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FINAL SAFEGUARDS ANILYSIS 

BNWL- CC- 225 

HIGH TEKPERATURE LATTICE TEST REACTOR 

I. INTRODUCTION 

The High Temperature Lat t ice  Test Reactor (HTLTR), located a t  the  
L 

Paci f ic  Northwest Laboratory, i n  the  300 Area of the  Hanford Works,is a 

ve r sa t i l e ,  low-power research reactor  designed t o  obtain nuclear dsta  f o r  

appl icat ion t o  la rge ,  high thermal efficiency cent ra l  power s ta t ions ;  the  

data derived have ind i rec t  application t o  small special  purpose reactors  

operating a t  very high temperatures. 

of advantages f o r  the  experimental determination of 

The HTLm provides a unique combination 

a )  the  nuclear charac- 

t e r i s t i c s  of high temperature thermal reactor  cores and 

physics parameters a t  high temperatures: 

b j  basic reactor  
I 

Precision and Accuracy 

The HTL1R operates on the established pr inciple  of t h e  Physical 

Constants Testing Reactor (PCTR), i n  which a void i s  subst i tuted f o r  

a small cen t ra l  c e l l  ( tes t  c e l l )  of an experiment.al l a t t i c e  ( t e s t  core) 

driven by the  reactor (dr iver  sect ion) .  Sui table  buffer zones surround the 

t e s t  core so t h a t  the tes t  c e l l  i s  i n  the same flux environrent a s  it would 

be i n  a c r i t i c a l  assembly of i t s  own kind. 
1 

T h i s  method has been shown 

t o  give values of the  neutron multiplication fac tor  of an accuracy and 

precision equal t o  those obtained from a complete c r i t i c a l  assembly. 

1 See References, page 12 .1  
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Economy 

Typically, a l a t t i c e  t es t  of a low-reactivit,y system i n  the  HTLlX 

can be made with 40 t o  80 cubic f e e t  of t e s t  volume. I n  comparison, 

an  exponential assembly would require  400 t o  600 cubic feet ,  and a c r i t i -  

calassembly 8000 cubic f ee t .  The r a t i o s  a r e  not so  la rge  i n  high- 

r eac t iv i ty  systems, but a considerable advantage i s  s t i l l  maintained. 

When the  e f f ec t s  of changes i n  t.he mult ipl icat ion fac tor  caused by small 

changes i n  geometry, composition, or operating parameters are t o  be 

explored, t he  economy of working with the  small t es t  volume i s  apparent. 

Because of the  small quant i t ies  of special  mater ia ls  t o  be pro- 

cured and fabricated,  experimental data may be obtained more quickly and 

with much l e s s  lead time ir HTLm than i n  other ways. Experiment t i m E s  

of two to s i x  months w i l l  suffice for  nearly a l i  experimental l a t t i c e  

programs. 

Safety 

Many nuclear safety fea tures  are inherent i n  t he  KTLTR concept,. 

Loading and s t a r tup  hazards, usually considered as leading t o  t h e  most 

severe consequences i n  low power t e s t  reactor  accident analyses, a r e  

minimized, since t h e  overa l l  nuclear cha rac t e r i s t i c s  of the  reactor  are 

almosg en t i r e ly  established by the  enriched uranium driver  region. Only 

a small, subc r i t i ca l  assembly i s  of unfamiliar arrangement and charac- 

t e r i s t i c s  f o r  each test .  

Fission product inventory w i l l ' b e  low because power l eve l s  no 

greater  than two kilowatts f o r  short  time in t e rva l s  w i l l  be required.  

The control  of f i s s ion  products i s  therefore  only, of minor concern* 
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Total  excess r eac t iv i ty  will be minimum, as excess r eac t iv i ty  f o r  

xenon t rans ien ts  or f u e l  l i fe t ime i s  n o t  necessary. 

A negative prompt temperature coeff ic ient  of r eac t iv i ty  i s  inherent 

i n  the driver  fue l .  On t h e  other hand, r eac t iv i ty  changes upon heating 

or  cooling the  reactor  are very slow because of t he  la rge  heat capacity 

of the  graphite moderator stack. 

-. These inherent safety fac tors  make the  HTLTR easy t o  control  by 

simple means. 



11, SUMMARY 
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11. S W ? Y  

BNWL-CC-225 

The High Texperature JAtt ice  Test Reactor (HTLTR), located i n  t he  300 Area 

of t h e  Hanford Works, i s  a low power, high temperature research reactor .  It i s  t o  

be operated by Battelle-Northwest t o  obtain basic  reactor  physics data and design 

data applicable t o  large,  high power nuclear reactors .  The experimental programs 

w i l l  p a r a l l e l  those of the  Physical Constants Test Reactor (PCTR), except t h a t  

measurements i n  HTLTR can be made a t  high temperatures. 
' The building s i t e  i s  shown t o  be su i tab le  f o r  the  reactor  as designed. 

The reactor  building cionsists of two major sections,  t h e  reactor  enclosure 

and the  services  s t ructure .  I!he reactor  enclosure i s  or' ordinary reinforced con- 

crete .  The reactor  i s  on t h e  ground f l o o r ,  and t h e  various process sytems are i n  

t h e  basement. The walls and roof of t h e  rea,ctor enclosure serve as the  radiaticn 

shield.  Shield doors provide access t o  t h e  reactor  room and basement. The 

reactor  enclosure i s  neither sealed nor designed t o  withstand i -n te rna l  pressures; 

it does, however, have a sepra te  vent i la t ion  s y s t e m  exhausting through high- 

eff ic iency f i l t e r s  which m a i n t a i n s  t he  enclosure a t  a s l i g h t  negative pressure 
/ 

fo r  contamination control. The services s t r u c t w e  i s  a n  abutt,ing two-story s t e e l  

building, which contains the  control  room, experimental assembly room, offices, 

and necessary u t i l i t i e s  and services.  

The reactor  consis ts  of a ten-foot cube of graphi te  moderator, pierced 

by holes which a r e  e i the r  loaded with s l i gh t ly  enriched uranium driver  fue l ,  ex- 

perimental t e s t  fue l ,  poison shim rods, control  rods, and graphite heater bars ,  OF 

are plugged with graphite. The cen t r a l  5 x 5 x 10 foo t  section can be completely 

removed and a l t e r e d  t o  any  composition o r  configuration desired f o r  a n  experiment. 

This The dr iver  f u e l  i s  5% enriched U02 ceramic p e l l e t s  clad i n  graphite. 

I f u e l  surrounds the  t e s t  core, on the  ends as  well as r a d i a l l y .  The c r i t i c a l  mass 
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I 

w i l l  vary, typ ica l ly ,  from 30 t o  60 kg of U-235. 

oxide will be loaded as needed t o  compensate the  slow negative temperature ccef- 

f i c i e n t  of the  reactor .  

ab le  isotopes such as Pu-239, U-233, and U-23.5, and varying quant i t ies  of other 

mater ia ls  such as uranium, thorium, copper, nickel,  iridium, rhodium, samarium, 

e tc .  'These na t e r i a l s  w i l l  be i n  forms su i tab le  f o r  the  experiment temperature. 

Shim rods containing gadolinium 

The t e s t  core w i l l  contain from zero t o  s i x  kg of f i ss ion-  

The reactor  i s  e l ec t r i ca l ly  heated t o  the  design temperature, 1000 e ,  with 

graphite heater bars  powered with 475 kW of low voltage ac. 

i s  thermally insulated and i s  contained i n  a s t e e l  s h e l l  which serves as the  enve- 

lope fo r  t h e  nitrogen blanket, and the primary b a r r i e r  t o  the  escape of contami- 

nation. 

ces ture  gamma-ray p=.oductior. 5 2 the- s t e e l  she l l .  

The moderator block 

A Bora1 l i n e r  i n  t he  s t e e l  s h e l l  reduces neutron leakage t o  the  room and 

The reactor  f l u x  level i s  controlled by 8 shutter-type horizontal  control  

rods and 4 v e r t i c a l  blade-type safety rods. 

safety system since they may k e  closed quickly, driven by springs ex terna l  t,o t h e  

reactor shell. 

The control rods a l s o  a c t  as  a 

The s t a r tup  neutron source i s  a pos i t ive  ion accelerator  which focu, ces a 

beam of deuterons onto a beryllium ta rge t .  

The reactor  neutron k ine t ics  a r e  largely established by the  dr iver  fue l .  

The u-238 i n  the  dr iver  provides a prompt negative power coeff ic ient  of r eac t iv i ty .  

The neutron l i fe t ime of about 1 mil l i sec  and t h e  delayed neutron f r ac t ion  of about 

0.6s are a l s o  determined largely by the  uranium dr iver  fue l .  

The instrumentation for  t he  en t i re  f a c i l i t y  i s  centered i n  t h e  programmed 

63 measurement and control sjstem (PMACS). This system includes a high-speed 
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d i g i t a l  computer, a n d  performs the  following functions: 

controls t he  gas system and t h e  e l e c t r i c a l  heaters  t o  pro- 

grammed s e t  points 

controls t h e  operation of the  various pieces of experimental 

equipment 

co l l ec t s  and analyzes experimental and process data inputs . 
generates output s ignals  f o r  the  control  of process systems 

and for  t h e  display and recording of t h e  values of process 

var iables  i n  real  time 

generates output s ignals  t o  t.he safety c i r cu i t .  

Per ipheral  equipment; of t h e  PbIACS includes two low-speed magnetic tape memory 

uni t s ,  input and output typewriters, and a large three-color cathode ray tube f o r  

display of data. 

I n i t i a l l y  the  PMACS w i l l  not have a feedback loop f o r  automatic control 

of t h e  power l e v e l  and period of the  reactor .  The reactor  operator w i l l  control  

all motion of t he  control rods, excep$ f o r  autcmatic scram. 

Besides t h e  output s ignals  from t h e  PMACS, t he re  are  two independent 

conventional neutron f l u x  channels providing inputs t o  t h e  safety c i r c u i t .  

channels and t h e  safety c i r c u i t  are not a part of PMACS. The safety c i r c u i t  i s  

a separate d i r e c t  current b o p ,  consisting of a power supply, a transformer- 

r e c t i f i e r  combination driven by a t rans is tor ized  amplifier,  and t h e  holding mag- 

These 

n e t  c o i l s  of t he  

. 
control  and safety rods. Input s ignals  t o  the  safety c i r c u i t  a r e  

reactor  f lux l eve l  and period s ignals  from each of t he  two 

conventional channels 
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a "reactor-normal" s ignal  from PMACS 

three manual t r i p  buttons. 

The PMACS f'reactor-normal'' sigr,al s ign i f i e s  t h a t  important process var iables  do 

not exceed t h e i r  set points,  t h a t  various inter locks a r e  properly s e t ,  t h a t  

diagnostic tes ts  of t he  computer operation are sat isfactory,  and t h a t  t he  reactor  

flux l eve l  and period derived from t w o  addi t ional ,  independent, and diss imilar  

channels are w i t h i n  set l i m i t : ; .  This safety c i r c u i t  combines t h e  fea tures  of re-  

dundancy, diss imilar  components, and frequent t e s t i n g  which are required f o r  bes t  

r e l i a b i l i t y .  

The experimental equipment auxi l iary t o  t h e  reactor  includes two osci l -  

l a t o r  mechanisms, one t o  move the  t e s t  c e l l  or t he  adjoining c e l l  i n t o  and out cf 

posi t ion,  t h e  other t o  move s m l l  specimens i n  t h e  tes t  c e l l  or adjoining ce l l s .  

They have cooling chambers fo r  t h e  removal of specimens from t h e  t e s t  c e l l  with- 

out t h e  necessity of cooling t h e  reactor.  

spectrometer a r e  provided; t h e  neutron detectors,  a t  t h e  end of a 25-meter f l i g h t  

tube, are i n  a n  adjoining smaIL1 building. Test cores may be assembled on a core 

dolly having a load capacity of 14,000 lb .  

vided f o r  measurements of flux dis t r ibut ion.  

A neutron chopper and t ime-of-fl ight 

Two wire traverse mechanisms are pro- 

Procedures f o r  maintenance, operation, and safeguards control  of experi- 

ments  are-described, and t h e  pre-startup and preliminary nuclear t e s t i n g  program 

is  outlined. 

The experimental program f o r  H'TLTR does not require  operation of t he  reac- 

t o r  a t  s ign i f icant  ouclear power levels .  The maximum energy re lease  now planned 

is 2 kW f o r  8 hr., 16 kW-hr. 

measurements or  l o w  l eve l  i r rad ia t ions  t o  1 .0  kW-hr i n  neutron-beam experiments. 

Routine operation generates from 0.01 kW-hr. i n  period 

Q 
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m e  experinental  program f o r  IDLTR includes, but i s  not l imited t o ,  measurement of 

& of a l a t t i c e  or medium, and i t s  var ia t ion  with temperature 

4 t h e  temperature coeff ic ient  of k, when only a f u e l  element 

is heated .! 

4 t he  worth of a l a t t i c e  heterogeneity i n  a supercel l ,  

various l a t t i c e  pararoeters by f o i l  ac t iva t ion ,  

neutron enerQjr spectra i n  multiplying or non-multiplying 

media, using the  chopper system: 

0 effect ive cross-sections of materials as a function of temperature 

Procedural r e s t r i c t i o n s  on the  amount and the  r a t e  of addi t ion of r e a c t i v i t y  

provide safe  operation of t h e  reactor.  

c i r c u i t  and mechanical safety system which have a low probabi l i ty  f o r  f a i lu re .  

These controls a r e  backed up by a safe ty  

The 

inventory of f i s s i o n  products i n  t he  f u e l  i s  always so small t h a t  it does not ccn- 

s t i t u t e  a po ten t i a l  hazard e i the r  on- or o f f - s i t e .  

Acciden3s considered i n  t he  analysis  a r e  nuclear excursions; mechanical and 

u t i l i t y  failures, instrument fa. i lures,  escape of f u e l  materials from t h e i r  con- 

t a ine r s ,  c r i t i c a l  assembly outside t h e  r eac t c r ,  spread of fuel material fn dispesa l  

of wastes, and nori-nl;clear incidents.  Most of these a r e  shown t o  be improbable 

because of design fea tures  of the reactor .  

The' maximan credible accident i s  postulated t o  occur because of a n  e r ro r  

. i n  loading. Two sequences of events leading t o  a n  inadvertent c r i t i c a l i t y  are 

described. These a r e  shown t o  be of very low probabi l i ty ,  and t h e i r  conseqzrences 

are shown t o  be negligible.  

cause radiological  hazards t o  the  general public. 

It i s  highly improbable t h a t  t he  HTLTR will ever 
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A. Location and Environment 

The High Temperature b t t i c e  Test.Reactor i s  located south of t h e  

300 Area of t he  Hanford plant,  a b u t  seven miles north of the  center of Rich- 

land, Washington. The location of t h e  Hanford Works i n  t h e  S ta t e  of Washington 

i s  i l l u s t r a t e d  i n  Figure 111-1, and t h e  location of t he  300 Area i n  t h e  Hacford 

plant  complex i s  shown i n  Figure 111-2. The reactor  building i s  TOO f e e t  

south of t he  300 Area exclusion fence, and about 2000 f e e t  west of t he  w e s t  

bank of t h e  Columbia River. 

Since t h e  reactor  has no poten t ia l  for  la rge  releases  of f i s s ion  pro- 

ducts, only the  immediate surroundings a re  discussed herein.  The nearest  

buildings t o  HTLTR a r e  those of other Pacif ic  Northwest Laboratory f a c i l i t - i e s :  

t h e  Low Level Laboratory about 500 f e e t  west, t he  Technical Library about 

. 1000 f e e t  northwest, three research buildings a t  about 800 f e e t  north, a n d  t h e  

PRlsi about 650 f e e t  northeast. 

east bank of t he  Columbia River and one m i l e  east ;  t h e  newly extended north 

The nearest dwellings a r e  farmhouses along t h e  

boundary of t he  C i t y  of Richland i s  about one mile south. The area between 

t h e  new c i t y  boundary and t h e  presently c losest  dwellings within Richland, 

about 2-1/2 miles south, i s  zoned indus t r ia l .  (Figure 111-3) 

B. Geology 

The t e r r a i n  along the  w e s t  bank of t h e  Columbia f o r  several  miles 

above and below the  300 Area i s  f a i r l y  level .  The nearest s ign i f icant  topo- 

graphic features  a r e  t h e  b lu f f s  across the  r i v e r  t o  the  northeast, which r i se  

400 t o  600 f ee t .  The nearest other obstructions t o  a i r  flow a r e  the  Horse 

Heaven H i l l s  and Red Mountains t i t  a distance of about t e n  miles t o  t h e  south 

and southwest. 
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Unccnsolidated sands and gravels of the f>J.viat.ile s e r i e s  of sedimer;ts 

underlie the s i t e  to a depth of about. 20 t c  25 f e e t .  Beneath these f l w i a t i l e  

sediments, t o  a depth of 73 t o  100 fee t ,  are semi-ccnsolidatzd gra-rels. These 

a re  i n  tu r r ,  underlain by clays, s i l t sp  ar,d f ine  sands whick extend t o  basa l t  

bedrock at. a dept,h of about 250 f e e t ,  

c. Byd.rology 

The s i t e  i s  about 400 f e e t  &ove see level .  The water t ab le  is  nomal ly  

ab0x.t. 55 f e e t  below t.he g r o w 2  surface b-& may rise t o  within 35 f e e t  of the 

surface during high water stage cf The Columbia River. 

m a l c a t e s  d i r e r t l y  with the r iver ;  the ve loc i ty  of f l c ~  toward the r i v e r  i s  

about ;5 feet/day through t h e  s c i l  with an i n f i l t r a t i c n  r a t e  of 10-15 gal /sq ft/day. 

The ground water ccm- 

, During the pcs t  15 years, the var ia t ion  i n  flow of t5e GoTmbia River 

has ranged from a minimum cf 34,000 c f s  t o  8 m a x i m u n  csf 659,000 cfs. 

e s t i n a t e c  1OO-year maximurn fLood stage of 740,003 e f s  muli i  give a Piver l e v e l  

The 

of 365 fee t ,  and the estimated average flood stage of 402,000 c f s  wwld give 

a l e v e l  of 351 f ee t .  The s i t e ,  therefare,  affcrds  am--le sa fe ty  f r G m  n a t - x a l  

Col:abia River fico3.s. 

Riclhland, Kennewick, and Pascc a11 t.&e t h e i r  municipal water supplfes 

from the Columbia River. The ictake of the zew Richhiria f i l t r a t i o n  p l an t  i s  

about I+ miles south of the YGO Area; e f f luen t s  dtschargel from TiiLTR a re  ~"~mrpei; 

the s-mrp contents may be ariaiyzed and disposad cf i n  a manner which e n s x e s  thRt 

any flew t o  the r i v e r  is  within the reqcired e f f luen t  discharge 1imit.s. 



BNWE CC- 22 5 

I>. Meteorology 

Meteorological and climatological data f o r  t he  whole Hanford s i t e  and 

environs are obtained rout inely by Pacif ic  Northwest Laboratory. The nearest 

measurement s t a t ion  i s  located approximately 2000 yards north of the  reactor  

site. The mean wind speed a t  t h i s  s t a t ion  i s  10.3 mph. The southwest wind 

has the highest mean speed ( 1 4  mph) and the  highest frequency of occurrence. 

Easter ly  winds have both the  lowest speed and lowest frequency of occurrence. 

Wind speed and d i rec t ion  are functions of the  s t a b i l i t y  of t h e  atmosphere. 

I n  general, t h e  winds a t  nighttime are representat ive of s t ab le  atmospheric 

conditions and those i n  daytime are representat ive of unstable conditions. 

. 

Thunderstorms occur on a n  average of 13  days per year with 85 per 

cent of t h e  t o t a l  occurring during the  months :f Yay through August. 
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About 20 per cent of t he  storms have high winds (gusts  t o  40 mph cr =ore), 

and a l e s se r  percentage a r e  accompanied by blowing dust,  r a i n ,  or ha i l .  

Hurricanes are unknown i n  t h i s  loca l i ty .  Tornado funnels have been observed 

twice i n  18 years, but no r e su l t i ng  damage has been reported. 

The heaviest  r a i n  i n  18 years amount.ed t o  1.68 inches i n  s i x  hours 

i n  October, 1357, and the  heaviest  snow to t a l ed  eight  inches i n  s i x  and one- 

ha l f  hours i n  December, 1955. Review of the  records shows t h a t  storms of 

t h i s  in tens i ty  can be expected about f i v e  times i n  100 years. 

Per t inent  meteorological data a r e  summarized i n  Appendix D. 

E. Seismology 

Hanf ord f a c i l i t i e s  a r e  exposed t o  t.he poss ib i l i t y  of earthquake 

damage from two sources: 

and 

1) the  ac t ive  seismic z m e s  of western Washington, 

2)  c loser  shocks or iginat ing i n  the  seismic zone t h a t  includes Walla 

Walla. 

a n  almost i d e a l  protection against  damage. 

The underlying sands and gravels i n  the Hanfcrd reservat ion provide 
I 

A s  far as can be determined, 

earthquake i n t e n s i t i e s  greater  than three on the  Modified Mercalli Scale 

(MM-111) have not occurred i n  t h e  immediate Hanfcrd area,  although i n t e n s i t i e s  

as high as  MM-V or  MM-VI have been observed a t  surrounding towns. 

The st.rongest. shock t o  occur i n  western Washington i n  h i s t o r i c  record 

was t h e  1949 earthquake or iginat ing i n  t he  Puget Sound channel j u s t  off 

Steilacoom, a distance of 150 miles from Hanford. 

Neumann 

Four shocks between 1932 and 1946 had maximum i n t e n s i t i e s  of MM-WI i n  wes txrn  

A s  d is tances  of 150 miles, 
2 

rep0rt.s t h a t  i n t e n s i t i e s  from MM-IV t o  M M - V I X  were experienced. 

Washington. 0 
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The eastern Washington earthquakes occurring i n  h i s t o r i c  times have 

not been as intense as those i n  western Washington, nor have they been as 

frequent.  I n  1936, the  Walla Walla area experienced a n  MM-VI shock. I n  

1934 a t  Ellensburg and i n  1957 near Othello,' "seismic swarms" of small shocks 

occurred. A magnitude of M I - V I  was reached i n  some of these,  but t he  shocks 

were highly localized. The closest  recorded shock has occurred at. Corfu, 31 

miles northwest of t h e  300 Area. 

severe shock a t  Corfu l a s t ed  several  seconds and shook goods from shelves 

I n  1918, it w a s  recorded t h a t  t he  most 

and caused landslides.  

The e f f ec t s  of  t he  great  Alaska earthquake of 1964 and the  most recent  

shock i n  western Washington (1965) were not f e l t  as strongly a t  Hanf'ord as 

i n  surrounding l o c a l i t i e s .  

ac t ive  seismic zone. These considerations make the  area cce 0% t h e  safest i n  

I n  addition, Hanford i s  not located i n  a h i s t o r i c a l l y  

t h e  state. 

A map summarizing the  seismic h is tdry  of Washington S ta t e  i s  given i n  

Appendix D. The approximate re la t ionships  among earthquake in t ens i t i e s ,  

ground accelerat ions,  and building code zones are a l s o  given. 
- 

For building purposes, t he  Hanford area has been included i n  Zone 2 

i n  t h e  seismic probabi l i ty  map adopted as pa r t  of t he  Uniform Building Code by 

t h e  In te rna t iona l  Conference of Building Off ic ia l s ,  and the  reactor  and 

bui lding have been designed i n  accordance with the  Code. 
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The eastern Washington earthquakes occurring i n  h i s t o r i c  times have 

not been a s  intense a s  those i n  western Washington, nor have they been as 

frequent. 

1934 a t  Ellensburg and i n  1957 near Othello,' "seismic swarms'' of small shocks 

I n  1936, the  Walla Walla area experiemed a n  NM-VI shock. I n  

occurred. A magnitude of MM-VI was reached i n  some of these,  but t h e  shocks 

were highly localized. The closest  recorded shock has occurred a t  Corfu, 31 

m i l e s  'northwest of t he  300 Area. 

severe shock a t  Corfu las ted  several  seconds and shook gooas from shelves 

I n  1918, it was recorded t h a t  t h e  most 

and caused landslides.  

The e f f ec t s  of t he  great  Alaska earthquake of 1964 and the  most recent 

shock ' i n  western Washington (1965) were not f e l t  as strongly a t  Hanford as 

i n  surrounding loca l i t i e s .  

a c t i v e  seismic zune. These considerations make the  area one of t h e  sa fe s t  i n  

I n  addition, Hamford i s  not located i n  a h i s to r i ca l ly  

t h e  state. 

A map summarizing the seismic his tory of Washington Sta te  i s  given i n  

Appendix D. The approximate relat ionshfps among earthquake in tens i t ies ,  

ground accelerations,  and building code zones are a l so  given. 
.. 

For building purposes, t he  Hanford area has been included i n  Zone 2 

i n  t h e  seismic probabili ty map adopted as par t  of the  Uniform Building Code by 

t h e  Internat ional  Conference of' Building Off ic ia l s ,  and the  reactor  and 

building have been designed i n  accordance with the  Code. 
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IV. BUILDING 

"he f a c i l i t y  comprises a concrete s t ruc ture  housing t h e  reactor ,  a s t e e l  

panel service building abutting on the  west, a neutron time of f l i g h t  detector 

bui lding of pre-fabricated type construction lccated t o  t h e  south, and e l e c t r i c a l  

and other u t i l i t y  s ta t ions.nearby.  Refer t o  Figure N-1. 

A. Reactor Enclosure 

The concrete s t ruc ture  includes two leve ls ,  t h e  reac tor  room which i s  

33 x 54 f e e t  i n  plan with a clear height of 29-1/2 f e e t  and the  reac tor  basement 

immediately below with a height of 14-1/2 f e e t .  

The building walls a r e  of ordinary reinforced concrete, 4 f e e t  8 inches 

th i ck  on t h e  west ( t he  of f ice  s ide)  and 4 f e e t  3 inches th ick  on the  other t h ree  

sides.  The roof i s  3 f e e t  th ick  and the  f loor  2 f e e t  th ick .  The f loor  i s  re-  

cessed 2 f e e t  over t he  region occupied by the  reactor  and gas containment she l l .  

This s e t s  t h e  botton face of the  reactor  a t  t h e  same l e v e l  a s  t h e  wcrk area floorP 

. outside the  she l l .  

A shield door t o  the reactor  room covers an opening 11 f e e t  wide by 10 

f e e t  high on the a x i a l  center l i n e  of t h e  reac tor  on the  west. 

door, 7 x 7 f e e t ,  covers t h e  opening i n t o  the  reactor  basement f rornthe west. 

A second shield 

Stepped concrete plugs a re  provided i n  the north and eas t  walls of t he  concrete 

s t ruc ture  a t  the  a x i a l  and l a t e r a l  center l i n e s  of t he  reactor .  A c i rcu lar  port  

i n  t he  south wall a t  t he  l a t e r a l  center l i n e  of t he  reactor  provides the  e x i t  

f o r  t h e  f l i g h t  tube f o r  the  neutron energy analyzer. Also i n  t he  south wal l  i s  

a 4' x 4' nomeinfoxed sezt icn,  which is  provided f o r  easy modification t o  allow 

the  addi t ion of a f u e l  storage area.  

f inished w i t h  a coating which i s  r e s i s t a n t  t o  chemicals and rad ia t icn .  A 10-ton 

bridge crane serves t.he reactcr  :*oom. These features  are shown i n  Figure I V - 2 *  

The walls a r e  enamelled and the  f loo r  i s  

! 
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I n  addi t ion t o  the  above mentioned openings, t he  reactor  room and base- 

ment have t h e  following penetrations:  

o s i x  shielded vent i la t ion  supply openings i n  the  roof t o  the  reactor  

room 

0 a la rge  vent i la t ion  exhaust opening i n  the  basement t o  t h e  underground 

vaul t  

0 wiring and piping penetrations,  all below the  l e v e l  of t h e  reactor  
* 

The doors and penetrations i n  t he  enclosure ( reac tor  room and reactor  

basement) are not sealed,  nor designed t o  withstand in t e rna l  pressures. 

t h e  reac ta r  enclosure i s  required t o  be suf f ic ien t ly  a i r - t i g h t  t h a t  t h e  vent i la t ion  

equipment can maintain the  design negative pressure of 0.12 inches of water rela- 

t i v e  t o  atmosphere. 

r i e r ,  backing up the  reactor  she lPand piping. 

B. Service Area 

However, 

The reactor  enclosure provides the  secondary confinement bar- 

Abutting the  concrete s t ruc ture  on t h e  west i s  a two s tory  s t e e l  panel 
* building with a f u l l  basement. . The basement space i s  divided equally between 

a heating and vent i la t ing  machinery room and an experimental equipment mockup room. 

A j i b  crane i s  ava i lab le  f o r  equipment transfer from an access dr ive a t  ground 

l eve l  down t-o a servic.e area a t  the  end of t h e  mockup room. A concrete-wailed 

counting room i s  a l s o  located a t  t h i s  l eve l ,  adjacent t o  t h e  mockup area. 

On the  f i r s t  f loo r  of t he  service building are located the  experiment 

assembly room where unf‘ueled test .  cores are assembled before they a r e  charged i n t o  

the  reac tor ,  a clothing change room with lavatory,  a n  instrument shop, and the  

r eac t  o r  contr ol room . 
0 The control  room, 21-1/2 f e e t  x l7- l /2  f e e t ,  cont.ains the  programmed nea- 

surement and control  system, (PMACS) which includes n smi l  control  console w i t h  
w 

video tube display of process var iables ,  input and output typewriters,  and several  
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instrument cabinets and log ic  systems. 

i s  a l s o  located i n  t h i s  room. 

i n  through f loo r  penetrations.  

A building and vent i la t ing  control eabinet 

Signal cables t o  t h e  computer-controller a r e  brolight 

The second f loo r  cjf the  service building contains of f ices ,  a lunch room, 

women's r e s t  room and corridors. 

which i s  outside t h e  building. The l a t t e r  leads t o  the  roofs  of t he  service and 

Two stairways t o  t h i s  l eve l  a r e  prcvided, cnk of 

reactdr  buildings and much of t he  vent i la t ion  equipment. 

C. Ventilation 

Three separate vent i la t ion  systems a r e  provided. The f irst  provides aboat 

3700 cfm t o  those areas  i n  which radioact ive and f i s s i l e  material  will not be per- 

mitted, such a s  tbe  luneh room, of f ices ,  and ups ta i r s  corridors.  The vent i la-  

t i o n  system maintains these areas  at, a s l i g h t l y  pos i t ive  pressure r e l a t i v e  t o  the  

clLir,osphere and t o  :he pressure i n  f i e  adjoining work a r a .  

The second vent i la t ion  system prcvides 7600 cfm t o  the  wcrk and mochp 

areas ,  instrument; shop, ccn t ro l  room, counting roon, and change room an6 m i & i i n s  

%hcse a reas  essentfally a t  atmospheric pressme.  

mon intake tit t h e  southwest corner of the  faci1it.y; both exhaust, v ia  aepara5e 

Systems one and two ham a com- 

blowers abcve the  roof of the service area. 

The t h i r d  vent i la t ion  system has a n  en t i r e ly  separate intake system on the  

top  of the  r e a c t m  briiXing and exhausts v i a  a forty-fcot, stack. 

a capacity of 11,200 cim, and serves the  reactor  enclos-we only, maintaining it 

s l i g h t l y  below atmospheric pressure. 

f i l t e r ,  t w c  dampers, preheat steam coi ls ,  coGling co i l s ,  a humidifier, a reheat 

c o i l ,  and a n  intake blower. One damper i s  f o r  normal service and the  cther  f a r  

mis system has 

Zlhe supply equipment cmpr ises  a n  intake a i r  

emergeney use during pc6wer outages.. The equipneni; i s  well .draine3 and i s  enclosed 

i n  a heated easing t o  avoid t h e  poss ib i l i t y  cf t h e  &rains freezing. Acci3en';al 
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flooding of the  reactor  room by water from the  vent i la t ion  supply equipment i s  

t h m  made improbable. The conditioned air  i s  supplied a t  s i x  shielded j e t  Zif- 

fuse r s  a t  the  reactor  room ce i l i ng  and flows from the  reactor  room v ia  20 f l o c r  

grat ings i n t o  the  basement area.  

F r c m  t he  souC,h s ide  of t he  reactor  room basement, t h e  vent i la t ion  air 

passes via a tunnel through a repotely controlled valve, a bank of dust  f i l t e r s ,  

dual banks of high-efficiency f i l t e r s  (99.97% re ten t ion  of standard +micron 

d ioc ty l  phthalate aercso l ) ,  a manually operated valve, an exhaust fan,  an3 f i n a l l y  

discharges through the  40-foot stack. The f i l t e r  p i t  i s  a continuo?.is re infcrced 

concrete s t ruc ture  up t o  t h e  intake of t h e  exhaust fan,  i s  e n t i r e l y  undergrmnd, 

and has sealed manholes a t  necessary service points. 

A gasoline engine i s  d i r e c t l y  coupled t o  the  exhaust f a n  a t  t h e  base sf 

t h e  stack. This provides t h e  necessary back-up capabi l i ty  f o r  conkin-ilcas vent i -  

l a t i o n  of t he  reac tc r  s t ruc ture  i n  the  event of motor f a i l u r e  or e l e c t r i c a l  out- 

ages. 

The 40-foot exhaust stack i s  t a l l  enough, i s  located s-ufficienXy disi;ant 

frcm the  intake louvres of t h e  vent i la t ion  system, acd has adequate re lease  

ve loc i ty  (4000 f e e t  per minute i n  a 24 inch diameter pipe) t o  ensure %hat short- 

c i r cu i t i ng  of t h e  exhaust a i r  from the  s tack t o  the intakes i s  Improbable. 

D. Services and U t i l i t i e s  

Power i s  supplie3 t o  the  building from a n  ex is t icg  2400 V substation 

near t he  bililding, v i a  undergrcund cable, t o  pad-munted transformers, a l s o  act- 

s ide  %he building. Since the  safe ty  of t he  reactor  does not depend upon an unin- 

C,errupteA e l e c t r i c  pgwer supply, ocly a s ingle  source i s  provide& 

powered emergency l i g h t s  are povided  t o  allcw safe  evacxaticn of persmnel  

Battery- 

from t h e  building i n  the  event of power fail-are. 
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The following 300 Area service systems are piped i n t o  the  building: 

Compressed a i r  (90  psig)  
Sanitary water ( a l so  used f o r  process water) 
F i r e  protection water (separat,e connection t o  s a n i t a r y  water) 115 psig 
Steam (17.5 psig)  
Condensate re turn  (125 psig)  
Sanitary sewer (gravi ty)  
Process sewer ( t o  waste disposal ponds; sump pump discharge) 

Within the  building, process cooling water i s  provided by two pumps 

115 psig 

* 

(115 psig discharge head) whose supply i s  a 500C-gallon break tank f ed  by  a l i n e  

from the  300 Area sani tary water system. 

E. Detector Building 

A dr i f t  tube, up t o  18 inches i n  diameter and about. 25 meters long, extends 

from the  reactor  i n t o  the  detector building, terminating a t  t he  t.arget area. The 

detector  building i s  a long, narrow (50-1/2 f t  x 16 ft) pre-fabricated galvanized 

s t e e l  panel un i t ,  housing par t  c.f t he  dr i f t  tube and the  neutron detector  assembly. 

. It i s  locat.ed about 34 feet  t o  t he  south of t he  reactor  building. Separace elec- 

t r i c a l  heating and an  evaporative cooler vent i la t ion  system which exhausts t o  the  

atmosphere a r e  provided fo r  t h i s  building. 

