
s tack heights, where t h e  maximum concentration i s  given a s  a fvzct ion 
of u', the' mean wind ve loc i ty  i n  mph. The s t rength of t h e  source has 
been taken a s  1,500 curies/day. These equations a r e  a l so  solved f o r  
several  wind ve loc i t i e s  and t h e  r e s u l t s  a r e  tabula ted belowo 

Maximum Conce~rt r a t  ion a t  Ground Level f o r  
- - -~-  .. .~ 

NTTR with Stack Height of 

200 fee t  

Wind Velocity(u') C, 2.44 x - 
u ' 

250 f ee t  300, f e e t  

mph curies/cc , - cur ie  s/cc - . curies/co , 

1 
.L 

2.44 x 10"12 i.56 x 10-l2 
5 

1.1 x 10-12 
0.49 

10 
0. 31 0.22 

0.24 0.156 0.11 
. I .  . 

I f  we consider to lerance a s  10-l2 curies/cc, t he  wind ve loc i t i e s  
neoessary t o  reduce t h e  maximum ooncentration a t  ground l eve l  t o  t o l e r -  
ance a r e  2.44, 1.56, and 1.1 mph fo r  t h e  2000, 2500, and 300-Foot stabks, 
respeot ive l  y. 

SECRET 
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The above c ~ l c u l a t i o n s  a r e  f o r  maximum concentrations a t  ground 
level.  These do not occur on t h e  area  of t h e  s i t e .  Therefore we w i l l  
next ca lcu la te  t h e  maximum concentrat ion t h a t  w i l l  occur on t h e  sit€?., 
The values Cy = CZ = 0.07 and n : 0 w i l l  again be used. The maximum 
concentrat ion on t h e  s i t e  when calcula ted by Su t t on t s  equation w i l l  
occur a t  t h e  p a r t s  of t h e  s i t e  f a r t he s t  from t h e  stack. This d is tance  
i s  taken as 2,000 feet .  

The equation used i s  

The expressions fo r  t h e  maximum concentration a t  ground l eve l  
on t h e  Nl'R s i t e  a r e  given belovt for  t h e  various s tack  he igh t s  being con- 
sidered. 

Height of  Stack, ft, - Max. Conoent rat ion on S i te ,  cur ie  s/co. - - 
1.75 x 10-12 

200 u ' 

The wind v e l o c i t i e s  necessary t o  reduce t h e  maximum oon- 
cen t ra t ion  a t  ground l eve l  on t h e  s i t e  t o  to lerance (10-12 curies/cc) 
a r e  1.75, 0.55, and 0.135 mph fop t h e  2009, 250-, and 300-foot stacke, 
respeot i w l y .  

The meteorology repor t  on t h e  Arco s i t e  s t a t e s  t h a t  winds of 
0-3 mph w i l l  occur 15  t o  2% of t h e  time. This 1502% w i l l  not be 
d i s t r i bu t ed  equal ly  among a l l  ve loc i t i e s .  That is, t h e  p robab i l i ty  o f  
t h e  wind being 0 -..5 mph i s  much l e s s  than* t h e  p robab i l i ty  of it being 
2.6-3 mph. Then, winds of l e s s  than  0.55 mph may occur only about 1/10 
a s  o f ten  a s  winds of l e s s  than  1.75 mph.' Assume t h a t . t h e  windg of l e s s  
than. 1.75 mph occur 1.75/3 x 20 = 12% of t h e  time. Generally, v~hen.,the , 

wf nd blows from t h e  d i r ec t  ions between ENE clockwise .f o SSW thq, d is tance  
from t h e  s tack t o  t h e  edge of t h e  s i t e  i s  1,500-2,000 feet .  W4 w i l l  

SECRET 
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assume t h a t  f o r  a 200-foot s t ack  and winds from t h e  above d i rec t ions  
t h e  i n t e n s i t y  may exceed to lerance on t h e  s i t e  i f  t h e  ve loc i ty  i s  l e s s  
than 1.75 mph. The meteorology report  gives t h e  most frequent d i r ec t i on  

,- 5 

of t he  l i g h t  winds a s  NE. Then it i s  reasonable t o  assume t h a t  t h e  
l i g h t  winds w i l l  be from t h e  d i reo t ions  ENE -+ SSW about 75% even 
theugh these  d i rec t ions  oons t i tu te  only 37.5% of t he  t o t a l  number of 
poss ible  directions.  Thus, with a 200-foot high s tack t h e  concentrat ion 
would not exoeed to lerance on t h e  s i t e  more than  98 of t h e  time. How- 
ever, i f  we consider t h e  250-foot s tack on t h e  ba s i s  t h a t  t h e  wind w i l l  
be l e s s  than  0.55 rnph. only about 1/10 a s  o f ten  a s  it w i l l  be l e s s  than 
1.75 mph, t h e  ca lu la t ions  show t h a t  to lerance w i l l  be exceeded l e s s  
than  1% of t h e  time. Therefore, a  staok height of 250 f e e t  i s  desirable.  

d. Gamma Radiation from Elevated Cloud. 

