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SPERT N HAZARDS SUMMARY REPORT 

. ,  by 

F. L. Bentzen and J.  G .  Crocker 

A B S T R A C T  - - - - - - - -  

Spert IV i s  a large pool-type experimental f a c i l i t y  which w i l l  be 
u t i l i zed  for  the performance of reactor kinet ic  studies a s  a par t  of the 
U. S. Atomic Energy Carmnission's Reactor Safety Program. These studies 
w i l l  include power excursion and ins t ab i l i t y  t e s t s  f o r  a variety of 
reactor designs. Since the Spert N experimental program requires the 
performance of t e s t s  which w i l l  approach, and may exceed the threshold 
of reactor destruction, the probabili ty of occurrence of the maximum 
possible accident i s  not negligible compared with tha t  of other possible 
accidents. This accident, then, i s  considered a s  the maximum credible 
accident i n  t h i s  report ;  

The maxinnun possible accident for  t h i s  f a c i l i t y  i s  considered t o  
be a severe nuclear excursion which r e su l t s  i n  the destruction of the 
reactor building and the release of 100% of the  accumulated f i ss ion  
product inventory t o  the atmosphere i n  a steam cloud. The f i ss ion  
product source assumed in  the analysis of t h i s  accident i s  an upper 
l i m i t  in  view of the nature of the t e s t s  t o  be p.erformed and the heat 
removal capacity of the system. This postulated accident is  independent 
6f the de ta i l s  of core and control system design and i s  val id  fo r  a l l  
cores anticipated fo r  use i n  the experimental program. 

This report  discusses the major hazards present in  the operation 
of t h i s  f a c i l i t y ,  the precautions t o  be taken t o  reduce the probabili ty 
of an accident, and the consequences of the maximum possible accident. 

' 
It i s  concluded tha t  the proposed method of operation w i l l  minimize the 
hazard t o  operating personnel, and tha t  the s i t e  location w i l l  make 
possible the operation of the Spert N f a c i l i t y  without hazard t o  the 
general public. 
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SPERT N 'HAZARDS SUMMARY REPORT . ' 

I. INTRODUCTION 

The Spert Project i s  operated by Phi l l ips  Petroleum Company a t  the 
National Reactor Testing Station a s  a par t  of the U.  S. Atomic Energy 
Comission's Reactor Safety Program. Spert IV w i l l  be the fourth Spert 
reactor f a c i l i t y  t o  be placed in  operation for  the investigation of the 
kinet ic  behavior of various reactor types. The Spert N experimental 
program w i l l  include reac t iv i ty  coefficient measurements, core parameter 
studies, power excursions, and ins t ab i l i t y  t e s t s .  The i n i t i a l  objective 
i n  t h i s  program i s  t o  determine the conditions tha t  lead t o  reactor 
in s t ab i l i t i e s  i n  heterogeneous, light-water-cooled and -moderated systems. 
The experiments w i l l  be performed under various conditions of reactor 
power level,  water temperature, top re f lec tor  height, and core geometry. 

The purpose of t h i s  report  is  t o  present a summary of the hazards 
involved i n  operating the Spert N f a c i l i t y ,  the precautions t o  be taken 
t o  reduce the probability of an accident, and the possible consequences 
of such an accident. 

11. DESCRIPTION OF SITE 

The Spert N f a c i l i t y  i s  located within the Spert area a t  the  
National Reactor Testing Station i n  Idaho. The Spert area s i t e  i s  
shown i n  re la t ion  t o  other ins ta l la t ions  a t  the NRTS i n  Figure 1. The 
closest  population center i n  the general down-wind direction i s  the 
Mud Lake-Terreton area 30 miles t o  the northeast. The s i t e  boundary i n  
tha t  direction i s  about 20 miles d is tan t .  Other nearby points of im- 
portance are:  MPR-ETR about 5 miles northwest; CPP about 3* miles west- 
northwest; Central Fbci l i t ies  about 4 miles west-southwest; OMRE about 
3 miles south-southwest; GCRE and ML-1 about 2$ miles southeast; Atomic 
City about 7-$, miles southeast; nearest point of U. S. Highway 20, about 
3 miles south; and the nearest s i t e  boundary 6$ miles south. 