F. Nitrogen SuppQ (Figure N-3) 

Nitrogen gas i s  supplied a t  100 psig from a n  8000-gallon l i qu id  nitrogen 

tank designed t o  the  ASME Unfired Pressure Vessel Code, iocated on a 14 f t  x 18 f t  

concret-e pad about 60. ft  t o  t h e  socthwest of t h e  service building. Tke storage 

tank i s  provided with dual rupture disks,  dual  safety re l ief  valves, a pressure 

indicator ,  and l i q u i d  l e v e l  indication. An e l e c t r i c a l  contact f o r  low i iqu id  l eve l  

i n  the  storage tank i s  provided f o r  alarm annunciation i n  the  control room, 



N i t r q e n  Supply Installation 
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@ 224CFM 

Pilot Regulator; Set Point Delivery Pressure Plus 1Opsig 

Bailey Regulator Male1 A30E-1;Cv For Liquid Nitrogen - 7.9 

Evaporator For Tank Pressure Regulation. 

Ma in  Evaporator Bank; Capacity 100 CFM. 

Bailey Regulator Maje l  A3OE - 1; Capacity A I  Stated Differential 

FIGURE IV-3 

HILTR 
Building t- 

High Pressure 
Service 

?ow Service Pressure 

2 

Reactor Gas 
System Makeup 

Flow Diagram, Nitrogen Supply System 
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Four vaporizers (heat  exchangers from l iqu id  nitrogen to a b i e n t  

a i r  temperatures) are provided, each with a normal load capaci ty  of 1500 ft3/hr, 

one of which would s a t i s f y  the normal demand and two of which muld meet m y  eon-. 

ceivable emergency. 

The gas discharge l i n e  from the s t a t i o n  is equipped with a sa fe ty  

r e l i e f  valve. 

about’7O square f e e t  of addi t ional  heat exchanger surface before the f irst  control  

valve within the f a c i l i t y .  

A two-inch l i n e  about 132 f e e t  long a t  18 in.  below grade prcvides 

The design of the nitrogen piping and heat exchange system makes the 

en t ry  of l i qu id  nitrogen in to  the reactor  gas system a physical  impossibil i ty.  

designers de l ibera te ly  re jec ted  the idea of i n s t a l l i n g  an automatic, thermostatical-  

The 

, ly controlled valve i n  the  nitrogen supply l i n e  (which would close on contect with 

cold l i qu id  nitrogen) since tliey’regard.ed it as  e n t i r e l y  unnecessary and wished 

to avoid spurious operation of the  valve and s ta rva t ion  of the reactor  gas system. 

Within the f a c i l i t y ,  the high and low pressure nitrogen service i s  

divided. 

gas flow to the reactor.  

A pressure regulat ing valve and flow cont ro l  valve supply low press’xre 

The high pressure service i s  provided t o  the reac tor  

aux i l i a r i e s  such as the osc i l l a to r s ,  flux w i r e  manipulators, sa fe ty  rod brake 

cylinders, and neutron spectrometer collimator. 
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V. REACTOR 

A. General 

The HTLTR moderator block i s  a graphite cube 10 f e e t  on a side,  mde  up 

of cored, nuclear grade graphite bars,  4-3/16 i n .  sqJare, 4 T t  and 2 f t  i n  length. 

The bars a r e  stacked, keyed, and doweled together t o  form a so l id  uni t .  

5 f t  x 10 f t  long cent ra l  section i s  en t i r e ly  removable. 

The 5 f t  x 

This cent ra l  section m y  t h u s  be readi ly  adapted t o  any s i ze  of t e s t  core 

up t o a a  5 f t  cube. 

which can be loaded with dr iver  fue l .  

c e l l ,  can be removed or  o sc i l l a t ed  during experiments. 

power i s  2 kilowatts;  t h i s ,  however, will be infrequently scheduled. 

kilowatts of e l e c t r i c a l  power a r e  ava i lab le  fo r  heating the  moderator t o  t he  de- 

sign temperature of 1000 C. 

For smaller tes t  cores it w i l l  be l ined  with graphite blocks 

The cent ra l  un i t  of t he  t e s t  core, t h e  t e s t  

Maximum nuclear thermal 

About 475 

Nitrogen gas provides a n  i n e r t  gas atmoqhere a t  elcyated temperat*z-c;. 

The gas i s  contained i n  a n  instilated carbon s t e e l  shell. 

The reactor  i s  controlled by a system of 8 shutter-type control rods and 

4 gravity-drop blade-type v e r t i c a l  sa fe ty  rods (VSR).  

reactox i s  sensed by four channels of nuclear de-t;ection instrumentation. Two 

channels provide input t o  t h e  Programled Measurement, and Control System (PMACS), 

and two channels provide period, f lux-level ,  and on-scale input t o  t h e  safe ty  c i r -  

cu i t .  

The neutron flux i n  t h e  

Radiaticn shielding i s  provided by a Bora1 l i n e r  within t h e  s t e e l  s h e l l  

and by the  outer concrete walls of the  building. 

13. Reactor Loading 

Driver f u e l  w i l l  be loaded i n t o  t h e  moderator on a 4-3/16 t o  &3/8 inch 

spacing. 

UO 

The dr iver  f u e l  elements Will be 1.06 i n .  diameter enriched (5$ U-235) 

The cladding dianeter  will be about ceramic p e l l e t s  i n  graphite cladding. 2 
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i.6 inches c .L  Flux l.eveLing s h g s  4 

inehes and 8 inches h n g  are  qec-if-ied, ard main dziivers may be 2.5 f e e t  GP 5 f e e t  

lcng. 

core, whizh may be aw2erator orCy or  a Zes t  f u e l  ~1r-3 muiieratcr assembly. 

shor te r  le rg ths  w i l l  be Loa9ed on the en!% of th.e t o s t  ewe.  

and the sa fe ty  c i r c - l i t  are re.lied c t  t o  pearent startxp accidents wit.h t h i s  reactor .  

Scch ci?l;SJrcLs hwre beer, ir, use Tor t,err years 19n the oTeratiolt, of PCTR. 

discussea i n  d e t a i l  i n  Sectiori M. 

Various fuel. element lengths w i l l  be used. 

!The iozger lengths ;f iiriver f i e 1  w i l l  be ioaded i n i  a rLx arcmd the t e s t  

The', 

Fmceiiwai coxtral. 

Elis is 

The reactcrs a re  campwed. i n  AF2erxE.x E,, 

Poiscn shim rods w i l l  be loa2ed i n  cer ta in  channels of the core, Their 

f u e t i o n  i s  t3 redwe  the negative rnciierator temperature coef f ic ien t  of the 

r r a c t s r  (such t h a t  it rernains negat5u.e b ? ~ t  l e s s  than O.i#/"'@) t o  avijiC the neees- 

s i t y  far control l ing large a m u n . ~ s  cf excess r e a c t i v i t y  a t  m o m  temperature aud 

t o  r e d w e  the s p u i o a s  r e a c t i v i t y  sPgr1ai.s cawed. by f luc tua t ions  i n  tenzeratm-e 

dwirig experimental measurements. GadoLir5.m oxide has been chosen as the major 

materia2 fer t h i s  t eqe ra tu re -depnden t  z o i s m  shin-but  it may be m d i f l e d  

slightly with i r i a i a  cr w i t n  hafrLfua cxide t o  e n s u e  t h a t  the coefficient.  w i l l  

remair, Regative above the  operating temperatwe. 

' k e  t e s t  w r e  w i l l  ha-rre mar,y Cifferent. wrangements cf msderator and fue l .  

alsa, tise ends w i l l  u s u s i b  be lcaded with flcx l e re l ing  slugs, which are  cozposecl 

cf dpiier f'uel as  i n  the rest of the driver regioc. Since, i n  expe rhen t s  of t h i s  

kind, most of the power is  &eveloped i n  the  dr iver  fue l ,  the  effec5 of  the t e s t  ccre 

on the ove ra l l  core k ine t i c s  will not be controll ing.  Vp t o  abolit s b  k i l c p m s  r,f 

f i s s icnable  mater ia l  may be cmta ined  i n  the tes f  cwe.  Since tbis c c q a r e s  v i t h  

a h u t  I+@ k g  of $35 in the driver Pegtor? the e f f ec t  or' tke t e s t  e w e  fuel, 2:: the 
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reactor  k ine t i c s  will be small, even when the  t e s t  f u e l  contains U-233 or  Pu-239. 

!Phose channels not i n  use a s  f u e l  or poison channels, or f o r  gas c i r w l a -  

t i on ,  control,  or hea t ing , .wi l l  be plugged with graphite. 

C. Gas Envelope and Thermal Insulation 

The reactor ,  and i t s  thermal insulat ion,  a r e  enclosed i n  a gas- t ight  &eel 
L4J 55 

container, 

t o  t h e  reactor  core f o r  a l t e r a t ions ,  and a smaller dcor on t h e  r ea r  (wes,) face  

This has a removable door on the  f ron t  (eas-tFface, f o r  complete access 
L- - I ,-i’ 

- I  7 
4.- - 

f o r  access t o  the  t e s t  ccre. Both doors a r e  designed t o  be gas-tight.  Other 

penetrations,  f o r  control and safety rods, gas system piping, experimental open- 

ings, e l e c t r i c a l  leads,  and instrumentation a r e  sealed or capped a s  necessary. 

The envelope can be evacuated t n . a i d  i n  purging air from t h e  system before h e t i n g .  

The gas envelope i s  designed t o  meet a requirement of leakage no greater  than one- 

half percent of t h e  gross volme per hour, a t  a pressure d i f f e r e n t i a l  of one ps i .  

The gas flow i s  directed froni a Lhree-foot plenum a t  the  f ron t  face  through t h e  

channels i n  t.he moderator block t o  a three-fcot plenum a t  t h e  rear  face  3y SUI?..- 

abPj disposed gas diversion blocks a t  t h e  top  and s ides  of t h e  reac”,r. 

The reactor  i s  designed for  continuous operation a t  1000 C. Special ly  

insulated t e s t  cores may be heated and operated a t  temperatures abCrin3 1000 G 

as long as thE r e s t  of t he  reactor  remains belcw 1000 C. The thermal insu la t ion  

exter ior  t o  the  reactor  i s  about two f e e t  th ick ,  consisting of successive layers  

of insulat ing f i r eb r i ck ,  stagnant nitrogen, an3 fibro3is m i n e r a l  blanket. 

D. Shielding 

f \  Since the  reactor  w i l l  be operated a t  only ncminal power leve ls ,  there  

i s  no massive shielding immediat-ely adjacent, t o  the  core or gas envelope. m e  
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reac tor  i s  operated remotely, and the  walls of t h e  resc tor  room provide shielding 

f o r  personnel as discussed above i n  the  description of t he  building. 

sh ie ld  l/8 inch th ick  i s  attached t o  the  inside of t h e  gas envelop ,  with open- 

A Bora1 

ings as required f o r  admission of neutrons from t h e  source and efflux t o  t he  

f l u x  detectors.  This sh ie ld  i s  provided t o  minimize $he generation of capture 

. gamma rays i n  t h e  s teel  she l l .  

E. Heating, Cooling, afid Gas Circulation 

The reactor  i s  heated e l ec t r i ca l ly ,  by low voltage, high current gra- 

ph i t e  heating bars,  traversing the  reactor.  

ture is 1600 C. 

The heater surface design temFera- 

Heating current i s  controlled by saturable  reac tors  and i s  

supplied through copper bus bars t o  la rge  graphite buses in to  which t h e  heater 

t b r s  are fastened with screw plugs and tapereli sieeves. 
I. 

The graphite-to-copper 

bus bar connections are  made i n  a r e l a t ive ly  low-teniperature zone, but water- 

coolillg of t he  jo in t s  i s  necessary. 

The reactor  i s  blanketed i n  a rec i rcu la t ing  nitrogen atmosphere a t  

l o w  pressure'. me pur i ty  of t he  reactor atmosphere i s  maintained by a water 

removal sys+,a and by continuous purge and makexp cf t h e  rec i rcu la t ing  system. 

Bcth the  gas purged from the  system and t h e  rec i rcu la t ing  gas are analyzed for 
I 

02, CO, C02 and H2 by gas chromatographs. A complete analysis  requires  8 

minutes and t h e  two streams are sampled a l te rna te ly ;  thus each stream i s  analyzed 

about 4 times/hr. The analyses are used t o  determine t h e  gas p ' z i t y  and as 

an  indicat ion of smll leaks and gas-graphite reactions.  I n  addition, both 
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streams are continuously monitored f o r  alpha-radiating pa r t i cu la t e  matter a s  an 

indicat ion of f u e l  element rupture. 

high-efficiency f i l t e r s  and then discharged t o  the stack. 

is  f i l t e r e d  by a s ingle  high eff ic iency f i l t e r .  

f l c w  i s  r e t u n e d  t o  the i n l e t  of the heat exchanger. 

cooled and supplied t o  the  cont ro l  and safe ty  rod actuator housings. 

mor-itcjrs a re  included i n  the rec i rcu la t ing  gas l i n e s  immediately following the heat  

exchangers. 

The purge stream is f i l t e r e d  through dual 

The rec i rcu la t ing  stream 

During normal operation most of the 

A s ide  stream i s  fu r the r  

Moisture 

These provide rapid indication of any water seepage in to  the system. 

For cooling the reactor ,  the main stream of the rec i rcu la t ing  nitrogen i s  

permitted t o  flow through the reactor. 

system i s  shown i n  Figure V-1. 

A flow-sheet of the c i r cu la t ing  gas 

F. Control Rods 

--,ai Each of tLe eight  horizonCh1 shutter-type cont ro l  rods can i n s e r t  i t s  f u l l  

change of r e a c t i v i t y  with a movement of only six inches. Rod movement may be 

ganged, o r  s ingle  rods may be mved as c r i t i c a l i t y  i s  approached. The design of 

the rod i s  shown i n  Figure V-2; det.ails  of i ts  operation follow: 

The ac t ive  section of the cont rc l  element i s  made ap of six-inch lcng 

cyl inders  of two kinds; namely, graphite and UO2-&raFhite. 

cylinfiers, a l t e rna te ly  graphite and U02-graphite, seven of each f o r  a t o t a l  

length of seven f e e t ,  is  housed i n  a graphite sleeve which i s  anchored t o  the 

The outer  ~ G W  of 

reac tor  s h e l l  a t  one end. 

and graphite,  e igh t  and seven i n  number, respectively,  f o r  a t o t a l  length 

of seven and one-half fee t ,  i s  assembled on a l/Z-inch diameter thoria-  

The inner row of cylinders, a l t e rna te ly  U02-graphite 

dispersed nickel  (TD-nickel) rod. Graphite cylinders about the same s i ze  
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as the  graphite and fueled cylinders ore assembled on the remaining port ion of the 

rod which i s  i n  the  high temperature zone. h'hen in s t a l l ed  i n  the  assernbly, a l l  

t he  inner cylinders are held i n  compression (about 300 pounds, cold) on the  TD- 

8 nickel rod by  a heavy compression spring i n  the actuating mechanism. A t  lOOOc, 

t h i s  compressionis reduced t o  about 150 pounds because Of l inear  expansion i n  the  

TI)-nickel rod. The en t i r e  inner row of cylinders Is  moved i n  both direct ions by 

the actuat ing mechanism, which i s  d i r ec t ly  coupled t o  the  TD-nickel rod. me 
outer sleeveo a re  held i n  compression by a graphite spring. By constructing a l l  

pa r t s  of the  control rod assembly except t he  TD-nickel center shaft  of graphite 

or graphite base mater ia ls ,  d i f f e ren t i a l  thermal expansion, which could a f f e c t  

t he  worth of the rod, has been minimized. 

*-"The actuat ing mechanism of each rod consists of R stepping motor crsuwcted 

through su i tab le  gearing t o  a b a l l  nut which ro t a t e s  on a nonrotating lead scr2w. 

The stepping motor i s  driven by pulses or iginat ing I n  the reactor  computer-controller 

(pMAcs). "lie motion of the control rod i s  l imited by l i m i t  switches. The control 

rod pos i t i on  is determined i n  two w a y s Q  The coarse p o s i t i o n  indication i s  obi,ElinC: 

wi th  a -direct. current d i f f e r e n t i a l  transformer (Em), which crnverfs l inear  mrnticn 

i n t . c  a prsport iznal  dc signal.  The DCDT core is connected t o  the  operat.ing red  
. so tha t  it. always reads c o n t r d  rod pcsl t ion,  even Suring a scram. The output. 

of t h e  DCDT goes t o  the  PMAZS computer. 

transducer, incorporated i n  t he  stepping motor, which puts out twc pulses for each 

s t ep  the  motcr makes. 

The f i n e  posit ion indicator i s  a nickion 
.1 

The sequence cf the  output pulses indicates  t he  direct ion 

of ro t a t ion  of t.he motor. One s tep  of the  motor (two pulses from the  trans&ucer:! 

equals 0.00025 inch l ineas  t r a v e l  Gf the  actuating mechanism ar,d cperating rod  when 0 
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they a re  connected by the  la tch.  

red. pos i t ion  by the c o q u t e r .  

The pulses are  counted and com-erted t o  exact 

%IC lar-zh is  E mtat i l lg-r ing ball-detent. typ, operated by a sclenoid. 

When the YoLencid i s  energized, the r ing  ro t a t e s  sgaL.?st, s>r:ng tension, causing 

fcur b a l i s  tn be c m e d  in to  a grooire i n  the operating rod. 
x 

This locks the actuat-  

ing mechanism ar-3 the operating rod together. 

causes the control  rod t o  mcve agairLst, % l e  tension of the t ~ o  scram srr ings.  

Actuation cf the steppir.g motor 
L 

De- 

emrgiz ing  t,he solenoid allows the r ing  t c  ro t a t e  i n  the  cpposite direct ion,  

re leases  the ba l l s ,  end thxs d- ismmects  the control  rod from the operating 

mechanism. 

ihit cf t rave l .  

x i s t  be returned t o  i t s  miter L i m i t  of  t rave l .  

The scram springs then pall the  operating rod rapidly t o  the out.er 

3efsre  the l a t c h  can be re-exaged, the operating mecharaisn 

> I  

D u r 5 - 4  a scram &mt 4% of the f-ull m d  t r a v e l  occurs i n  the  f i rs t  (2.15 

seconds. A decelerat icn cylinder, inccr;;orated in to  the assembly, cusbicns the  

impact of the rod a t  the end of i t s  txn-el. ReFEacement c f  the discharge c r i f i c e  

i n  the deceleration cyikd-er  with a Cifferent  s i ze  Sermfts sane adjustment i n  the 

t i a e  r q u i r e d  for total rod t rave l .  

type ccnt ro l  rod, requires  l e s s  than C.72 secocds. 

has been simGlated i n  t e s t s  of the  assembly; f u i l  rod closure in l e s s  than 1.15 

Fuil rod t ravel ,  as measmed on t.he proto- 

Fai lure  of a s ingle  spring 

see resulteY. 

A f ine  control  rc,d cf the same Cesign a ~ d  ccnstmction EIS the  zlther e ight  

i s  al.so zrovided. This rod has o n l y  a small f r ac t ion  of the  reactf-city s t rength 

cf one of thz primary ccn t ro l  rods arid i s  not a p a r t  of the shutdown. system o r  

s a fe ty  c i r c u i t .  

chnnges o f  rezc t iv i ty .  

Its only  purpose i s  t o  obtain precise  measurements of s r c n i i  
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G. Vert ical  Safety Rods ( W R )  

A system of four v e r t i c a l  rcds ( f l a t  x l a t e s )  i s  provided. These rcds 

drog irk0 the ccre on a reac tc r  s c rm.  Tie rc.ds &re usizally mcved i n  pa i r s ,  

thmgh s ingle  rcds IY.J‘ be dropped on t.est.s. The design of the rod i s  shown i n  

Figme Y-3; d e t a i i s  of i t s  clperation fg l icw:  

The control  element i s  a blade, 7 inches wide, about 138 inches long and 
p,do/n,L; - e~+%d/~+.- dL-pe+red -.w;cke / 

l / Z i n e h  thick.  A mixture cf gadoLinia ar,d emopia i n  a si l i table matrix i n  

pieces  6 inches square Eznd 3/8 izch thick,  makes xp the act,ive rod length of E O  

inches. The nuclear poisor, squares are’munted i n  a ladder frame made up of 

1/2-inch TD-nickel rod, covered with O.rJ3G inch TD-nickel sheet and assembled in to  

one u n i t  w i t h  TD-nickel. r i v e t s ,  A s t a in l e s s  s t e e l  w p x r t  assembly, clamped t o  

the  top of the frame, prcvides the  coupling t o  the l i f t i n g  cable. The four  

sc fe ty  r ~ d s  m o w  5 reztangalar slcts in the x d e r a t o r  b a c k .  

blade assemklies are  carable I=f intermit tent  o r  continuous service a t  1000 C. 

The f l a t ,  -rig;& 

Each safe ty  rod i s  support.ed by a 1/8-inch s t a in l e s s  s t e e l  a i r c r a f t  czble, 

The arum is mxnted on the  main which winds on a gmcve2 h r m  to pr=tent  cver253. 

chive shaft, t o  vhich the a r m s t w e  half  of a magnetic clutch i s  keyed. 

of the clutch i s  driven by a stepping rnctcr thraugh reduction gears. 

i n  t he  drum provides the necessary decelerat icn t o  prevent damage t o  the rod cr ca32.e 

a t  the bottom of t h e i r  fsll. 

cam until, 18 inches above the f u l l - i n - p o s i t i q  the brake i s  applied by spri_n_g action. 

The brake remains applied u n t i l  it i s  pnemat i ca l ly  released by nitrcgen under pres- 

sure when the rods are t o  be raised. 

The r o t o r  

A disk brake 

The brake i s  held o f f  by mechanical interference c t f  a 

The brake functions e f fec t ive ly  regardless of 

the  pzs i t i on  of the rod when the scrm s igna l  i s  received. It remains npglied 

63 
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tion of the  rod unt i l  ,he safety c i r c u i t  i s  made up, preventing 

&urn movement: (and roc! movenent) u n t i l  reactor  s t a r tup  i s  planned. The time 

required for  f u l l  inser t ion  of t he  rods including the  brake act ion,  instrument 

delays, and magnet re lease  time i s  l e s s  than 1.25 sec. 
-9’ 

A l l  of the  parts described, and l i m i t  switches which provide indicat icns  
-. c- I 

~ 

.L/- 

when the rods a r e  fully i n ,  f u l l y  Gut,(and a t  the 4C inch level)  %>e enclosed a s  an 

assembly i n  a housing which i s  sealed t o  the  reactor  s h e l l  and contains the  reactor  

gas atmosphere. The only penetrations i n t o  the  housing a r e  the  e l e c t r i c a l  leads 

( bu’lkhead f i t t i n g s ) ,  the  brake re lease  cylinder shaf t ,  and tke  cooling gas i n -  

l e t .  Nitrogen i s  used a s  %he mothe  power t o  the  cylinder t o  avoid air contam- 

ina t ion  of t h e  reactor  atmosphere. 

The maximum r a t e  a t  which t h e  safety rcds can be withdrawn i s  s e t  by the  

pulsing r a t e  f r o 3  PMACS. Rod movement i s  0.003 ineh/pulse and PMACS i s  l imited 

t o  125 pulses/sec, thus the  maximum withdrawal r a t e  i s  22.5 inches/min. If PMACs 

should atcempt tc del iver  a higher pulse r a t e ,  a fur ther  l imita%ion i s  set by %he 

usable rate of t h e  stepping motcr, i .eo t.he maximum r a t e  a t  which t h e  motor can 

accept pulses and s t i l l  develcq enough torque t o  operate the  drive. 

design this maximun r a t e  i s  approximately 140 pulses/sec. 

I n  t h i s  

Manual scram buttons m e  provided SO t h a t  t he  e l e c t r i c  power t o  the  dc 

power supply f c z  t h e  holding magnets may be cut ,  independently of the  safe ty  c i r -  

cuit. 

c i r cu i t .  

Thus a scram may be i n i t i a t e d  even i n  the  event of a f a i l u r e  of t.he safet,y 

H. Safety Circuit (See Figure XI-4, page 11.24) 

Yne safety c i r c n i t  i s  a separate dc locp, consisting of a power supply, 
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a c-oLpling transformer, so l id  st .ate diodes: and the holding magnet c o i l s  f o r  the 8 

ccn t ro l  roes an3 the  4 safe ty  rods. 

The r e l i a b i l i t y  of the c i r m i t  logic  and of the components used, which 

a r e  e i t h e r  passive o r  s o l i 2  s t a t e  aevices, i s  discussed i n  Appendix F. 

tarieotls? automatic shu+dmn scram will be i n i t i a t e d  by any of the followilrg: 

Instan- 

1. - Keutron f l - a  channel dom sca le  (low l e v e l  t r i p )  

2. Neutron f l u  cl;aL?el up scale (high l e v e l  t r i p )  

' 3. Shmt  reactor  pericd 

' -  4. FJIIACS s e x - a u d i t  s igna l  f a i l u r e  (10 audi ts  per second) 

I n  addition some cff standard precess variabLes o r  eqlipment i n t e r h x k s  
7 7  

may be Frogrammed i n  PMACS t o  cause an automatic shutdowr,,si;ch as the ( - ~ 9 , e a r  . .  

incidezt  moriitsr)or mouement. of an access door t o  t h e  reactor  morn o r  reac tor  

Each of t.ke first three shatiictTI1 funct-ions i s  provided by two dupllcate 

chau;els s e t  up i n  one cu t  of  t.wa f a i l u r e  b g i c .  Each channel ~ o r ~ s f s t s  o f  a 

f i s s i a r ,  d e t e c b r  icn  chmber, ar, W i i f i e r ,  a period c i m u i t ,  and a power suzply. 

If either ,shamt.E-L yroiixces an off-mrmal signal  fcr any of t.he three functions, 

the reactor is s c r m e d  autamatically. m e  system is designed so t h a t  eomponerrt 

f a i l m e s  a l so  r e s u l t  i n  a reac tc r  scram. 

I n  a3dii;izn t o  the & O V ~ ~  a s e p r a t e  s e t  of neutrzn flux chambers, 

which also provide the s ignals  f o r  n x l e a r  experimentation, are  arranged i n  dual  

channel configuration to  Frovide two s igna l  channels t o  PMACS. In  response t o  

off-oornal  signal levels,  FMCS w i l l  t r i p  the safety c i r c u i t  on a me cut  of 
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two  logic  bas i s  a t  the leve ls  cf  downscale (low leve l ) ,  upscale (high leve l ) ,  

and shor t  period corresponsicg t o  those of the f i s s i c n  chambers. 

e o t i r e l y  separate one out of two sys tem of d i f f e ren t  design have been provided 

Thus two 

f o r  monitcring and shut dotm ccn t ro l  of the  fieutron fi-Jx level .  

The FMACS self-audi t  s igna l  r e su i t s  from an in t e rna l  perfcrmance check 

The self-auditingtincludes a random memory check (pro- 
f 

every t en th  of a second. 

g r m e d ) '  an< two independent celitron f lux  d ig i t i z ing  chenhs (har6ware). 

audi t  a l so  provides a check cn the i n t e m a i  clock and timing signal.  

/ .  ' 3  i + 
c~"/.F" 
i i  + This I 

The nuclear incident monitor i s  the standard Hanford nuclear c r i t i c a l i t y  

al.arm. 

appropriate t r iF2ing goin t  k,e+ween 5 ar-d 20 mrem/hr .  

The chamker i s  located on the r sac tor  building rocf and w i l l  be set at; an 

I n  addition t o  automatic shutsowns, manual scram buttons a re  provided 

a t  the  operating console, inside the reactor  room, and i n  the reactor  basement. 

Overell  s q e r v i s o r y  control  of the sa fe ty  c i r c u i t  and reac tc r  operation 

i s  provided with two key lock switches on the control  conscie which c c n t r c l  power 

t o  th.e s a fe ty  c i r c u i t  and t o  the compiter, respectiveiy. 

J. Annmeiators 

AR alarm w i l l  sound and v i sua l  annunciation v i a  PMACS w i l l  occur f o r  any 

of t he  following cff-standard conditions which do not require  immediate autoinat;ic 
. - 

reac tc r  shutdown: 
--. . _  c 

. Building rad ia t icn  monitor high l e v e l  

. Unscheduled high temperatures i n  the reactox+ 

. Loss of coolicg water flow t o  the cooling c o i l s  i n  f loo r  under r eac to f l  

* These s ignals  a l so  shut down the  e l e c t r i c a l  heaters autcnat ical iy .  
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Loss of cooling water flow t o  t h e  reactor  heater terminals* 

Lass of cooling water flow t o  t h e  low voltage transformers supplying 

t h e  heater busbars" 

Basenient sump high l eve l  

Unscheduled high heater power* 

Off-standard conditions i n  t he  react.GY gas circulat ing system, 

such as: 

High moisture contentH 

Low gas pressure t o  gas blower sea ls  

Carbon monoxide, carbon dioxide, oxygen or  hydrogen s igni f icant ly  

above tolerance 

Fission product a c t i v i t y  i n  pwge gas filC,er 

Off-.normal temperatures i n  gas blower bearings 

H i g h  temperature, main heat- exchanger oxt ie t  

High temperature, rod heat exchanger ou t l e t  

High d i f f e r e n t i a l  pressure, ma in  f i l t e r  

Low purge gas flow 

Alpha a c t i v i t y  i n  parge gas f l c w  

Off-normal l i qu id  ni tmgen supply 

Safety c i r cu i t  ground 

High or low water l eve l  i n  t h e  prceess water break tank 

* 
*+t 

These s ignals  a l so  shut down t h e  e l e c t r i c a l  heaters autoriatically. 

This s ignal  a l s o  automatically shuts down t h e  gas blower and t h e  e l ec t r i ca l  

heaters . 
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A l a r m  annunciation i s  a l s o  separately provide2 on the  heatifig and vent i la t ing  

control  panel located i n  t h e  control room for seven var iables  of the  high capacity 

vent i la t ion  system which serves only t h e  reactor building: 

Input temperatures--four monitored 

High exhaust temperature 

- 0  mf-normal exhaust h o w  
I 

Failure of exhaust fan 

Off-normal alarms (16 provided) for t he  other two heating and vent i la t ion  systems 

are locaked on t h e  control panel i n  the  heating and vent i la t ing  equipment room. 

And transducer for  temperature, flow, pressure, pressure d i f f e ren t i a l ,  

e tc . ,  i n  t h e  process flow stream or i n  a service o r  u 3 i l i t y  system can be pro- 

grammed by PMACS for off-standard alarm, using cne of t he  analcg input channels up 

to a t o t a l  of 128, ,or one of t he  d i g i t a l  channels, a l so  up tc 128. 

K. Core F x l e a r  C h r a c t e r i s t i c s  

The EITLTR test; core w i l l  usually be loaded e i ther  with graphite alone or 

with graphite plus f u e l  and other materials i n  a regular l a t t i c e  array.  

driver region w i l l  be loaded with one cr more rings of f u e l  rods, and t h e  ends of 

The 

t h e  tes t  core w i l l  be loaded with layers  -of t he  shcr t  f l ux  leveling slugs. 

The nuclear charac te r i s t ics  of the  HFLTR a r e  not grea t ly  affect,ed by the  

loacing of t h e  tes t  core. Since t h e  calculation of these charac te r i s t ics  must be 

based on some assumed loading of t he  t e s t  core, t he  values given i n  t h i s  section 

are for t h e  driver l a t t i c e  required f o r  a tes t  core containing graphite and 

natural uranium, and with a typ ica l  a r ray  of flux level ing slugs i n  the  ends. 

0 
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Four-energy-group neutron calculations have been made f o r  a typ ica l  dr iver  

rod configuration t o  determine the  c r i t i c a l  mass of f u e l  f o r  HTLTR and i t s  dis- 

t r i bu t ion  between r a d i a l d r i v e r  rods and end flux leveling slugs. A number of 

calculat ion methods were t e s t ed  against  a known graphite-moderated natwal uranium 

l a t t i c e  t o  determine which model bes t  approximates HTLTR. 

Values of t he  Doppler coeff ic ient  were calculated using Doppler broadening 

of a Beit-Wigner s ingle- level  resonance shape. 

of t dk = 9.93 x ~ o - ~ / o c  a t  room temperature. 

t w e  t o  a f u e l  temperature T(K)  of 4.95 x 10-4 (~~ /2 -2&2) ;  from room teaperzture  

t o  1000 C Ak i s  -0.92$ and from lOOC C t o  200C ," it i s  -0.59%. 

avai lab le  a prompt negative temperature coeff ic ient  t o  l i m i t  a reactor  excursion 

a t  all -tsemperatures 

This calcula$ion gives a value 

mis gives a bir(~) from room tempera- 
k d t  

Thus the re  i s  

The temperature coef f ic ien ts  calculated a r e  the  best  estimates avai lable .  

Admittedly, however, the  methods a r e  not very precise.  

coef f ic ien ts  w i l l  be measured a s  a par t  of the  i n i t i a l  s ta r tup  progpsm. 

The ac tua l  temperature 

!This is, 

i n  fac t ,  one of the  main f i e l d s  of usefulness of HTLTFi: to cib-b,ain experimental 

temperatwe coeff ic ient  data for  high ternpepatwe reactors ,  fo r  wh%ch calculated . 

coef f ic ien ts  a r e  t o o  imprecise. 

All of these calculated parameters a r e  presented i n  Table V-I .  

The r e s u l t s  of calculations t o  determine the  e f f ec t  of adjust ing t h e  slow 

tempera3ure coeff ic ient  of the  reactor  w i t h  gadolinium oxide shims are shcwn i n  

Figure V-4. 

rGds, each 1-1/4 inches i n  diameter and 8 f e e t  long, containing the  weight per- 

cent of Gd 0 

r ing .  

For these calculations it was assumed that a r i n g  of 76 graphite shim 

indicated,  was placed i n  t he  reactor  immediately outside the  dr iver  
2 3  

The amount of t h i s  poison required t o  reduce the  temperature coef f ic ien t  
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TABLE V-I 

HTLTR DRIVER LOADING 

Calculated fue l  requirements and nuclear 
charac te r i s t ics  f o r  a 54-inch unfueled 
tes t  core; no gadolinium oxide shim rods, 

Number of 5 f t  drivers 68 
Number of 15 i n ,  end dr ivers  240 
C r i t i c a l  mass, ~ 2 3 5  
Total fue l  mass ( 5% UZ3 50,) 
Wortn o f  one 5 xt driver  
U235 t o  carbon atomic r a t i o  
U238 t o  carbon atomic r a t i o  

47 kg 
1067 kg 

254 
1.92 X 

3.64 x 10’~ 

Temperature coeff ic ients  (d/C) : 

Temperature range, C 20-425 425-700 ?00-1000 

Doppler coeff ic ient  - 0.155 - 0.117 - 0,093 
Moderatpr coeff ic ient  - 0.631 - 0.605 - 0.451 
Nitrogen coeff ic ient  + 0,039 + 0.014 + 0,009 

Total  temp, coeff ic ient  - 0.747 - 0,708 - 0,535 

Reactor k ine t ics  parameters: 

Temperature. C 20 425 700 1000 
Prompt neutron 

l i fe t ime,  msec 
Migration area,  cm 7009x10~  7.66~10 7,95x102 8,22x10 
Nitrogen pressure 

1,18 0092 0.85 0,80 2 

coeff ic ient  ($/mbar) -0.062 -0.045 -0 , 043 -0.01r0 
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su f f i c i en t ly  f o r  proper operation will be determined during i n i t i a l  s t a r tup  t e s t s .  