The gamma rad ia t ion  from t h e  argon a c t i v i t y  i s  calcula ted a s  
follows t o  determine t h e  m i n i m u m  wind veloc$t ies  necessary t o  prevent 
excessive rad ia t ion  at ground level .  The ca lcu la t ion  was based on a 
hor izonta l  cloud a t  s tack height. . 

It i s  assumed t he r e  i s  l i t t l e  d i f fus ion  and t h a t  t h e  radio- 
a c t i ve  cloud i s  e s s e n t i a l l y  an i n f i n i t e  l i n e  source a t  s tack height. 
This would be analogous t o  a condit ion which may a r i s e  with low e x i t  
ve loc i ty  and. temperature, s t a5 l e  a i r , ,  and'.very l i g h t  winds. 1 

4 

For no bhielding [ a + ~ ~  B) - ,  (#I ~ 1 1  = g2 -.<, and  fo r  

an i n f i n i t e  l i n e  source f 2 -  g-l = ?/";' 

s L The above reduces t o  E, = AL , 
4a 

where 

Si = source s t rength  per un i t  length i n  ev/sec om. 

a = distance from observer, t o  source, cm. 

. Ea = energy i n  ev/sec cc absorbed i n  a i r  a t  t he  observer. 

/cG = r e co i l  absorptiob coeff ic ient  of a i . r  f o r  gamma r a d i a t i ~ n  

I&= 3.5 x 10-5 per om f o r  photon energies 
between 0.05 and 4 mev. 
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Ea i s  converted t o  I. i n  roentgens/24 h r  by t h e  product of 
t h e  following f ac to r s  . 

Ea ( a i r )  . . ev/sec cc 

1/32 . ion  pa i r s  formed per ev 

4.8 x 10-lo esu associa ted with each ion p a i r  

8.64 x lo4 sec/24 hr. 

Then 1, = 1.3 x loo6 Ea = 3.26 x ~ o - ~ N S L .  - 
a . . 

The t o t a l  da i l y  a c t i v i t y  of 1500 cur ies  i s  converted t o  
source s t rength  along t h e  l ine .  a s  a dependent of ve loc i t y  v i n  cm/seo. 

The above then becomes 

Tolerance f o r  gammas i s  taken a s  0.1 r/24 hr., which can 
be s e t  equal t o  Io, giving 

Thie aea be solwed f n r  wind ve loc i ty  a s  a function of  s tack heights.. 

Stack Height (f't) ldinimum Wind Velocity (mph) , 

200 . 0. 375 
250 0.285 
300 0.25 

These caloula t ions  show t h a t  only a very l i g h t  wind i s  neces- 
s a r y t o  prevent excessive rad ia t ion  a t  t h e  ground leve l  i f  t h e  radioact ive  
cloud i s  a t  s tack height. They a l s o  show t h a t  it i s  important t o  have 
ample e x i t  ve loc i t y  and temperature t o  assure  t h a t  t h e  radioaptive cloud 
r i s e s  t o  su f f i c i en t  height  t o  keep rad ia t ion  a t  ground leve l  below t o l e r -  
ance during calm peri.ods. 
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Likewise calcula t ions  of  v e r t i c a l  cone above t h e  s tack can be 
made t o  determine t h e  rad ia t ion  i n t ens i t y  a t  t h e  ground i n  case t h e  e x i t  
a i r  r a i s e s  d i r e c t l y  from t h e  stack. 

I n  CE-1398, (*) t h e  behavior of stack gases discharging i n to  
s t i l l  a i r  was studied. Theory and experiments were adduced which show 
t h a t  a s tack discharging a i r  v e r t i c a l l y  upvard i n to  s t i l l  a i r  a t  ' the  same 
temperature and densi ty  a s  t h e  staclc a i r ,  produces a cone-shaped body of 
moving a i r  above t h e  stackb It ~ m s  assumed i n  t h i s  report  t h a t  t h e  volume 
of a i r  induced i n to  t h e  cone a t  any distance above staclc was proportional 
t o  per'imeter of cone and ve loc i ty  of gas within cone a t  t h a t  distance. .. 