Figure 2 shows the general s i t e  plan fo r  Spert, and the location of 
the four Spert reactors.  Each reactor area is approximately -$ mile from 
the adjacent reactor s i t e s  and $ mile from the Control Center. The en- 
t i r e  Spert area i s  surrounded by a barbed wire obstruction fence which 
i s  a nominal distance of 113 mile from any reactor building. 

Figure 3 i s  a plan view of the Spert N area showing the locations 
of the reactor building, contaminated waste hold-up tank, leaching pond, 

- and e l ec t r i ca l  sub-station. 

Waste water from the reactor pools i s  normally pumped t o  a leaching 
pond located about 270 f t  south of the reactor building. A contaminated 
waste hold-up tank i s  located approximtely 170 f t  south of the reactor 
building. A barbed wire exclusion fence surrounds the leaching pond and 
contaminated waste tank area. Uncontaminated waste water w i l l  be pumped 



t o  "Spert IV ~ a k e " ,  which has a storage capacity of s ix  million gallons. 
Should t h i s  Lake become fh.I-1 an overflow weir w i l l  perimt the  excess 
water t o  flow in to  the deser t .  . 

Meteorological, hydrological, and seismological data fo r  the NRTS 
have been described i n  previous reports (1) (2)  and w i l l  not be presented 
i n  d e t a i l  i n  t h i s  report .  

Figure 4 shows the seasonal wind roses f o r  the 250 foot  leve l  fo r  
both inversion and lapse conditions.' This figure indicates tha t  there 
is  approximately an equal probabili ty for  lapse or inversion conditions, 
but lapse conditions with the prevailing southwesterly winds, a r e  more 
prevalent during normal working hours when reactor t e s t s  a r e  usually 
performed. 
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Figure 2 - Spert Si te  Plan 
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111. DESCRIPTION OF TRE SPERT IV FACILITY 

A. General 

Spert N was designed a s  an experimental f a c i l i t y  i n  which t o  con- 
duct safety and kinet ic  studies with various reactor types. These 
studies w i l l  include measuremcnt~ of core parameters, and the perform- 
ance of power excursion and ins t ab i l i t y  t e s t s .  Because of the nature 
of some of the t e s t s  t o  be performed, the reactors w i l l  be operated from 
the control center approximately -$ mile from the reactor building and 
access t o  the reactor area w i l l  not be allowed during nuclear operation. 

The f a c i l i t y  provides two large pools i n  which reactors may be 
assembled f o r  tes t ing.  The necessary auxiliary equipment is included t o  
provide a maximum forced coolant c irculat ion of 5000 gpm, and a maximum 
steady s t a t e  hettt removal of 1 Mw. Indication and control of flow and 
other plant  variables may be imqlemented a t  e i ther  the reactor area or  
the control area. 

The principal features of the Spert IV design are  presented i n  
t h i s  section of t h i s  report. Additional de ta i l s  are given in  the Design 
Data Summary, Appendix C . 
B. Reactor Building 

The reactor building consists of a high-bay main portion housing 
the reactor proper and process equipment, and two low-bay wings housing 
an office, instrumentation rooms, a u t i l i t y  room, a mechanical work 
area, and a change room. A reactor building plan and section a r e  shown 
i n  Figures 5 and 6. The main portion of the reactor building is  a 73 f t  
long, 48 f t  wide, and 44-$ f t  high, steel-girdered, pumice block struc- 
tu re  with a 27 f t  deep f u l l  basement. A 12-ton overhead traveling crane 
spans the length and width of t h i s  portion of the building. 

Hatches a re  provided i n  the main f loor  f o r  access t o  the principal 
equipment i n  the basement. This equipment includes the deionized water 
storage tank, the two coolant pumps and associated piping, the heat ex- 
changer, the sump p-, and the a i r  compressor with an associated a i r  
receiver.  

The allowable f loor  loading i n  the basement i s  2500 lb / f t2 .  Allow- 
able loading fo r  the main f loor  is 750 lb/f t2 ,  except f o r  the f loor  area 
south of the pools which has an allowable loading of 2500 lb / f t2 .  Both 
of the building wings have an allowable f loor  loading of 250 lb / f t2 .  