If the  slow temperature coef f ic ien t  shows a trend toward becoming pos i t ive  above 

1000 C, iridium o r  hafnium shims may be used i n  addition to gadolinium. 

Even with the  shims i n  place, it is possible t h a t  a t e s t  core might be 

loaded having a greater  negative temperature coef f ic ien t  than expected, because 

of the uncertaint ies  i n  these calculations.  This would cause the margin of excess 

r e a c t i v i t y  a t  the desired c-perating temperatwe t.o be too small f o r  e f f i c i e n t  

operation. 

wmld ensue, since the time to cool and-reheat the reactor  i s  so long. 

f o r  ce r t a in  t e s t  cores of unfamiliar materials, it i s  planned to load excess 

r e a c t i v i t y  equal to the  m r t h  of twa control  rods i n  excess of the normal limit 

If no compensation Were provided, serious l o s s  of experimental time 

Therefore, 

of $1.90. 

reactiive p ;s i t ian  and w i l l  be u b e k e d  o n l y  if the extra  nlargin of r e a c t i v i t y  i s  

needed f o r  eqer iments  a t  the operating temperature. 

The two control  mds w i l l  be locked a t  the reactor  face i n  t h e i r  least; 

The two rods w i l l  be returned 

t o  t h e i r  l e a s t  react ive pzs i t ions  and r e l x k e d  before the reactor  i s  cooled. 

Figures V-5 and V-6 show the  flux and adjoint  flux d i s t r ibu t i cns  calculated 

f o r  BTLm with a na tura l  uranium l a t t i c e  i n  the tes t  corep 68 f u e l  rods i n  the 

driver region, and w i t h  no gadolinium shims. 

HFN neutron diff’usicn code (one-dimensional, multi-region, multi-grcup code) f o r  

The calculat ions were made w i t h  the 

the fo lhwing  neutron energy groups: 

Group 1 

Group 2 3 e V  t o  150 keV 

150 keV and up 

Group 3 

Group 4 

0.6 e V  to 3 eV 

0 t o  0.6 eV 

Only the groxp 4 flux shows much var ia t ion with temperature, increasing with 
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temperature f o r  equal f i s s i o n  r a t e  as expected, considering the f a i r l y  large 

negative moderator temperature ccef f ic ien t  of the reactor.  The group 1 and 2 

f luxes show a s l i g h t  iricrease with temperature i n  the dr iver  fuel region. The 

group 3 f lux  and the  adjoint  f lux  show negligible v a r i a t i o m  with temperature. 

The f i g m e s  show normalized f lux  l e v e l  versus distance f r c m  the reactor  center 

in cm. 

drive'r region, m d  the grash i te  r e f l e c t o r  are shown, as are the  p m i t i o n s  of the 

inzier and outer  f u e l  r ings and the v e r t i c a l  sa fe ty  rods. 

The boundaries of the tes t  core, a graphite buf fer  region, the fueled 

The calculated flux dist rzbut ions were used i n  estimating the worth of 

the cont ro l  and safe ty  rods. 

cc!c'lcuPations pred ic t  worths of about SOq! fcr each control  rod and l . 5 G $  f o r  each 

s s f e t y  rad. Qithermal  absorptions w i l l  probably increase these worths somewhat, 

Considering only therms1 neutron absorptions, these 

.The flux d i s t r ibu t ion  will be considerably ciltmged by v a i a t i o f i s  i n  the loacing 

of  the t e s t  l a t t i c e  and by the adjustments which w i l l  be required i n  the buffer  

regfon. 

ecch and the sa fe ty  rods L C O $  each. 

It i s  ant ic ipated t h a t  the control  rods td.31 never be worth l e s s  than 35d 

&pending entirely upon the loading, f o r  example, a shutdown margin f o r  

the reactor  could be (wi th  two cont ro l  rods locked) 6 cont ro l  rods a t  354 = 2.10$ 

plus 4 safe ty  rods a t  LOO$ = 4.00$ f o r  a t o t a l  c;f 6.10$ against  L90$ excess 

r e a c t i v i t y  loaded, a margin of 4.20$. 

temperature, the minimum shutdown margin couX be 6 control  rods a t  354 = 2.LO$ 

O r ,  when the reactor  is  heated t o  operating 

against  about 5 G #  excess r e a c t i v i t y  a t  operating temperature, leaving 1.60$ 

margin i n  the control  rods, and 4.00$ a lso  avai lable  from the VSR. Thus, when 
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the  reac tor  i s  ccld, o n l y  tm VSR would have t.0 drop, o r  a i l  cont ro l  rods and no 
i 

VSR's, for a shutdown. When the reac tc r  is  a t  temperature, any tm control  rods 

or any one VSR w a l d  shut the reactor  down. The above discussion i s  f o r  the 

p a r t i a l l y  shinned reactor.  

the  colci reactor  would be . s h a  dom by mily any three ccn t ro i  rods o r  ar.y one. VS9. 

It i s  not. intended t o  s t a r t  ~i the  reactor  (nuclearly) unless a l l  control  and 

With the  full complement of the GdF3 shims i n  place, 

s a fe ty  rods are  c;pera??le sad of a t  l e a s t  the micimm worths Listed. 

L. (%re "hemal Ckaracter is t ics  
~~ ~- 

The weight o f  the graphit-e i n  the ccre is  a-pproximateiy 100,900 lb.  

The q iec i f fc  heat over the  range from 260 C t o  10GO C averages 0.4 Btu/(lb)(F). 

T'e heat i q L t  t o  heat u s  the reactor  thrcugh t h i s  temperature range i s  therefore  

(1000 - 26~>C1.e>:@.4!(1~O,@oS) = 53 x 10 6 Btu o r  aboltt i 5 , O O O  kW-hr assuning n.6 

l u s s ~ s  f m m  the grayhite. 

be =re than 30 hours. 

The time required t o  beat t he  renctor  w i l l  therefcr,e 
I ^ .  

The i n i t i a l  cooldown r a t e  with a flow of 9CO9 D/hP Gf nftrogen having 

an average spec i f ic  heat cf o.26 Btu/(Lb)(F) v i 2  be 

(9~~:-${0.26)(i0~0 - 26~;(1.8) = 3*1 x 10 6 Btujhr. 

a f low of 10700 lb/hr of nitrogen having a spec i f ic  heat of 0.25 Btu/:ib)(F) w i l l  

be (lr37CO](G.25)(260 - 95)(1.8) = 0.8 x 10 6 Btu/hr. 

will be abcut 2 x 10 6 Btu/hr, assumicg no o t t e r  heat losses.  

The f i n a l  cooldt>um r a t e  with 

The average cooldown r a t e  

The cooling t h e  

from LOGO C t o  260 C w i l l  therefore  be about 26 hours. The normal m a x i m m  cold 

excess r e a c t i v i t y  to  be charged t o  the core i s  1.90$, with the pcssibie  addition 

of 1.03$ i n  lmked cont ro l  rods. 

operating tenperatwe. 

Of t h i s ,  504 w i l i  remain as operating nargirc a t  

The maximum possible r a t e  of r e a c t i v i t y  addition by normal 

/ \  c o d i n g  is  therefore  (3.1/2)(240)/'(26)( 3600) = G.OCbO#/sec. For abnemal conditiilns 

the  col;ling r a t e s  are  s t i l l  slower, as  shorn i n  Section X I .  
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A. Test h t3 , ice  Osc i l la tors  

Two o s c i l l a t o r s  a r e  provided. One of these,  on the  r ea r  face of the 

reac tor ,  i s  capable of remotely moving e i the r  t he  t e s t  c e l l  or t he  adjacent c e l l  

i n t o  and out of t he  t e s t  core. These c e l l s  may be up t o  15 x 1 5  x 84 inches and 

weigh up t o  1200 l b .  

greates  t h a n  5 sec. 

control  room. 

permit comparison of t e s t  f u e l s  with a standard reference.  

The stroke is adjustable up t o  36 inches with any time cycle 

This permits making t h e  subst i tut ion experiment from the  

This osc i l l a to r  may also be used t o  move a f u e l  element t r a i n  t o  

The other o sc i l l a to r  i s  on the  f ron t  face of t h e  reactor  and will manipu- 

l a t e  small specimens anywhere i n  t he  cent ra l  15- by 15-inch region of t he  t e s t  

core. 'Et i s  used ts i n s e r t  nc.;tron detection foils for i r r ad ia t ions  of short  dura- 

t i o n  and t o  i n s e r t  standard neutron absorbers a s  a ca l ibra t ion  of t h e  r e a c t i v i t y  

of t he  t es t  c e l l .  It has a capacity of f i v e  pounds and a maximum stroke of nine 

f e e t  i n  a min imum of 2.5 seconds. 

i n g  chambers a n d  i s o l a t i o n  valves are included on both osc i l l a to r s  so t h a t  speci- 

The period of o sc i l l a t ion  i s  adjustable.  Cool- 

mens may be removed f r o m  the reactor  and replaced with others  without t he  neces- 

. s i t y  of cooling the  e n t i r e  reactme The specimens can be cooled from 1000 C to 

1OC 2 i n  one hour and removed through por t s  i n  the  chambers. 

B. Neutron Time-of-Flight Spectrometer 

A neutron ve loc i ty  spectrum analyzer is mounted on a s ide face of the  

reac tor  a t  t h e  l a t e r a l  center l i n e .  A removable graphite plug permits t h e  i n s t a l -  

l a t i o n  of a c o l l i m t o r  allowing a beam of neutrons t o  emerge from the  t e s t  LitC' "1 ce. 

A ro t a t ing  chopper i s  mounted i n  t he  beam j u s t  outside the  reactor  gas envelope. G3 
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An evacuated f l i g h t  tube permits t he  neutron pulses from the  chopper t o  reach the 

t a r g e t  25 meters from the  center l i n e  of the  chopper rotor .  A shut ter  stops %he . 

beam when not  i n  use. 

The t a rge t  consis ts  of a bank of neutron detectors  (enriched BF3 propor- 

t i o n a l  counters) arranged t o  present a 12-inch square ta rge t  .of about four t o  f i v e  

inches depth, a11 feeding a multi-channel t ime-of-fl ight analyzer system. 

This equipment provides a measurement of t h e  veloci ty  spectrum of the  

thermal and near-epithermal components of the  reactor  flux. 

c. Core Dolly 

A wheeled vehicle i s  provided on wfiich t es t  cores can be stacked i n  ad- 

vance of experimental work and then t ransfer red  i n t o  the  reactor  a s  a s ingle  un i t  

when t h e  experiments are t o  stwt. -L The machine hss a load c o p c i t y  of 28 ,000 13. 

After t h e  vehicle i s  anchored t o  t h e  floor of the  reactor  hall, the  t ransfer  of 
L 

t h e  core i n t o  posi t ion i n  the  reactor  i s  accomplished by a ram mechanism having a 

t h r u s t  of 10,000 lb .  Only unfueled moderator K i l l  be t ransferred i n  t h i s  mnner.  

Fuel i s  added t o  the  reactor  by the  loading procedures described i n  Section Ix. 

D. Wire Traverse Mechanism 

Two mechanisms are provided fa flux determinations f'rom f ront  t o  rear  

and from side t o  s ide close t o  t h e  reactor  center l ines .  Test wires a r e  loaded 

i n  t h e  storage u n i t s  and the  reactor  core while the reactor  i s  a t  room temperature. 

-Immediate removal of t he  flux wires following a t raverse  i s  possible following 

closure of compression valves near t he  s h e l l  penetrations. 

vide gas-tight closure 

The valves also pro- 

for the  four penetrations when the  equipment i s  no t  i n  

service. 

come pa r t  of t he  gas she l l  enclosure during routine use of the  too l .  

The housing she l l s  of the storage and receiver units f o r  the  wire be- 
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VII. INSTRUMENTATION AND CONTROL 

A. Neutron Flux 

Uncompensated ionizat ion chambers provide t h e  neutron flux s ignal  f o r  t h e  

high precis ion experimental measurements. 

center‘ of t h e  reac tor ,  outside the  gas envelope, beyond t h e  high temperature zone 

and over openings i n  t h e  Bora1 shield.  An inch of lead on the  bottom s ide  of t he  

chambers sh ie lds  these u n i t s  f r o m t h e  reactor  gamma flux, and two inches of poly- 

ethylene above provides a re f lec tor .  

i n t o  two groups with t h e  more sens i t ive  group (one o r  two more chambers) providing 

a s igna l  of 5 x The analog s igna l  from each 

group i s  d ig i t i zed  i n  PMACS and covers t he  e n t i r e  range, from source l e v e l  t o  

rri;~xiiirum permissible power, i n  7 decades. 

generated i n  PMACS from these channels f o r  off-normal flux leve ls  and periods. 

The chambers a r e  located a t  t h e  t o p  

. 

The chambers are para l le led  e l e c t r i c a l l y  

2’ amps at a f lux  of 30 n/cm sec. 

A s igna l  t o  t r i p  the  safe ty  c i r c u i t  i s  

Two independent channels using f i s s i o n  counters provide l e v e l  and period 

s igna ls  t o  t r i p  the  safe ty  c i r c u i t  d i r ec t ly  from the  appropriate response i n  e i the r  

or both. The channels a r e  designed f o r  high r e l i a b l i t y  and speed of response. 

Accuracies i n  neutron flux measurement of 20 per cent of a decade and var ia t ions  

in period measurement up t o  f 10 percent over t he  range from 10 t o  100 seconds 

a r e  acceptable with t h i s  system. 

A BF proportional counter located near t he  ion  chanbers a t  t h e  top  of thk 3 
reac tor  gives a s igna l  which, when amplified and supplied t o  loudspeakers i n  t he  

reactorrmm, reactor  room basement, and control room, gives a continuous and 

audible indicat ion of flux level .  A s tep  switch i s  

f ac to r  of tLe amplifier t o  the  ex is t ing  flux l eve l .  

provided t o  ad jus t  t he  sca le  
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A nuclear incident monitor which i s  sens i t ive  t o  neutrons only i s  located 

on t h e  roof of t h e  concrete reac tor  building t o  provide a c r i t i c a l i t y  alarm from 

an incident t h a t  might occur anywhere i n  the  f a c i l i t y .  

l i n e s  i s  provided t o  300 Area Security P a t r o l  headquarters t o  i n i t i a t e  t h e  

A s igna l  v i a  telephone 

appropriate emergency procedures f o r  t he  area.  

B. Radioactivity 

Zone rad ia t ion  monitors sens i t ive  t o  gamma rad ia t ion  with nonsaturable 

count rate meters having a range from 1 m R  t o  1000 R per hour are located i n  t h e  

assembly room, the  reac tor  room, and t h e  reactor  basement. An alarm and ident i -  

f i c a t i o n  is provided i n  t h e  control  room v ia  PMACS. 

A b e t a - g a m  detector  i s  located a t  t he  purge nitrogen f i l t e rs .  I n  addition, 

downstream of t h e  main. f i l t e r  and a t  t h e  input t o  t h e  purge f i l t e r s  two continuous sam- 

p l e r s  are provided for  alpha monitoring of the  nitrogen gas. 

vide an alarm within f i v e  minutes a t  a contamination l e v e l  of 

The alpha monitors pro- 

pCi/ft3. These 

de tec tors  are coupled t o  PMACS f o r  continuous survei l lance and off-normal indica- 

t ion .  

An alpha-beta-gamma hand and foot counter i s  provided f o r  rout ine  personnel 

monitoring. 

C. Reactor Temperature 

Reactor temperature measurement f o r  experimental information i s  obtaized 

by: 

16 sheathed thermocouples enter ing t h e  dr iver  sect ion from eight  penetra- 

i3 
t i o n s  on each s ide  
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16 sheathed thermocouples entering four penetrations i n  the  t e s t  core 

section from the  rear  face 

two movable resis tance temperature detectors (RTD' s) entering t h e  t e s t  

core from two penetrations on the  r ea r  face. 

The RTD temperature scanning w i l l  be r e s t r i c t ed  t o  precision measurements below 

core temperatures of 400 C. 

and irnformation f o r  control of reactor temperature. 

The above inputs t o  PMACS will provide both tes t  data 

The outputs of the  same 32 thermocouples a r e  processed by PMACS in to  four 

Power t o  each of t he  four groups of heater rods i s  controlled zone temperatures. 

by the appropriate zone temperature signal which controls the  output of one of 

four  -kransformers with saturable cores. 

. 

In addition, each heater rod i s  individu- 

a l l y  protected from over-temperature as the  surface temperature of every rod i s  

monitwed by a thermocouple whose output PMACS records and compares t o  a pro- 

gram& set-point. 

rod c+,eceeds its s e t  point, e l e c t r i c a l  power t o  it i s  automatically removed. 

of the 24 heater rods i s  a l so  equipped with a second thermocouple f o r  a spare. 

D. - GEB System 

For as long as the measured surface temperature of any s ingle  

Each 

Gas pressures and temperatures a t  various points, rates of gas flow, and 

t h e  composition of the  gas stream are sensed by transducers of standard design 

whose outputs are scanned a t  a high rate by F'MACS. 

PMACS t o  display a temperature or  control a flow r a t e  or indicate a n  off-normal 

condition depending upon the  program within PMACS. 

The s ignals  a r e  processed by 

The make-up nitrogen admission valve, the  ex i t  purge f l o w  control valve 

and the  cooling water supply valves t o  the  heat exchangers a r e  typ ica l  of the  
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process valves operated by PMACS t o  maintain set point control  of temperatures 

and flow rates f o r  the gas system. 

are used e i t h e r  f o r  measurements or control. 

E. 

no d i r e c t  pneumatic l i n e s  t o  t he  control  room 

Programmed Measurement and Control System (PMACS) 

W C S  i s  a multipoint data handling device, with on-line computing 

capab i l i t y  t o  provide closed loop control  on both nuclear and non-nuclear systems. 

Also, it can be used as an  o f f - l i ne  computer, following an experiment, t o  process 

t h e  accumulated data. 

f o r  t h i s  appl icat ion,  coupled t o  a commercially available d ig i ta l  computer. 

The un i t  consis ts  of so l id  state log ic  c i r c u i t s  designed 

All data handling and control  functions are performed by the PMACS accord- 

ing  t o  s tored p r o g r m e d  ins t ruc t ions  and i n  response t o  ins t ruc t ions  from the  

o p e r a b r .  

structs the  compter  t o  perform i t s  functions. 

procesa i n f o r m t i o n  on a 19-inch cathode ray tube. The display i s  a combination 

of letters azd numbers, arranged t o  ident i fy  t he  point being monitored, followed 

by a number indicat ing t h e  quant i ta t ive  measurement. 

alpha-numeric display. 

are displayed i n  blue or  green and off-standard process conditions are indicated 

The operator, using the  input typewriter or a pre-programmed tape, in- 

The computer displays nuclear and 

This i s  r e fe r r ed  t o  as an 

To assist operator comprehension, normal operatioEa1 data 

i n  red. 

process information f o r  later reference and a h i s t o r i c a l  f i le .  

inch cathode ray  tube provides a display of curves of process t rends on commnd, 

as a -her ass i s tance  t o ' t h e  operator. 

The output typewriter a l s o  records off-standard conditions, and logs 

A second five- 

The computer i t se l f  has a high speed magnetic core memory of 8,192 

l & b i t  words. 

memory i s  not degraded nor l o s t ,  and i s  i n t a c t  fo r  recording and control  when 

If power i s  l o s t  t o  t h e  computer, t he  informatio?l s tored i n  t h e  
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power i s  rescored. 

memory units. 

h i s t o r i c a l  process information f o r  display or logging. 

u n i t  s to re s  the  programmed ins t ruc t ions  loaded i n t o  the  computer by means of 

punched paper tape; t h i s  tape un i t  has a write lock-out f ea tu re  t o  prevent inad- 

ver ten t  a l t e r a t ions  t o  the  programmed instruct ions.  

There a r e  two low-speed, three-mill ion-bit  magnetic tape 

One of these magnetic tape un i t s  i s  used by the  computer t o  s t o r e  

The other magnetic tape  

Since the  operator uses t h e  computer t o  d i r e c t  process control  and t o  

display system information, it must be capable of completing i t s  functions a t  

speeds responsive t o  t h e  process and t o  t h e  operator needs. Instruct ions o r  data 

words are re t r ieved  from the  memory f o r  use i n  calculat ions or l og ica l  decisions 

i n  1.75 microseconds. 

speed, the computer can spend a la rge  f r ac t ion  of’ i t s  t i m e  nerforming diagnostic 

tests t o  check i t s  own responses t o  process s i tuat ions.  

Addition i s  performed i n  3.5 microseconds. Because, of t h i s  
s - - ,  - <  ’ -9 1 - -. - -,. 

_- 
For example, t h e  corn- 

puter checks the  neutron f lux  l e v e l  d ig i t i z ing  system 10 times per second and it 

will t r i p  t h e  safe ty  c i r c u i t  i f  the  check indicates  an off-normal r e su l t .  

the signal t o  automatically shut down t h e  reactor  has a p r i o r i t y  associated with 

Only 7 
I 
I 
l 

it that i s  higher than t h e  p r i o r i t y  of t he  requirement t o  check the  flux d i g i t i z e r s  

every t en th  of a second. 
.. - 

The system is  f’urther protected in t h a t  if an out-of- 

l i m i t  s igna l  occurs simultaneously with a command from the  operator t o  display 

some data, t he  computer f irst  responds t o  the  out-of-limit sigml and then handles 

the operator data display request. 

This integrated reactor  control  system, i n  which t h e  computer handles f’unc- 

t i o n s  of the  highest p r i o r i t y  first,  may be considered t o  be f i v e  sxbsystems, each 

sharing the  t i m e  of t he  computer f o r  t h e  control  of i t s  part of t he  reactor  and 

process var iables ,  f o r  t he  display of i t s  raw or processed data, and as a warning 
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Lo the operator of off-standard conditions. The f i v e  subsystems a re  flux moni-tor- 

ing, control  rod posit ioning, gas c i rculat ion,  reactor  heater  control,  and experi- 

ment recording and analysis.  The reactor  safety system a l s o  receives signals f o r  

monitoring by PMACS, but since t h e  safety system i s  separate from PMACS, it i s  

discussed elsewhere. 

The flux monitor subsystem provides a s ignal  proportional t o  neutron f l u x  

Two banks of ion chambers each feed preamplifiers giving var iable  cur- 
~ - - _  L 3 -." 

level .  

r en t  signals proportional t o  t he  instantaneous neutron flux. The flux l e v e l  s igna ls  

are d ig i t i zed ,  s tored i n  the  high speed memory, and continuously updated. Chacges 

i n  f lux l e v e l  over br ief  i n t e rva l s  a r e  used t o  calculate  t h e  reactor  period. The 

calculat ions are perfomed t en  t imes a second, and the  r e su l t8  a r e  compared with 

prestored t r i p  points. 

au tomt ica l ly .  Precise flux l e v e l  data i s  experimental information, When compared 

If t h e  r e s u l t s  are out of limit, the  reactor  i s  shut down 

--I 
i " 

. with rod posi t ion data from the  control rod posi t ion subsystem, r e a c t i v i t y  i s  com- 
I .  

puted by I%ACS by the  inverse mult ipl icat ion method f o r  informa5ion for  the orzratcr. i8 
91 control rod posit ioning subsystem monitors rod movemert using lFm-l+, 

/ 

. 

switch signals ,  l i nea r  posi t ion transducer signals and feedback pulse sigmls from 

the rod posit ioning stepping motors. The computer processes the  rod pos i t ion  inf'm- 

mation, s to re s  it and d i r e c t s  i t s  display in alpha-numeric Eotatioa on the  large 

cathode ray tube. Pulses t o  dr ive  the  rod posit ioning stepping motors are p roheed  

by t h e  computer, but addi t iona l  operator ac t ion  w i l l  be required t o  move %he rods. 

The operator will se l ec t  t h e  rods to be moved and the  speed of rod movement using 

the  typewriter,  and then must a c t i v r t e  a control panel switch t o  enable the con- 

puter t o  produce the  dr ive pulses. 
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The gas c i rcu la t ion  subsystem provides the  computer with teniperature, 

pressure, flow, pur i ty ,  and valve posi t ion infornation. The computer processes 

the  information, s tores  it, and uses it t o  generate control s ignals  f o r  t he  gas 

c i rcu la t ion  loop. The loop control  signals dr ive stepping motors t o  posi t ion 

t h r o t t l i n g  valves or  operate solenoid-actuated valves. 

l a t i o n  subsystem parameters deviates from i t s  normal or  pre-set  value, t he  d i g i t a l  

If any of the  gas circu- 

control  computer ad jus t s  process equipment t o  r e s to re  the  system t o  equilibrium 

operahion. The ac t ion  t o  be taken i s  programmable and depends upon which pa- 

ramater deviates and how la rge  a deviation occurs. 

' Use of t h e  gas system i s  optional when the  reactor  temperature i s  below 

i 
260 

t a i n &  a t  a pressure s l i gh t ly  above atmospheric pressure, and i s  measured pre- 

When t h e  gas system i s  i n  use, t h e  gas i r ,  t he  reactor  envelope i s  main- 

c i se ly  t o  permit correction for  changes i n  the  neutron poisoning e f f e c t  of t h e  

* nitmgen. The measurement includes a span from 465 t o  840 mm mercury absolute,  

t o  am accuracy of about 2 mm and with a r epea tab i l i t y  of about 0.5 mm. 

Reactor temperature and heater  current s ignals  from the  reactor  heater  

subsystem a r e  used by t h e  computer f o r  display, t o  generate sigmls t o  dr ive t h e  

satumble reactors  which control  power t o  t h e  heater  elements t o  maiatain the  pro- 

grammed operating temperature, and t o  produce a h i s t o r i c a l  record. 

The experiment subsystem K i l l  be used primarily by the experimenter t o  

analyze changes i n  reac t iv i ty ,  neutron flux d i s t r ibu t ion  and t h e  veloci->d distri- 

bution of a chopped neutron beam, and possibly neutron f lux  decay under a xxeatron 

pu lse  exci ta t ion  node. However, r e a c t i v i t y  determination by t h e  computer w i c g  l' 1 w experimental subsystem data can a l s o  be used by the  reactor  operator f o r  rout ine 

operation. The operation and control of t he  experimental equipment such as the  
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neutron source, ceutron chopper, l i g h t  duty c sc i l l a to r ,  an6 heavy duty o s c i l l a t c r  

w i l l  be corrpdter-controlled a t  the  directim of  the Fperstw;  ard. the  ex&erfaental  

data received by the ccmpJter will be precessed f o r  disylay ir f o r  IoggiFa and 

sub seqcent analys i s  . 
The reactor  c7ePatsr t h x  has a t  h i s  ccmar.d 82. i:*tegraxe3 r.eact;r con- 

t r o l  system capabie cf  generating and logging extensive eqe r imen ta l  data 'while 

whose behavior i s  questiomble, logging p-ocess  variables for h i s t c r i e s 1  rewpd, 

disyjaying t h e i r  instantaneous value o r  trends, generating s igns ls  t o  ccritrol  

the process, and reqGiring the reac tc r  sa fe ty  syst.em t g  shut down the r e a c t w  i f  

t h a t  becomes necessary. The c o q u t e r  alsc mwitors  i t s  o m  <;zeratic_n_ t en  t h e s  

per  second. If a s ingle  f a i h r e  cf the se l f -audi t  t e s t  pulse GCCUS, the  retietor 

i s  shut Bown automatically and the e2ectr ic  heater power i s  s e t  back. 

/ 
. /  

F. Neutl.cn Scurce / 5  A('< .?S 2.3 K-, 

The neritron source i s  a pzs i t ive  ion acceLeratc-r which i s  located. 03 the 

The m a x i n u n  cvtpt-t is  &=.-ut 8 x l 0 lo  r:eutrons per seccnd l e v e l  below the reactor.  

from a watermcm2ed beryllium target. '  'Dcmbar3ed by 'high energy deuterons. Tkie 

t a rge t  i s  positicried about t w e  f e e t  bekw the ceritep Gf fhe S c t t t c m  of rhe g r iph i t e  

of the r eae tm.  An a l te rna te  ps s i t i on  f o r  the accelerator a t  the side of the 
1 9  i \  : . ,  

reac tor  has been provided. ?':? -: .'I j if- :.>.a ,! 
\ 

. The accelerat.or i s  oxerated from the control  rc .m.  El.ect;rfcal i x t e r -  

locks on access dcors prevent oFeration cf the aceeLerat-m u n t i l  perscnnel have 

l e f t  the v i c i n i t y  and the a re s  has been secured. 

G. Console Cortrols 

Controls a t  the reactor ccnsole a re  as foilfs.ws: 

Safety c i r c u i t  yo\.rer suIply key b c k  switch. Thfs ensures 

http://Neutl.cn
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that reactor  s ta r tups  can be mde  only by authorized personnel 

with the  knowledge of t he  reactor  supervisor. 

Computer output power supply key lock switch. This disables  the  

computer's control outputs, permitting operation of t h e  computer 

with t h e  reactor  shut down and the  safe ty  c i r c u i t  inoperable. 

, Nuclear sa fe ty  channel bypass switch. This permits bypassing one 

independent safety c i r c u i t  a t  a time f o r  t e s t i n g  or  mainteltance. 

Reactor room door and control room doorspermissive switches. 

These prevent unauthorized entry i n t o  the  reactor  room or control rom.  

Control rod dr ive enable switch. Operation of t h e  control  rods i s  

However, movement of the  control rod requires  programmed i n  the  PMACS. 

t h a t  t h e  operator hold this switch closed. 

Manual scram button. 

Two safe ty  c i r c u i t  f'unction monitor lamps. 
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VITIe MAXNTENAhTCE AND MC)DIFICr\.TIL?N . 

proce&lxes w i l l  be prerared t o  ensure t h a t  mairitenariee work 

on equipment and components e s sen t i a l  t.0 reactor  sa fe ty  i s  sa t i s fac tory .  

tenance work t h a t  deactivates a system, renders it inoperative, 01" which can a l t e r  

f t s  performance' 9s a result cf the maintenance e f f m t  w i l l  be covered by m i t t e n  

a u t h r i z a t f c n  apzrrcvea by t.he reactor  siqervisor CF sys tem engineer. 

authorizst ion w i X  describe the mrk t.0 be perfomed, l i s t  any s;.ecisl. cmE.t . icos  

tn be met; such as  deactivstioE of the systein,, and ;rescribe any tests o r  cheeks 

t o  be mare when the work is  ccqi ie te .  

be c b s e d  out. 

reac tc r  st.artuF of a t e s t  o r  er9erimen-k. 

Main- 

Rie wp'ltAea 

* .  

?pori work ccn2l.etim the auth2rizatlc,n w f l ? .  

A l l  outstvanding aa5horizations w i Z l  be revieved p r i o r  t c  the I .n i t . i a i  

Modifications to t3e KI"IjTR may be made: provide& the xcadification daes 

not involve e i t h e r  8 conf l i z t  with t.he CQeratirlg Safety L i a i t s  cr an uzrevfewed 

sa fe ty  question. Modificat.focs which d-3 nr3t a f f ec t  the nuclear charac te r i s t ics ,  

cont ro l  systems, o r  i n s t m e n t a t i o n  sys tem cf the reac tor  require the apyrm-al cf 

the Superviscr of the  HTLTR. 

and p r i o r  approval by Iiabcrat.cx=y x.ersorme1 nct having d i r e c t  resgonsfbi l f ty  for 

r e a c t m  gerformance, i n  addi t ion ta the  Supervisor, HTXR. 

Mcdificatisn cf c r f t i c a i  co'qonents requires  review 

AL1 m d i f i c a t i o n s  cf c r i t i c a l  ccmpcnents will be gracessed as design 

A design change w f l l l  describe the charges t~ be ma& i n  detafl,, l i s t  . m y  charges. 

hazards asociated w i t h  the  wc.rk., ncte the preCautii2i:s t o  be t&en, Frovide f.:r 

updating the apgrqa-iate drawings, and prescr ibe tests or checks t.2 be made prit2r 

t o  ac t iva t ion  of the involved system cxr aqcipnent. 

The s t a tus  of maintenance wrk on the reac tz r  and i t s  awciifar ies  i s  

f ) sub,iect t o  audi t  by an indeFendent crgar. imt;cnal c;:mplonent r x t  havir~g r e s p c m i b i l i t y  

f o r  reac.tsr c p e r a t i o i  o r  exlerimenta; J lanning, 
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M. INITIAL TESTS AND OPERATING PROCEDURES 
~ ~~ 

A. Tests with No Fuel Present 

BNWE cc- 235 

Three t n . e s  of t e s t i n g  are being completed before the reactor  is  ready. 

f o r  experimental work. 

1. Mockup and materials t e s t ing  provide the necessary information 

about prototype reactor  com-ponents t o  ensure the design and con- 

s t ruc t ion  of an operable and safe reactor  system. Mockup and 

materials t e s t ing  are  being performed by p lan t  forces  and have 

included: a fwnace containing a heavy-walled capsule in to  which 

samples cf mater ia ls  have been placed f o r  expcsure t o  a nitrogen 

atmosphere f o r  long perlo& of t h e  and a t  temperatures up t o  

Z O O  C; a small mockup of the reactor  acd thermal insulatfcn con- 

ta ining a short  section of a heating element, which have been 

operated a t  temperat-xes q? t o  1503 C; and a large mcckq of the 

HTLTR graphite and insulat ing material., in to  which fu l l - length  

prototyr,e heating elements, control and safe ty  radsp and othey com- 

ponents have been placed arid exposed tc? an environment very s b i -  

lar t o  t h a t  expected i n  the reactor.  Natural uranium w a s  used i n  

* 

place of enriched uranium i n  the prototype ccnt ro l  rod. 

large mockup, t e w e r a t w e s  over 1000 C have been at ta ined i n  the 

gyaphite, and over 2 0 0  C on the heater surface. 

performance cannot be predicted d t h  confidence w i l l  be tes ted  

I n  the 

Equipment whcse 

p r i o r  to ins ta l ia t ion .  The following t e s t s  have been o r  a re  being 

conducted: 

. Properties of metals, alloys, and ceramics a f t e r  exposure t o  

nitrogen, graphite, and each other  a t  temperatures up t o  12’30 C 

over periods of hundreds of  hours. A l l  mater ia ls  considered f o r  

use i n  the  H!l!LTR w i l l  be studied. 
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Full-s ize  prototype heater,  control,  and safety rods have been 

t e s t e d  for  mechanical i n t eg r i ty  and operabi l i ty  up t o  1000 

i n  t h e  reactor  environment. I n  these t e s t s  t he  control rods have 

contained non-f iss i le  material .  

Behavior i n  the  atmosphere of the mockup a t  high temperature, of 

C 

, samples of nickel,  Inconel, thoria-dispersed nickel,  and Hastelloy-B 

i n  contact with graphite,  and i n  contact with insulat ing brick.  

* The behavior of insulat ing materials, analyses of t he  gases they 

give of f ,  and the  temperature d is t r ibu t ions  i n  them. 

’ Procedures f o r  evacuating and purging the  system t o  ensure adequate 

gas pur i ty  a t  high temperature. 

“*E Thermocduple propert ies  a t  high temperature i n  t he  ‘ reactor  environment. 

Prototype f u e l  element jackets. 

Conditions t o  be met by the  reactor o sc i l l a to r s  during the  move- 

ment of la rge  pieces of graphite and small samples of poison 

materials. 

The Programmed Measurement and Control System (PMACS) pretested 
\ 

and pr ograuuned. 

The response, l i n e a r i t y ,  and saturat ion charac te r i s t ics  of t h e  

ionizat ion chambers as a function of ambient temperature. 

2. Acceptance t e s t  procedures (ATP’s) demonstrate t h a t  t h e  equipment 

and systems of a new i n s t a l l a t i o n  f’unction correct ly ,  as described 

by the  drawings and specif icat ions.  Acceptance tes t s  a r e  prepared 

by t h e  Architect-Engineer and are performed by the  construction 

contractor.  

needed i n  any of t h e  ATP’s. 