Also it was assumed no f r i c t i o n  between gas cone and surrounding a i r  existed. 

The radius of t h i s  cone i s  shown t o  be 

r rs+ h t a n  = rs + 0.15h 4 = & included angle of  cone. Z 

t a n  .$ = approxilnately 0.15 

rs = s taak radius 

h = distance above top  of . 
stack. 

with t he  use of t h e  pr inciple  of t h e  conservation of momentum, t h e  v e r t i c a l  
ve loc i ty  .of t he  gas was determined.to be 

vs = s tack ve loc i ty  

Likewise, t he  concentration of a contaminant was found t o  be: 

cs = s tack concentration. 

These ru l e s  seem t o  break down fo r  s tacks  l e s s  than  two inches 
diameter and were t e s t e d  f o r  stacks up t o  .eight  inches diameter. Several 
months of qua l i t a t ive  observation of f u l l  s i z e  s tacks  found no general con- 
t r a d i c t i o n  t o  them. Therefore, t h e  given r e l a t i ons  a r e  used i n  t h e  present 
calculat ions.  

The e x i t  radius  o f t h e  s tack i s  taken a s  four  feet .  The height 
of t h e  stack i s  faken a s  200 feet .  The t o t a l  concentration (c) i n  t h e  
cone from t h e  top of t h e  stack t o  an e levat ion of 1000 f e e t  (range of 
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gammas i n  a i r)  i s  found by t h e  following in tegral .  

The concentration a t  t he  s tack ou t l e t  f o r  operation a t  
30,000 ~ Y J  i s  

cs = 1.75 x 1012 ev/sec f t 3  

The t o t a l  a c t i v i t y  i s  then 11,29 x 1017 ev/sec. This i s  assumed 
t o  be d i s t r ibu ted  uniformly along a l i n e  source 800 ft long v e r t i c a l l y  
above t h e  stack. The source s t rength  i s  then 

In TNX-7, (5) t h e  rad ia t ion  from a i i n e  source viewed endwise 
without self-absorption, receptor a t  or ig in ,  source on x-axis between 

SECRET 

hamrind
Pencil

hamrind
Pencil



. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ...................... 
SECRET 

(xi - x2) i s  given as 

where 1: = i n t ens i t y  a t  un i t  distance from t h e  a c t i v i t y  

i n  un i t  length of a  l i n e  source. 

Making t h e  subs t i tu t ion  f o r  1: and converting t o  r/24 hr, 
t h e  above becomes 

then 

I = 22.3 x 10-3 r/24 hr. . 

The rad ia t ion  a t  t h e  ground i s  thus  well below tolerance when 
the a i r  r i s e s  i n  a cone-shaped body above t he  stack. 
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' m e n  separated from e.nclosures 
. . Handle t h i s  document as 

Unclassified , 

, Excerpt from "Pacific coast  Uniform Building Coden 1949. 

LATERAL BRAC ING 

Lat e r a 1  Refer t o  Sec . 2312, The following prdvisions a r e  suggested 
Bracing fo r  ~ n c l u s i o n  i n  t h e  Code by c i t i e s  located within a n  a rea  
( ~ a r t h ~ u a k e  subject  t o  earthquake shocks : 
Regulations) 

Sec, 2312. (a)  General: Every building o r  s t r uc tu r e  and --- 
every port ion thereof,  except Type V buildings of Group I 
occupancy which a r e  l e s s  than twenty-five f e e t  (25') i n  height,  
and minor accessory buildings s h a l l  be designed and constructed, 
t o  r e s i s t  s t resses .  produced by l a t e r a l  forces a s  provided i n  t h i s  
Section. St resses  s h a l l  be calculated as the  e f f ec t  of a force  
applied hor izontal ly  z t  each f l o o r  o r  roof l e v e l  above t he  founda- 
tion'. The force s h a l l  be assumed t o  cote from any hor izontal  direc- ' 

t ion, 

A l l  .bracing systems both hor izontal  'and v e r t i c a l  s h a l l  t rans-  
m i t  a l l  forces  t o  the  r e s i s t i n g  menibers and s h a l l  be of s u f f i c i e n t  
, ex ten t  and. d e t a i l  t o  r e s i s t  the  hor iaontal  forces  provided f o r  in 
t h i s  Section and s h a l l  be located symmetrica1l.y about the  cen t e r '  
of mass of t he  building o r  the  building s h a l l  be designed f o r  t he  
resu l t ing  ro t a t i ona l  forces  about the  v e r t i c a l  axis. 