The eas t  wing portion of the building is  22 f t  8 in.  wide, by 73 f t  
4 in .  long, by 13 f t  high, and has space fo r  an office,  a mechanical 
work area, an electronics work area, and an instrumentation room. The 
instrumentation room is  air-conditioned t o  reduce instrument d r i f t  due 
t o  changes i n  temperature. 
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Figure 6 - Spert IV Reactor Building Section 



The west wing is  t he  same s i ze  a s  the  ea s t  wing, except f o r  the  
area over the  u t i l i t y  room where a 17 f t  roof height has been provided 
f o r  clearance of the water demineralizing equipment. This wing houses 
the  process control  room, locker and washroom f a c i l i t i e s ,  and the  
f'urnace and u t i l i t y  room containing heating and ven t i l a t ing  equipment, 
water softener,  demineralizers, and the  steam bo i l e r  f o r  space heating.  

C .  Reactor Pools 
- 

The pool port ion of the  f a c i l i t y  i s  made lly, of two 50,000 g a l  
capacity tanks. The pools a r e  fabr ica ted  from 5/16 in .  th ick  s t a in l e s s  
s t e e l  and a r e  designed f o r  25 f t  of hydrosta t ic  load plus a 50 p s i  
overpressure. Although e i t he r  pool may be used f o r  nuclear t es t ing ,  
simultaneous operatian of more than one core is  not poss ible  i n  t he  
present design. I n i t i a l l y ,  t he  north pool w i l l  be used f o r  the  i n s t a l l a -  
t i o n  and t e s t i ng  o f  reac tor  cores, and t he  south pool w i l l  be used f o r  
f u e l  storage.  The two pools a r e  connected a t  the  top by a 6 f t  by 6 f t  
removable ga te  which permits underwater t r ans f e r  of radioactive objects  
from one tank t o  the  other.  Each pool has four scupper drains one foo t  
from the  top, thus l imi t ing  t he  e f fec t ive  water height t o  24 f t .  The 
pools extend 2 f t  4 in .  above the  main f l oo r  of the  reac tor  building.  

Each pool has two 12 i n .  nozzles i n  the  pool w a l l  f o r  connections 
t o  the  coolant pumps. These nozzles a r e  located approximately 5-112 f t  
and 20 Pl; from the  bottom of the  pools. The north pool a l s o  has a 
16 in .  flanged nozzle cen t ra l ly  located i n  t h e  bottom of t he  tank.  
This nozzle connects t o  the  coolaril; system and may be used f o r  forced 
c i rcu la t ion  through reactor  cores, or f o r  flanging t o  fu ture  reactor  
pressure vessels .  The north pool i s  a l s o  provided with three  16 in .  
diameter windows located 5, 7, and 10 f t  from the  bottom of the  pool. 
The windows, which a r e  covered with s l i d e  gates  operated from the  main 
f loor ,  may be used f o r  t e lev i s ion  observation or photography of the  core 
reg ion. 

D.  Control Bridge 

The control  bridge w i l l  be used f o r  suspension of the  reactor  core 
and support of the  control  rod drive u n i t s .  This bridge i s  constructed 
of two, 22-f t  long, wide-flange beams which a r e  covered with alumiizum 
f loor  p l a t e .  This assembly is  mounted on trucks which can t r a v e l  on 
r a i l s  fo r  the  f u l l  length of the  pools. By use of posit ioning pins  
on the  r a i l s  and jack sha f t s  on the  bridge, t h e  bridge alignment and 
pos i t ion  can be accurately reproduced. The v e r t i c a l  adjustment range 
of the  bridge i s  f i v e  inches. Design l i v e  loading of t he  bridge i s  
2500 l b  on each flange beara with a maximum def lect ion of 0.010 in. 
Instrument and control  cables a r e  placed i n  cable raceways on the  out- 
s ide  of the  wide-flange beams. 