HTLTR Operations personnel w i l l  operate PMACS when 

These t e s t s  a r e  observed a n 2  approved 
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by BNW pr ior  t o  acceptance of the  f a c i l i t y .  The following ATP's a r e  presently 

l i s t e d :  

U t i l i t i e s  and services including heating and vent i la t ion,  elec- 

t r i c a l ,  f i r e  alarm and sprinklers,  nuclear and c i v i l  defense alarms, 

and the  process water systems. 

L Nitrogen gas system including the  gas loop, supply, gas analyzers, 

and the  evacuation and purge systems. 

Reactor case, Insulation, moderator, control and safety rods, i n -  

cluding performance a t  temperature and following cool-down. 

Tests of reactor-sssociated equipment including osc i l l a to r s ,  neu- 

t ron  spectrometer, neutron generator, and t h e  flux wire manipulator. 

Contrcl and i n s t x z x z t a t i o n  (PMAC3). 

Design t e s t s  provide much m o r e  detai led information on t h e  operation 

of reactor  components and equipment than i s  given i n  t h e  ATP's. 

Calibrations,  measurement of s e n s i t i v i t i e s ,  timing of actuat ing sys- 

tems, a n d  o ther  quantitative data w i l l  be obtained with t h e  precision 

- and thoroughness required for  operational use. A l l  of t h i s  work w i l l  

be done before t h e  i n i t i a l  fue l ing  and nuclear s ta r tup  of the  reactor 

with the  possible exception of performing t h e  design tes t s  a t  ele- 

vated temperatures. 

c r i t i c a l  a t  an elevated temperature without first performing the  

following tes ts  a t  t h a t  temperature or above. 

3. 

However t h e  reactor  Will not be fueled or taken 

Omitting f u e l  i n  these 
! I  

; tests includes the omission 

Dummy f u e l  cylinders may or 

I: 
1-1 i) , of t he  fueled parts of t he  control rods. 

may not be used i n  t h e  control  rod tes ts .  



UNCLASSIFIED 
i 

9.4 RNWL-CC-225 

Tests  planned under t h i s  heading are:  

Functions of PMACS not dependent upon f u e l  being i n  t h e  reactor .  

The reac tor  control  and safe ty  system. 

< The neutron s t a r tup  source and detectors ,  w i t h  safety r o d s  i n  and 

out. 

I The c i rcu la t ing  gas system i n  evacuation, purging, heating and 

cooling. 

The functioning of' a l l  of t h e  above systems at various temperatures. 

. Functioning of t he  temperature control.  

U t i l i t i e s  and services,  including e f f e c t s  of t h e i r  l o s s  or abnormal 

operation. 

Operntfon of t he  rhopper, oscill.et.nl:s, f l ux  wjre  manipulator, t e m p -  

e ra ture  sensors, pressure transducers, gas analyzers, e tc .  

A l a r m  systems funct ional  tests.  

Emergency cooling provisions. 

Exhaust  f i l t e r  i n t e g r i t y .  

B. In i - t i a l  C r i t i c a l i t y  Tests; Zero and L o w  Power Physics Tests 

The i n i t i a l  approach t o  c r i t i c a l i t y  will be made a t  room temperature w i t h  

Enriched f u e l  including t h a t  contained i n  t h e  control  graphi te  i n  the t e s t  cavity.  

rods w i l l  be inser ted  i n  t he  dr iver  region i n  accordance with standard procedures. 

The control  rods will be the  first f u e l  bearing components t o  be inser ted.  A t  

t h i s  time measurement of control  rod scram times, and any other quant i t ies  not cov- 

ered i n  the  unfueled t e s t s ,  will be done. 

be measured by t h e  inverse mult ipl icat ion method a s  the  i n i t i a l  approach-to-crit i-  

c a l  i s  made. 

The control  and safe ty  rod worths will 

These will be compared with the  design estimates. After achieving 
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c r i t i c a l i t y  t h e  following zero-power physics measurements w i l l  be made: 

Rods w i l l  be cal ibrated and the  t o t a l  sa fe ty  system worths and 

response times w i l l  be measured. Flwz monitors w i l l  be cal ibrated 

(approximately) i n  power l e v e l  un i t s .  The neutron l i f e t ime  and var i -  

ous r e a c t i v i t y  coeff ic ients  w i l l  be measured. 

After a second approach t o  c r i t i c a l  with a natural uranium l a t t i c e  

in t h e  core, measurements of k, w i l l  be performed with t h e  osc i l -  

l a t o r .  The nitrogen correction wiU be measured. The pressure 

coef f ic ien t  will be measured. 

Measurements Of k, a t  s l igh t ly  elevated temperatures--lOO t o  200 C-- 

w i l l  be made. Rod ca l ibra t ion  and excess r e a c t i v i t y  w i l l  be re- 

checked. The reactor  w i l l  then be cooled. 
U L  _- 

5 -.w- 

From the  measured change i n  core r e a c t i v i t y  with temperature, t he  

amount of gadolinium and other shim material needed t o  compensate t h e  

slow reac tor  temperature coeff ic ient  t o  about 500 C w i l l  be estimated. 

The materials will be loaded and the reactor heated in steps eo about 

450 C. Measurements of lq,, will be made a t  each step. 

C. Experimental Progrm 

The experimental program in the HTLTR w i l l  include the  following types of 

measurements : 

0 The value of k, of a l a t t i c e  or medium, and i t s  var ia t ion  with 

temperature. 

The temperature coeff ic ient  of & when only a f u e l  element i s  heated. 

The worth of a l a t t i c e  heterogeneity ' i n  a supercel l  as a function of 

temperature. 
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Activated f o i l  measurements of various l a t t i c e  parameters, i n t eg ra l  

spectra,  or ef fec t ive  l a t t i c e  cross sections.  

Di f fe ren t ia l  neutron spectra i n  multiplying or non-multiplying media, 

using the  neutron t ime-of-fl ight spectrometer (chopper system). 

Neutron spectra i n  moderators near property d iscont inui t ies ,  as a 

* function of temperature. 

Effective cross sections of mater ia ls  as a function of temperature. 

Other types of measurements'may be devised i n  response t o  the  needs 

of sponsored research programs. 

The program, t o  a la rge  extent,  w i l l  consist  of t he  same types of measure- 

ments now made i n  t h e  Physical Constants Testing Reactor (PC!I!R), with the  addi t iona l  
I 

capabi l i ty  for cc,?+,rdled temyerstures t o  1000 C and abovr GZ t h e  only diffcTcnce. 

The t e s t  cavity, during t h e  i n i t i a l  experimental programs, w i l l  be f i l l e d  

- with graphite,  various l a t t i c e s  fueled with U-233 and thorium or t h e i r  compounds, 

various combinations and compounds of uranium a t  d i f f e ren t  enrichment leve ls ,  and 

plutonium of various isotopic compositions. 

or cermetic i n  form depending upon the  temperature t o  be reached. 

w i l l  be of nickel,  thoria-dispersed nickel,  Inconel or graphite,  as required and 

The fuel may be metal l ic ,  ceramic, 

The cladding 

appropriate from a review of t he  hazards involved. 

The dr iver  section of the  reactor  w i l l  be fueled with enriched uranium 

oxide, packed t o  about 95$ of t h e  theo re t i ca l  density,  and su i tab ly  clad. The 

t o t a l  c r i t i c a l  mass may vary by a f ac to r  of two depending upon the  s ize  of t he  

experimental core- 

j u s t  t h e  spectrum of neutrons entering the  t e s t  core. 

Some natural or slightly enriched uranium may be added t o  ad- 

i\ 
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De Op era t ing  Procedures 

1. Star tux . , 
fALl changes i n  t he  t e s t  core loadings will be preceded by approach-to- 

c r i t i c a l  measurements. Driver f u e l  from any previous run will have been removed 

t o  leave no more than half  t he  number of f u e l  pieces predicted for c r i t i c a l i t y  be- 

f o r e  f u e l  i s  added t o  the  t e s t  region. 

h e -  s ta r tup  safety c i r c u i t  and equipment checks w i l l  precede nuclear opera- 

They will be repeated a t  su i tab le  in t e r -  t i o n  or f u e l  manipulation i n  the  reactor .  

va ls ,  and following maintenance or design changes of major reactor  components. 

The checks will include t e s t ing  t h e  ac tua l  movement of the  control and safe ty  rods. 

The neutron source will be i n  operation t o  generate t h e  on-scale s igna l  required 

t o  er&ize t h e ' s d c t y  c i r c u i t  223 t o  ac t iva t e  t Z z  audible I;o;iitor. 

r e a c t i v i t y  adjustments a r e  made t o  t h e  reactor  core, t he  safe ty  c i r c u i t  must be i n  

operation, two v e r t i c a l  sa fe ty  rods must be pulled and l e f t  cocked, and a neutron 

Before zicy 

source w i l l  be i n  operation t o  generate the  on-scale signal.  

The t e s t  core will first be loaded. Following t h i s ,  t he  f lux-level ing slugs 

in the regions of t he  center section of t he  reactor  will be adjusted t o  t h e  best 

predicted s e t t i n g s  Driver f u e l  will then be added. A l l  f u e l  will be added i n  incre- 

ments ,  wi th  multiplication data taken a f t e r  each increment.  The first f u e l  addi- 

t i ons  will be l imi ted  t o  increments not exceeding one-fourth of t he  predicted re -  

mainder t o  cr i t ical ,  as determined by p lo t ted  mult ipl icat ion data. 

React ivi ty  will be monitored by t h e  posi t ion of t he  control rods a t  c r i t i -  

cal .  When a c r i t i c a l  configuration has'been reached, t he  a x i a l  neutron d i s t r ibu t ion  

w i l l  be measured and f u e l  posit ions adjusted as needed. These adjustments, as for ds 
any f u e l  posit ioning, must be done manually and will be permitted only with the  
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e ight  c o n t m l  rods and two v e r t i c a l  sa fe ty  rods fu l ly  inserted. 

v e r t i c a l  sa fe ty  rods w i l l  be ra i sed  and cockeii and responsive t o  any wiwan-ted shcr t  

period o r  high neutron flux levei.  

The remair-ing 2.m 

The cont ro l  rods w i l l  be cal ibrated when the required a x i a l  f l a t t e n i 2 g  

has been ackieved. 

r e l a t i v e  wcrths cf the individual cont ro l  rods do not change markedly, as i#:,rig as 

symmet’rica?. biver f’uel loadings are  used. 

will be necessary only t o  e s t ab l i sh  the absolute value cf cne sect ion of m e  c-cr,tral 

rod to  evaluate the worth of the system. 

Once cal ibrated r e l a t ive  t o  posit ion,  the cali’sraticn anZ 

* Thus, a f t e r  i n i t i a l  ca l ikra t ion?  %t, 

2. Heatup 

I n i t i a l  c r i t i c a l  and experfmental operation frcm ambient temperatwe 

up -t;o 260 C may be dme with tne reactor  doors remove? and with a i r  ir, the CGR. 

T ’ ~ Y  operation above a60 C, the 

atmasphere established, with a p n g e  ficw past, the gas a c t i v i t y  mcnitors. ETpachation 

and purging? as  wel i  as temperature changes, w i l l  nomal ly  be c s w i e d  cx t  with t h e  

envelope w i l l  be wale5 and the  nitrcgen 

system subcr i t ica l .  

a t  apprcyriate times dming the r i se  t c  temperatme. 

mvde c r i t i e a i  while under p a r t i a l  wm.mn t o  measure the nitrogen correet lcn i n  

C m t r o l  reds will be recalibrate3- arid excess r e a c t i v i t y  ch5ckeZ 

HDvever, the system may Fe 

some experiments . I 
I 

3. Ekperimental OFeraticns 

After the reactor  has been made c r i t i c a l  a t  any t e s t  temperature, a var ie ty  

of experiments may be done’. All t e s t s  w i l l  beccme more c r  l e s s  rwTine ,  indepcaent  

o f  the loading of the t e s t  regian and of the reactor.  

the twc, ?sc i l l a to r s ,  as described b r i e f l y  below: 

Many experiments w i l l  ctI1Ize 

a. The cen t r a l  c e l l  o s c i l l a t o r  w i l l  be operated to obtnin period meas’se- 

merts as  8 Tinction of  cen t r a l  cell cr  buffer c e l l  ycsit i i?n,  o r  t c  rneasise the 
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r e a c t i v i t y  coeff ic ients  of these c e l l s  by osc i l l a t ing  them from t h e  fu l ly - in  

posi t ion t o  a par t ia l ly-out  position. 

S p i c a 1  values for t h i s  t e s t  might be with a c e l l  having a n  excess multi- 

p i lca t ion  of t e n  percent, and a temperature coeff ic ient  of -4 x k/'C. A t  

1000 C t h e  k 

O f  t h e  cent ra l  c e l l  would be expected t o  decrease t h e  r eac t iv i ty  of tfie en t i r e  

reactor. by 16.5# i n  5 sec a t  20 C, or  by l3.2# i n  5 sec a t  1000 C. 

of t h e  c e l l  may be reduced t o  1.08. A th ree  foot  or greater stroke 
W 

b. The sample osc i l l a to r  w i l l  be operated t o  obtain period measurements as a 

function of t he  posit ion of t he  sample i n  t he  cent ra l  c e l l  or a buffer cel1,or t o  

measure t h e  r eac t iv i ty  coeff ic ients  of t he  samples by osc i l l a t ing  them from t h e  

fu l ly- in  posi t ion t o  a par t ia l ly-out  or fully-out posit ion.  These samples would 

normally be worth from 2 t o  lo$, i . e . ,  l a rge  enough t o  measure t o  a n  accuracy of a 

f r ac t ion  of I$. '- 

I n  a t e s t  involving addition of poison t o  ca l ibra te  t he  change i n  r e a c t i v i t y  

Of t h e  cent ra l  cel l ,  a piece of 4 0 - m i l  sheet material, a n  inch wide and 25 inches 

long, weighing 150 g would be typical .  Such a piece has a worth of about 3.3#, or 

45 g per one cent r eac t iv i ty  change. Inadvertent removal of t he  pcison sheet en- 

t i r e l y  -from the  reac tor  would contribute only a n  addi t iona l  2.5 t o  3.5 cents. 

c- The wire t raverse  mechanism w i l l  be operated with wires of various ma- 

terials; ur t h e  osc i l l a to r  w i l l  be used t o  posi t ion f o i l s  or samples for i r rad ia t ion .  

I r rad ia t ion  w i l l  be typ ica l ly  between 0.1 kW-min and 6.0 kW-min. 

d. The neutron beam chopper and  neutron spectrcmeter w i l l  be operated t o  

measure t h e  thermal and near-epithermal neutron spectrum of t h e  t e s t  region a t  t h e  

operating temperature. 

a t  a constant power l eve l  of 500 W for 4 hr, m 120 kW-min. 

A t yp ica l  experiment would requi re  operation of t h e  reactor  

e. The f i n e  control rod w i l l  be used, e i ther  alone or i n  conjunction with 

one or more of t he  eight main control rods, t o  maintain operation at, c r i t i c a l  as 
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- t h e :  whole reac tor ,  t he  cent ra l  c e l l ,  a f u e l  element, or a sample 

i s  heated; 

- t h e -  pressure of a l l  or a pa r t  of t he  reactor  enclosure i s  varied; 

* t h e  composition of the  c i rcu la t ing  gas stream i s  varied; 

- a sample i s  withdrawn or osc i l la ted .  

The flux instrumentation will be used t o  obtain r e a c t i v i t y  coef f ic ien ts  ,f. 

of changes i n  the composition or posi t ion of core or c e l l  components. The changes 

w U 1  be made r e p e t i t i v e l y  with t h e  osc i l l a to r s .  Examples are: 

small- changes i n  pressure 

* small. changes i n  gas composition 

small changes in posi t ion of one control rod 

g. The pulsed neutron source w i l l  be operated while the  reactor  i s  

s l i g h t l y  subc r i t i ca l  or j u s t  c r i t i c a l  t o  provide r e p e t i t i v e  bursts of nonfission 

(extraneous) neutrons i n t o  t h e  reactor .  The change i n  t h e  neutron densi ty  follow- 

ing each burst will be measured by the  f lux  monitors and the  data w i l l  be analyzed 

by PMACS. 

h. Some of these experiments nay be performed simultaneously. For 

example, t he  c e l l  and sample oscil la-tors may be‘operated i n  phase or out of phase 

t o  g3ve an o v e r a n  n u  response of d i f f e r e n t i d  f lux (o r  power) a s  a function of 

t i m e .  

. 4. Shutdown and Deactivation 

Nuclear shutdown of t he  reac tor  is simple and f lex ib le .  The safe ty  and 

control rods can be run i n  individually a t  controlled speeds, or t he  e n t i r e  rod 

system can be inser ted  a t  high speeds. Both of t h e  above modes can be done auto- 0 
matically or manually. 
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Recirculating cooled nitrogen gas will cool t h e  reactor  a t  a controlled 

Gas p u r i t y  w i l l  be maintained u n t i l  the  desired t e r m i r i l  temperaWre has rate. 

been reached. 

ambient air, whenever t h e  maximum graphite temperature i s  below 260 C. 

"he reac tor  s h e l l  door can be removed, exposing the system t o  

A shutdown prec ip i ta ted  by a power or cooling system f a i l u r e  w i l l  c reate  

no problems t o  any pa.rt of t h e  reactor  or  f u e l  but would lengthen the  time required 

t o  cool down t h e  reactor.  The cooled reac tor  w i l l  be deactivated by defueling and/ 

or by inse r t ing  t h e  rods and locking out t h e  power t o  the  safe ty  c i r c u i t ,  t h e  rod 

drives, t h e  neutron source, and the reactor  heaters.  

While deact ivated 'but  s t i l l  fueled,  the reactor  would be under constant 

survei l lance through an alarm c i r c u i t  t o  a neighboring constantly-manned f a c i l i t y .  

5- &rge-Dischai-gt: of t h e  Tesb Region 

The removable core w i l l  be assemblea outside t h e  reac tor ,  checked for 

alignment, and the  test cel ls  f7mctionally checked w i t h  a n  o sc i l l a to r .  

mental core w i l l  not be f'ueled outside the reactor.  

The experi- 

Typically, w5th the driver region d e p e l e d t o  less t h a n  one-half of t h a t  

required f o r  predicted c r i t i c a l ,  t he  removable core will be placed i n  t he  t e s t  

mvity, as a s ingle  la rge  stack if t h e  equipment ( cme  dol ly)  i s  avai lable ,  or 

manually, block by block, if necessary. The reac tor  will then be fueled as pre- 

viously described, and t h e  heaters , t raverse  wires, thermocouples, and osc i l l a to r  

ac tua tors  will be connected. 

Upon shutdown, the  procedure is exactly the reverse.  After su f f i c i en t  

cooldown, the  required fraction of the dr iver  f u e l  will be removed, t h e  experi- 

mental and t e s t  c e l l s  will be decoupled from the  o s c i l l a t o r s ,  and t h e  heaters  

will be removed. "he experimental core w i l l  be defueled and then removed. 
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The capabi l i ty  of performing experiments with water i n  the t e s t  l a t t i c e  i s  

not excluded. The a b w e  procedure w i l l  be extended t o  include leak t e s t i n g  of t he  

in-reactor section, r e l i a b i l i t y  and back-up s t a tus  of the  out-of-reactor equip- 

ment, a check for r e a c t i v i t y  worth for l o s s  of %O,and special  procedures t o  cool, 

depressurize and vent t h e  in-reactor loop during cooldown. The l imi t ing  tempera- 

t u r e  for water experiments w h ,  of course, depend upon the  strength of the  con- 

tainer a t  t h e  desired temperature. 
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X. ADMINISTRATYON AND PROCEOURAL SAFEGUARDS 

A. Organization 

The ETL!Il? w i l l  be operated by the  High Temperature Reactor Physics 

Section of t he  Reactor Physics Department of the B a t t e l l e - N o r t k s t  Laboratories. 
1 

The manager of the  High 'Temperature Reactor Physics Sect.ion will be 

d i r e c t l y  respolisible fm the  C-timate safe ty  cf the reactor.  

i nc lu i e  a senior  engineer, responsible f o r  all star t -up a c t i v i t i e s ,  reactor  

'I3ie s t a f f  w i l l  

operation, an3 maintenance; a systems engineer, or,e OF more senior wcrking 

leaders, and two o r  more reac tor  operators. Qualified reac tc r  operat.crs from 

the PCTR, TTR, m d  PRCF will be available f o r  t r a i n i r a  a t  HTLTR f o r  i n i t i a l  

a d  subsequent relief operaticris. An operator w i l l  be qua l i f ied  1-Ton success- 

rul compietion of the requirements described below. 

Althcugh the  reac tor  w i l l  usmUy be operated c n a  cia day s h i f t ,  it 

_will sometimes be operated csontinuxsly. 

the control  room during the periods of nuciear oFeraticn. 

either be a%tmdeZ or ecnnec-ted thpoug'r; an alarm c i r c u i t  tc, a corxtaritly maumea" 

s t a t i m  when i t s  temperature i s  above 260 6. 

!%m- qual i f ied  operators w i l l  be i n  ---- - 

The reactor  will __ --__ --_ 

OpePation and maktenarxe of the reac%or mid storage of i t s  f i e l  inveel?- 

-tnry are m b j e c t  t o  acd i t  by the h c ~ e a r  Safeguards and Engineerizg Section of 

the  En%-ixnmental Health and Engiqeering Department of Bat te l le  -Northwest, 

B. P a i n i n g  of Personnel 

1. Reactor Operators 

Canidates f o r  t ra in ing  must haw a minimum of high schcc.L 

education o r  equivalent and a demonstrated i n t e r e s t  and a b i l i t y  f r ~  

technj-cal wcrk. 

play a mature a t t i t u i e  i n  matters of sa fe ty  a i d  teamwsrx. 

!They must be a l e r t  a t d  r e l i ab le ;  and they rnwt d is -  
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2. 

, 

The t ra in ing  program t o  qual i fy  reactor  operators 

is described i n  Appendix C. 

be given t o  the first group of t ra inees .  

Classroom ins t ruc t ion  w i l l  

Some w i l l  spend 

time i n  the  f a c i l i t y  during construction. 

the  acceptance t e s t s  and a l l  will take p a r t  i n  the pre- 

operat ional  design tests performed a f t e r  acceptance of the 

f a c i l i t y .  

Reactor Supervisor and Systems Engineer 

Some w i l l  observe 

The Reactor Supervisor must have completed a four- 

year college program i n  physics, engineering o r  chemistry 

with courses in reactor  physics o r  equivalent experience. 

Prbr experience in reac tor  o p e r a t i m  is required. 

Supervisor w i l l  become fami l ia r  with the  background of the 

project ,  t he  experimental physics program, and the  design 

c r i t e r i a ;  w i l l  be t ra ined  on-the-job; and will pass wr i t ten  

The 

and o r a l  t e s t s  on a l l  phases of reac tor  operation. 

The object  i s  t o  become famil iar  with a l l  equipment and 

t o  understand it completelybut not necessar i ly  t o  a t t a i n  

dexterity.  

operating limits, and operating procedures is necessary. 

approval procedure i s  s imi la r  to, and the  authorization review 

period i s  ident ica l  with, t h a t  given f o r  the reactor  operator 

candidates. 

A thorough .knowledge of the safeguards analysis,  

The 
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The Systems Engineer must have completed a four-year 

college program in one of the f i e l d s  of engineering o r  science, 

o r  a t ta ined  the  equivalent i n  experience. 

w i l l  be t o  maintain a l l  systems i n  proper operating condition. 

On-the-job t ra in ing  i n  reactor  operation w i l l  be provided u n t i l  

H i s  main respons ib i l i ty  

the  incuIribent i s  deemed capable o f  replacing the Reactor 

Supervisor i n  an emergency o r  f o r  short  periods of time under 

defined r e s t r i c t ions .  

and the authorization review period ident ica l  with, t h a t  given 

f o r  the Reactor Supervisor. 

1 

The approved procedure is s imilar  to, 
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XI. ACCIDENT ANALYSIS 

A. General Safety Features 

A c r i t i c a l  f a c i l i t y  such as the  HTLTR, purposely b u i l t  t o  permit wide 

var ia t ion  i n  core configuration, must depend fo r  safety i n  large par t  upon carefu l  

a t t en t ion  t o  procedure by t h e  operators. Some of these procedures, described i n  

detail .above, are 

control  of incremental f u e l  loading 

control  of excess r eac t iv i ty  

- maintenance of worth of shutdown mechanisms 

cont ro l  of r eac t iv i ty  aadi t ion rate 

rout ine  funct ional  t e s t i n g  of safe ty  system components 

- safe ty  analysis  of experiments 

A considerable & s e e  of inherent sa fe ty  i s  also provided. The r e l a t i v e l y  

long neutron lifetime i n  t h e  dr iver  region makes a l l  reactor  t r ans i en t s  comparatively 

lDng in duration. 

the  Doppler coef f ic ien t ,  would terminate any nuclear excursion i n  the  event t h a t  a 

Also t he  prompt negative temperature coef f ic ien t  of the  f u e l ,  i . e . ,  

scram were delayed longer t h a n  normal. The e f f e c t s  of the  concurrent chemical reac- 

t i ons  are discussed i n  Appendix A. 

There a r e  three b a r r i e r s  t o  the  iescape of plutonium or f i s s i o n  products. 

The first is t h e  f u e l  element matrix and jacket ,  t h e  second the  gas envelope, and 

the  t h i r d  is t h e  reactor  room with i t s  directed ven t i l a t ion  and exhaust f i l t e r s .  

The effect iveness  of ba r r i e r s  i n  preventing the  escape of hazardous amounts of radio- 

ac t ive  mater ia ls  is discussed i n  l a t e r  portions of t h i s  section. 

The reactor  control  and safety rods a r e  mechanically and e l e c t r i c a l l y  
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s-le, and a re  of proven types. 

k r t h  of negative r e a c t i v i t y  & l e s E  than one second with a movement of only s h  

Inches, The f o x  w P t i e a l  safety l u ~ d ~  &p by gravi ty  and a r e  completely effec-  

t ive i n  less than 1.15 secancs. 

Tfie shutter-type c o n t m l  rods add t h e i r  full 

Both tZle ccnt ro l  m d  safe ty  roils are desigr,ed fcr f a i l - s a f e  ogeration. 

The wprst mishap t h a t  couid b e f a l l  e i t h e r  system would be loss  of ccciing gas 

to t he  rods and rcd housings. The teqers tor re  r ise  woUd not be r q i d  enough 

fol lowir i  the b s s  of c c o l m t  to  a f f e c t  the mechmicai integxdty of the d r ive r  

systems befcre  the rods couid 'be inser te6  i c to  the  reactor .  

temperatures did Eecome excessi% because of failluPe t o  take p r q e r  a c t i x ,  it 

mulfl ne t  prevent normal mrJvemeat of tkie v e r t i c a l  s a f e t y  rads am3 they mPXId drcp 

i n t o  t,he reactcr.  The respense of the  hmizon ta l  contra1 rcds a t  t h i s  t h e  WDUM 

be deteraiced by the  remairiirg s t rength c.f the dr ive springs a f t e r  the latching 

solenoids f a i l ed ,  Ibw*arerJ t9he spring s i z e  i s  such that. the  rods t~i3-2~3 rapfG,y 

travel o1-r m g s t  of the s2x inch d i s t a m e  if they were i n  the xwst reac t ive  

However, S f  the  

~ S ~ t i G X 2  at this t h e ,  

The sa fe ty  cirmuit is compcsed of five bas ic  func t io ra l  t:~&s; the ;rcce;s 

seisms, comparatcrs, l c g k  c i r cu i t s ,  a power sxppb- and t he  eEectEmagnet Ec c h t c h e s .  

A desirable  level of r e l i a b i i l t y  is  achiemdb by eitkey ma;6ip4 the f m c t i o n a l  s e c t i m  

f a i l  safe.; t h a t  is, the  resctnr  wiE autamatiealliy go s u b c r i t i c a l  5rl ease cf ar:y 

cc:mporient f a i l - n e  i n  t h a t  fhriction; cr by including a t  least  oze redundant, fderi- 

t i c a l  channel to Ferform the same cperation, 

channel i s  prcvided; f o r  example, four neutrcn f31L.i m n i t c r i n g  charuAe2s are  -used. 

In  some eases more than one redundant 

Diversi ty  a s  m i l  as re5unCancy i s  a h r ;  achieved i n  t h i s  exawie  by eq i f rg ing  twG 

cf the four  channels with fission chaaber detectcrs ar2 the o t h e r  tm cI--anneTs w i t h  
1 

-i c < ~ ,  c c 1  
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ion chambers. 

Inter locks a re  provided t o  prevent the withdrawal o f  c m t r o l o r  s a fe ty  

rods unless the sa fe ty  c i r c u i t  i s  i n  operation. The downscale t r i p s  i n  the neutron 

flux monitoring and measurement systems prevent making up the sa fe ty  c i r c u i t  un2.ess 

suf‘fjcient neutron f lux i s  present a t  the sensors to cause an on-seaie reading of 

t he  instruments, 

out the  s t a r tup  neutron source i n  oyeration. 

This arrangement pos i t ive ly  prevents s ta r tug  of the reac tor  with- 

I n  addition tc the  spec ia l  design t h a t  has been provided, a l l  hardware 

and systems were obtained from specif icat ions m i t t e n  t o  s a t i s f y  the r e l i ab i l i+ ,y  

required in  these pa r t i cu la r  c i r cu i t s ,  

B, Accidents Considered 

I 

The acciSe3ts consider& in these anabsea  a re  tabdxited below: 

. nuclear excursions 

, 

. 

. startup a x i d e n t  

. loading accident 

ramp addition of r e a c t i v i t y  a t  various r a t e s  

e f f e c t s  of core temperature change 

. nechanical and u t i l i t y  f a i l u r e s  

. 

. 

. 

. 

. f a i l u r e  of gas blower 

. l o s s  of nitrogen supply 

leakage of water in to  the  gas system 

leakage o f  water d i r e c t l y  in to  the  core 

breach of t he  reactor  gas envelope 

breaches of gas c i rcu la t ion  system 
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serv ice  water supply interrupt ion 

failures of reactor  components by in te rac t ion  of materials 

i’nstrument failures 

safe ty  c i r c u i t  r e l i a b i l i t y  ana lys i s  

- other instrument failures 

e f f e c t  of temperature on instruments 

escape of. contamination from t h e  f u e l  

pa r t i cu la t e  alpha contamination 

0 i od ine131  and other iodine isotopes 

other  radioact ive isotopes 

- critical assembly outside the reac tor  

0 spread of contamination i n  disposal of wastes 
., 

. i n t e rac t ion  with other f a c i l i t i e s  

nuclear 

contanination 

non- nuclear incidents  

sabotage 

bombing 

earthquake 

wind and storm 

f lood 

The probabi l i ty  of some possible var ia t ions  of these accidents i s  thought 

t o  be negl igible ,  f o r  t he  reasons noted i n  t h e  discussion which follows. The maxi- 
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npun credible  accidents a r e  postulated t o  arise from s ta r tup  e r ro r s  and loading 

errors. Two t y p i c a l  e r ro r s  a r e  considered i n  de t a i l .  

accidents a r e  suff ic ient  t o  make them highly improbable, and t h e i r  consequences 

are not worse than a to le rab le  exposure of one o r  two employees i n  the bui lding 

t o  neutrons. 

C. Nuclear Excursions 

The safeguards a g a i n s t  these 

Calculations of power excursions r e su l t i ng  from a continuous ramp addi t ion 

ai' r e a c t i v i t y  are shown i E  Figure XI-1  for  t h e  following cases: 

In i t ia l  r e a c t i v i t y  - 0.90$ 

A v a i l a b l e  excess r e a c t i v i t y  1.908 

Temperature 20 c 
Rate of r e a c t i v i t y  input var iab le  rmrp 

These t r ans i en t s  were computed using t h e  TRIP 3 code, wlth assmed failure 

crf tine log period t r i p s  so t h a t  the reactor  i s  shut down by t h e  log high l e v e l  

trips. 

and &/sec ramp rates, are for e n t i r e l y  hypothetical  cases and serve only t o  i l l u s -  

It should be noted that these calculations,  with the  exception of t h e  V/sec  

trate the favorably slow k ine t i c s  of HTL'I!R. 

ity can be added a t  a rate greater than  about @?/set. I n  addition, only r a r e l y  will 

as much as logo$ be available from t h e  operating console. Since rods containing 

a neutron poison w i l l  be used t o  partially compensate t h e  slow tenperature coef- 

f i c i e n t ,  t h e  necessi ty  f o r  la rge  amounts of ava i lab le  excess r e a c t i v i t y  a t  room 

temperature i s  removed. 

There i s  no mechanism whereby react iv-  

Only with ramp addi t ion rates greater than about 25$/sec, which i s  s i x  

t imes t h e  normal r e a c t i v i t y  inser t ion  r a t e ,  could t h e  e n t i r e  l.gO$ of excess 

r e a c t i v i t y  postulated be added before t h e  safe ty  rods began t o  terminate the  

excursions. In these  cases the  shortest  period was 163 mil l i -sec,  independent of 
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FIGURE XI-1  

Power Excursions Terminated by Scram 

70 
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t h e  ramp rate up t o  lOO$/sec, which rate was used t o  simulate a s tep  input. 

ramp rates slower t h a n  25#/sec, when t h e  en t i re  l.gO$ could not be added, t h e  

shor tes t  period was greater  t h a n  163 mill i-sec.  

For 

. 

The var ia t ion  with rate of r eac t iv i ty  inser t ion  of several  parameters of 

interest  i s  shown i n  Figures XI-2 and XI-3 .  

point was 3 kW. 

ramp r e a c t i v i t y  input i s  shown i n  Table X I - I .  

The assumed high f l u x  l e v e l  t r i p  

The var ia t ion  of these parameters with t r i p  point Kith a V/sec  

The r e s u l t s  of calculat ions similar t o  those shown i n  Figures XI-2 and 

X I - 3  bu t  f o r  t h e  case i n  which delayed neutron f r ac t ions  f o r  plutonium were used 

are shown in Table XI-XI. 

k i n e t i c s  of HTLTR are favorably slow. 

The data show that even i n  t h i s  case, the  neutron 

Although the low-enrichment f u e l  has a promDt negative temperature coef- 

f i c i e n t  which I s  capable of terminating a reac tor  t r ans i en t ,  t h i s  i s  not r e l i e d  

on f o r  t h e  safe ty  of t h e  reactor. 

trol and-safe ty  rods will never f a i l  t o  shut t he  reactor  down i n  t he  event of an 

inadvertent supe rc r i t i ca l  condition. 

f i c i e n t  on the  termination of excursions i s  shown i n  Table X I - I 1 1  and i n  Appendix 

A, assuming t h e  absence of the  control  and safe ty  rods. 

It is expected t h a t  t he  safety c i r c u i t  and con- 

The e f fec t  of t h i s  negative Doppler coef- 

The response of t h e  reac tor  t o  a change I n  temperature can be predicted 

from the  nuclear parameters quoted in Section V-K. With gadolinium shim rods 

worth 1.5s Ak/k a t  1000 C, t h e  excess r eac t iv i ty  needed from the  console a t  room 

temperature i s  about 904, while s t i l l  leaving excess r eac t iv i ty  of about 504 a t  

operating temperature. This I s  sufficient t o  give a period i n  the  20 t o  90 sec 

range a f t e r  removal of' the  cent ra l  c e l l  by the  osc i l l a to r .  

experimental data i s  expected t o  be bes t  f o r  periods i n  t h i s  range. 