Junctures between d i s t i n c t  pa r t s  of buildings,  such as wings 
which extend more than t~ sen ty  f e e t  ( 2 0 ' )  from the  nain port ion of 
the  building, s h a l l  be designed at  the  juncture with other  pa r t s  
of the  building f o r  r o t a t i ona l  forces,  o r  t h e  juncture may be 
made by means of s l i d ing  f r a g i l e  jo in t s  having a minimum width of 
not l e s s  than e ight  inches '(8'1). 'The d e t a i l s  of such j o in t s  s h a l l  
be made s a t i s f ac to ry  t o  t he  Building Off ic ia l .  

(b) Horizontal, Force Formul?. In determining the  hor izontal  
force  t o  be r e s i s t ed ,  t h e  following formula s h a l l  be used: 

WHERE 
llF1l equals the  hor izontal  force  i n  pounds, 
ItWn equals the  t o t a l  dead load, 

t r i bu t a ry  t o  the  point  under consideration,  except f o r  warehouses 
and tanks, i n  which case llI.J1t s h a l l  equal t he  t o t a l  dead load plus 
the  t o t a l  v e r t i c a l  designed l i v e  load t r i b u t a r y  t o  the  point  under 
consideration. Machinery o r  o ther  fixed concentrated loads s h a l l  
be considered a s  par t  of t he  dead load, 

I1C" equals a numerical constant a s  sh0t.m i n  Table No. 2 3 4 .  
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@; * 
? ,  ? 
I! TABLE NO. 23-C--HORIZONTAL FORCE FACTORS . - 

Bracing. . .  Direction of 
(Con't .) Part  or Port ion Value o f - x s  Force. 

Floors, roofs ,  columns and A n y  d i rec t ion  
bracing i n  any s to ry  of a -15- hor izontal ly  

. building' o r  t he  s t ruc tu r e  N$ * 43 
as a whole++*' 

Bearing walls ,  non-bear- .05 Normal t o  
ing walls ,  pa r t i t i ons  f r e e  With a minimum surface 
standing masonry walls  of f i v e  pounds of wal l  
over 6' i n  height per square foot  

Cantilever parapet and 
other cant i lever  t!alls, 
except re ta in ing  r.salls 

Exterior and i n t e r i o r  or- 
namentations and appen- 
dages 

Normal t o  
surface 

.of wall 

Any 
.25 d i rec t ion  

hor izontal ly  

Idhen connected t o  o r  a pa r t  Any 
of a building: towers, tanks, .05 d i rec t ion  
towers and. tanks plus coiitents , horizontal ly  
chimneys, smokestacks and pent- . 
'houses . . 

Elevated water tanks and other Any' 
tower s ~ ~ p p o r t e d  s t ruc tu r e s  .03 di rec t ion  
not supported by a  building hor izontal ly  

@ See Map on ins ide  back cover f o r  zones. The values given "C1I 
a re  minimum and should be adopted i n  locat ions  not subject  t o  f r e -  
quent seismic disturbances as S!.~O~JII i n  Zone.1. For locat ions  i n  
Zone 2', "Cf l  s h a l l  be doubled. For Zocations i n  Zone 3, "CIt should 
be multiplied by 4. 

@* Where wind load as s e t  f o r t h  In  Section 2307 would produce 
higher s t r e s se s ,  t h i s  load s h a l l  be used i n  l i e u  of the  f ac to r  
shown. 

+N i s  number of s t o r i e s  above the  s t o r y  under consideration,  
provided t h a t  f o r  f l oo r s  o r  hor izontal  bracing, N s h a l l  be only 
the  number of s t o r i e s  contr ibut ing loads .  
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  at e r a1  
Bracing 
(Con' t . ) 

(c)  Foundation Ties.  I n  the  design of buildings of Types I, 
I1 and 111, where t he  foundations r e s t  on p i l e s  o r  on so i l ' h av ing  
a sa fe  bearing.value of l e s s  thann2000 pounds per square foo t ,  the  
foundations s h a l l  be completely inter-connected in,%wo d i rec t ions  
approximately a t  r i g h t  angles t o  each other. Each such in te r -  
connecting member s h a l l  be capable of t ransmit t ing by both tension 
and compression a t  l e a s t  10  per cent of t he  t o t a l  v e r t i c a l  load 
ca r r i ed .by  t h e  heavier only of t h e  footings o r  foundations connected. 
The minimum gross s i z e  of each such member i f  of reinforced concrete 
s h a l l  be twelve inches by twelve inches* (12" x 12") and s h a l l  be 
reinforced with not l e s s  than t he  minimum reinforcement specif ied 
in  Section 2620. I f  the  inter-connecting members a r e  of s t r u c t u r a l  
s t e e l ,  they 'shall  be designed a s  provided i n  Section 2702, and 
encased in .concrete .  A reinforced concrete s l a b  may be used i n  l i e u  
of inter-connecting t i e  members, providing t he  s l a b  thickness i s  
not l e e s  than one forty-eighth of t he  c l ea r  d is tance between t he  
connected foundations; a l s o  providing t he  thickness is not l e s s  than 

. s i x  inches (6"). 