E. Reactor Coolant Svstem 

The reac tor  pools a r e  normally f i l l e d  d i r ec t l y  from the  deionizer 
eff luent ,  with r a t e s  up t o  100 gpm a t t a inab l e  when both deionizers a r e  



i n  operation. A t  t h i s  flow r a t e ,  approximately 16 hours a r e  required 
t o  f i l l  one pool. This time includes one regeneration of the  deionizers, 
each of which has a 15,000 g a l  capacity. A 50 gpm f i l l  pump i s  normally 
used t o  supply small amounts of demineralized water t o  the  pools and 
t o  demineralized water service  ou t l e t s .  The reac tor  coolant flow 
diagram i s  shown i n  Figure 7. The water may be c i rcu la ted  through 
e i t h e r  o r  both of t he  two 2500 gpm pumps, through the  heat  exchanger, 
and back into  the  pools. 

In order t o  conserve demineralized water, a 50 m m  cleanup pump 
re tu rns  a side stream of t he  pool wi ter  t o  the  deiorlizer t o  provide 
continuous cleanup and t o  maintain the  water pur i ty .  Water t h a t  i s  
contaminated with f i s s i o n  products w i l l  not be returned fo r  cleanup. 
I f  necessary, the  reac tor  pools may be f i l l e d  with raw water through 
a 3-in.  l i n e .  

When the heat  exchanger i s  i n  use, demineralized reactor  pool water 
flows through s t a in l e s s  - s t e e l  tubes, and raw cooling water flows through 
t he  s h e l l  s ide of the  exchanger. The raw cooling water e f f l uen t  is 
dumped i n b u  3per L N Lake. 'I'he ac tua l  heat  t r ans f e r  r a t e  w i l l  vary 
considerably, inasmuch a s  t h e  main uses of the  heat  exchanger a r e  t o  
c t a b i l i z e  the reac tor  pool temperature a t  any desired temperature up 
t o  130°F during power operation and t o  cool the  reac tor  pools following 
high temperature ( 1 3 0 ~ ~  maximum) t e s t s .  

F . Auxiliary Equipment 

1. A i r  .Compressor 

A 64 cf'm, 125 p s i  a i r  compressor serves the  u t i l i t y  air and 
instrument a i r  demands. A l l  a i r  i s  dr ied t o  -30°F dewpoint by an auto- 
matic regeneration-type a i r  dryer.  

, 2 .  Mixed-Bed Demineralizing Sys-tem 
I 

Two mixed-bed deminerali-zers a r e  employed t o  furnish  50 gpni 
each of 500,000 ohm-cm or  b e t t e r  r e s i s t i v i t y  water. Capacity between 
regenerations i s  15,000 g a l  of watcr f o r  each bed. 

3. Water Softener 

A 10,000 g s l  capacity zeo l i t e  water softener i s  e~r~ployed t o  
provide s o f t  water f o r  deionizer feed-water, a bo i le r ,  showers i n  the  
locker room, and deionizer regeneration.  Four regenerations .of the  
water softener w i l l  be required t o  i n i t i a l l y  f i l l  one pool. 

4. Heating and Vent i la t ing E q ~ i  izment 

A 50 boiler-horsepower, 15  ps ig  bo i l e r  provides steam f o r  the  
heating and ven t i l a t ing  system. Ventilating and heating of the  building 
i s  accomplished by a forced a i r  system with steam heating.  The capacity 
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of the ventilating system is 22,350 cfm with the steam coils capable of 
heating the full flow capacity from -20°F to 6 0 O ~  using 10 psig steam. 

Under normal ventilating conditions, a portion of the building air 
is recirculated through the system to maintain comfortable temperatures. 
If the building air should become contaminated, the system will auto- 
matically prevent the exhaust of the contaminants to the atmosphere. 
A system condition which will 'supply 100% filtered outside air in a 
pattern designed to flush the contaminated air from the building may 
be implemented by use of a manually operated switch at the control center. 

The instrumentation room air-conditioner provides for manual temper- 
ing of the recirculated room air with outside fresh air. This air condi- 
tioning will be turned off automatically should the 'ventilating system 
be required to expel contaminated air from the building. 

G . Instrumentation 

The experimental instrumentation for the Spert IV facility is divided 
into three cstegorics: the process instrumentakj.on, the reactor control 
instrumentation, and the transient instrumentation. 