"he preciaion of t h e  
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TABLE X I - I  

RESPONSE OF HTLTR TO A kd/SEC REACTIVITY INPUT 

VARIATION WITH H I G H  FLUX LEVEL TRIP POINT 

Trip Point,  kW 

Maximum Neutron 
Density, n/cm3 

Fuel Temperature 
Rise, C 

Time Above Delayed 
C r i t i c a l ,  sec 

Time Above Prompt 
C r i t i c c ,  3ec 

Shortest  Period, sec 

3 30 300 0 . 100 

0.012 0.115 1.14 0,oo 

28.30 

3:. 16 

0,58 

4.43 

0.51 

30 . 67 
5.55 

0.46 

26.05 

0.86 

0.74 



UNCLASSIFIED 

TABLE X I - I 1  

RESPONSE OF HTLTR TO VARIOUS RATES OF REACTIVITY INPUT 

PLUTONIUl4 FUEL KINETICS CONTROLLING 

Ramp Rate of 
Reactivity Addition, d/sec 

Maximum Neutron Density, 

Fuel Temperatzrz Rise, C 

Time Above Delwed 
Critical, sec 

n/ em3 

Time Above Prompt 
Cr i t i ca l ,  sec 

Shortest Period, sec 

L 

37.78 

12.68 

0.792 

LOO 14 25 40 

1.35dO5 1.35~10~ 1.35~10~ 

3.335 0.035 0,035 

15.95 11.88 10 11 

8.72 7.79 7.52 

0.487 0.485 0.480 

5 1.35xlO 

c.235 

7.17 

7eO7 

0.190 
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TABLE XI-I11 

INHERENT SHUTDOWN CAPABILITY 
OF THE H I G H  TEMPERATURE LATTICE TEST REACTOR 

BY PROMPT NEGATIVE FUEL TEMPERTURE COEFFICIENT 

11 12 13 14 - - -  21 15-16 Computer Case Number li 20 _I 

Fuel Enrichment, 
5 5 5 5 5 5 5 percent uranium-235 

Number of  Drivera 32 80 80 80 80 32 80-32 

I n i t i a l  Reactor 
Conditions: 

20 20 20 1000 1000 Temperature, OC 20 20 

React ivi ty ,  $ * 0.90 - 0.90 - 0.90 - 0,gO - 0.90 - 0.90 - 0.90 
Available Excess 

1.90 1950 1.00 0.50 0.50 0.25 React ivi ty ,  $ 1.00 

Maximum React ivi ty  
Added, $ 

Shor tes t  Period, sec 

1 .oo 

0.99 

-b 1.25 

0.46 

t 1.25 

0.46 

1.00 

0.85 

0.50 

6.6 

0.50 

7.2 

0.25 

20.6 

Elapsed Time Super- 
> 500 

9 8 0 0 0 

99 10 5 45 39 38 47 c r i t i c a l ,  sec  

Elapsed Time Prompt 
8 

'These cases are i l l u s t r a t e d  graphical ly  i n  Appendix A. 

* I n i t i a l  pover l e v e l  2 kW 

7.5 C r i t i c a l ,  sec 

'Power r i s e  terminated by prompt negative f u e l  
temperature coef f ic ien t .before  a l l  ava i lab le  r e a c t i v i t y  
could be- added a t  t h e  bq5/sec rate. 

1 

5 

80 

1000 

0.001 

0.50 

0.50 

6.7 

106 

0 
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TABLE X I - I 1 1  ( Continued) 

INHERENT SHUTDOWN CAPABILITY 
OF THE HIGH TEMPERATURE LATTICE TEST REACTOR 

,BY PROMPT NEGATIVE FUEL TEMPERATURE COEFFICIENT 

1 
Computer Case Number 20 11 12 13 14 21  15-16 

183 47 4.3 6.0 ,+ 8.2 Maximum Power Level,  36 1831 
Mw 

F i n a l  Fuel  
3820 32.20 1870 880 3650 1000 2400 Temperature, O C  40 50 

Input  d a t a  t o  TRIP3 code for  t h e  above ca l cu la t ions !  

To ta l  delayed neutron f r a c t i o n  = 0,0064 (uranium-235) 
Prompt neutron l i f e t i m e  = 0.001 sec ( g r a p h i t e )  
Ramp r a t e  of  r e a c t i v i t y  input = 4d/sec 
Fuel temperature c o e f f i c i e n t  '/2 

of r e a c t i v i t y  = -O.O5945$/K (80 d r i v e r s )  

= -0. 03448$/K1' ( 32 d r i v e r s  ) 
Spec i f i c  hea t  of  oxide fuel = 0.072 ca l / (g ) (C)  

These cases are i l l u s t r a t e d  g raph ica l ly  i n  Appendix A, 

a c t u a l  power reached % 2 kW, 

§ 

*Power r ise not compieze a t  350 s e c ,  
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Cooling of the core by the circulat ing nitrogea gas system i s  so slow as t o  

add r eac t iv i ty  a t  a negligible rate, as was shown i n  Section V-L. Direct exposure 

of the core t o  the atmosphere by some accident could not cause nore rapid cooling. 

Although the  most rapid cooling of the core would be caused by the introduction of 

l a rge  mounts of water into the  ci rcuiat ing gas stream, the pipe s ize  a d  hardware 

avai lable  are too smal l  t o  add r eac t iv i ty  a t  a r a t e  of &$/second even with the 

mrst assumptions on the  s i ze  of the temperature coefficient.  (See Apgendix B). 

Calculations show t ha t  the  replacement of the nitrogen by water i n  the 

driver region of the cold reactor  causes a decrease i n  react ivi ty .  

down reactor  would not become c r i t i c a l  from flooding with water. 

Thus -the shut- 

The examples of nuclear excursions given above are hypothetical. For a 
t 

nuclmr - k m r s i o n  t o  :;cur i n  tk: ETLTR, standarz s p r a t i o n a l  2xcedures  woulC 

have t o  be violated, multiple control c i r cu i t s  would have t o  f a i l  simKitaceously, 

and the  reactor operators would have to be assumed t o  have t h e i r  a t ten t ion  elsewhere. 

Operational procedures c a l l  f o r  loading the reactor by Imrements with 

neutron mtiltiplication measurements af te r  each increment of f u e i  is  loaded, so 

that the c r i t i c a l  loading and the amount of f u e l  f o r  the necessary excess r eac t iv i ty  

can be predicted. 

loading before the reactor is  taken c r i t i c a l  t o  eosxre tha t  the strefigth of t h e  

The strength of the contra1 rods i s  determined f o r  each r_ew 

system is suf f ic ien t  fo r  complete control of the f i n a l  loading. Final appmaches 

t o  c r i t i c a l  a re  made at conservative r a t e s  and eventually by withCrawing one rod 

a t  a time, so t h a t  c r i t i c a l i t y  is approached slowly. 
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During reactor operation, manipulations with the osc i l l a to r  are designed t o  

give pos i t ive  periods i n  the  range 20 t o  90 sec. The power rise on periods as 

long as these is eas i ly  terminated by manually closing the  control rods a f t e r  t he  

measurement of t h e  period i s  complete. 

If f o i l s  a r e  t o  be i r radiated or a neutron spectrum determined with the  

chopper, t h e  reactor  power l e v e l  i s  brought from c r i t i c a l  t o  the  desired l eve l  

(from a f e w  t e n s  of watts t o  possibly 2 kW) on a safe md accepta3le period. It 

3s held level f o r  the  desired time; then the  reactor i s  shut down by closing, the  

control  rods. 

I n  short, inadvertent nuclear excursions a r e  not expected t o  occur i n  hTL!FR. 

But if excursions do occurI the .contro1 of r eac t iv i ty  a,dditioEs would make them in- 

consequential; and they a r e  inconsequential even under the  assumptions of gross an3 

multiple f a i l u r e s  of t he  control c i r cu i t s  and thz operators. 
-.Llr 2 . Ai--. 

D. Mechanical and U t i l i t y  Failures 

1. Leakage of Water i n t o  the  Gas System 

The leakage of water in to  the  gas system a t  r a t e s  so high t h a t  

l i qu id  water is carr ied i n t o  the  heate3 reactor core has been precluded by design, 

i r e r ,  t h e  s ize  and t h e  tyye of hea5 exchangers, t he  type of blower amZ the  ba r r i e r  

presented by t h e  filter. 

water is vaporized before it reaches t h e  reactor ccre. 

This section considers leskage rates such t h a t  a l l  l iqu id  

I n  t h e  event of slow leakage a t  e i the r  heat exchanger, t h e  moisture 

would be vaporized by the  gas and piping anri be detected by t h e  monitors downstream 

of the  heat exchangers. 

hydrogen from the  ka+er-gas reacticn muld  be detected b.j the  chromtographs. 

If these de3ectors should fsil, the  carbon monoxide and 
u,/!/<> n /  *-e 

An 
A w 
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s l a m  wouLCi. be sounded i n  e i the r  case. 

c i rcu la t ing  blower would be turned off.  

ed ma the  reactor  m u l d  be allswed t o  cc.01 gradiJaUy. 

The reactor would be shut Oown an.d the gas 

The e l e c t r i c a l  heaters would be de-energ.iz- 

A gross f a i lu re  could occur i n  e i the r  the main heat exchazger o r  

the rod cooling exchanger. 

a maximurn 2 i f f e r e n t i a l  pressure GI? 2 psig. 

be quickly vsporized; any l i q d d  water carr ied by the gas would 3e sV,-g2eC a% The 

In  the fcrmer, water would flcw into the gas stream a t  

The water enterigg the hct gas vculc? 

f i l t e r .  

there  i s  l i t t l e  pas s ib i l i t y  f o r  heat storage i n  the metal. o f  the hct e n 9  of the 

The heat exchangers are so designed (water-cooled i n l e t  gas cksnnels) thaL 

exchangers. Therefore, a simgle thermal analysis by the method of mixtures i s  

possible, from which it i s  shown (ApFendix B) t h a t  a reduction i n  system pressxre 

an& not. a p r e s s w e  surge would occ'w. 1% 

I n  the event of a g r o s s  f a i lu re  of the rod-cooling exchanger, liqjiiii 

water wc-dld enter  the exi t  gas stream a t  40 C. The velocity i n  the exit. gas lirie 

i s  7.0 ft /sec.  Tbe l iqxid water carr ied a t  t h i s  velaci ty  would be rewved by the 

water v a p r  remcvd system, o r  if  it were byrassed by a water sepamtor fn the l h e ,  

which has a ret,ention capacity of 25 gallcns of l iquid.  

head tending to  drive water into the gas stream, water from my l i k e l y  leak, such 

as  ccrqplete severance of an exchsnger hbe ,  would be simply accumulated d z i n g  the 

Because of the low availakle 

resFonse time of the moisture monitor axid the  shut-down of the gas bhwer. 

3. Ieakage of Water Directly i n t c  the Ccre 

Liquid water leaking d i r ec t ly  into the core woul.2 cool the time at, 

the  point of in t rodwt ion  of the water. 

there  vavld be formed a mcle e w h  of hydrcger, and carbon monoxide by the water-gas 

For each mole of water entering the c1x-e 
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reaction! 

c/ jw i d  

The pound m o l d  vclume a t  max3num temperatwe eondit.ions i s  

1273 
-23 17 (359) (-) (Lz) = 1471 ft3. !%e r a t e  c f  gas formation i s  therefore 

(2)[1477)/18 = i64 f t3/ lb  water enteyfng the ccrs. Th? rnzcimsm purge f l o w  ra te  

(and nitrogen makexi2 r a t e )  i s  or,* 60 f t 3 / ~ i n .  

tem mu25 therefore resci1.t from any iriflux cf i iqu id  water ir;to the reactor  cere 

Pressme increases ira the gas sys- 

a t  a r a t e  greater  than 0.4 1b;min. 

m e w  only i f  the r a t e  of w a t e r  fnf2sx were suf f ic ien t  t o  increase the Fressure 

&02 i n  the  large, d i r ec t  pize line betweeri the resc tz r  and the mair: he8t exchanger, 

the filter, acd the blower intake Sine. 

up IE nearly 400 moles/hr with a pressme rise of 0 r . y  0.7 psi ,  it foUovs tha t  

water influ r a t e s  greater  than 2.50 mLes/kr cr $5 Ib/min wnul..d be req.lired t o  

Pressure surges i n  the reactor sh2 l l  could 

Since during cooldmr~ t h i s  l i n e  carr ies  

cawe g-noticeable pressme surg2 i~ the r ea r to r  shell... 

path  is appcximat.ely praportional t o  the square roct c f  tfie presswe dm?. 

water influx r a t e  of about 140 lb/nin would be required t o  cause a presswe s-crge 

of 5 psi i n  the reactor sheli ,  i t s  design pressure. 

Flow of gases i n  sach a 

A 

The cnly pcints  a t  which water 

ccul3 enter the reacst.or core arb vis the rod-coci-ing gas c i r c u i t  into the ITSR 

chame3.s [ f i l l i n g  the water sepirator) and via leakage frcm the copper-8to-maptLkte 

heater ccnnections, which a re  water czoied. 

is c a ~ a 3 l e  of admitting as much as 140 lb/min of l iqu id  water t o  the core even uriier 

Neither of  these channels cf watep ir.!.!hx 

wide oxen fa i lure .  

3. Breach of the Reactor Gas EhwLope 

The.reactor gas envelope wculd nct-be expected t o  f a i l  from in te r -  

n a l  c r  external  pressures resUt.ing f'r~om any foreseen abnormal conditions. m e  

envelope is  designed to withstar-d a vacuum and 5 Js ig  i r i temal  Fresswe. The ad- 

mission of l iqgid nitrogen into the  r e c i r c u k t i n g  gas s t r e m  has been made imjos- 
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sible by t h e  design cf the  S Y S ~ P , ? ~ ,  a s  described i n  Section N F .  

marlmm i n t e rna l  pressares w i l l  nct exceeJ, 2 t o  3 psig. 

whereby f a i l u r e s  of process instrmen5ation or control valves could cause la rge  

and rapicZ pressure in?rzases, since %be nitrogen makeup and p a g e  l i nes  a r e  small 

and am comected to 9 syskm hai4ring a large f r e e  volume. 

The ant ic ipate3 

m e r e  i s  no mechanism 

A sudden lcwer ing  cf the  nitrogen pressur2 i n  the reactor f rox  its 

mrml maximum cf atcidt 3 psig % atm,lel;Iieric presmre, from whstever cal:se, wwld 

ail3 10 cents Gr k s s  of reEtc;';ivi+,y i n  a ktep cr f a s t  ramp. 

mpercrif-lcel  on a 20 sec period b3fore the  step, t h e  new yeriod ~ ~ ~ 1 : X .  n?S ?e 3:=s 

If the reactor were 

s 

than 10 seconils, and easily rlon",olled by the  safety systems. 

A l a rge  ruptwi: of the reactclr envelcpe could resul% cnly f r Q m  ar. 

u n u s 1 ~ 5  accider t  ic -,,?xi& v ic l e s t  dmage m i g h t  be iiune to one UP t h e  she l l  FE;ne- 

tra+,ions by an operator mishandling a crane or  fork-lift. 

>-& 

In such an 

event, s i x e  %?.e pressure i n  t h e  reactor  envelop  i s  norrnally kept s l i g h t l y  posi- 

",ve rela",ve t o  the reac-S,or enclosure press*xre, there wmld be an i n i t i a l  s u g e  

DT nitrcgen mt, c;f the  treach. 

supply a t  f u l l  c q a c i t y  c c d 3  pot m i f i t s i n  t h e  g a s  s:~sC,a pressure, air  coulfi elitel- 

t h e  bresch by convezfim t-msed by kirbulence. 

g s p h i t e  i n  the  loca l  area cf t k  r e f k c t o r  adjacent t o  t h e  break. 'rhc oxygen and 

carbon mcnoxide monitors woitlrl soon respona and the  gss circulating blower and t h o  

If %fie breach were so ls rge t h a t  the nitrogen 

!Phis wmld cause oxidation af t h e  

. heaters  would be turzed off. (It i s  presumed t h a t  the reactcr would be a t  tempera- 

%ure bu% rat; operating, since i f  It, were operating there would be rc personnel i n  

t h e  reactor room $0 c a m e  t h c  Fos?::.'.Rtnd Eiccident. ) The r a t e  of heat production 

fron the burning grsphite under this condition would be very low compared hc\ the 
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ncrmal production of heat by the  e l ec t r i ca l  heaters. 

t o  t h e  re%ctDr s h d l  and cor;ld make temporary repairs  which would h a l t  t h e  reaction. 

Personnel would have access 

No m g e  30 fue l ,  instmenfakion, shutdown devices or heaters wculd be a r - t k i -  

pated. A l l  darmge w x l d  be corzined t o  t h e  re f lec tor  graphite, and  would probably 

mt require repair .  

4. E r c a d E s  of t ~ e  23s Cireulaticn System 

A breach of t k  gas circulation system under nomial operating 

cofiditlons would p e r m i t  a lesk of nitrogen in to  t h e  reactor roon basement, since 

the system pressure is normally s l igh t ly  posi t ive r e l a t ive  t o  t he  reactor enclc- 

sure press*ne a t  a l l  points. 

adntlssion sf mere ci t rsgen frm stcrage, ~ - g  t o  t h e  maximum r a t e  available from the  

systerc, cibmt 60 crt?. 

culating blowcr, air  wculd eventually be drawn ir and would flow t o  a l l  of the 

control rad and ;JSR drive enclosures and theccs t o  the  reactmr. 

The pressxre control w m l 3  compensate f o r  t h i s  by thG 

3 t he  event of a large I x E L d i  near t h e  intake of the cii-- 

The oxygen an6 

carbon mrioxi2e roocitors woTild a c t  t o  shut down t he  circ-ting blower wi3hin 15 

mhu tes  a% %he longss5, and %he reacticn would soon s t q .  The reactor wozzld be 

allowed to cool down slowly without gas circulat ion mC,il tmporary repa i rs  53 t h e  

system could be made, t h e  s y s t a  ?urged, and the reactor  cooled by normal c i rmlht ion .  

After such En incidzn5 it wctlld be only prudent t o  unlosd ftrel 

f r o m t h e  resctor ,  remove a l l  ccntrol and safety rods, and t o  inspect all conpme25s 

to determine whether repa i rs  were recpired. 

Breach of t h e  gas sys tes  woald no t  be hazardous t o  enployees i r i  the  

reactor  enclosure, because t h e  nitrogen escaping would be removed quickly  by the 

vent i la t ion  exhaust. 
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i , 

5. Failure  of t he  Gas Blower 

On failure of the  gas blower, the reactor would be shut down man- 

Reliable monitoring of 

The temperature 

aally, and t h e  power t o  t he  heaters  wouldbe turned off.  

t he  gas system pur i ty  would be l o s t ,  but no damage would occur. 

of t h e  reac%or would drop slowly by leakage of heat through the  insulation, re- 

quiring several  days t o  cocl frm maximum tem-perature t o  260 C. 

6. Failure of *he Ventilatfon System 

If t h e  vent i la t ion  system were t o  fail ,  the air i n t h e  reactor  room 

wozlld slowly r ise  i n  temperature because of the  leakage of heat from the  reactor  

shell. me efficiency of t h e  insulat ing material is such t h a t  a t  reactor tenpera- 

t u r e s  of 1000 C, the temperature of t h e  reactor  room air under stagnant conditions 

would not exceed the aesign l i m i t  far t he  reactor  flux instrumentation f o r  about 

40 minutes. 

t h e  core i s  heated, a n  auxi l ia ry  gasoline engine drive f o r  t he  vent i la t ion  exhaust 

f an  has been provided. 

clutch. 

temperature i s  above 750 C and t h e  reactor  unattended. In  the event of fa i lure  of 

the  e l e c t r i c  mator, the gasoline engine will then drive the exhaust fan t o  provide 

- -2 - b. 

To avoid the  necessity f o r  constant attendance of the  reactor  when 

The engine is connected t o  t h e  drive by an over-running 

The engine will be s t a r t ed  ana l e f t  rupning at all times when the core 

uninterrorped v a t i l a t i n g  air flow. 

7- k s s  of IJitrcgen Supply 

On failure of the  nitrogen supply, the  gas system pressure would 

drop t o  atmospheric a t  a rate depending on the  leakage of the  gss  system. 

loss  were prolonged, and i f  t he  system temperature were being lowered, intakd of 

air by diffusion would lead t o  very slow oxidation of the  graphite. 

If the  

Assuming that 
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t he  reactor  case and gas system remain i n t ac t ,  react ion would be negligible com- 

pared t o  the  incidents previously described. 

If t h e  nitrogen supply were to be l o s t  concurrently with a blower 

fa i lme or  inprrt leak, temporary repairs would be made as described under Breaches 

of t h e  Gas Circulation System. 

' 8. Elec5ric pcxer I n t e r n y t i o n  

On icterrLp3ioz 05' the  e l e c t r i c  power supply, the  reactor would be 

shut down by f a i lu re  of tk power supply for the  rod holding magnets. The heaters,  

t h e  gas c i rculat ion blowers, and the  vent i la t ion supply and exhaust fans  would not 

operate, The reactzr  woulii cod ,  as described above. Emergency cooling of the  

reac tor  room w m l d  be provided by the  m i l i a r y  gasoline enginc hiving the exhaust 

fan. Reactor instrumentation vould not be damaged, ngr would dehydration o r  t h e m a l  

stress damage t o  the s t ruc tu ra l  concrete occur. 

The reactor  instrumentation would cease t o  respond, but t h i s  would 

presen-3 no hazard i n  t h e  shut-dew2 reactor. 

ments or t o ' t h e  PMACS would 02cur. 

$10 permanent damage t o  the  instrrz-  

A long power outage could r e su l t  i n  l o s s  of the instrument a i r  

supply. 

safe posi+Jions, so  no adverse Effect on the  reactor or  building would result. 

Power outages a t  300 Area are very infrequent, and only one long 

A l l  valves and dampers would'alreaay have moved by spring act ion t o  t h e i r  

unscheduled pcwer outage has occtlrred.in 15 years. 

9. Service Water Supply Interruption 

On fa i lu re  of the  water supply t o  t h e  heat exchangers, the  reactor  

would be shut down manually, and t h e  power t o  the  e l e c t r i c  heaters and the  gas 
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blower would be turned off. 

was 

n - e  heat exchngers uil l  be Trotected by operating procedures. 

The heat exchangers would be undamaged if the Slover 

turned off before the water could b o i l  out of the gas i n l e t  channel jackets. 

The copFeP-to-graphite heater power connections would heat up 

f a i r l y  quickly ar,d the water would b o i l  out of the cooling tubes. The j c i n t s  

wculd then f a i l .  

dent, ' 

The coFFer bus bers would have t o  be replaced a f t e r  the inci-  

dSr. Jfs/pm 2w/&;3 
If the  intermFti.cn t o  %he water supply were t o  last .  mcre than 

about an hour, s t ruc tu ra l  dmage t o  the water-cooled f l c o r  under the reactor  ~ ~ o u l i i  

be expected. Loss of s t ruc tu ra l  strength and collapse of the base under the 

reac tor  Youid li-kely net  Gcc-dr f o r  several  horns. 

t i ons  have occurred t o  the ncrmal service va te r  suFF2-y a t  %he 30G Area i n  20 years. 

'In adGition, the 306 Area hss extensive capabilities t o  supply service water during 

emer&encies that. occur within the system. h emergency water su2ply frGR a pumFer 

truck could t e  o3tained i lz  the m l i k e l y  absence of a l l  other supply. 

However, no unscheduled interrup-  

Damage t o  t>.e corrtrcl an8 safety rod drives by heat csrducted 

from the re'actor core w0ul.l cccw after about an hour, and these nechanisns would 

have ta be reFaired or reglaced before the reactor CO-J~.~. be returned t c  service. 

This would not affect-. the shxt dc-a react.or, hckrmer. 

No damege t o  the rehctor o r  building insfrunentation would c c c u .  

10. Failures of Reactor Ccqxnents by High Temperature Chemical Reactions 

Materials sxi tzble  f o r  reactor use a t  the ope2ating temperature are  

few. 

graphite vhich could be released a t  temperattrres up to 1000 C and which .c,miid be 

harmful to other  materials ~ u s t  be avcided, however. 

Graphite, of course, r r c p e r v  used, is quite sat isfactory.  Impurit ies i n  the 

http://intermFti.cn
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Metal l ic  mater ia ls  f o r  t he  reactor  hRve been t e s t ed  i n  small 

assemblies acd i n  a la rge  mock-up of the reac tor  containing graphite,  insulatior,  

mater ia l ,  metal s t r u c t u r a l  par ts ,  a protctype cont ro l  rod and a v e r t i c a l  s a fe ty  

rod (VSR), thermocouples designed f o r  high temperature service, and other  pert9 

pro to typica l  of t h e  reac tor  design. The mock-up i s  heated with graphite heater 

rods af' i 3en t i ca l  construction t o  those i n  the  reactor .  All of the mater ia ls  

discussed have been shown t o  be capable of withstanding the reactor  conditions f o r  

severa l  hundred hours. A 1000 hr t e s t  a t  1000 C has been completed and the r e s u l t s  

are being reviewed. 

to be above 800 C over a period of one o r  two years. 

f c r  the  10 year l i f e t ime  of  the  reac tor  

large f r a c t i o n  of a l i f e t ime  t e s t  t o  allow predic+.inn of l i fe t ime in t eg r i ty  

with some assurance. 

This is  comparable t o  the time t h a t  t he  reac tor  i s  expec-ted 

Materials which must i a s t  

w i l l  have been given a s u f f i c i e n t l y  

The s t e e l  s h e l l  of the  reactor  and i t s  ex terna l  appurtenances 

are, of course, not heated t o  the operating temperature. The design tem-perature 

os" t h e  s tee l  s h e l l  is 175 F f o r  s a fe ty  of the  operating personnel and f o r  the  

prn?.ection of the instruments. The graphite core i s  en t i r e ly  free-standing 

and s e l f  sqpor t ing .  The f i r eb r i ck  insu la t ion  i s  suspended from the s t e e l  s h e l l  

by Rast.elloy-B bars. The design i s  t o  be such t h a t  t he  ba r s  w i l l  not, experience 

temperatures i n  excess of 860 C. The t e s t s  w i l l  have shown t h a t  these hportm+_ 

s t r u c t u r a i  members w i l l  p e r f a m  without f a i l u r e  before i n s t a l l a t i o n  of the  in- 

- su la t ing  mater ia l  s t a r t s .  Only minor surface e f f e c t s  have been noted i n  specLyens 

examined by metallography 4 af ter  severa l  hundred hours exposure t.0 d ry  nitrogen 

and i n  contact with insu la t ing  mater ia ls  and graphite i n  a small  assembly. 

tests were run a t  1000 C and 1200 C. 

T'nese 

I n  the  la rge  mockup, where v a t c r  i s  present 
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as a contminant i n  the nitrogen atmosphere, corrosion has deer, noted i n  samples 

of Inconel and Hastelloy-B placed a t  locations i n  the brick insulation only where 

the temperature was above 800 C. 

If several  hangers were t o  f a i l  and release a section o f  the insu- 

l a t ing  byiek above the gas p l e n i i  a t  the r ea r  face of the reactor,  some, but riot 

a l l  of the  control rod sheaths would probably be broken. Some of these c o u M  not 

re turn  to t h e i r  shutdown position. 3 2  several hangers were t.a fail tidjacent t o  a 

VSR posi.tion, it would zossibly nct h p .  Hovever, the shut2own margin cf the  t m  

control  systems is so large tha t  multiple f a i lu re s  could occur wfthout loss cf 

shutdmm capability. (See page 5.23. ) 

E. Ins-trment. Fe.ilures - 
1. Safety Circuit  

r. ir ..I - Safety system failures. +-have been discussea by Ji E. Bicnsq as 

falling i n to  two categories, vhich he simply c a l l s  f a i lu re s  of the firsf, kind ad 

failures of the  second kind. 

of tdcing aTpropriate action sh~ulC= action be necessary. 

kin& ;imOcluCe the same action, as a result  of the failures, that would be taken 

fo l lowhg  an actual  unsafe prccess condition. 

Failures of the f i r s t  kind render the system incapable 

Failures of the second 

The HTLTR safety system, which is 

di ,agpmed i n  Figure XI-4, i s  designed t o  .avoid f a i lu re s  of the f irst  kind. 

To start up and oFerate the reactor, the ve r t i ca l  safety rods 

(described abcve) are withdrawn from the reactor by drives incorporating e i e c t m .  

magnetic clutches. Power i s  delivered t o  the clutches o d y  if the power amplifier 

. is energized through a key lock switch a t  the operatir4 console and thereaf ter  by 

two 1000 pulses per second system-normal signals, internal ly  supplied thmugh 
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FIGURE XI-4 

Safety C i r c u i t  Block Diagram 
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' t h e  two safety logic  c i rcui ts .  These system-normal signals energize and de- 

energize the  power amplifier 1000 times per second t o  produce a-c power a t  28 

v o l t s  and 1000 cycles per second. This power i s  inductively coupled t o  a r e c t i f i e r  

t o  produce the  d i r ec t  current power supplied t o  the  electromagnetic clutches. If 

e i the r  system-normal s ignal  disappears, the power amplifier output a t  28 vo l t s  i s  

l o s t  and t h e  elu5ches re lease the  rods. 

Each logic  circiuit stops t h e  sys%emcormal s ignal  from passing 

through it vhenever an out-of-limit condition occurs. 

f i nc t ions  are ident ical ,  t h e i r  designs are different.  

an out-gf- l ia i t  condition as the  presence of a signal,  t h e  other as the  absence of 

a signal, 

Although the  logic c i r c u i t  

One logic  c i r cu i t  recognizes 

Thus not only a r e  the  logic  c i r cu i t s  ac t ive  ra ther  than passive, furnish- 

ing  the  osc i l la t ion  drive a t  1000 

functioncilly and diverse i n  design, whieh provides maximum r e l i a b i l i t y  a s  shown by 

Binns.. 

normal signal lcss and both log ic  c i r c a i t s  must be r e se t  simultaneously before 

power may be applied to the  electromagnetic clutches. 

for the p m o ~  rgp l i f i e r ,  thny are redun9aEt 

The log ic  c i rcu i t ry  i s  automatically locked out f o r  any single systen- 

Each logic c i r cu i t  receives its appropriate s ignal  from (4 two 

log count rate and period channels ("I. *om PMACS-and from manua l  shutdown 

switches. 

voltage pAwer supply and s i g n a l  conditioning c i rcu i t s ,  which present i n - l i m i t  or 

out-of-limit information f o r  flux 'level, period and on-scale indication t o  each 

Each log c c m t  r a t e  and period channel includes a f i s s ion  counter, high 

log ic  c i rcu i t .  @ne of these channels may be by-passed a t  any time f o r  maintenance 

' or  testing. Each on-scale t r i p ,  f lux-level t r i p  and period t r i p  indicates  e i the r  

an in t e rna l  system or ccmponent f a i l u r e  or a val id  f lux  l eve l  t r i p .  
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‘llo provide an en t i r e ly  d i f f e ren t  method of monitoring neutron f lux  

level ,  which m u l d  protect. agaiiist the simultaneous f a i l u r e  of the two log c0.u-L 

r a t e  Cfi9nnelS9 sigra1.s f r m  two 5arAs cf BF 

Each ten th  of a second PMACS is  programmed t o  r e d  and compare the s ignals  f ron  the 

ion chmbers a re  monitored by Z?QLCS. 3 

two banks of ion chambers with s e t  points f o r  low and high f lux  leve ls  ar.d a period 

establ ished within the  ccmjyter. 

f a i l s ’ t o  sen2 a pulse t o  tke‘ sa fe ty  c i r c u i t .  

nuclear data  from the ion chmbers have been monitored and are  within l i m i t s  does 

not  reach the safe ty  c i r c u i t  every tent; c f  a second, the logic c i r c u i t  stops the 

systelr-normai signal, shut t ing dokn the  reactor .  Both lag ic  channels receive two 

s i s s l s  from the PMACS which or ig ina te  a t  the ion chambers. 

If a l i m i t  i s  exceeded i n  e i t h e r  channel, FMACS 

If the pulse indicat ing t h a t  the 

Note t h a t  the  f i s s i o n  ehmbers and-log count r a t e  meters Cescribed 

above’ arZ d i r e c t l y  coupled t o  the safe ty  logic  c i r cu i t s ,  and thus a re  independerL% 

Qf 1?K4Cs. 

m e  HTLTR i s  Tmtected against  a complete f a i l u r e  of neutron flux 

rnor,i-tcring e q a b i l i t y  by having tm separate, independent systems of e n t i r e l y  

d i f l e r en t  design each of which contains two channels. 

act ive,  separete logic  c i r c u i t s  cf sbilar design, each capable of i n i t i a t i n g  a 

These are  fclloved by two 

reac to r  shutdowL. Fower i s  ixductively coupled t o  the electromagnetic clut.ches. 

.No r e l ay  contact n m  so l id  s t a t e  switches m e  .,used, eliminating the consequences 

of shcr tea  ccrrt.acts and shorted o r  grounded -vires. 

The dual monitcring of switch contacts by the logic  c i r c u i t s  i s  

sextended t o  each of  the three manual scram buttons located i n  the control  room, 

reac tor  h a l l  an3 reactor  basement. 

A deta i led  analysls of r e l i a b i l i t y  incorporAted i n  the systems 

a p p a r s  i n  Appendix F. 
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2. Other Instrument Failures 

Reactor Temperatures 

As described i n  Section VII-D, there are  two thermocouple systems 

in  the  reactor,  one t o  l i m i t  the  heater rod temperatures t o  below the desired 

l i m i t  and the  other  t o  control  the  core temperature t o  the desired s e t  point .  

Bth 'systems Frovide measurements from several  places. 

a re  correlated w i t h  the  energy input t o  the e l e c t r i c  heaters by the PNACS. 

thermocouples proposed a re  chromel/alumel and platinumfplatinwn-rhodium, sheathed 

i n  Inconel. 

The temperatwe readings 

T'e 

They have been shown t o  be r e l a t ive ly  f r ee  from f z i l u r e  over the perioi: 

of an extended run  i n  the large tes t  assembly. 

The temperature of each heater rod normally is  monitored w i t h  two 

thermcouples, one of  which i s  a spare. 

would be signaled by PMACS t o  the operator f o r  replacement. 

-temperature monitoring of a l l  heater  rods i s  Frovided. 

A f a i l u r e  of the act ive thermocouple 

Essent ia l ly  cor,-tinuous 

Similarly, a f a i l u r e  of one o r  more o f  the core temperature t h e r m -  

couples would not s ign i f icant ly  a f f e c t  the r e su l t an t  measurement. I n i t i a l l y ,  the 

reac tor  w i l l  be sectioned in to  four zones w i t h  several  thermocouples providing the 

average f o r  each zone. PMACS w i l l  automatically ignore any f a i l ed  element, s ignal  

, t h e  f a i lu re ,  and compute the average from among those remaining. 

A check on the v a l i d i t y  of the  rod temperature measurements i s  

possible by comparing the  e l e c t r i c a l  power input as determined by the watt-meter 

and power a s  computed by PhlACS using the act ive thermocouple on each rod. 

wanted, a comparative check between the two thermocouple systems is  a l s o  .mailable. 

IJiier, 

Thermocouple f a i lu re s  would not cause a hazardous c c n d i t b n .  T1--e 
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reactor  operators cou-- decide that t h e  data being obtained was suf f ic ien t ly  pre- 

cise and t o  continue the  run, or that t h e  experiment was of no value and t o  shut 

down f o r  repairs. 