Inter-connecting s labs  shal.1 be reinforced with not l e s s  than 
eleven-hundredths square inch ( . I1  sq. i n , )  of s t e e l  per foot  of 
s l a b  i n  a longi tudinal  d i rec t ion  and the  same amount of s t e e l  i n  a 
transverse di rect ion.  The bottom of such s l a b  s h a l l  not be more 
than twelve inches (12") above t he  tops of a t  l e a s t  80 per cent  of 
the  p i e r s  o r  foundations. The footings and foundations s h a l l  be 
t i e d  t o  the  s l a b  i n  such a manner .as t o ' b e  res t ra ined i n  a l l  hori- 
zontal  d i rect ions .  

(d) . Plans and -D*i~n Data. With each s e t  of plans f i l e d ,  a 
brief  stateinent of the  following items s h a l l  be included: 

1. A summation of the  dead and l i v e  load of the  building 
f l oo r  by f loor ,  which was used i n  f igur ing the  shears f o r  which the  
building i s  designed. 

2. A br ie f  descr ipt ion of t he  bracing system used, t he  
manner i n  which t he  designer expects such system t o  a c t ,  and a c l e a r  
statement of any assumptions used. Assumption a s  t o  loca t ion ,of  a l l  
points of counter-flexure i n  members must be s ta ted.  

3. Sample calcula t ion of a t yp i ca l  bent o r  equivalent. 

(e)  St resses .  For combined s t r e s se s  due t o  l a t e r a l  forces  and 
other loads the  al101.1able un i t  s t r e s se s  and the  allowable load on . 
connections may be increase 33 1/3 per cent. I n  no case s h a l l  t he  
sect ion be l e s s  than required if the l a t e r a l  force  s t r e s s  be neglect- 
ed. 

( f )  Detailed Reauirements , 

1. Bonding & Tying. Cornices and ornamental d e t a i l s  
oha l l  be bonded i n  t he  ~ t r u c t u r e  so  as t o  form an i n t eg ra l  p a r t  of 
it. This app l ies  t o  t he  i n t e r i o r  a s  well as t o  t he  ex t e r i o r  of t he  
building. 
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Lateral  
Bracing 
(Con't) 

2. Overturning Moment, I2 no case  s h a l l  the  calcula ted 
overturning moment of any building o r  s t r uc tu r e  due t o  the  fo r ce s .  
provided f o r  i n  t h i s  Section exceed two-thirds of the  moment of 
s t a b i l i t y  of such building or  s t ruc ture .  I\,loment of s t a b i l i t y  s h a l l  
be calculated using t he  same 1-oads a s  used i n  calcula t ing t he  over- 

. turning moment. 

3. Addj.tion& Every addi t ion t o  an exis t ing '  building o r  
s t r uc tu r e  . shal l  'be designed and constructed t o  r e s i s t  and withstand 

, 

the  forces  provided f o r  i n  t h i s  Section, and i n  any case where an 
ex i s t ing 'bu i ld ing  or  s t r uc tu r e  is  increased i n  height a l l  port ions 
thereof affected by such increased height s h a l l  be reconstructed t o  
r e s i s t  and withstand the  forces  provided fo r  .in t h i s  Section. 

4 .  & - t e r a t $ ~ g ,  No ex i s t ing  building o r  s t ruc ture  s h a l l  
be a l t e r ed  o r  reconstructed i n  such a manner t h a t  t he  res i s tance  t o  
the  forcds provided f o r  i n  t h i s  Section w i l l  be l e s s  than t h a t  before 
such a l t e r a t i o n  o r  reconstruction was made; provided, however, t h a t  o 

t h i s  provision shall. not apply t o  non-bearing pa r t i t i ons ,  and s h a l l  
not apply t o  other minor a l t e r a t i ons  \ h i ch  a r e  wde i n  a manner 
sa t i s fac tory  t o  the  Building Departnent. 

(g) m e  M o t s .  Lime mortars s h a l l  not be used i n  any un i t  
masonry construction forming a par t  of a building,  

(h) &eer Ties. Veneer t i e s  provided i n  sec t ion  2902 (c)  s h a l l  
be of su f f i c i en t  s t rength  t o  support four times the  weight of the  
at tached veneer. 