I. Process hstrumentation 

The process instrumentation consists of the sensing devices, 
instruments and controllers necessary to maintain the coolant system at 
the desired conditions of temperature and flow rate. A block diagram 
is shown in Figure 8 which indicates the process variables to be 
measured or controlled. The system can be operated from ei.ther the 
control center or the reactor building. During reactor operation the 
system must be controlled from the control center. Because of the 
112-mile distance separating the reactor and the control center, elec- 
tronic transmission is required for all signals transmitted t o  the con- 
trol center. The signals terminating at the control center will be 
transmitted via multi-conductor or coaxial cables which are laid on the 
surface of the ground and protected by a gravel covering. Cables trans- 
mitting control power are separated by a distance of 15 ft from cables 
transmitting instrument signals to insure minimum of interference wjth 
the instrument signals. 

2. Reactor Control Instrumentation 

The reactor control instrumentation includes those components 
necessary to observe and control the reactor power under nontransient 
conditions. This description will deal primarily with the observation 
of the reactor power. Appendix A contains a more complete description 
of the control system. design. 

For low level neutron observation at least two boron-lined neutron. 
pulse chambers or fission counters will be used with their outputs dis- 
played on scalers mounted in the reactor console. For monitoring powers 
above a few watts, two boron-lined ionization chambers will be used with 
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t h e i r  outputs displayed on two operational  power recorders mounted on 
t h e  console. One of these  recorders w i l l  display l i n e a r  power,-and the  
other w i l l  show log power. These recorders w i l l  be on during a l l  reactor  
operat  ion. 

Automatic sequence control  of t e s t  events is  possible by Gse of 
two t imers covering time in te rva l s  of 30 sec and 5 min. These t imers 
may be used t o  i n i t i a t e  t e s t s ,  control  aux i l i a ry  equipment, and t o  
terminate t e s t s  by scramming the  control  rods.  A c losed-ci rcui t  TV 
system w i l l  permit t he  operator t o  survey t he  reactor  and process a rea  
of t he  reactor  bui lding,  

3.  Transient Instrumentation 

The t r ans i en t  instrumentation i s  a data-gatheripg system, 
designed sole ly  t o  record t he  'behavior of rapidly  varying para.met,ers , 

during reactor  t e s t s .  This instrumentation w i l l  not a f f e c t  the  control  
or  sa fe ty  of t h e  reactor ,  and therefore,  w i l l  not be considered i n  
d e t a i l  i n  t h i s  repor t .  

The information t o  be recorded i n  a t e s t  w i l l  t yp ica l ly  be reactor  
power, f u e l  p l a t e  surface temperatures, t r ans i en t  pressure moderator 
flow, and time sequence indications of such occurrences a s  t r ans i en t  rod 
drop and control  rod scram. An instrumentation channel f o r  one of these 
pa,rameters w i l l  normally consis t  of a sensing ,device, a pre-amplif i e r ,  
a driver-amplif ier ,  3000 f t  of cable, and the  recorder.  The information 
w i l l  be recorded on two 36-channel recording oscil lographs with a 14- 
channel magnetic tape system supplementing t h i s  system during se lected 
t e s t s .  

H . Radioactive Materials  Handling 

Several types of opcret ion0 requlr  b g  the Ilandling UP radlwac1;iv'e 
mater ia ls  wiPI.'be performed a t  Spert IV. Most of these operations w i l l  
involve t h e  handling of radioact ive  f u e l  assemblies or  primary system 
water. ,Highly radioact ive  f u e l  can be unloaded from the  reactor  core 
and t rans fe r red  t o  the  storage pool through the  removable gate .  Thus, 
the  t r ans f e r  can be completed wit11 the opera.l;or shielded Trom the  
assemblies by several  f e e t  of water. 

Two cadmium-lined ~ t b s a g e  racks, each llaving 88 storage posi t ions ,  
w i l l  be located i n  the storage pool. Although these  racks were spec i f i -  
c a l l y  designed f o r  f u e l  assembly storage, they may a l s o  be used Tor 
storage of other radioact ive  mater ia ls .  Should the necessi ty arri-se 
f o r  complete removal of the  core or  other highly radioact ive  mater ia ls  
from the  pools, t r ans f e r  coff ins  w i l l  be used. A "hot" work t ab l e  i n  
the  storage pool w i l l  allow mechanical operations t o  be performed on 
se lec ted  fue l  assemblies under various water depths. 