Gas Analysis System 

The nitrogen system w i l l  be sampled and analyzed a t  two points--the 

rec i rcu la t ing  gas stream and t h e  purge stream-- f o r  contaminants. The analysis  i s  

made by gas chromatographs, which analyze f o r  t he  various contaminants s e r i a l ly .  

The chromatographic analysis for  hydrogen i s  a back-up t o  the  moisture monitors, 

since detectable amounts of hydrogen i n  the  system could a r i s e  only from the  water- 
,f 
1 . 3 .  

';,' 
. I  .> f 

' I  
-- 

gas react ion with graphite. 

monox%de are redundant also, since oxygen i s  quickly converted t o  carbon monoxide 

The chromatographic analyses f o r  oxygen and carbon - --__I.1 

by react ion with grapnite. The chroktographic analysis  f o r  carbon monoxide 

backs up t h e  moisture monitors. 

Fai lure  of a moisture monitor would lead  t o  delayed knowledge of 

mofs t ae  in t h e  system, because t h e  response of t he  chromatographs i s  r e l a t ive ly  

,slow. 

'some react ion of steam and graphite can be tolerated.  

This'would not be l i k e l y  t o  result i n  hazard t o  the  reactor,  however, as 
\ 

The likelihood of hydrogen 

and oxygen ever being simultaneously present i n  t he  explosive range i s  n i l ,  since 

t h e  explosive range f o r  these gases is greatly narrowed by t he  presence of 

nitrogen, and oxygen would be continuously removed by react ion with graphite. 

Gas System Controls 

Fai lure  of t he  gas system controls could result i n  over- or under- 

pressurization of the  system, reduced circulat ion rates (excessive circulat ion r a t e s  

are not possible because of the  l imited capacity of t h e  blower), or  reduced or 
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excessive purge flow rates .  None of these f a i lu re s  could cause any serious hazards. 

The gas system i s  protected against over-pressure by a rupture disc. 

sure could lead %o abnormal i n f i l t r a t i o n  of a i r ,but  after shut-down of the  reactor 

and t h e  blower no amage would be done. 

cause slow cool-c!own of t h e  reactor. 

of colittminants i n  t h e  gas s t r e m ,  but; t h i s  i s  not hazardous of i t s e l f  nor would 

it cause other hazards. The reactor  and blower would be shut down u n t i l  the  condi- 

tion could be corrected. 

Under-pres- 

Reduced circulation r a t e  would simply 

Reduced purge r a t e s  would cause build-up 

Excessive purge r a t e s  would cause no d i f f icu l ty .  

Failures of any of these controls would be quickly detected by the  

response of other instrumentation, and repairs  could be made i n  most cases without 

t h e  necessity of cooling down the  reactor.  

-33 Effects 6," High Tenperatwe on Instruments 

me ion and f i s s ion  chambers, which measure the  neutron f lux,  

require maintenance of a high voltage between a n  electrode and the  chamber s h e l l  

f o r  their operation. A t  temperatures above 200 F, the  e l e c t r i c a l  insulat ion which 

maintains the high voltage could deteriorate.  It i s  necessary, therefore,  t o  

keep these sensors reasonably cool. This  is done i n  HTLTR during loss  of normal 

cooling from nitrogen by t h e  recirculating-ventilation air. 

of this that the  auxiliary gasoline engine dr ive has been provided f o r  the venti- 

It i s  p a r t i a l l y  because 

l a t i o n  exhaust fan. 

2'. Escape of Contamination f romthe  Fuel 

1. Part iculate  Alpha Contamination 

It i s  estimated t h a t  the 1200 kilograms of driver fuel inay contain 
f \  
k& as much as 20 m i l l i g r a m s  of plutonim a f t e r  10 years use i n  t he  RTLTR. The 

evaporation of plutonium from the  uranium oxide f u e l  i s  expected t o  be so small 
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as t o  be undetectable, even a t  1000 C with vented fue l  jackets. 

The most serious Dotential f o r  contamination i n  +,he HTLTR ccc-,ws 

when eqer imenta l  p iu t an im f d e l  i s  i n  the t e s t  core. The t e s t  core may c m t a i n  

up t o  6 kg of pktonium i n  a w  of various compounds or  mixtures sui table  f o r  use 

a t  high temperatures. Such file1 would not be vola t i le  a t  1000 C, so movement of 

plutonium int9 the gas stream cculd only be i n  the form of the or ig ina l  (o r  sune 

subdivided) par t iz les .  Cbntonir,ation of a l l  inside swfaces  of the reactor  core 

and t h e  recirculat ing gas stream c a n b e  assme3 i f  a f u e l  eleinent fa i led,  i_n_ sp i t e  

of the  presence of the f i l t e r  upstream of the blcwer. 

detected by the  alpha par t icu ia te  nonitor on t3he gas system purge stream, the 

The contmination would be 

only path by which the coctanirxtion might be icadverterhly released. 

The purge sfrem pesses thmigh dual high efflzilency f i l ters .  T k s e  

have a r a t ing  of 99.76 r s ten t icn  09 3 micron D(>P aerosol par t ic les .  The umber 

f r ac t ion  of 3 micron a ~ t i  smU.er pa r t i c l e s  woula be extremely low f o r  any f i e 1  i n  

1ITLTR ccrres. Io adaition, the weight f rac t ion  would 5e even smaller. Tne weight 

re ten t ion  of m y  plxtmium reaching t L e  purge f i l t e rs  w i l l  therefore closely 

. approach 106. The contamination i n  the vent i la t ion exhaust flow wovld 3e 

negligible. 

Leakage of gas f r G m  the reactor shell and gas system muld  carry such 

. contamiaa t io~  to the reactcr  r m m  and basement. 

, s l i g h t  cegative pressure by the vent i la t ion  system, the contamination would be con- 

With the reactor room held a t  a 

fined t o  t h i s  space. The exhaust from thFs area i s  route8 thrcugh high efficiency 

f i l t e r s  also. Thus, escaFe of plutonium from the f a c i l i t y  i s  not eqec ted .  I n  order 

t o  assure the operator and put l ic ,  a continuous alpha monitor is  ins ta l led  i n  the 

nitrogen exhailst stream upstream of twc; absolute f i l t e r s .  In  the unlikely event of an 
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out-of-limits re lease signal fur ther  emergency action, such a s  stopping the  gas 

$urge flow, shu52own of ?.he v e n t i l a t i m  eqLip,menti and temporary szaling of the  

reactor room pexietrations, collld b e  fsken. 

i n  hazardous qusnt i t ies  w m l d  be preven$ed. 

while t he  reactor  i s  open or while the  f u e l  element is being handle3 will be 

minimized according t o  prudcn;t practlf@e already long established. 

measiLFes which coulii be tsken fcr confinement of contamination a n 3  f o r  decontm-ina- 

t i o n  are similar t o  those described abcve. 

I n  any event, emission of plutonium 

Plutoniui esnape frm a fuel element 

The emergency 

-, 

3 e  plQ%,cnim cGn+ained i n  the  typ ica l  fuel element, i f  scatfm-ed 

thrcugh the  rezctcs  and gas9wm.12 c m s t i t u t e  a diffuse sowce of about 4 curies of 

low energy gamin radiation. 

proteetion against  slreh radiat ion Levels. 

sme special  prGblms in t he  deeontmfnatian cmpaign which wogld follow, but t h e  

d i r ec t  consequences t c  the  p 3 1 i c ,  and a l s o  t o  employees, would be negligiblz. 

The r ia i tor  rocm walls are ccanpletely adeqmte f o r  

Eaplqees  would, of course, encounter 

2- loctine-l3l and Ctk-,sr Zcdine Isotopcs 

At, the maxirm cperating t,e-wer&xxre of the reactor, ioaine is 

quite vo la t i l e ,  sc b h t  any i d i n e  released *om the fuel would be carried o u t  of 

t he  reactor  i n  the hot gas stream. At least some of the  iodine would plate out i n  

t he  heat exchangers and eocl piping, but; t h i s  f rac t ion  cannot be closely e s t i m t d .  

Many of the radioicdine isGtapes have short  ha l f - l ives  and do not give serious 

problems when emitted frorn a f ac i l i t y .  After 10 days, only 1-131 and 1-132 are 

present i n  s ignif icant  amounts. 

Iodine released i n  a n  enviroment of hot graphite may or my not 

r e t a i n  i t s  elemental characker. Iodine released from f u e l  has been reportecl i n  a t  
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l e a s t  three forms: elemental iodine, organic compounds typ i f ied  by methyl iodide, 

and unknown other species, perhaps iodine adsorbed on par t icu la te  matter, and 

usually const i tut ing not more t h a n  1-25 of the to t a l .  

The driver f'uel fo r  II'IlLTR will be jacketed i n  graphite. Some of 

t h e  noble gases and iodine formed by f i s s ions  w i t 1  therefore escape from t h e  h e 1  

element and enter t h e  c i r m l a t i n g  gas stream. 

considered i n  t he  following paragraphs. 

- The ef fec ts  of such release a r e  

The fuel, if i n  the  form of par t ic les ,  will be no smaller than 1 

mm d i m e t e r  spheres. The d i f a s i o n  of iodine from U02 i s  given by 

f = 3.4 10- 5 0 0 0 / ~  x *'/'/a 

f = f r ac t ion  of iodine formed which i s  released 

T = vni temperatwz, '4r 
t = time, see 

a = r a d i u s  of spheres, cm 

The amount of iodine formed i s  calculated f o r  two eases: operation 

of the reac-or at maximum power for experimental runs of maximum duration, and a n  

abnormal excursion i n  power w h i c h  i s  self-terminated. These a r e  absolute maxima 

i n  both instances. 

chopper run  with resetor  operation a t  2 kW extending over 8 hr. 

The highest f i s s ion  product inventory i s  accumulated during a 

This run of 16 

kW-hr genirates 1- 5 C i  of 1-131. 

it i s  expected that a n  upper l i m i t  of 2 C i  of 1-131 i n  the  fuel at  any time will 

be reasonable t o  handle. 

temperature, 1000 C, a t  which, over a period of one ha l f - l i f e ,  only 0.07$ of the  

inventory (or 1 .4  mCi  over an 8 day period) i s  released. 

Since these highest l eve l  runs a r e  infrequent, 

The escape of 1-131 is negl igible  except a t  the  maximuro 

The release rate per- 
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missible under radiat ion protection standaras f o r  the 300 Area i s  10 m C i  per week. 

The r0aximx.n %otal amour-t, of iodine isotopes formed i n  a self'-termi- 

nated excursicn reaching a peak power of 200 iW with a half-width of 4 sec i s  

about 5.5 x lo3  C i .  Gf' t h i s  only about 16.5 Ci i s  1-131; the  remaining isctopes 

are short-lived. The 809 MI:T-sec energy i n p i t  would r a i se  the f u e l  temperature an 

average 2200 G t o  a fuel tsperatqure of 3200 C under rraximum operating conditions. 

The r a t e  of escaye of radioicdine immeciiatePj a f t e r  the  exexs ion  would be 0.11 

Cl/min, but t h i s  wmld be nearly a l l  short-lived. Ey 2 hr a f t e r  t he  excursion, t h e  

f'uel temperature woull! be redwed t o  about 1700 C, and the r a t e  of re lease wculd be 

O.LDk8 Cl/min. The release of abolrt 0.5 Ci of short-l ived iodine isotopes would 

cause mincr coritmination problem i n  the  f a c i l i t y  and no of f - s i t e  darmge. 

should be noted t h a t  t h i s  i s  a maxim-m conceivable accident fer radioiodine r e -  

It 

lease t o  t he  enviroment. It i s  postulated 

t.hat t h e  excursion would not be terminated by s n  a u t m a t i c  scram 

that the operator f a i l e d  t o  respocd t o  the pover peak with a 

manual scram, and 

that a l l  o? the radioiodine escaFing fron the fuel particles 

a l s o  escsqzs f romthe  c i rcu la t ing  gas system. 

These consideraticns have le3 t o  the design decision not t o  provide charcoal traps 

for haloge'ns i n  e i ther  t h e  purge l i n e  or the main recirculat ion l ine .  

3. Other Rsdioac"uve Isotopes 

Noble Gases 

Ten minutes a f t e r  the  excursion postulated i n  t h e  previous section, 

there  would be about 15,000 mries cf krypton a n d  40,COO curies of x e x n  present; 

i n  the  dr iver  f i e l .  These decay t o  the  fol lowing a c t i v i t i e s  ( C i )  a t  the t ines  
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stated: 

X e  
u 

Kr - 
1 hr 3,260 2,590 

2 h r  2,320 630 

5 h r  950 510 

10 hr 280 510 

1 b Y  15.2 320 

5 days 0.004 41.5 

10 days 22.0 

20 days 5.9 
"he daughters cf xenon decay a re  cesium isotcpes which a r e  considered 

i n  the ftdlclwing section. 

strontiun, yttr ium, and zirconium. 

I%e daagheers of krypton decay a r e  isotopes cf rubit3iim, 

The a c t i v i t i e s  ( C i )  of these radioelements 

deposited from t h e  noble gas cloud a t  the  times s ta ted are:  

Sr y-95 Zr-95 Nb-gj - Rb - 
10 min 1.47xlo4 1.44 2.66~10 0.10 0 

1 h r  9 . 8 7 ~ 1 0 ~  . 4.86 9 . 8 0 ~ 1 0 ~  5.20 0.004 

2 h r  53.3 5.23 18.7 5-30 0.009 

5 b  0.03 5.23 0 5.30 0.024 

10 hr 5.23 5.28 0.049 

1 day 4.92 5- 25 0.118 

5 days 4.66 5-03 0.542 

20 aays 

loo days 

3.79 

1.26 

4.29 1.63 

1.83 2.41 

250 dags 0.35 0.37 0.73 
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The strontium contains 0.03 curies of Sr-90; the  reminder  i s  sr-89. 

The other long-lived isotopes present a r e  Zr-Nb-95. 

mile from the  noble gas cloud wmld be l e s s  t h a n  0.17 rem t o  the  bone from Sr-89 

and about 0.10 rem from Sr-93. 

4 . 1 ~ 1 6 ~  rem/yr. 

from cattle f ed  on l and  a t  a one mile radius would ke  less than 0.16 rem/yr from 

Sr-89 and abocrt 1.5x10-2 rem/yr fron Sr-90. 

make importat  contributiom to t h e  dose. 

H!?ZTR with t h e  daughters cf krypton decay would present no biological  hazards, 

since these doses are a factor of 10 or more below the  leve l  a t  which remedial 

action is necessary. 

The inhalation dose ap t  one 

The dose r a t e  t o  an  exposed individual would be 

! B e  ingestion dDse r a t e  t o  the  bone vis, consumption of milk 

!The other long-lived isotopes do not 

Thus contamimtion of the  envircns of 

-To la t i l e  Fission Producbs G t H e r  t h a n  Iodine an6 Noble Gases 

Cesium, tellurium, a r d  selenium formed i n  the  f u e l  will a l s o  be 

volatile a t  reactor temperatures. 

each preseat (Ci> a f t e r  t h e  postulat;ed excursion a t  the  times stated: 

The following tabulation shows the  a c t i v i t y  of 

10 min 

1hr 

2hr 

5 b  

10 hr 

1 day 

5 days 

10 days 

cs - 
3.03~10~ 

2. 0m03 

6.20~10~ 

45. a 
0.16 

0.08 

0.07 

0.06 

Se - Te - 
3 

1. 72x102 

1.15~10 2.58~10 4 

4.07~10 3 

1. 1 W O 2  0.02 

4 
1.04~10 

30.7 

3. 4h102 0- 83 

80.6 

30.7 

11.6 

20 days 0.05 '2.9 
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The cesium l i s t i n g s  include both tha t  vo la t i l i z ing  as such from 

the  fuel and t h a t  formed by xenon decay. 

contribute t o  t h e  a c t i v i t y  a t  10 hr a r e  Ba-139, Ea-140, and La-140. 

The daughters of cesium iso5opes which 

The daughters 

of tellimitun a r e  iodine isotopes, which were emsidered i n  a preceding sectioc. 

The daughters of selenium are bromine isotopes, of which cnly ~ r - 8 3  makes any con- 

t r i bx t i cn  a f t e r  10 fir. . The a c t i v i t i e s  of these radio-isotopes ( C i )  a t  t he  times 

stated are: 
Ba-139 and 140 La- 140 Br- 83 

1 k L -  3 . 8 2 ~ 1 0 ~  0. a5 184 

2 h r  2. 37f103 1.28 150 

5 b  5*49x1$ 2.54 64.8 

10 hx 

1 h Y  

68-6 ‘ 
25.1 

.-;. . 
4.48 

8.98 

15.3 

0.27 

5 days 20.2 19.4 0 

10 days 15.4 

20 days 9.0 

17.2 . .  

10.3 

It is seen t h a t  only the %-La chain w i l l  .contribute significant csn’:mination a f t e r  

one day; these a r e  daughters of cesium. 

The r a t e  of cesium escape from t he  fuel and i t s  su5sequect f a t e  

first i n  t h e  hot graphite environment of t he  reactor core and then i n  the  gas 

system piping a t  various teinperatures cannot be precisely estimated. Miller, 

Browning e t  a1 5 have shown t h a t  half  t h e  cesitun transported i n  dry helium and dry 

air passes through high-efficiency filters. 

have shown t h a t  only aboxt 15 of the  cesium i s  released from U02 a t  1400 C. 

f o r e  i n  the  postulated excursion about 0.5s of the  a c t i v i t i e s  l i s t e d  above will be 

However, Cot t re l l ,  Browning e t  a 1  6 

There- 
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dispersed i n  the environs of  HTL!lX. 

ofie year. 

Essentially a l l  a c t i v i t ~ y  voUid decay within 

The resul t ing minor coritmination incident muld prese::.t rm biological  

hazard, cr. r,r cff'site. 

elements, ard fuels f o r  the t e s t  ccre, w i l l  be more than a minima (cFt-imally 

moderated and refxected) cr%t. ical  mass. The stcrsge cf t h i s  mster ia l  will be 

divided into safe masses and Elaced i n  safe gecrnetric aPmngements 'cy adrnixktpative 

controls and the  -pavision of q e c i a l  storsge racks. The limits established i n  

the dmin i s t r a t ive  procedures are based on optimum wat,er moderation, optimum 

ref lect ion,  and sphericd.  geoinetry. 

In se t t i ng  these limits, a s a f e t y  fac tor  i s  aFplfed such tha t  a t  l eas t  

txcr simii.taneoils, independect accicents nnrst have ecwrred  t o  assemble a nass cf 

mate:+ial which co-dd be ms&e c r i t i c a l .  &wearer, the assembly o? such EI mass w o ~ l f i  

s t i l l  not; res l i t  i n  a c r i t i c a l i t y ,  becsuse the n.ecessary coni2.2tims ef cg+Arnum 

moderaticn aid re f lec t ion  W O L L ~ ~  s t i l l  nct le -$:resent. Eecsaiise c ; f  the desigrl cf 

the f a c i l i t y ,  the accumulation of emugh water t o  imierse the sterage wrap Is 

i m p s  s ible . 
All t ransfers  of f issi le mat5rials irito an9 cit of the fucf2i ty  are  madz 

.unfier s t r i c t  inventory contral, so that t'he rm.t&er ard fissile cx-iten'., of ear.h t y p  

Transportatkn, hardlir,g w-3 storage of fuel piece cn hand are kmwn a t  al l .  times. 

of f i e 1  are done ?urder the terms of Crit . ical  Mass SaTety Specifications, &awn up 

by the cperatcrs of the reactor m d  reviewed.by Battelle-Xorthwest spec ia l i s t s  cn 

c r i t i c a l  arrays. 

a given type a t  a pa r t i c -da r  rack pzsition, are t o  be provi3ed f G r  the storage cf 

Special rw&s, which wi2.l  aceoml;iiate only one Pdel r i ece  t ; f  

all but special  t e s t  f u e l  shapes. The l .at , ter  are stored i n  t h e i r  carrying c9ses 
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under r i g i d  limits on closeness of spacing. Fuel elements a re  required to  be i n  

t h e i r  racks when not i n  the reactor. 

3. Spread of Contamination i n  2isposal Wastes 

The HTLTR has few waste disposal problems. Water from the heat exchangers, 

though normally not contaminated, i s  run to  a potent ia l ly  contaminated sewer 

which<discharges to the  300 Area process sewer pon3, from which it i s  b s t  by 

emporation and leaching in to  %he so i l .  

wastes from decontamination procedures a f t e r  an incident would have t o  receive 

The pond i s  regularly monitared. Liqviil 

spec ia l  bantiling, depending on t h e i r  composition and amount. 

A c  previously described, the purge gas from the reactor and the ver- t i la tAx 

exhaust are Imth passed through high efficiency f i l t e r s  before release from the 

stack. 

As has been pointed out. jx the description cf the ventf la t ion system, 

t&? l cca t ioss  and height d i f f e ren t i a l s  between the vent i la t ion exhaust from the 

zeactor emlesure and the various veritdla5ion a i r  intakes, coupled w i t h  the high 

exhaust veioeity, make recycle of the exha-iist into the intake very hqrobable. 

Tbe exhaust -mula also contain signif icant  quant i t ies  of f i s s ion  Frodccts c’ii.3. 

i n  the  event of a large p o w e r  excursion, also highly hprcbnble. 

I. Interaction with Other Fac i l i t i e s  

The XTLTR i s  located a t  such distanees from ot.her f a c i l i t i e s  cor,%afrLing 

f i s s i l e  materials t ha t  interact ions among them leading t o  chain reactlcns a re  not  

Tossible. 

intakes of the vent i la t ion system is possible, but t h i s  would not iricreaae the 

Spread of radioact ivi ty  from one f a c i l i t y  into another through the 
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hazard to the  public. Because of the distances involved, the probabi l i ty  of t h i s  

occurrence is  small and tolerable.  Ebergency procedures f o r  the area and f o r  the 

ETLR f a c i l i t y  w i l l  provide an orderly and safe response t o  any incidents c r ig ina t -  

Ing i n  other  nearby f a c i l i t i e s .  

J. Non-Nuclear Incidents 

During duty hours, access t o  the reactor, process and control area is  

contml led  by the operating personnel. A t  l e a s t  two qualifS,ed perscns x u s t  be 

present  i n  t he  control room f o r  reactor s tar tup and operation. A t  l e a s t  one 
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qual i f ied person will be on duty when the reactor i s  shut down but not deactivated, 

as p r e v i o u l y  described (p 9.10). The building will be kept locked during night 

shifts and on weekends, and during these times w i l l  be connected by an alarm 

c i r cu i t  t o  a neighboring f a c i l i t y  which i s  manned around the  clock. 

w i l l  also have regular surveillance by patrol. 

The building 

. These precauXons will protect  t h e  reactor from ordinary sabotage. Even 

a Imowledgecble saboteur woula have difficulty i n  causing a self'-destructive Puclear 

excursion i n  the  reactor,  because of t h e  various f a i l - s a f e  and independent channels. 

Z"he reactor  ana building are not designed t o  be proof against  bombing. 

me reactor  aDd building are designed t o  withstand earthquakes of an 

i n t e n s i t y  up t o  Vu: on the  Modified Mercalli scale. 

portions of the  core are not keyeC t o t h e  permment. Tortion of the  core. 

The graphite bars of t h e  test; 

The 

reactor envelope and i t s  doors a r e  designed t o  withstand the  shock load of the  cen- 

t ra l  pnrt of the  core under a force of 2500 lb. 

of the core w i t h  respect t o  the  stationary part increases neutron leakage and 

reduces reac-bivity. 

the core, so it is expected that shutdown control w i l l  b e  achieved by the function- 

ing of either of the two systems even .in t h e  event of an earthquake. 

Any movement of t he  cent ra l  par t  

The control and safety rods penetrate only the  f ixed  part of 

"he reactor  

i s  not provided with a seismoscope t r ip ;  it w i l l  be manually scrammed on zny 

evidence df earthquake. 

The reactor  building i s  designed to withstand 100 mph winds, which a r e  i n  

excess of any which have been observed i n  t h e  local i ty .  

t o  winds of tornado violence. 

l e v e l  of record, and flood damage is not expected. 

The area i s  not sxbject 

The building is located well above the  maximum f l o o d  
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X. Maxhrm Credible Accider.t (MCA) and Consequences Thereof 

The HTLm f i e 1  w i l l  never contain a s ignif icant  inventory of f i s s i o n  

products. 

negligible. 

l og ica l  kizards t o  the  general public. 

The radiological consequences of a self-terminated excursion a r e  

It i s  therefore cer ta in  tha t  t h i s  reactor w i l l  never cause radio- 

As discussed above, the  prcceaares, i n s t m e n t a t i o n ,  interlocks,  audible 

sigrrds and operator proficieccy required t o  prevent a nuclear excursion i n  

HTLT3 have been perfected and demonstrated i n  eight years operation of a similar 

reac-br, the  PCTR. New features  of ETLTfi have been t e s t ed  a t  operating tempera- 

ture-, i n  t h e  mock-up f ac i l i t y .  

spec2?%Fally a r i s ing  fram the  h igh ’ t eqe ra tu re  operation of IfltLTR. 

110 nuclear or radiological hazards a r e  ant ic ipated 
, I  

The IiTiER safety c i r cu i t  i s  expected t o  be f r e e  from fa i lu re s  of a nature 

.which could r e s u l t  i n  the  occurrence of a nuclear excursion without a response 

from %he safety circui t .  

famii,%ar design, and regularly tested. 

axe e-xpected t o  a c t  i n  any circums+tances. 

i n  HTbTR are expec ted to  be termimted by reactor  scram. 

The control and safety rod actuators a r e  simple, of 

Therefore, at least half  t he  ecntrol  elerrents 
- 

For these reasons, a l l  nuclear e x c i s i o n s  

Other accidents, mechanical and u t i l i t y  f a i lu re s  and the  l ike ,  have bees 

disrussed above, and nme leads t o  consequences of any significance of fs i te .  

The only accidents, having serious consequences, t o  employees and property 

only, which could occur i n  HTLTR would be caused by multiple violat ions of procedures 

and serious e r rors  i n  judgment. 

two individxals cf t h e  ELTR s taff .  

These would have t o  be concurred i n  by a t  l e a s t  

While proper t ra ining,  procedures, ancl admini- 

! 
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s t r a t i o n  are expected t o  prevent this type of accident, a sequence of events in- 

volving a number of improbable actions may be combined t o  y ie ld  an accident which 

may be thought possible. Seqyences f o r  two such accidents are given below. In 

each case, a serious loading er ror  combined with various equipment f a i l u r e s  and 

violat ions of procedure are postulated. 

e Startup Accident 

1. The reactor cavity i s  loaded with a cemet  p lu tonimf l re led  t e s t  and 

buffer  zone containing no I, ,238 . 
2. me reactor  i s  shut down f o r  adjustment o f t h e  posit ion of some of the  

poison pieces. 

3. The neutron flux high level t r i p s  are erroneously l e f t  a t  the  3 kW 
i 

setting instead of b e i x  r e s e t  t o  - 100 W. The s~ic .  e r ror  i s  made i n  programmi% 

-&e PMACS. This i s  concurred i n  by both the  operator and the supervisor. 

4. Driver f u e l  pieces a r e  removed, and t h e  poison pieces are removed and 

Telocated. About 2.00$ worth of poison i s  not replaced as required by t h e  experi- 

ment plan. *This error i s  not recognized by the  operator or t h e  supervisor and the  

experimenter-in-charge i s  not in attelldance. 

5. The fuel pieces are r e p l a c e d t o  the original core configuration with- 

out employing an incremental loading procedure. !l?his breach of instruct ions i s  

acqzliesced i n  by both t h e  operator and the superviscr. 

6. The reactor room i s  closed, the  reactor  purged with nitrogen, and the  

safety rods a r e  withdrawn. This leaves t h e  reactor  barely subcri t ical .  The larger 

than normal readings of the power level instruments a r e  ignored. 

t o  t h e  reactor instrumentation i s  committed by both the  operator and the  supervisor. 

This inat tent ion 
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7. The gangec, control rods a r e  witdrawn a t  the  fill preset r a t e ,  adding 

r m c t i v i t y  t o  t h e  system a t  11.6 caits/sec, due t o  the  presence of the  plutonium, 

instead of t h e  normal 4 cexi-;s/sec or the  mximum 8 cents/sec. (See footnote). 

Routine s ta r tup  checks cZ ccre reac t iv i ty  during control rods withdrawal a r e  not 

made. 

' 8. The coatrol r c m  i n s t m m t a t i o n  ar_d the  a -d ib l e  monitor show t he  

increase ir? n a t r o n  flu, bdt con5ime t o  be igcored by both the  operatcr and 

superviscr. The reactor goes c r i t i c a l  early i n  the  control rod stroke. 

9. The TerZc3 t r i p s  fail.  The reactor  cpickly becomes prompt c r i t i c a l  

on a period of aborzt 0.27 sec (Figure XI-2). 

t o  i n i t i z t e  a manlral scram 

Personnel do not react, qi iekly enough 

t 
1Q; A s  t h e  reactor power l eve r reaches  3 id, t he  safety cir^cuil i s  opened 

by t h e  nmtron f l u x  high le-re1 t r ip s .  

re lease t:"me, the safety and c o n t m l  rods begin t o  move. 

After 0.1 sec instrument delay and magnet 

11. The reactor  powEr l eve l  reaches aboGt 10 k1.T before t h e  f a l l i n g  reds 

turfi the Sr-dnsiefit cmpletely around (Figure XI-1:). 

F O O ~ E E :  
wculd take placs i n  plutonium, instead of about 20$ as the cme loading was 
intended t o  perforn. 
6.5 mk. Yherefcre, there  wculd be available about (2.80$) ( 6 . 5 ) / (  4.5) = 
4.05$ excess resct ivi+y,  instesd of O.c?O$ a s  expected. 
and safety rods are wi$hdravn, the  r a t e  of reac t iv i ty  addition would be 
(6.5) (8)/( 4.5) = U. Og?/sec. 

With t h e  core configuration post-dated,  about 50% of the  f i s s ions  

The valu? of the  dol la r  would be about 4.5 mk instead of 

Also,  when control 
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12. The f u e l  temperature rises an average 0.01 C (Figure X I - 3 ) .  The hc t  

s s o t  r ise i n  t h e  central  t es t  c e l l  would be no more t h a n  about 0.5 C with t he  

most pessimist ic  assumptisns as t o  flux bowing, and l o w  heat capacity of t he  fue l .  

Since accidenks have occurred i n  the  past due t o  the  compounding of a s e r i e s  of 

improbable e r r c r s  acd v i o l a t i o ~ s ,  t h i s  sequence m y  approach c red ib i l i t y .  Even so, 

the aceideni wculd have no mnszTderices i n  terms of rad ia t ion  exposure, e i the r  a t  

the reee tor  bui lding or offsite. 

Loading Acziclent 

9. "he reac tor  is loaded with a typ ica l  test  configuration. It i s  shkt 

down fo r  adjustm$nC, of the  p s i t i o n  of some cf t h e  poison pieces. 

2. The naitl.cn f lux high level t r i p s  are l e f t  a t  3 kW. The same e r ro r  

is made Sg-programming the  PMACS. These var ia t ions  f r o m  normal procedure are 

werlockked by bo%h the  operator and sapervisor. 

-3 Driver fuel pieces equi tnlent  t o  twice t h e  expected change i n  r e a c t i v i t y  

are remoied, and thi! poison pieces are removed and  relocated. 

of pcism: is not returned to t h e  core, as required by the experiment p l a n .  

Absut; 4.00$ wcrth 

Ynis 

error camins  m o t i c e d  by the operator or t h e  supervisor, and t h e  experimenter- 

in-charge i s  n o t  i n  attendance. 

4. The operator proceeds t s t  rsplace t h e  f u e l  pieces t o  t h e  o r ig ina l  core 

This vio la t ion  configuration without employing an incremental l a d i n g  procedure. 

of ins t ruc t ions  is concurred i n  by both t h e  operator and t h e  supervisor. 

5. The audible neutron f lux  monitor i s  ignored or has f a i l e d  I n  such 6 

manner t h a t  it i s  giving a normal sudible  signal but  i s  no t  responding t o  t h e  

increasing flux level.  This failure would be extremely complex and itnprobable. 

http://naitl.cn
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6. The operator loads a dr iver  rod worth 25 cents i n t o  t h e  reac tor ,  which 

x a s  s u b c r i t i c a l  by a few cents. 

26 sec. 

The reac tor  goes c r i t i c a l o n  a period of about 

7. I n  about 210 sec t h e  power l e v e l  reaches 3 kW and t h e  safety c i r c u i t  

is t r ipped,  re leas ing  t h e  two cocked safety rods and shut t ing down t h e  reactor .  

The power level reaches a maximum of about 3.2 kkr before turnaround i s  complete. 

If t h e  operator remains st t h e  loading facg f o r  t h e  f u l l  3-l/2 minutes without 

adding fuel, he would receive an integrated dose of about 60 rem. 

reac%or room wculd receive an equal or  smaller dose of radiat ion.  

r eac to r  room t h e  dose i s  inconsequential. 

worth 25# one minute later or leaves t h e  reactor  room within 2-1/2 minutes h i s  

dosr vsuld be reduce2 t o  about 12 rem.' A manual reactor  scram f'rom'the control  

room a t  an2 t i m e  would a l s o  reduce the  exposure. 

Others i n  t h e  

Outside t h e  

If t h e  operator adds anot.her dr iver  

The above doses were obtained f r m  a complter code, which includes fac tors  

for r e l a t i v e  b io logica l  e f f ec t .  

m i n u t e s  hefore scramming. The calculated gamma and neutron doses are: 

The dose rate i s  above 1 rem/hr f o r  about 3 

Dose Component Integrated Dose, rem 

Fast Neutrons (E > 0.3 MFV) 

Intermediate Neutrons (0.3 Mev > E > 0.4 ev) 

Thermal Neutrons (E  < 0.4 ev) 

1.96 

0.78 

53- 33 

Gamma (All) - 3.72 

TOTAL 

ir13 
59- 79 
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Self-Terminated Excursions 

These calculations a re  intended only t o  i l l u s t r a t e  t he  inherent se l f -  

shutdown capabi1it;y of HTLTR prcvided by the Doppler e f fec t  i n  the  low enrich- 

ment drivers. 

excursion wil l  occur which is not terminated by the safety rods. 

A s  stated i n  the main discussion, it i s  not expected that. any 

I n  these calculations it was assmed tha t  a l l  of the heat generated was 

r@ki.ned i n  the  fuel.  

period of under one second, but  probably not exactly so fo r  excursions having E 

wxiod over 10 seccnds- 

017 heat f r o m t h e  u r a n i m  f u e l  w d d  reduce the  negatj-ve reac t iv i ty  available from 

tlne Doppler effect .  

This assumption i s  val id  for  excursions having a shortest  

The l a t t e r  excursions would be prolonged because escape 

E 

O n l y  the  Doppler coefficient of the driver f u e l  was consid- 

ered; no contribution from the  tes t  core was assumed. The gadolinium shims would 

mike no 

ckinged 

contribution i n  any of these excursions since the  neutron temperature i s  

negligibly. The results of the calculations are  shown i n  Figs. A - 1  to A-8. 

In an excursion .of t h i s  type two mechanisms could prevent proper operation. 

of the control rods: 

1) 

2) 

The "&-nickel operating rod melts or f a i l s  due t o  loss  of strength 

Suff ic ient  CO pressure i s  generated i n  t he  U02-graphite cylinders 

through the reaction U02 + 4 C + UC2 + 2 CO t o  rupture them. 

I n  t h e  following analysis, the nickel rod i s  assumed t o  have suff ic ient  strength 

t o  operate the control rods f o r  short  periods of t i m e  a t  rod tempera+,ures of 

f -) 1400 c. 