( i )  I n t e n t i o ~ x - J n t e r u r e t a t i ? p ~ f  Lateral. ~ o r c e  Provisions. 
These l a t e r a l  force  requirexents a r e  intended t o  make buildings 
earthquake-resist,ive. The provisions of t h i s  sect ion apply t o  t he  
buildings a s  a un i t  and a l s o  t o  a l l  pa r t s . t he r eo f ,  including t h e  
s t r u c t u r a l  frame o r  wal-ls, f l oo r  and roof systems, and o ther  
s t r u c t u r a l  features .  

The provisions incorporated i n  t h i s  Section a r e  general  and, i n  
spec i f i c  cases,  pay be in terpreted o r  added t o  as t o  d e t a i l  by ru l ings  
of t he  Building Of f i c i a l  i n  order t h a t  t h e  i n t en t  s h a l l  be f u l f i l l e d .  
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EARTHQUAKE INFORMATION OF POSSIBLE APPLICATION 

AT ARCO, IDAHO 

J. Stewart Williams 

Introduction 

This is a brief compilation of information about the movement of 
the ground and buildings in an earthquake that may be of possible use 
at Arco, Idaho. It is compiled at the request of Mr.'Frank Smith of 
the Atomic Energy Commission. It has been compiled in the course of 
a few days, from sources available at the libraries 02 Utah State 
Agricultural College, Logan, and University of Utah, Salt Lake City. 
It is necessarily bcief. 

 round motion in earthquakes ' 

Olm~ia:  The latest infolmttion available on ground motion in an , - earth6uake j.s that obtained from the Olympia accelerograph for the 
earthquake of 13 April 194.9 that was widely felt over r,Jashington.and 
Oregon and did damage estimated at $20,000,000 (1). Following is a 
summary of the accelerograph record; 

.. C * .  .*I . 0 .  * . S & ~ ~ ~ . :  *.: 
. . . . . a .  a*.. * . .* . .t . * 
0 .  . *  . . *  . . a . . . . . . . . . . . . . . . .  ................... . 2 
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Earthquake of 13 Apri l  1949 at  1156tl  P, S. T. 

Puget Sound Basin 

Earth 
Wave 
Period 

sec. 

Olympia accelerograph 
Vertical-up .lo 

019 
.11 
.28 

SE: 1'100 .I3 
.I8 
.4l 

- .  sw: 2600 

Maximum 
Accelera- 

t ion 
cm/sec .2 

Mclf  imtim 
Displace- 

ment Remarks 
cmi 

very? s t rong s inusodial  
dave . 

~libr t -per iod waves .01 
, sec , superposed. 

Sinusodial waves. 

Maximum t race .  amplitude 
on t h i s  component 

.Short-period waves .01 
sec  superposed.. 

Second l a rges t  t r a c e  
amplitude on t h i s  

'component. 

I r regular  waves. 
Maximum t r ace  amplitude 

om record. 

It w i l l  be noted t h a t  t he  maximum accelera t ion i s  0.33g but t h a t  t h e  
rnakmm displacement is  l e s s  than 1 centimeter. The maximum accelera t ion and 
displacement a r e  on a period of 0.3 second, 

The i n t ens i t y  (modified Mercall i  scale)  a t  Olympia was V I I I .  
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Imperial  V a l l e p  The Imperial  Valley ear thquake of 18  May 1940 d i d  damage 
es t imated  a t  5-6 m i l l i o n  d o l l a r s  and k i l l e d  n ine  persons (2).  The maximum 
i n t e n s i t y  (IX) ms a t  Imperial ,  17 mi l e s  from t h e  maximum s l ipp ing .  An 
i n t e n s i t y  of V I I I -  was recorded f o r  El Centro, where t h e  acce lerograph  was 
loca ted ,  7 mi l e s  from t h e  e p i c e n t e r  and 4 m i l e s  from t h e  n e a r e s t  p o i n t  on 
t h e  f a u l t .  

. . 
~ o l l o w i d g  i s  a summary of t h e  most.-important.  elements of t h e  ground motion 

as  determined from t h e  acce lerograph  record :  

Maximum r e s u l t a n t  h o r i z o n t a l  a c c e l e r a t i o n  350 cm/sec.2. on a pe r iod  
0.4 :second. 