When the  primary coolant water must be drained, it i s  dumped in to  
t he  bui lding sump. From the  sump, a 300 gpm pump t r ans f e r s  t he  waste 



t o  Spert IV.Lake, the  leaching pond, or the  contaminated waste holdup 
tank. This pump i s  automatically control led by the  sump l i q u i d  l e v e l  
and has provisions f o r  manual operation from t h e  control  center .  

Normally t he  pool water w i l l  be uncontaminated and w i l l  be pumped 
in to  Spert  IV Lake. However, s ince  t he  Spert  I V  reactor  i s  an  experi- 
mental f a c i l i t y ,  rupture or  melting of the  f u e l  p l a t e s  may occur during 
experiments, thereby re leas ing subs tan t ia l  quan t i t i es  of f i s s i o n  products 
in to  the  primary coolant water. Contaminated water may be discharged 
d i r ec t l y  t o  the  leaching pond or, i n  t he  event t h a t  t he  rad ia t ion  l eve l s  
a r e  too high f o r  discharge t o  t he  leaching pond, the  water w i l l  be 
pumped t o  the  contaminated waste holdup tank. Water t h a t  has been 
pumped t o  the  holdup tank w i l l  be subsequently discharged t o  the  
leaching pond when the  a c t i v i t y  has decayed t o  permissible l i m i t s .  



N . HAZARDS DISCUSSION 

A. General 

The nature of t h e ' s p e r t  IV experimental program requires  t h a t  many 
t e s t s  be performed which involve t he  addi t ion of l a rge  amounts of excess 
r e a c t i v i t y .  In  order f o r  t he  program t o  y i e l d  maximum information, t e s t s  
w i l l  be included which c losely  approach those circumstances leading t o  
the  maximum poss ible  accident with t h e  f ac i l i t y . ,  For t h i s  reason, a l -  
though the  probabi l i ty  of occurrence i s  low, the  maximum possible  ac- 
c ident  w i l l  be t r e a t e d  f o r  t h e  purposes of t h i s  repor t  a s  t he  maximum 
c red ib le  accident.  

B. Accident - I n i t i a t i o n  

The k ine t i c  s tudies  t o  be performed in  Spert  IV w i l l  include power 
excursion and i n s t a b i l i t y  t e s t s .  The i n s t a b i l i t y  s tudies  w i l l  consis t  
of t e s t s  which range from the  determination of t he  onset of small power 
f luc tua t ions  t o  t e s t s  i n  which violent ,  divergent power o sc i l l a t i ons  a r e  
observed. The power excursion t e s t s  w i l l  involve a study of the  response 
of the  system t o  large,  sudden r e a c t i v i t y  inse r t ions .  Normally, a d i s -  
cussion of the poss ible  means of r eac t i v i t y  inse r t ion  would be appropri- 
a t e  i n  a repor t  of t h i s  ty-pe. However, the  Spert IV f a c i l i t y  was 
designed fo r  s tud ies  of the  system response t o  l a rge  r e a c t i v i t y  inser-  
t ions ,  and since the  postula ted maximum accident i s  independent of the  
means of inser t ion,  such a discussion i s  not per t inen t  i n  t h i s  case. 
Many of the  sa fe ty  c i r c u i t s ,  which normally would be of value, cannot 
be used during the  t e s t s  because of the  nature of the  program. These 
automatic safe ty  c i r c u i t s  a r e  omitted and re l i ance  on administrat ive . 

procedures i s  used t o  minimize the  pos s ib i l i t y  of the  occurrence of 
accidents .  

The Spert IV experimental program includes t e s t s  which simulate 
poss ible  reactor  accidents .  In f ac t ,  the  r e s u l t s  of some t e s t s  would 
ord inar i ly  be considered t he  consequences of an accident.  However, the  
r e s u l t s  of these t e s t s  a r e  not and w i l l  not be considered t o  be accidents.  
For the  purposes of t h i s  discussion accidents a r e  defined i n  t he  normal 
sense a s  unforeseen or unexpected events. C lass i f i ca t ion  of accidents 
is  made according t o  t he  circumstances of the  i n i t i a t i o n  a s  the r e s u l t s  
of planned or unplanned nuclear excurs ions.  