The composition and volume of the control rod sections which contain 
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50 . 100 150 200 250 300 350 

Time After Beginning of Ramp ( s e c )  

FIGURE A-la 

Flux Level in Self-Terminated 
Excursion: Calculation No. 20 
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FIGURE A-lb 

React ivi ty  and  Fuel Temperature 
i n  Self-Terminated Excursion: Calculation No. 20 
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T i m e  After Beginning of Ramp ( s e c )  

FIGURE A-2a 

Flux Level i n  Self-Terminated 
Excursion: Calcula t ion  No. 11 
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0 

Calculation No. 12 
80 Drivers  
Initial Temperature  20  C 
Available E x c e s s  Reactivity 1.50$ 

50 100 150 200 250 300 350 

Time A f t e r  Beginning of Ramp (sec)  

FIGURE A-3a 
Flux Level in Self-Terminated 

Excursion: Calculation I?o. 12 
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Calculation No. 13 
80 Drivers 
Initial Temperature 20 OC 
Available Excess  Reactivity 1 .OO$ 

50 100 150 2 0 0  2 5 0  300 350 0 

Time After Beginning of Ramp (sec)  

FIGURE P.-4e 

Flux Level i n  Self-Terminat ed 
Excursion : Calculation Ifo. 13 
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50 100 150 200 250 300 350 

Time After Beginning of Ramp ( s e c )  

FIGURE A.5a 

Excursion: Calculation ~0.14 
Flux Level i n  Self-Terminated 
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A.12 

- - - - 
- Calcula t ion  No. 2 1  - 32 D r i v e r s  

Init ial  T e m p e r a t u r e  1000 C 
Available E x c e s s  Reac t iv i ty  0.50$ 

- 

0 5 0  100 ,150 200 250 300 350 

Time After Beginning of R a m p  ( scc )  

FIGURE A-6a 

Flux Level  i n  Self-Terminat ed 

Excursion: Ca lcu la t ion  No. 21 
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A. 14 

- - - Calcu la t ions  No's. 15 and 16 

In i t ia l  T e m p e r a t u r e  1000 C 
Avai lab le  E x c e s s  Reac t iv i ty  0.25$ 

- - 80 and 32 Drik 'e rs  

- 

0 50 100 150 200 250 300 350 

T i m e  Af te r  Beginning  of Ramp ( s e c )  

FIGURE A-7a 
Flux Level in Self-Terminated 

Excursion: Calculation No. 15 and 16 
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- - - Calculation No. 1 
80 Dr ivers  
Initial Tempera ture  1000 C 
Star t  a t  2 k W  Power Level 
Available Excess  Reactivity 0.50$ 

- - 
- 

. 

. 
0 50 100 150 200 250 300 350 

Time After  Beginning of Ramp (sec)  

FIGURE A-8a 
Flux Level in Self-Terminated 

Excursion: Calculation No. 1 
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f i s s i l e  m a t e r i a l  have been adjusted such t h a t  i f  a d r i v e r  f u e l  element and a con- 

t r o l  rod  a r e  i n  t h e  same flux: 

. they  produce approximately the  same t o t a l  number of f i s s i o n s  per  

u n i t  l eng th  and 

. t h e  f i s s i o n s  pe r  u n i t  mlume i n  the  c o n t r o l  rod i s  l e s s  than i n  

t h e  d r i v e r  f u e l .  

If the  heating should OCCUT 63 r ap id ly  t h a t  the  hea t  was not shared w i t h  

t h e  nickel,  t he  c r i t i c a l  temperature would be determined by the  CO produced i n  

t h e  cy l inde r s  by t h e  r eac t ion  U02 + 4 C -. UC2 + 2 CO. Assuming no d i f f u s i o n  of 

CO o u t  of t h e  graphi te  matrix, t he  cy l inders  would rupture  when the  equilibrium 

p r e s s u r e  of t h e  CO exceeded the  ambient e x t e r n a l  pressure  which i s  one atmosphere. 

The fue3ed cy l inde r s  would hea t  more‘ slowly than  the  d r i v e r  f u e l  because of  t h e i r  
.I 

graph i t e  content.  

20 C o r  1000 C, wmld have a t t a i n e d  a temperature of 2000 C when the  c o n t r o l  rod 

Figure A-10 i nd ica t e s  t h a t  t h e  d r ive r  f u e l ,  s t a r t i n g  a t  e i t h e r  

cylindei-s reached 1800 C. Since t h e  con t ro l  rod would o f  necess i ty  be i n  o r  near 

i t s  most r e a c t i v e  pDsition, th i s  occurrence w o u l d  t end  t o  reduce the r e a c t i v i t y  

of the rod e i the r  by disassembly of the  f u e l  o r  by forc ing  the fue led  cylinders 

t o  more Ghielded pos i t ions .  

If it i s  assumed t h a t  t h e  hea t  generated i n  t h e  c o n t r o l  rod inner cy l inders  

i s  shared with the  n i cke l  rod, t he  hea t  capac i ty  of the  combination i s  even higher 

. than i n  t h e  previous case. Hence the c o n t r o l  rod temperature l ags  the  d r i v e r  

, f u e l  temperature even more. Figure A-10 shows t h a t  i f  the  n i cke l  rod reaches a 

temperature of 1400 C, the d r i v e r  fuel w i l l  have a t t a ined  a temperature o f  & g u t  

2000 C if t h e  excursion s t a r t e d  a t  20 C, o r  1700 C if  it s t a r t e d  at, 1000 C .  Should u 



this occur it m u l d  be impossible to  move the control rods t c  a l e s s  reactive 

position; m e l e a r  shutdawn could stili. be provided by the -,-er+,ical sa fe ty  rods, 

If heating continued a f t e r  the nickel rcd haa melted, the CG pressure 

could e v e n t u a w  become greater  than one atmcsphere. i n  t h i s  event the U.2- 

graphite cylinders could b e  fcrced cu t  of the center of the control  rods. 

loss of fuel WCZE cawe a decrease i n  the r eac t iv i ty  contribution o f  the ecntro;. 

POdS, 

The 

The values of the inpct rarameters used ir- the cslculations a re  given 

in TaUe 3X-ZI. 
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APPENDIX B 

Main Heat Exchanger Leak 

Taking a s  a Basis one gram-mole of nitrogen a t  1000 C and adding t o  it 

n gram-moles of l iqu id  water a t  0 Cy the  following i s  obtained, where T i s  the  

equilibrium absolute temperature of the  mixture: 

. 1273 

Heat input = I (6.50 + 0. O O l o O r )  .C?T + (100.04)( 18.016)n 
0 

*at output = 9y729 n + (6.50 + 0.001OOT) dT + n f (8.22 + ,T 0 0 

1-5 x lo-' T + 1.34 x 10 -6 T 2 ) dT 

Equating these and performing the  integrations, 

5a84.76 + 1802.32 n = 9,729 n + 5 x Id4 T2 + n (8.22 T + 

7-5 x lo+ !I? + 0.4467 x T3) + 6.5 T 

Introduc3ng values of T and solving form: 

0 T, K 

1273 
1173 
1073 
973 
873 
773 
673 
573 
473 

n, moles water 

0.000 
0.042 
0.068 
0.139 
0.196 
0.259 
0.329 
0.408 
0.497 

P, f rac t ion  of 
i n i t i a l  pressure 

1.00 
0.96 
0.92 
0.87 
0.82 
0.76 
0.70 
0.63 
0.56 

LilJ Letting the  i n i t i a l  pressure = 1.00, the pressure of t h e  mixture would be 



UNCLASSIFIED B e  2 BNWL-CC-225 

P = T (1 + n)/1273. Values of P a re  tabulated above. Th i s  computation shows tha t  

t h e  introduction of l i qu id  water in to  the  circulat ing gas stream gives a quenching 

ef fec t  and a reauction i n  pressure instead of a pressure surge. 
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Training Program Outline 

1. Fundamentals an3 Background 

The candidate i s  supplied with material  concerning t h e  

t h e  safety analysis of the  reactor,  design and operational de t a i l s ,  and a n  

indicat ion of t h e  minimum information he nust know t o  become a qualified 

operator. Included are +,he Reactor Safeguards Report, Operating S2fet.y 

Limits and Operating Specifications, reference material  on reactor physics 

and comp,uters, eaergency procedures f o r  unusual incidents,  blueprints and 

diagrams of e l e c t r i c a l  and mechanical components, and t h e  examination 

questions and answers. 
I ,  

2. On-the-Job Training 
I .Y.. 

Classroom instruction will be given the  first group of 

trainees. They w i l l  conduct the pre-operational design tests performed 

after the f a c i l i t y  i s  turned over t o  Battelle-Northwest. 

Subsequent t ra inees  w i l l  be given less formal i n s t r u c t i o n ;  

since they are added singly, the t ra in ing  is t u t o r i a l  i n  nature .  The 

candidate performs a l l  operations under. sLlpervision u n t i l  he i s  formally 

qualified. 

3.' Written Examination 

A written examination -&-Xl be given t o  a l l  candidates. The 

examination covers a l l  work. There is no fixed time schedule 

for taking the  t e s t  be considerable var ia t ion  i n  previous 
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4. Oral and Performance Examination 

An oral examination and reac tor  operation demonstration 

follows successful completion of the w r i t t e n  examination. The o r a l  examina- 

t i o n  allows more de ta i led  kest ing of any pa r t i cu la r  aspects  t h a t  may appear 

ind ica ted  and ensures t h a t  the. answers t o  t h e  wr i t ten  questions are t r u l y  

understood. The candidate must independently perform a l l  phases of standard 

r e a c t o r  operation request.ed and demonstrate f a m i l i a r i t y  with non-routine 

experimental and data-taking dut ies ,  programming, and emergency procedures. 

'5. Demonstration Period 

Following a sa t i s fac tory  performance on t h e  oral  and 

performance examination t h e  candidate i s  formally designated t o  be provision- 

ally qiialified. I n  Vnis capacity the 'operator  i s  authorized t o  perform a l l  

normal dut ies  of a qua l i f ied  operator. 

During a probationary period of severa l  months t h e  candidate 

must demonstrate continued development of h i s  de ta i led  job knowledge plus 

strong evidence of t h e  usual traits r-equired of responsible reac tor  personnel. 

When l i n e  management i s  s a t i s f i e d  t h a t . a l 1  requirements a r e  m e t ,  t h e  probation- 

a r y  period i s  complete, and t h e  provis ional  s t a t u s  i s  l i f t e d .  

6. T r a i n i n g  Review 

Reviews of t h e  operator 's  knovledge are made continuously 

as his performance i s  observed and checked b y  supervision. 

reviews a r e  made o r a l l y  whenever work assignments have r e su l t ed  i n  lack of 

More formal . 
prac t i ce  i n  reac tor  operation. 

engaged i n  lengthy preparation of fxperimental equipment. -The l i s t  of quali-  

fied operators  i s  reviewed, and updated on a frequent bas i s .  

This  s i t u a t i o n  can ex i s t  when 8n operator i s  

Tne authoriza- 

. t i o n  l is ts  are re ta ined  i n  a permanent f i l e .  
.-  
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APPENDIX D 

Additionai meteorological and seismological data are p resen ted  i n  

Tables D - I and D - 11 and in Figures D - 1 and D - 2. 

i 



TABLE D-I 

- m 
Speed  

E 
Speed  

SE 

WIND SPEED AND DIRECTIO~J FREQUENCY - 300 A R E A  

Wind Speed i n  Un i t s  of mph. 
Per Cen t  of T i m e .  Day: 0700-1900 PST. Night:  1900-0700 PST. 

Wind D i r e c t i o n  F r e q u e n c y  in 

Winter  
Day Night Total 

3 . b  1 . 1  2 . 3  
6 . 2  3 . 9  5 . 0  
3 . 0  2 . 2  2 . 6  
7 . 2  8 . 3  7 . 8  

1 5 . 5  1 7 . 2  1 6 . 4  

I 

Speed  
S W  

Speed  
W 

Speed  
N W  

Speed  
N 

Speed  
V a r i a b l e  

Speed  
Ca lm 

1 4 . 5  1 4 . 0  1 4 . 2  

2 2 . 3  2 1 . 0  2 1 . 6  
1 6 . 5  1 4 . 1  1 5 . 3  

5 . 6  6 . 7  6 . 2  
9 . 6  6 . 1  7 . 8  

15 .0  1 9 . 3  1 7 . 2  
10.1 8 . 3  9 . 2  
1 5 . 5  1 1 . 8  1 3 . 6  
10 .2  9 . 5  9 . 8  

6 . 4  6. 5 6. 4 
2 .2  2 . 2  2 . 2  
2 . 7  0 . 3  1 . 5  

Speed  8 . 4  8 . 8  8 . 6  
S I 1 2 . 5  1 3 . 9  1 3 1 2  

S e a s o n  

0 .8  1 . 3  
-- 

&'all Annual 
Day Night Total  Day Night Total 
5. z 1 . 3  3 , 2  6. 1 2 .  6 4 . 4  
6 . 9  7 . 9 .  7 . 4  7 . 9  7 . 1  7.51 
2 . 0  0 . 8  1 . 4  5 . 6  2 . 2  3 . 9  
6 .0  6 . 7  6 . 3  7 . 9  8 . 2  8 . 0  

1 1 . 8  1 7 . 7  1 4 . 8  1 6 . 0 1 7 . 0  1 6 . 5  
7 . 9  7 . 8  7 . 8  9 . 0  8 . 0  8 . 5  

1 1 . 5  9 . 4  1 0 . 4  11. 1 9 . 8  1 0 . 4  
1 2 . 2  1 0 . 2  1 1 . 2  1 4 . 8  1 2 . 6  13.17 

1 5 . 9  12.  1 1 3 . 6  23. 1 1 6 . 9  2 0 . 0  
1 5 . 9  1 1 . 3  1 3 . 6  1 5 . 9  1 2 . 3  14 .  1 

5 . 2  5 . 4  5 . 3  6 . 0  7. 2 6. 6 
1 3 . 7  6 . 4  1 0 . 0  1 4 . 6  8 . 0  1 3 . 3  
1 5 . 2  2 0 . 0  1 7 . 6  1 1 . 7  2 0 . 8  1 6 .  2 
1 1 . 7  8 . 7  1 0 . 2  1 3 . 2  1 0 . 2  1 1 . 7  
2 0 . 8  1 3 . 6  1 7 . 2  1 4 . 1  1 3 . 7  1 3 . 9  
1 0 . 8  9 . 7  1 0 . 2  1 2 . 3  1 0 . 3  1 1 . 3  



. .. L' 

D- 3 

.
_

 

S
A
3
 

O
N

V
S

n
O

H
l 



D-4 

Based on Seven Year Average 
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TABLE D - I 1  

.. . 

A P P R O X I M A T E  R E L A T I O N S H I P S  AMONG E A R T H Q U A K E  I N T E N S I T  
G R O U N D  A C C E L E R A T I O N .  A N D  Z O N E S  

I 

Modified Merca l l i  intensity Sca le  ( 1  931)  
Wood & Neumann 

a - Ground Acce le ra t ion  
a - 
g 

V F e l t  by most  people,  s o m e  b reakage  of 
d i s b e s .  windows and  p l a s t e r ,  d i s ty rbance  - 20 
of t a l l  Objects. 

.- 30 
- 4 0  

- 50 
- 60 

VI1 Everybody r u n s  outdoors,  damage  to buildings - 8 0  

VI Felt by a l l ,  many frightened and run  
ou tdoor s ,  fa l l ing  p l a s t e r  and chi-yj!eys, 
d a m a g e  srnaii. 1 %  

v a r i e s .  depending on  quali ty of cons t ruc t ion .  - 
noticed by d r i v e r s  of autos. 

Pane l  wa l l s  th rown out of f r a m e s ,  fall of 

ejected,  d r i v e r s  of autos  d is turbed .  

- 100 

- 
VI11 

wa l l s ,  monuments .  ch imneys ,  sand  and mud - 200 

- 300 ' 

IX Bui ld ings  shifted off foundations,  c r acked ,  - 400 

underground Pipes broken. 600 
thrown out of plumb; ground c racked .  - 500 

X Most m a s o n r y  and  f r a m e  s t r u c t u r e s  des t royed ,  
ground c r a c k e d ,  r a i l s  bent, landslides.  

2000 - X I  New s t r u c t u r e s  r e m a i n  standing, b r i d g e s  
des t royed .  f i s s u r e s  in ground. p ipes  broken ,  
lands l ides .  r a i l s  bent. 

I - 3000 

4000 
-5000 
- 6000 

XI1 Damage  total .  >waves s e e n  on  ground su r face .  - 
l i nes  of sight and  leve l  d i s tor ted .  ob jec t s  
thrown up into air. 

B ui 1 ding 

Zone  

~ 

0 
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COMPARISON W I T H  PCTR 

- 

ar &ac+,eristics of t h e  anTR and t h e i r  changes with driver 

dings a r e  expec ted to  be very s i m i l a r  t o  those for the  Physical 

.Reactor (PCTR), which i s  quite similar t o  HTLTR i n  i t s  general 

RTLm di f fe rs  from t h e  PCTR i n  the  ways l i s t e d  below: 

k g e r  overal l  s ize  

n i c k e r  r e f l ec to r  

k ~ e r  volurne available f o r  t e s t  cores 

t a - t y - p e  control rods -i~h~-ch-mo-poison--i-s-  exposed - in  . 

ti.eactive-se%i&ng 

B3rod instead of cadmium as the  poison in-control and-  safety rods 

- Graphite f u e l  cladding 

adoliniwn oxide shim rods t o  adjust  t h e  slow temperature 

oefficient. These may be m o d i f i e d  w i t h  smal l  amounts of i r i d i u m  

or hafnium. 

Nitrogen atmosphere . 

Heated and enclosed 

ough these a r e  s ignif icant  differences from PCTR, it i s  obvious t h a t  

gs, reactor  startup, and procedural controls on reactor safety a r e  

b t a  are presented i n  Table E 1  on the  worth of individual driver 

01 rods, and safety disks, and on c r i t i c a l  masses, for the  PCTR with 
, ,  

graphite cores which have been used extensively i n  experimental programs. u 
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.. 

?. . P r n  LOADINGS 

TABLF: E-I 

Core Size 26-1/4" 33- 3/4" 

22 32 

Worth of driver rod ( 6 )  108 64 

Xo. of driver rods 

56 Worth of control rod (4) 44 

W o r t h  of 1 Safety 
a s k  ($1 2- 5 3-@+ 

disks ($1 -- Worth of 2 Safety -- 
U-235 in end driver 

---fie1 (kg) 5.5 5.6 

Total U-235 (kg) 0.9 \ 10.4 

Total temperature 
coefficient (20 C) 

Pressure ccefficient 

41-1/4" 

46 

54 

51 

394 

5.7 

5.6 

12.4 

- 0 45$/OC 

-0.05$/mb 

BNWL- CC- 225 

48- 3/4" 

73 

34 

45 

3.4 

5.6 

16.4 

*Xstimated from other data 
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DETAILED DESCRIPTION AND RELIABILITY ANALYSIS 
OF HTLm SAFETY SYSTEM 

INTRODUCTION 

Because the HTLTR safety system i s  composed of sol id  s t a t e  devices 

i n s t e d  of the customary arrangements 0.f relays, a detai led description and 

. exhaustive r e l i a b i l i t y  analysis has been prepared t o  ensure t h a t  a l l  modes of 

f a i lu re  of the system which could lead t o  an uncontrolled reactor  power excursion 

have been consiaered and precluded by the design. i n  the detal ied description 
"-.* 

which follows, the basic  functional parts of the system are f irst  outlined. 

elaboration of each functional block t o  ensure fa i l - sa fe  operation i s  then discuss- 

The 

ea-  i n  a stepwise faahion. 

the discussion, 

Block o r  schematic diagrams i l l u s t r a t e  each s tep i n  

In the r e l i a b i l i t y  analysis, .interconnection f a i lu re s  (open and 

short c i r c u i t  and multiple grounds) a t  each point  of the system are considered, 

as w e l l  as a l l  possible modes of f a i l u r e  of the so l id  s t a t e  devices. The 

probabi l i ty  of an unsafe f a i l u r e  o f - t h e  system is then computed t o  give a 

quantitative measure of performance. 
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flTNCTIONAL B I D E  DIAGRAMS 

"he s a f e t y  system i s  cmposed cf f i v e  bas i c  func t iona l  kiocks {Figure 

1): process sensor, comparator, logic,  power supply, and electromagnetic c lu t ch .  

The process sensor block monitors such va r i ab le s  a s  neutron flux l eve l ,  coolant 

flow, o r  r e a c t o r  temperature and, using aroplif i c a t i o n  and s i g n a l  conditioning , 

provides an input  t o  t h e  comparator. The comparator determines whether t h e  va r i ab le  

i s  wi th in  o r  o u t  of l i m i t s  and t ransmi ts  a l l  neutron f l u x  comparlsons and any 

necessary comparisons from other  process va r i ab le s  t o  t h e  log ic  block, 

i n - l b i t  i n f x m a t i o n  from t h e  comparator, t h e  log ic  block passes the  system- 

normal s i g n a l  t o  t h e  power supply block. 

at the  output of t h e  comparator, t h e  log ic  block dDes not pass  the  system-normal 

Recognizing 

If any out -of - l imi t  information appears 
- >.. ' .*-1..> A. 

s igna l .  The power supply i s  energized t o  pmduce power f o r  t he  elect.rom&gnetic 

c lu tches  only  when the  system-normal s i g n a l  is  present .  Some of  t he  sensor- 

comparator combinations have d i r e c t  l i n e s  t o  t h e  logic  block. Others share 3 

ccmtnon log ic  block input l i n e .  

t o  determine whether any of the  process v a r i a b l e s  i s  out o f  l i m i t .  (Figure 3 ) *  

I n  these  cases,  another c o q a r a r o r  i s  added 

To ensure thRt t h e  l o g i c  de-energizes t h e  power supply i f  any ox t -o f -  

l i m i t  information apyears a t  i t s  input ,  two log ic  blocks a r e  provided, bo th  o f  

which must pass  system-normal s i g n a l s  t o  keep t h e  power supply energized. 

func t iona l ly  t h e  log ic  inputs  a r e  i d e n t i c a l ,  each sensor-comparator combinaticn 

\ 

Although 

. 

provides phys ica l ly  separa te  inputs  t o  t h e  two log ic  blocks (Figure 3). 
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SENSOR AND COMPARATOR BLOCKS 

'Neutron Flux Monitor Channels (Figure 4).  

Neutron flux is  monitored from s ta r tup  through operating leve ls  by 
L&. ,;: ., .., , 'L,'!, ;: 

:I. 

two logarithmic count r a t e  and period meters (LCR-PM) receiving pulse signals' .  

The meters produce output s ignals  proportional 

, , . ., .-' 
-, ' 

.!. , . . r  L..% 

from f i s s i o n  counter chambers. .-, 

t o  the  logarithm of the  flux l eve l  and t o  the period, These meters a re  conven- 

t i o n a l  i n  design and have proved highly r e l i ab le  i n  service.  I n  accordance 

with the  pr inciple  of redundancy, two channels are provided; reactor  shutdown 

occurs if  e i t h e r  channel provides an out-of-limit s igna l  f o r  flux l e v e l  (on- 

sca le  and high' t r i p s )  o r  f o r  period ( shor t  period t r i p ) .  Since the two chamels  

are completely separate and independent, a failure i n  one channel would not 

induce a f a i l u r e  i n  the other. 

t o  possible ident ica l  but independent f a i lu re s .  Such a f a i i u r e  i s  prevented 

from permitt ing a power excursion by the flux measurement channels discussed 

below. 

They are, however, ident ical ,  and thus subject 

me comparator receives the  level and period signals f r o m  the  meter 

, and compares them with p re se t  values. As long as  they remain within l imi t s ,  

t he  c o i l  of the typ ica l  output relay of Figure 4 remains e2ergized holding the 

contacts i n  the posi t ion shown. 

the sign61 a t  t h i s  point, a s  w e l l  as the t r i p  

An open c i r cu i t ,  short, c i r c u i t ,  o r  ground of 

associated-with the pa r t i cu la r  

relay, would reduce o r  in te r rupt  the current  to the co i l ,  ailowing the re lay  

contacts t o  move t o  the other posit ion.  'When all re lays  a re  i n  the system- 

normal posi t ion as shown, the system-normal input s igna1, to  

-Jolts and t o  lngic I1 i s  negative. 

a t  both logic  block inputs i s  reversed. 

Logic I i s  zero 

When any r e l ay  i s  de-energized, the voltage 
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Flux Measurement System (Figure 5 )  

Neutron flux is measured from s ta r tup  through operating leve ls  by 

the  PMACS, using e n t i r e l y  d i f f e ren t  equipment from t h a t  i n  the f lux  monitor 

channels. 

The two bank5 a r e  of d i f fe ren t  s ens i t i v i ty ,  one having more chambers than the 

TKO inter laced banks of BF3 ionizat ion chembers a c t  a s  the sensors. 

.other. The output s igna l  f m m  eachbank i s  a current proportional t o  neutron 

.flux l eve l .  

frequency is  proportional t o  input current.  

The s igna l  is amplified and converted t o  a pulse s igna l  whose 

A counter receives and r eg i s t e r s  

each pulse, and each 0.1 sec provides an input t o  the computer of the t o t a l  

count reg  is  t e r  ed dur i ng the  counting pe r  iod -!e--comptt-t;er-cDmpare s --the- -t oun t 

-received with the expected -count,--based-rrpon-the--lest-lprevious-count---and-the - 

mode of"%peration of the reactor  ---: B--the -discrepancy-be-tweenAhe3wo -counter .-- 

-re ad kgs-exceeds -a- progr med-l-imi-+-%he-f-lwc -nom&+ igna&--€mm -the --computer 

is immediately switched t o  the  t r i p  l e v e l  a t -both logic--blocks. 

d i rec t  comparison check -of the raw counter---readhg,-it-ifi used by PMACS t o  

Following the 
s: /-2 7 d L G - J  rrzl- L 

compute flux l e v e l  and period, and these a re  compared with programmed limits. 

Comparisons are  a lso made between the values indicated by the two channels. 
- 

45$f 
Discrepancies i n  any of these comparisons r e s u l t  i n  switching of the flux- 

----I 
p; 9 ;2/ -7 *A? normal signal.  Range changes and ca l ibra t ion  checks a re  made,automatically. 1- , 

L A' 

This program of rapid and continuous -sampling, t e s t i n g  and comparison of data 

~ and computer results provides the following monitoring features  i n  addition t o  

furnishing the precise  experimental data:  

immediate r ecogn i t im  of and action upon an cff-stec5ard 

-process -condition--( high -priority-comparison-of- raw- counter- r ead ings ) ,  
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. shor t  i n t e rva l  t e s t ing  of channels f o r  freedom from component 

f a i lu re  (comparison between non-identical channels). 

freedom from dr i f t  o r  surge of high voltage supplies (comparison 

between channels and w i t h  expected values) 

freedom from amplifier d r i f t  (comparison between channels; 

acceptable zero o f f s e t  check) a 

correct  'automatigranging'of amplifiers (comparison w i t h  expected 

values ) . 
correc t  amplifier ca l ibra t ion  (zero o f f s e t  and ca l ibra t ion  checks 

acceptable). 

. 

. 

&/ p + < i n - M  r 
1- 

. 

. proper i'unctioniEg of current-to-pulse converter, counters and 

computer (comparison between channels and with expected values) I) 

That t h i s  t e s t ing  and monitoring program i s  ac tua l ly  being accomplished is  ensured 

by the  l a s t  step of the  programmed sequence, the emission of a nuclear check normal 

pulse. This pulse must be received by a de tec tm each 0.1 sec or a separate 

nuclear check normal s igna l  t o  the two logic  blocks is  switched. 

As remarked above, tiis prcvis ion cf the two similar but non-identical  

measurement channels, e n t i r e l y  d iss imi la r  from the  two monitoring channels, pre- 

cludes the  poss ib i l i t y  t h a t  i den t i ca l . f a i lu re s  of t h e  l a t t e r  could permit a 

reactor  power excursion. 
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Process Envircnment System (Figure 6) 

Process variables such as  temperatures, pressures, flows, and gas 

qual i ty  are  measured as frequently as required by WACS, which functions also 

as a ccntroILer f o r  the gas flow systen, e l e c t r i c a l  heater system? and othep 

systems. Depending upon the nature of the experiment, some variables t h a t  

exceed Xze-Zetermined limits may be p r o g r m e d  t o  shut down the reactor  by 

i n t e r w t i r a  the eavironment-noma1 inpQt t o  the logic blocks. Frequent sanpling 

arii compat.er evsha t ion  of process t.rends give close prceess control. Extended 

aiscussion of t h i s  system i s  unnecessary here. 

As has been s b m P  each logic b h c k  has icputs of several  system- 
> ,  

normal s ignals  from the reactor  pxcess .  Each also has a mama1 scram input 

and a lock-out channel whic2 requires manual r e se t t i ng  of the safe ty  c i r c u i t  

a f te r  even a mamentary t r ip .  Finally, each has an ip.put crf a pulsed signal, 

1000 pillses per  s e c c ~ d .  This s ignal  m u s t  pass through both logic blocks ard 

cccw i n  t h e i r  o u t p t s  to maintain power on the electromagnetic clutches of 

t he  safe ty  and contra1 rods. 

The functioning of the logic blocks is  .more eieari'y Understood if they 

are  separated irito t m  portions, Stage A and Stage B, as shown i n  Figure 7. 

high level, period, and on-scale outp.&s of both flux monitor c h a ~ e I . s ,  and 

the 1000 pps signal  are the inptits t o  Stage A of the lagic  block. 

no trips are  received on any of the six flux monitor inputs, the lOC0 yps signal 

passes through t3 the output of Stage A. 

sigzul-con4itioning inverter and appears as an input t o  Stage B Gf the logic kllzck. 

The 

f i s  long as 

This s igna l  then passes thrcugh a 
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The remaining inputs t o  Stage B are  the  flux normal, nuclear check normal, and 

environment normal channels from PMACS, addi t iona l  spare channels f o r  s igna l s  

present ly  unspecified bu t  which might be needed f o r  spec i f i c  experiments, t h e  

manual scram input, and the lockout inputs. A s  long a s  no t r i p s  a r e  received 

on any of these channels, t h e  1000 pps s igna l  passes through t o  the output of 

Stage B of t h e  log ic  block. It then passes through a second signal-conditioning 

inve r t e r  and amplifier t o  the  logic  block output. The 1000 pps s igna l  i s  sensed 

by a pulse  detector  a t  the  amplif ier  input, and if  one pulse is missing from the 

pulse train, the output of the  pulse detector  ceases t o  furn ish  the  normal s igna l  

t o  the lockout input of s tage B o f  the log ic  block. 

momentary t r i p  w i l l  r e s u l t  i n  a r eac to r  shutdown. 

Though the t w o  log ic  blocks a re  func t iona l ly  ident ica l ,  it should be 

This ensures t h a t  even a 

emphasized t h a t  they are not i d e n t i c a l  i n  design and construction because the  

normal s igna l  t o  one i s  zero volts whereas t o  the  o ther  it is negative. They 

are constructed on separate  chassis, receive separate s igna ls  from the  comparator 

block, and provide s igna l s  t o  d i f fe ren t  parts of the  power supply block. Thus 

only independent, simultaneous, mult iple  f a i l u r e s  i n  both logic  blocks could cause 

an unsafe f a i l u r e  of t he  system. 

log ic  Stage IA,  IIB 

The logic  blocks are  composed .of semiconductor diodes and r e s i s t o r s .  

I n  b g i c  Stage IA, shown i n  Figure 8, the  normal inputs a re  zero vo l t s  and the  

t r i p  inputs  are  negative, as shown i n  Figure 4. I n  Figure 8, the  voltage a t  

po in t  1 change6 from zero t3 negative and back again as  t he  1000 pps s igna l  i s  

applied,  As long a s  no trips appear on the other  inputs,  the anode of  the 1000 pps 
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input diode i s  always more pos i t ive  than the cathode; the  diode serves as  a 

closed switch; and t h e  1000 pps s igna l  passes, the  values of the  c i r c u i t  

components being so chosen t h a t  point  2 i s  always negative when point  1 i s  

negative. 

A t r i p  of one of t h e  r e l ays  of  Figure 4 r e s u l t s  i n  a negative voltage 

being applied t o  i t s  respect ive diode i n  Figure 8, poin t  3 for example. 

m l t a g e  a t  po in t  3 is  the  same a s  t h a t . a t  po in t  2 when point  1 i s  receiving a 

The 

negative pulse. When point  l i s  a t  zero vol t s ,  point  2 remains negative because 

t h e  diode a t  po in t  3 serves a s  a closed switch. 

1000 pps diode i s  negative while t he  cathode i s  a t  zero vol t s ,  and the  diode serves 

Therefore the  anode of the 

as an open switch. Therefore point"'2 remains negative a t  a l l  times, and the  

pulse  s i g n a l  does not  appear a t  t he  output of Stage IA. Any s ingle  o r  mult iple  

, t r i p  s i g n a l  a t  the  Stage IA inputs w i l l  thus i n t e r rup t  the  1000 pps s ignal .  

The functioning of Logic Stage I I B  is t h e  same as t h a t  of Stage IA, 

with the Stage B inputs, of course, in place of the Stage A inpiits. 

Logic Stage IIA, I B  

I n  log ic  Stage IIA, shown i n  Figure 9, the  normal inputs a re  negative 

With no t r i p s  a t  the  and the t r i p  inputs a re  zero vol t s ,  a s  shown i n  Figure 4. 

other  inputs, the  1000 pps s igna l  appl ies  a voltage a t  point 1 varying from 

negative t o  zero. 

po in t  2; when poin t  1 is  a t  zero vo l t s ,  .the diode serves as  a closed switch (anode 

pos i t i ve  with respect  t o  cathode) and poin t  2 then switches t o  zero vol t s .  

1000 pps s igna l  therefore  passes the logic  block. 

When poin t  1 is  negative it i s  a t  the  same voltage l e v e l  a s  

The 
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A t r i p  of one of the relays of Figure 4 r e su l t s  i n  the normal 

negative voltage being removed from i t s  respective diode i n  Figure 9,  point  3 

for example. 

becomes more posit ive than the cathode and the diode serves as  a closed switch. 

The anode of the signal-conditioning diode a t  point 3 thereupon 

Point 3 therefore goes t o  zero vol t s  (ground). The anode of the input diode 

is then posi t ive with respect to i ts  cathode, it serves as a closed switch, and 

point  2 drops to  zero volts.  Thus when the 1000 pps s igna l  i s  a t  zero vol ts ,  

points 1, 2 and 3 are  a l l  a t  the same voltege, namely zero. 

s igna l  is negative, i t s  diode serves as an open switch because the anode is  

more negative than the cathode, and point 2 remains a t  zero vol ts .  

s igna l  therefore does not pass the logic block. 

When the 1000 pps 

The 1000 pps 

The f'unctinning of Ij3upic Stage IB i s  the same as  t h a t  of IIA, with 'dLC 

Stage B inputs i n  place of the Stage A inputs. 

Signal-Cmditioning Inverter (Figure 10) 

The signal-conditioning inverter is  a t r ans i s to r  which operates as 

shown ix: Figme 10. The normal output of the logic block is a LOO0 pps s igna l  

varying from zero t o  about 6 vo l t s  negative. When the input t o  the t r a n s i s t o r  

is a t  one of these levels, the  output is  a t  the opposite level. 

the  s igna l  i s  thus shif ted 180~. 