Maximum r e s u l t a n t  h o r i z o n t a l  v e l o c i t y  p9 cm/sec* 
Maximum h o r i z o n t a l  displacement 21 cm. on per iod  of 3.2 second. 
Maximum range of horieont,al displacement 39 cmo 
Maximum v e r t i c a l  a c c e l e r a t i o n  220 cm/sec.2 on a pe r iod  of O i l  second. 
Maximum v e r t i c a l  v e l o c i t y  11 cm/sece 
Maximum v e r t i c a l  displacement 5.5 cm. 
Maximum range v e r t i c a l  d i  s p l a  cement 10.9 om. 

A t  t h e  t ime these  da t a  &ere computed a ;omparison was made 'wi th  t h e  
r e s u l t s  ob ta ined  p rev ious ly  a t  Long  each (1933) and Helena (1935). It is  
contained i n  t h e  fo l lowing  t a b l e ;  
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Comparison of strong-motion data on important earthquakes 

M-Id Intensi t ies  ElIe an Max. Lithologic  odda at ion 
Earthquake S,tations. Epi- Town Station Accel- Dura- "Destruc- Veloc- 
Epicentral distance. center eration* t ion bO.v&b~y" i t y  T & W ~ .  Station ' 

cm/sec2 Sec. Factor* cm/se-c. 

Long Beach 1933 
L o n ~  Beach 35/ Recent alluvium, Alluvium 

.# 

17 miles . also,  well  
consolidated s o i l  

Vernon 
33 miles 

L. A ,  Subway Termiml 
37 miles 

Imperial Valley 1940 
' E l  Centro, 7 miles 

Braw'loy, 17 'miles 
Imperial, 10 miles . 
Holt.ville, 7 miles 

E l  Centro, 1934 
40 n i l e s  

110 24 . - Broad a l luv ia l .  
210 plain 
270 

3 00 157! Thin alluvium 
on t e r t i a r y  
marine sedi- 
ment. 

85 0 42 . Surface s i l t  
550 on alluvium. 
9 00 

750 do. 

Alluvium 

0 

Tert iary :.:..: 
well consof-j,+:.. ...... dated. ... . . .  . . .... .. e 
Surface slit;..: 
on alluviu~*.*:*= . . ...... . . . . 

00. .  

do . . . *  ...... 

Helena (0ct. 31) 8- 
200 16 3 miles 8- 6? 110 1.8 ' Alluvium and Limestone 

limestone 

'* Considered a measure of destructive exiergy released. Multiplied by the duration it yields a so-called 
"destructivity-" f ac to ro  
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Sm.arp :  Strong motion seismograms .have.now been obtained f o r  th ree  
des t ruc t ive  earthquakes (Long Beach, Imperial ~ a l k e y  and O l p p i a )  i n  each of 
which t he  i n t ens i t y  was about V I I I .  I n  every case the  maxirnum hor izontal  

. acce le ra t ion  has been around 0.3g and has accompanied periods of 0.3 t o  0.4 
seconds. The maximum displacement var ies  from 1 cm a t  Olympia through 6 cm a t  
Long Beach t o  21 cm a t  Imperial Val'l.ey. 

na tu r a l  periods of t h e  ground 

Alluvia l  f i l l s  i n  val leys  appear t o  have d e f i n i t e  periods of v ibrat ion.  
Uork i n  t he  Leine Rivep Valley a t  Gottingen, Germany (3, p. 181) showed two 
periods,  one 0.3 t o  0.4 seconds, t he  other 1.2 seconds. This was in terpreted 
t o  mean t h a t  v ib ra t ion  of t h e  upper pa r t  of the  f i l l  only produced t h e  shor te r  
period, while t he  longer period was produced by vibrat ion of t he  upper par t  
with the  lower par t .  

Suyehiro ( A ) ,  used a seismic vibration analjrser consis t ing of a number of 
compound pendulums of d i f f e r en t  na tu r a l  heriods. He found t he  na tu r a l  period 
of  t he  ground at  Hongo, i n  t he  higher par t  of Tokyo, t o  be 0.3 second. A t  
~larunoLchi, i n  t he  lower pa r t  of Tokyo, t he  prevai l ing per isds  were 0.7 t o  0.9 
seconds. 

More recent work i n  California by Gutenberg (3) indicates  t h a t  ground 
periods of 0.2 and 0.3 seconds a r e  outstanding. Periods of 0.5, 0.6 and 1.0 
a r e  common. 

Macelwane (5) summarizes what was lcnown of ground periods i n  1940 a s  
follows : 

"The following conclusions may be dro.wn from t h e  f i v e  years of 
experimentation, 1935-1940. F i r s t ,  the  ground general ly  has many 
na tura l  periods of v ibrat ion which vary from place t o  place and a r e  
usual ly  d i f f e r e n t  i n  d i f f e r en t  d i rec t ions  at  any given place. Second, 
most ground resonances cover a f a i r l y  wide band of frequencies, thus 
d i f f e r i ng  from building resonances which a r e  usual ly  sharp and wel l  
defined. Third, resonances a r e  more pronounced on s o f t ,  marshy, o r  
made ground and l e s s  pronounced on so l i d  rock. Fburth, a s t ruc ture ,  
such a s  a building, dam, o r  tower, forms, together with t he  ground on 
which it is b u i l t ,  a coupled e l a s t i c  system i n  which vibratory energy 
is  read i ly  t rans fe r red  t o  resonating parts .  Vibrations induced by a 
shaking machine i n  the  Hollywood Storage Building were picked up i n  
the  ground outs ide  a s  f a r  away a s  1.2 miles. However, t h e  na tura l  
periods of the ground seem too numerous t o  make it pract icable  so t o  
design buildings t h a t  they w i l l  avoid a l l  resonance with t he  ground." 

Vibration of a r i g i d  building i n  an earthquake 

Suyehiro and Ishimoto (4) have made t he  outstanding contr ibut ion t o  our 
knowledge of how buildings v ib r a t e  i n  earthquakes. Studying t h e  building of 
the  Earthquake Research I n s t i t u t e ,  Tokyo Imperial University, with v ibra t ion  
meters, they found t h a t  the  building acted as a rigid. body vibrat ing on t he  
ground bed with the  period of t h e  ground bed, 0.3 second. 



This was confirmed by seismograms ab$ained en t he  penthouse of t he  building 
and on the  ground adjacent the  building. These showed t h a t  the  building moved 
exact ly  a s  did the  ground, except t h a t  the  building was insensible  t o  v ib ra t ions  

- of about 0.1 second period, which showed on the  ground seismogram,but not  on 
t h e  building seismogram. 

This was a s t rongly constructed building with 53 pounds of s t e e l  framing 
and re inforcing per  square foo t  of f l o o r  space. 

Suyehiro concludes that: 

"From these  f a c t s ,  it can be inferred t h a t  t he  dynamic s t r e s s  
induced i n  a s t rongly constructed r i g i d  building by an earthquake i s  
l i k e l y  t o  be equal t o  the  s t a t i c  s t r e s s  which would be induced,.had 
t he  building been subjected t o  t he  s t a t i c  load of the  i n t ens i t y  given 
by the  mass of the  building multiplied by t h e  hor izontal  accelera t ion 
of t he  seismic vibration;  and, a l so ,  t h a t  the  component of seismic 
vibrat ions  having a very shor t  period, say, l e s s  than 0.1 sec.,  i s  
not of much consequence f o r  the  building under consideration, although . . . . .  the re  is tho pos s ib i l i t y  i n  some cases t h a t  such a quick 
vibrat ion may cause a f a i r l y  in tense  acceleration." 

A building of medium r i g i d i t y  was i b ~ n d  t o  move with t he  ground a s  regards 
period,  phase and form, but the  amplitudes a t  the  top of the  building were 
20 per  cent t o  70 per cent  higher than those of t he  ground, and there  was 
imposed upon them secondary vibrat ions  t h a t  probably represent t he  f r e e  period - 
of t h e  building. 

A non-rigid building was .found t o  o s c i l l a t e  'with i t s  own na tura l  period, - t h e  amplitude a t  t h e  tope of t he  building being severa l  times the  amplitude of 
t he  ground motion. 

In  summary, Suyehiro says: 

"To recap i tu la te ,  i n  an earthquake a r i g i d  building moves near ly  . 

the  sane a s  t he  surrounding ground; a non-rigid building moves with 
i t s  own period; and t h e  xotion of a building of medium r i g i d i t y  is  
intermediate between these  twoat' 

Possible appl icat ion a t  Arco 

The wr i t e r  has not found any information t h a t  would ind ica te  what might 
be expected f o r  t h e  ground period a t  Arco where bedrock of basa l t  flows is  
covered by about 50 f e e t  of unconsolidated dry gravel. This could be learned 
from shaking t e s t s  conducted a t  t he  s i t e .  I n  t h e  absence of spec i f i c  information, 
t h e  best  approximation possible would seem t o  be t o  expect maximum accelera t ion 
on periods of t he  order of 0.3 t o  0.4 seconds. . 

I f  t he  building is  constructed as a strong,  r i g i d  un i t ,  it and i ts  contents 
t can be expected t o  be subjected t o  t he  same motion a s  t he  ground expect t h a t  

\ t h e  i n e r t i a  of the  building may prevent it from responding t o  a l l  of t h e  shor t  
. period motions, 
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