The phase of 

Since power can be applied i n  the t rans is tor ,  

the s igna l  is strengthened and the pulses are  shaped f o r  coupling t o  a l a t e r  

stage of the system. The inverter  a lso prevents coupling of signals o r  events 

i n  l a t e r  stages back into the stage which furnishes the input t o  the inverter ,  

The inverter  cannot function,by i t s e l f  t o  give a 1000 pps output, 

Therefore i f  the 1000 pps input from the logic stege i s  interrupted, the output 

s ignal  also w i l l  be interrupted. There i s  no unsafe mode of f a i lu re  of the inverter,  

therefore. 
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The amplif ier  shown i n  Figure 7 conditions the  1000 pps s igna l  f o r  

.input t o  t h e  power supply 'block. The amplif ier  i s  incapable by i t s e l f  of 

generating a 1000 pps signal,  so any f a i l u r e s  of the  amplifier would be f a i l -  

safe .  

The pulse  detector  also cannot generate a 1000 pps s ignal .  It must 

be continuously supplied with a 1000 pps s igna l  t o  maintain i t s  steady output 

which i s  the lockout s igna l  input  t o  both  Logic Stages IB and 113. 

of the pulse  de tec tor  m u l d  therefore  be f a i l - s a fe .  

Any f a i l u r e s  

Power Supply Block 

Both 1000 pps outputs from the  logic  block are required t o  energize 

the power supply block, a schematic diagram of which i s  shown i n  Figure 11. 

1000 pps s igna l s  cause the power from the  28 v o l t  dc source t o  appear a t  t he  

The 

primary o f  t h e  output transformer as  an a l t e rna t ing  current;  the corresponding 

ac from t h e  secondary of the output transformer i s  r e c t i f i e d  t o  form the  dc power 

supply to the electromagnetic clutches. This design avoids the necessity of  

having t o  break the inductive electromagnetic c lu tch  c i r c u i t  by switching of  

any kind. 

The normal operation of the .power supply is  as follows: The 1000 pps 

s igna l  from Logic-I is  applied t o  the  primary of transformer T1, causing poin ts  

A, B and C t o  a l t e rna te  between a negative voltage and zero. 

s igna l  from Ingic-I1 is  180° out  of phase with t h a t  from b g i c - I ,  it is  applied 

The 1000 pps 

t o  transformer T2 w i t h  the  r e s u l t s  t h a t  po in tsD , E and F alt .ernate betveen zero 

and a negntive voltage, being always opposite t o  A, B ond C, Noting the  t y p i c a l  u 
t r a n s i s t o r  shohn i n  the in se r t ,  when negative voltage i s  applied a t  po in t  1, 
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curren t  flows through the t r a n s i s t o r  from point  2 t o  point 3. 

a t  poin t  C causes cur ren t  flow i n  t h i s  manner through both Q3 and 

stme time, po in t  E is  a t  zero v o l t s  and point  G i s  negative. Current therefore  

flows through both % and 66. 
supply through Q3 and Qh, through the primary of T3, through &j and 

On t h e  opposite phase of  t h e  1000 pps input s ignal ,  a zero voltage a t  B implies 

negative voltage a t  H, permit t ing Q1 and Q2 conduct, and when B is  zero F i s  

A negative voltage 

A t  the  

The c i r c u i t  is  thus complete from the 28 V dc 

to ground, 

,negat ive,  and Qi and % conduct. "his closes  the  c i r c u i t  from 28 V dc through 

%he primary of T3 t o  ground i n  the opposite d i rec t ion .  

a l te rna ted  i n  d i rec t ion  1000 cycles per  sec through the primary of  transformer T 3 .  

This power i s  inductively coupled t o  the secondary Df T3, and i s  r e c t i f i e d  t o  

form the  dc holding current  f o r  the  electromagnetic clutches.  

Thus 28 V dc power i s  

The coupling of the two logic  blocks through the lockout c i r c u i t s  en- 

sures t h a t  both w i l l  shut down on any t r i p  t o  e i the r .  Failure of  t h i s  inter lock 

is of a s  l o w  probabi l i ty  as t h a t  of  en unsafe f a i l u r e  o f  any input diode. Hawever, 

should t h i s  in te r lock  f a i l ,  a pulsating, r a t h e r  than al ternat ing,  current  w u l d  

eippem i n  the  primary of T3 from t h e  s ingle  b g i c  block s t i l l  passing the 1000 pps 

s ignal ;  the  power a t  the  secondary of the  transformer i n  t h i s  case i s  in su f f i c i en t  

t o  hDld i n  the  electromagnetic clutches.  

Fai lure  Modes and Consequ- Pnces 
1F 

Safety system f a i l u r e s  have been discussed by J. E. Binns a He pl8Ced 

system f a i l u r e s  i n  tw:, categories:  f e i l u r e s  of  the  f i rs t  kind, which render the 

system incapable of taking necessary action, and f a i l u r e s  of  the second kind, which 

cause the systez t o  take Rction c l thmgh none i s  necessary. A t h i r d  cotegzry mey 

*inef. 7, pege 12.1 
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also be added: 

yet do not render the system incapable of action on a t r i p  signal.  

the  design, cmstruction, operation, and maintenance of a sa fe ty  system is, of 

course, avoidance of f a i lu re s  of the first kind. The following analysis i s  in- 

tended t o  show h w  this goal has been at ta ined f o r  the HTLTR safe ty  system. 

component f a i lu re s  which do not cause the system t o  take action, 

The goal of 

I n  the  detai led analysis i t . i s  helpful  t o  c lass i fy  f a i lu re s  as in te r -  

connection f a i l u r e s  o r  component fa i lures .  The former are open c i r cu i t s ,  short  

c i rcu i t s ,  and single or multiple grounds t h a t  may r e s u l t  from loose o r  improper 

connections, damaged insulation, extraneous matter i n  the equipment, o r  poor 

maintenance techniques. Component f a i lu re s  may r e s u l t  from excessive operational 

and environmental stresses or' from aging or  wear. 
., I 

Detailed arialyses are presented only  f o r  the logic  block. General 

analyses are suf f ic ien t  f o r  the other blocks of the safe ty  system. This statement 

i s  3ustifi.ed i n  the discussion of each block. 

Sensor-Corqarator Block 

'The principles of redundancy, diversity,  and frequent t e s t i q  are relied 

upon f o r  the proper f'unctioning of t h i s  block. 

instrumentation as the most e s sen t i a l  f o r  reactor safety, there are  two channels 

of l o g  

conventional and have proved r e l i ab le  i n  many reactor-years of operation; there 

Considering the neutron f lux 

count r a t e  and period meters with r e l ay  t r i p  outputs which are  quite 

are  a l so  two  channels of precise flux measuring instrumentation providing d i g i t a l  

inputs to a stored program d i g i t a l  computer, which checks, compares, and ca l ibra tes  

the t w o  channels continuously and provides a t r i p  output t o  the logic block. One 

t r i p  i n  any one of three mDdes from any one of the four channels provides an of f -  

limit s igna l  t o  the logic block. "he two conventional channels are completely 
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independent, b u t  a r e  i d e n t i c a l  i n  design and construction, sa i d e n t i c a l  simulta- 

neous f a i l u r e s  i n  the  twa channelc a r e  not impossible, a s  experience has shown. 

:.The two d i g i t a l  channels a re  not completely independent, s ince  both  u t i l i z e  the  

computer; they  ore,  however, completely independent of t he  conventional channels 

and a r e  completely unl ike  them i n  every respec t ,  from t h e  process sensar onward. 

F a i l u r e s  of t he  first k ind  i n  t h e  d i g i t a l  channels a r e  regarded as exceedingly 

unl ike ly ,  as f a i l u r e s  of t h e  computer occur e i t h e r  a s  absence of a s i g n a l  o r  on 

Further- 
\ 

. egregiously e r r m e o u s  s igna l ,  e i t h e r  of which would r e s u l t  i n  a t r i p .  

' more, f a i l u r e  t o  process t h e  f l u x  information would be noted a t  once by f a i l u r e  

to  e m i t  t h e  nuc lear  check complete pulse.  Multiple f a i l u r e s  i n  a l l  four channels 

r e s u l t i n g  i n  a f a i l u r e  of t h e  f i r s t k i n a  of  t h e  e n t i r e  system have thus been 

precluded by design. 

l o g i c  Block 

This block has as input  a 1000 pu l ses  pe r  sec s igna l .  When this scme 

s i g n a l  appears a t  t h e  output of t h e  block as two amplified out-of-phase 1000 pps 

s igna ls ,  t h e  power supply t o  t h e  electromagnetic c lu tches  i s  energized. 

i s  nothing i n  the  i n t e r n a l  c i r c u i t r y  

generate t h e  1000 pps output s igna l .  

l og ic  block i n  d e t a i l  t o  determine whether multiple f a i l u r e s  can give a pa th  

whereby the  input  s i g n a l  can continue t o  pass through t h e  block even though a 

t r i p  signal has appeared a t  one of t h e  Inputs .  

There 

of t h e  log ic  block which could poss ib ly  

It is  therefore  s u f f i c i e n t  t o  analyze t h e  

. 

The contac ts  of t h e  output r e l a y s  of ' t he  comparator block of  t he  

neutron f lux  monitor chanre ls  a r e  the  inpu t s  t o  Iogic  Stage A.  Interconnection 

f a i l u r e s  of t hese  contac ts  w i l l  be analyzed i n  t h e  d iscuss ion  which follows, 



F. 23 BNWL-CC-225 

Grounding upper contact of a t y p i c a l  r e l a y  (Figure 4). 

(Includes grounds of any point  of the  b g i c - I  input c i r c u i t s ) .  

Point 3 of Figure 8 would be a t  zero vol t s .  The input diode 

would serve as  a closed switch. Point 2 a l so  would be st zero 

volts. Point  2 would be unable t o  follow t he  1000 pps s igna l  

because of being grounded through the  fnput diode. Therefore 

t h e  1000 pps s igna l  would not  pass. 

Open c i r c u i t  f r c m  upper contact  of a t y p i c a l  re lay.  

open c i r c u i t s  a t  any poin t  of t he  h g i c - I  input c i r c u i t s ) .  

( Includes 

This would result i n  an unsafe f a i l u r e  of  bg ic - I ,  s ince t h e  

negative t r i p  s i g n a l m u l d  not  go through and the  sho r t  t o  ground 

as  described i n  (1) would not occur. 

s igna l  would be removed from Logic-I1 and it would respond. 

Fused contacts  of a t y p i c a l  re lay.  

However, the  negative normal 

This would result  i n  an unsafe f a i l u r e  o f  t he  log ic  block, s ince 

t h e  contacts  would be unable t o  m3ve from the  normal pos i t i on  

on de-energizing the  r e l a y  coil. Reliance would be placed i n  

t h i s  case on the  proper functioning of flux monitor channel 2 o r  

the  proper fwx t ion ing  of the  t r i p  s igna ls  from the  FMACS. The 

p o s s i b i l i t y  of fused contacts  of th is  r e l ay  i s  remote, s ince 

t h e  cur ren t  car r ied  is small  (about 6 d ) ,  t he  c i r c u i t  contains 

no elements which could c rea t e  surges on making o r  breaking the  

c i r c u i t s ,  and there  a r e  no discoverable modes of f a i l u r e  of 

components which could load the  r e l a y  heavily. 
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(4) Grounds and open c i r c u i t s  a t  the lower contact of a t yp ica l  relay.  

Similar analyses t o  those of (1) and ( 2 )  a re  obvious. 

Short c i r c u i t  across the contacts of a t yp ica l  re lay.  ( 5 )  

In t h i s  case negative voltage would be applied t o  Ihgic-I i n  

the  same manner as a normal t r i p ,  resu l t ing  in a safe  f a i l u r e  

( reac tor  shutdown). 

Interconnection f a i l u r e s  elsewhere i n  the  logic  block are  next considered. 

( 6 )  Grounds on the path of normal flow of the 1000 pps s igna l  (po in ts  

1 and 2, Figure 8). 
,. 

This would r e s u l t  i n  flow of the s igna l  t o  ground and it would 

f a i l  t o  pass, a sa fe  f a i lu re .  

( 7 )  Open c i r c u i t s  on the path of normal flow of  the 1000 pps s ignal .  

This would obviously be a safe  f a i lu re .  

Short c i r c u i t s  across . two  o r  mre logic  inputs (poin ts  3 and 4, 

Figure 8). 

(8) 

A trip on e i t h e r  input would be .recognized by both input diodes 

and the  1000 pps s igna l  would not pass. 

Short c i r c u i t  of the ,1000 pps s igna l  t o  one o r  more of the t r i p  

inputs (points  1 and 3, Figure 8). 

( 9 )  

This would r e s u l t  i n  a f a i l u r e  of the  f i r s t  kind of Logic-I. 

The 1000 pps s igna l  a t  i t s  input diode wmld a l t e rna te  between 

a voltage m3re negative than usual and zero vol ts ,  and the diode 
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would pass t h i s  signal. 

r e s to re  the s igna l  t o  normal and the b g i c - I  block would continue 

t o  provide an output. Logic-11, however, would cause a shutdown 

i n  the normal manner, and through the lockout coupling would shut 

The s igna l  conditioning inver te r  would 

down b g i c - I  as  well. 

Such a f a i l u r e  has been rendered improbable by design. The cable 

carrying the input 1000 pps s igna l  does not l i e  s ide  by s ide w i t h  

any of the  t r i p  input cables. 

t he  log ic  block i tself .  

separation minimizes the  p o s s i b i l i t y  of a short  c i r c u i t .  

grounds would not function as  a shor t  c i r c u i t  i n  t h i s  case since as  

was shown i n  (6) a ground on t h e  pa th  of the 1000 pps s igna l  r e s u l t s  

A shor t  c i r c u i t  could occur only a t  

A t  t h i s  point,  component and input terminal 

Multiple 

i n  a safe  f a i lu re .  

Interconnection f a i l u r e s  a t  o ther  po in ts  i n  the logic  block may be 

analyzed and shown t o  be equivalent i n  every case t o  one of the 9 discussed above. 

Component.failures a re  next considered. The diodes of which the logic  

c i r c u i t s  are  composed can f a i l  i n  only two ways-permanently open-circuited and 

permanently short-circuited.  

block: 

This ' r e su l t s  i n  6 modes of f a i l u r e  of the logic  

. open o r  short  o f  the  1000 pps input diode 

. open.or sho r t  of an input diode on which a t r i p  i s  received 

. open o r  short  of  an input diode and rece ip t  of a t r i p  on another 

input. 
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These modes of f a i lu re  and their  consequences fo r  b g i c  IA are 

shown i n  Table I: 

KIDES OF FAILURE OF I D G I C  I A  AND THEIR CONSEQUEXCES 

Mode of 
Failure 

1 

2 

3 

4 

5 

6 

Tripped Normal 1000 pps Failure of 
Diode Diode Diode 2nd Kind. 

O* No 

0 

S 

0 

.s 

s No 

No 

No 

Yes 

NO 

W - Open c i r c u i t  f a i lu re  

Failure of 
1st Kind 1) 

Yes 

No 

No 

No 

Ye S 

S - Short c i r c u i t  f a i l u r e  

.. (1) Failure of first kind of Logic-I only. b g i c - I 1  would function t o  shut 

down the reactor. 
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Each mode of f a i l u r e  is  discussed below, the e n t r i e s  i n  the  l a s t  two 

columns of the t ab le  a re  ju s t i f i ed ,  and when f a i l u r e  of the f i r s t  kind is  in-  

: dicated, t he  a l t e rna t ive  on which re l iance  i s  placed f o r  reactor  shutdown i s  

s ta ted.  

mode, of f a i l u r e  is of the addi t ional  c l a s s  mentioned i n  t h e  opening discussion. 

Where nei ther  f a i l u r e  of the  f irst  o r  second kinds i s  indicated, the 

Mode 1: Consider a s  an example flux l eve l  channel 1 diode (poin t  3, 

Mode 2: 

Mode '3: 

Mode 4: 

Figure 8). 

ge t  through on the channel and a f a i l u r e  of the f irst  kind 

results. 

of the second kind results. 

functioning of logic-11. 

I n  the same location, with the diode short-circui ted,  the 

system does not de tec t  the  f a u l t  and n3 f a i l u r e  of the second 

kind resu l t s .  The negative t r i p  s igna l  i s  d i r e c t l y  connected 

t o  point 2. 

when the signal is at zero mlts a t  p o i n t  1, and as a closed 

switch when it is negative. 

throughmt the  cycle and the  1000 pps s igna l  does not pass,  

No faiLure of the  f irst  kind r e su l t s .  

Consider as an example an open c i r c u i t  on period channel 1 

diode and a t r i p  on f lux  l e v e l  channel 1. The open c i r c u i t  

cannot affect  the functioning of the tr ipped chamel,  so no 

f a i l u r e  of e i t h e r  kind occurs. 

A short  on period channel 1 and a t r i p  on flux l e v e l  channel 1 

would produce the same re su l t ,  since the shorted channel ends 

i n  an open contact a t  the relay.  

With t h i s  diode open-circuited, a t r i p  cannot 

The system does not de tec t  the f a u l t  and no f a i l u r e  

Reliance i s  placed on the proper 

The 1000 pps diode functions as  an open switch 

Point 2 therefore remains negative 
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Mode 5:  An open c i r c u i t  of the 1000 pps diode would give the same 

r e s u l t  as  any other open c i r c u i t  i n  the 1000 pps signal--a 

f a i l u r e  of the second kind. 

Mode 6: A short  c i r c u i t  of t he  1000 pps diode would not be detected 

by t he  system, a s  t he  n o m 1  s igna l  w u l d  appear a t  point  2. 

A t r i p  i n p t  a t  point  3 causes the diode t o  function as  a closed 

switch and applies a negative voltage a t  point 2. However, 

the  1000 pps diode being shorted, it could no longer a c t  as  

an open switch on the  zero vo l t s  p a r t  of the cycle. The 

c i r c u i t  providing the  1000 pps s ignal  has a low impedance 

compared t o  the negative t r ip  input s igna l  c i r c u i t .  Therefore 

+Le u.II voltage a t  point 2 would m-t remain nege-kiive during ths  

zero voltage portion of the pulse, and the normal s igna l  would 

pass t o  the. inverter ,  resu l t ing  i n  a f a i lu re  of  the f i r s t  kind, 

Reliance i s  placed on the proper functioning of Logic-11. 

The f a i lu re  mode analysis of Logic IA.applies also t o  Logic I I B ,  with 

the  exception t h a t  i n  Logic I A  a l l  t r i p  s ignals  r e s u l t  from contact closures, 

wherecs i n  b g i c  I D  only the manual scram t r ip  , resul ts  from R contact closure. 

All other t r i p  signals r e s u l t  from voltage l e v e l  changes produced by the computer. 

These voltage l eve l  changes are  low impedance connections t o  a negative bus o r  

a ground bus, respectively, and thus shor.ting.of an inDut diode cannot have the 

e f f e c t  of a connection t o  an open re lay  contact. Failure modes and t h e i r  conse- 

quences f o r  Logic IIB are as  shown i n  Table 11. 



Mode of 
Fa i lure  

1 

2 

3 

4 

5 

6 

' 7  

8 

9 

10 

TABU 11 
i 

MODES OF FAILURE OF LOGIC I I B  AND THEIR CONSEQUENCES 

Manual Scram Diode Other Input Diodes 1000 pps Fai lure  o f  
Tripped Not Tripped Tripped Not Tripped Diode 2nd Kind 

No 

No 

No 

No 

0 

S 

0 

S 

0 

S 

0 

S 

No 

Yes 

No 

Fai lure  of 
1st Kind(1) 

Ye s 

No 

No 

No r 
Ye s @ 

Ye s - 
0 Ye s - 
S No Yes 

(1) Fai lure  of f irst  kind o f  logic-I1 only. 
t h e  reactor .  

b g i c - I  would funct ion t o  shut  dovn 

. . ,'. 
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I n  f a i l u r e  modes 1 and 2, the manual scram diode is considered t o  have 

f a i l e a  i n  the manner indicated, and then a scram s igna l  from the manual scram 

c i r c u i t  i s  received. 

t o  have fai led,  and then a t r i p  of one of the other input diodes i s  received. 

f a i l u r e  mDdes 5 and 6, an input diode is  considered t o  have fa i led ,  followed by 

I n  f a i l u r e  modes 3 and 4, the manual scram diode i s  considered 

In 

a t r i p  on t h a t  channel. I n  f a i l u r e  modes 7 aAd 8, an input diode is  considered 

t o  have fa i led ,  followed by a t r i p  on another channel. 

I n  f a i l u r e  mode 1, rel iance is placed on both the proper functioning 

of Iogic-I and the  addi t ional  contact i n  the manual scram button which breaks 

- the 120 V ac supply t o  the  28 V dc power supply c i r c u i t .  

10, rel5ance is  placc2 on the prspr--functioning cf Logic-I. 

I n  f a i l u r e  modes 5 and 

The f a i l u r e  mode analysis  of h g i c  IA applies a lso t o  Logic IIA, with 

the  exception t h a t  i n  Ingic IIA f a i l u r e  of the  signal-conditioning diodes could 

a l so  occur. 

ground of the input signal. 

kind. 

voltage being transmitted through the input diode i n  the event of a t r i p ,  where 

because of c i r c u i t  charac te r i s t ics  it produces a low pos i t ive  voltage a t  point  2. 

This r e s u l t s  i n  the cathode of the 1000 pps input diode always being more pos i t ive  

than the anDde, the  diode thus functioning as  an open switch and stopping passage 

of the 1000 pps signal. 

the remaining modes of fa i lure  is similar t o  those above. 

of b g i c  IB are als:, s imilar  t o  those of Logic IIA, agoin with the exception 

noted f o r  ID. 

Table 111, 

A s h w t  c i r c u i t  of one of these diodes would r e s u l t  i n  a low impedance 

This would r e s u l t  i n  a scram, a fa i lure  o f  the second 

An open circuit of a signal-conditioning diode r e s u l t s  i n  the pos i t ive  b i a s  

Thus the systemfunctions normally. The analysis of 

The rnodes of f a i l u r e  

The modes and consequences of f a i l u r e  fo r  Lagic IIA are shown i n  

The extension t o  Logic IB is obvious. 

, ?  



Mode of 
Fa i lure  

1 

2 

3 

. 4  

5 

6 

7 

EloDES OF FAILVRE OF fX)GIC IS3 AND THEIR CONSEQUENCES 

Fai lure  of Conditioning Tripped Normal 1000 pps 
Diode Diode Diode Diode 2nd Kind 

0 No 

S Ye s 

0 No 

6 No 

0 

s 

No 

No 

0 Ye s 

Failure  of 
1st Kind (1) -. 

No 

-- 
Yes 

No 

No 

No 

-- 
S No No a 

(1) Failure  of f i r s t  kind of Logic I1 only. 
reactor .  

Logic I would funct ion t o  shut  down t he  
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Power Supply Block 

Since the power supply block depends f o r  i t s  output on the active 

-functioning of the  switching t rans is tccs  (Q, Figure ll), which are  driven by the 

inductively-coupled out-of-phase s ignals  from both logic blocks, and since the 

s ignals  by themselves could not provide suf f ic ien t  power t o  the electrmagnet ic  

,clutches,  it is  apparent t h a t  open o r  sbr t  c i r c u i t s  o r  grounds i n  the t rans-  

.formers t o  which the s ignals  are coupled o r  i n  the switching t r ans i s to r s  could 

not cause a f a i l u r e  of the first kind. 

f a i l u r e  of the first  kind in th i s  block would be a multiple interconnection f a i l u r e  

which would d i r ec t ly  connect the 28 V dc power supply t o  the electromagnetic 

The only condition which could cause a 

.-clutches. This is precluded by the design of the system. The 28 V input terminals 

and the output temin3ls a re  w e l l  seperated, an2 f k  system i s  protected against  

interconnections from multiple grounds by a ground detector i n  the electromagnetic 

c lutch c i r cu i t .  

RELIABILITY COI4PUTATION 

Failures i n  a single logic block a:, not cause a system failure.  Since 

ce r t a in  multiple f a i lu re s  could cause a system fa i lure ,  the probabi l i ty  of such 

an occurrence has been calculated. .We consider here the simultaneous f a i lu re s  of 

components i n  both f lux monitor channels which prevent o r  preclude a safety system 

t r i p  when the high f lux l eve l  t r i p  point i s  exceeded 

When electronic components a re  'first instal led,  f a i lu re s  occur a t  a 

r e l a t ive ly  high r a t e  from production, .test, 3r assembly f au l t s .  The f a i l u r e  r a t e  

quickly decreases and remains fa2r ly  constant f o r  the useful l i f e  of the system. 
f \  

A t  the end of  t h i s  period, the f a i l u r e  r a t e  begins t o  increase as wear-out f a i lu re s  

occur. The random and f a i r l y  constant occurrence of f a i lu re s  during the useful 
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l i f e  period makes possible the use of s t a t i s t i c a l  models t o  represent r e l i a b i l i t y ,  

Rel iabi l i ty ,  the probabili ty t h a t  a system w i l l  perform sa t i s f ac to r i ly  f o r  a t  

l e a s t  a given period of -Lime when used under s ta ted conditions, i s  re la ted  t o  the 

component f a i lu re  r a t e  A and time t b$ 

- A t  R(t) = e 

If azl event occurs i n  s ouC of a t o t a l  of n t r i a l s  and does not occur i n  the 

remaining (n-s) t r i a l s ,  the probabili ty of occurrence i s  the r a t i o  s/n as  the 

number of t r i a l s  becomes large. kt the probabili ty of the occurrence of an event 

E be P(E) and of the  non-occurrence of the event P(E). The sum of these probabil-. 

i t i es  is  
: -... 

P(E) + P(E) = 1. 

Two events A and B are independent, i f  the occurrence o r  non-occur- 

renee of A has.'no dependence upon the occurrence o r  non-occurrence of B, and 

vice versa, The probability P(AB) t h a t  both.events occur is 

(3) PCAB) = P(k) '* :P(B). 

,Generally, then, f o r  A,, 4, A3, ..,. Ai inaependent events the probabi l i ty  t h a t  

a l l  f events occur is  given by 

P(A1&A3 *Ai) = .P(A, ) 'P(A,) P(A3 ) P( A i )  (4) 
The probabili ty tha t  e i the r  event A o r  event B o r  both events occurs, f o r  events 

which are  riot mutually exclusive,rnay be found from any of t h e  following: 

P(A or  B) = P(A)*F(E) -e P(B)*P(A) + P(A)-P(B) 

( 5  1 = P(A) + P(B) - P(A)'P(B) 

= 1 - P(A B) 
- -  
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Sicce the probabi l i ty  of s a t i s f se t c ry  Ferformance i s  R( t>, the Frobabi l i ty  

P i t )  cf faiLure i s  

~ f t )  = 1 - e - X t  

fcr Xt << & the aypcx7bat im 

. P(t) A t  (7) 
is  val id ,  

As an exarir2l.e consider a s-Le ser ies  c i r c u i t  ccjmprlsing a bat tery,  a 

switch, arid a lm9. 

operating conditicc. 

by 1, a h iex iooa2  t ru th  table  may be prepared shcwing the eight  possible combi- 

nations of f a i l u r e  and opercting corditior-: 

For the  Light tc tup2 on, a l l  three components must be i n  

If a f a i h r e  is reFreseate3 by 0 and the operating corad.i.t;ir~a 

-- Comb iriat ion Battery r Switch E-m? - 
1 
2 
3 
4 

R 

$I 

-0 
0 
.a 

L 

1 
0 
0 
1 
1 

0 
1 
0 
1 
(3 
1 
0 
1 

Ye s 
Yes 
Ye s 
Ye S 
Ye 6 
Y e s  
Yes 
Nt3 

AsslTxle that large smples sf the ba t te r ies ,  switches ard lamps have been 

t e s t e l  aril their useful-life f a i lu re  rates determined. 

circil i t ,  eleffient w i l l  perfom sa t i s f ac to r i ly  f o r  a t  l e a s t  a t-fme t, i t s  r e l i a b i l i t y ,  

may be c c q x t e d  using E q u a t i u n  1. 

"%e probabi l i ty  t h s t  a 
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.The r e l i a b i l i t i e s  of the  several components may then be combined t o  give the  

r e l i a b i l i t y  of t he  entFre c i r c u i t  as i n  Equation 4, remembering that cornbination 

8 is the only one giving successful operation of the e n t i r e  c i r c u i t .  

r e l i a b i l i t i e s  a r e  given i n  Table V. 

The component 

TABLE V 

COHFQWENT FAILURE RATES AND RELIABILITIES 

Functional Measured 
Block Fai lure  Rate R e l i a b i l i t y  

- XAt 
A (ba t te ry)  XA e 

13 (switch) XB e 

c (lamp) xC e 

- X g t  

- A c t  

I. 

The r e l i a b i l i t y  of t he  c i r c u i t  is then given by 

w(t) = (e-""") 

- (xA + AB 3. X C ) t  = e  

The r e l i a b i l i t y  of more complex systems may be s imi la r ly  calculated when the  

f a i l u r e  r a t e s  of the  components and the  modes of f a i l u r e  of t h e  system are  known. 

These method6 will now be used to compute the  r e l i a b i l i t y  of the l o g i c  

block in*responding t o  high f lux  l e v e l  signals from both flux monitor channels. 

These input s ignals  a re  applied to b g i c  IA end Logic IIA a8 described above. 

The t r u t h  t ab le  f o r  Logic LA f a i l u r e  modes developed from Table I i s  shown i n  

Table VI .  



Comb ina t ion 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 

a 

F . 3  

TABLE: V I  

FUNCTIONAL ?IRuTH TABU3 FOR LOGIC IA 

Channel 1 
Diode* 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 

Channel 2 
Diode* 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 

1000 pps Diode 
Open S h 3 3  - 

BNtJECC-225 

Failure of 
2nd Kind 1st Kind 

Y e s  

Yes 

Yes 

Yes 

C 
i 
0. 
1 
0 
1 
0 
1 

Y e s  

Yes 
Yes 
Yes 

Ye s 

Yes 

* 0 represents an open c i r c u i t  fa i lure ,  1 represents a l l  other  situations 
(normal .operation o r  shor t -c i rcu i t  f a i lu re )  since these do not cause 
f a i l u r e  of the f i r s t  kind. 
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The p r o b a b i l i t y  expressions t h a t  describe the  combinatignn yieldin: 

failures of  t h e  f i rs t  k ind  a r e  tabula ted  below i n  a n d x t i o n  s i m i l a r  t o  t h a t  used 

f o r  t h e  simple example: 

As an example o f  i n t e r p r e t a t i o n  o f  t he  no ta t ion  consider combinati.on 9; t h i s  i s  

t h e  p r o b a b i l i t y  of coexistence of an open c i r c u i t  o f  both channel 1 and channel 

2 input  diodes and a s h o r t  c i r c u i t  of t he  system-normal (1000 pps) input diode. 

Combining t h e  expressions i n  Table VII, t h e  p r o b a b i l l i y  of  a failure 

of  the f i rs t  k ind  of Logic I A  i s  

( 5) P( t,lst,IA) = P( t ,@,C ,  )*P(  t , O ,  &) '  [l-P( t,O,SN) 1' b - P (  t, S, SN) 3 + P( t,S, SN) 

Using t h e  infornation from Table 111, we f i n d  t h e  p r o b a b i l i t y  o€ a 

f a i l u r e  of the  first kind of  b g i c  I U  is 

I n  t h i s  e q r e s s i o n ,  SC, and SC,rc€cr t o  t h e  s i G n a l - c ~ n d i t i ~ n i n G  d b d e r ,  nssocintecl 



UNCLASSIFIED F-38 BNWL- CC-225 

w i t h  t h e  input diode6 f o r  channel 1 and channel 2, respectively.  SCi and Ni 

. r e f e r  t o  the remaining s igna l  conditioning and input diode combinations. 

The probabi l i ty  of a f a i l u r e  of  the first kind of  the  e n t i r e  logic  
I 

block with both high flux l e v e l  scram s igna ls  present is  the combined probabi l i ty  

f o r  coexis tent  f a i l u r e  of both b g i c  I and Logic 11: 

P( t , l s t , IDgic)  = P ( t , l s t , I A ) * P ( t , l s t ,  IIA) 

Fa i lu re  Rate Data 

To compte the  numerical value of P ( t , l s t ,  Logic)gdata f o r  the  

f a i l u r e  r a t e ,  A, and for t he  time under cms ide ra t ion  must be supplied. 

r a t e  experience f o r  semiconductor diodes used i n  c i r c u i t s  s imi la r  t o  the log ic  

c i r c u i t s  i s  given i n  Table VIII. 

Failure  
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TABLE: VI11 

BNWL-CC-225 

SEXICOIJDUCTOR. DIODE FAILURE E D E X I E N C E  

Source Diode Operating Diode Fai lure  Rate, 
O f  Data Population Time, Hr Fa i lu re  s $/loo0 Hr 

1.2 13,393 2,000 0 0.01m 

1.3 =, 700 1,373 0 0.017~ 

1.1 13,080 1,400 0 0.0164* 

1.4 12,700 1,121 0 0.021w 

3,000 13,140 3 (+> 0.0197* 

8,000 7,500 1 (+> 0. eon* 

167,958 1,020 244 0.0142 

0.003 

9.01 .. * 9546 confidence l e v e l  1 . 
(+) Includes f a i l u r e s  of o ther  components a s  well  as  diodes,  

Assumed a l l  diode failures i n  computing the  f a i l u r e  r a t e .  

Source 1: 

Source 2: 

Source 3: 

. 
Source 4: 

Source 5: 

Source 6: 

Four systems manufactured by the  vendor of F'MACS and o f  the  

sa fe ty  system logic  and power supply. 

A d i g i t a l  computer i n  the  IiRU computer cont ro l  experiment 

being conducted by AECL. 

A chemical process cont ro l  d i g i t a l  computer i n s t a l l a t ion .  

Reference 4. 

A data-processing system.. Reference 5. 

A m i l i t a r y  handbook value. 

A n  i n d u s t r i a l  handbook value. Reference 6. 

Reference 2. 

Reference 3. 

Reference 8. 
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The dis t r ibu t ion  6 of diode f a i lu re s  is  about 1 6  open c i r c u i t  fa i lure ,  

Since d r i f t  failure does not 3096 short  c i r cu i t  fa i lure ,  and 6 6  d r i f t  fa i lure .  

a f f ec t  the performance of a diode a8 a switching element, the d r i f t  f a i lu re s  

could be neglected. 

open and short fai lure8 and these were s e t  equal a t  56 each, 

For computation convenience, they were lumped wi th  the 

me failure r a t e  chosen was t h a t  of 8ource 1.2, the system of the PTlACS 

vendor having the mst teRt experience. 

and shorts and rounding up give6 the f a i l u r e  r a t e  X = 0.006$ per 1000 hr  t o  3e 

used i n  Equation (10.). 

Diotributing t h i s  r a t e  equally to  opens 

The t i ne  t under consideration is  the time in te rva l  between system 

tests 7 . Since the system i s  tes ted before experimentation i s  begun each day, 

o r  once during each 8 hour sh i f t  if' eqerimentation is proceeding continuously, 

j the  longest time between system t e s t s  is 16 hours. 

Probabili ty Computation 

The exgonent i n  the exponential terms, A t ,  i s  

e (16 hr) .= 9.6 x o r  approximately 10 -6 
(1000 hr) 

and the approximation of Equation (7)  i s  valid. Substi tuting i n  Equation (8)  

.. we f ind  

N 

= A t  

- 6  = 10- 



t 
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From Equation ( g),  we find 

BNWL-CC-225 

From Equation (10) the probabi l i ty  of failure of both b g i c  I and lisgic I1 is  

P( t, Ist, bgic) (10-6) (10-12) 
N 

x 10-18 

The complete failure of the safety system is, of course, of even lower 

probabi l i ty  because of the backup provided by the f lux  measurement system. 
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