( 1 )  Accidents Resulting from Planned Nuclear Excursions. 

An accident of t h i s  ty-pe would occur a s  a r e s u l t  of the  un- 
expected behavior of t he  reac tor ,dur ing  a planned t e s t .  This 
accident could r e s u l t  from inaccurate predictions,  f a i l u r e  of 
reac tor  components, or operator .error. Careful analys is  of pre- 
vious t e s t  r e su l t s ,  frequent inspection of system components, and 
t he  use of t ra ined  personnel and careful ly  planned t e s t  procedures 



a r e  the  only e f fec t ive  means f o r  preventing such accidents .  This 
type of accident i s  defined t o  occur during a planned t e s t ,  and 
the  exclusion radius would provide protect ion t o  personnel from the 
e f f ec t s  of an explosion. The maximum consequences, therefore,  would 
be reac tor  destruction and rad ia t ion  hazards from sca t te red  core 
debr is .  

(2 )  Accidents Resulting from Unplanned Nuclear Excursions. 

This type of accident could be i n i t i a t e d  by a premature nuclear 
excursion or the  accidenta l  assembly of a supe rc r i t i c a l  core caused 
by equipment malfunction or  operator e r ro r .  Proper design of t h e  
reactor  system and the  use of ca re fu l ly  prepared operating ru l e s  
and procedures a r e  the  most e f fec t ive  means t o  reduce t he  probabi l i ty  
of t h i s  type of accident .  This type of accident could r e s u l t  not 
only i n  reactor  destruction and rad ia t ion  hazards, but  a l s o  i n  
serious injury t o  operating personnel. 

To reduce the  probabi l i ty  of occurrence of accidents,  t h e  following 
general procedures w i l l  be applied t o  t he  operation of Spert IV. 

(1)  A l l  reactor  operation w i l l  be conducted from the  control  center,  
approximately 112 mile from the  reactor  building with no per-  
sonnel within t he  exclusion a rea .  

( 2 )  The experimental program w i l l  be subjected t o  c r i t i c a l  review, 
by a s t a f f  composed of the  Spert .  senior .supervisors p r i o r  to:  
approval by the  branch manager. 

(3 )  Ekperiments f o r  which t he  r e s u l t s  cannot be reasonably pre- 
d ic ted  by extrapolation or  in te rpo la t ion  of previous t e s t  
r e su l t s ,  or f o r  which there  e x i s t s  a moderate or high proba- 
b i l i t y  of core dest ruct ion w i l l  be performed only under 
favorable meteorological conditions. 

The de ta i l ed  adminstrative procedures which supplement these  
general  statements a r e  presented i n  Appendix D and cons t i tu te  t he  
means by which the  probabi l i ty  of i n i t i a t i o n  of accidents w i l l  be 
reduced i n  t he  operation of Spert  IV. 

C .  The MaximumPossible Accident 

Because t he  nature of t he  experimental program requires  t h a t  t h e  
reactor  be subjected t o  conditions t h a t  may exceed t he  threshold of 
reactor  destruction,  the  probabi l i ty  of occurrence of t he  maximum pos- 
s i b l e  accident i s  not negl igible .  In  evaluating t he  hazards t o  other 
NRTS in s t a l l a t i ons  and t o  o f f - s i t e  areas,  t h i s  w i l l  be the  only accident 
considered. 

The maximum possible accident with t he  Spert  IV f a c i l i t y  i s  con- 
sidered t o  be a severe nuclear excursion terminating i n  a steam ex- 
plosion which demolishes the  reactor  and reactor  building and re leases  
the  e n t i r e  accumulated f i s s i o n  product inventory i n  t he  core t o  t h e  
atmosphere. This postulated accident i s  independent of the  d e t a i l s  of 



t h e  core and control  system design and is  va l i d  f o r  a l l  cores an t ic ipa ted  
f o r  t h e  use  i n  the  experimental program. 

In  evaluating t h e  l o c a l  hazards due to '  the  maxiaun possible acc i -  
dent, it is  assumed that serious r ad i a t i on  hazards would e x i s t  i n  t h e  
e n t i r e  Sper t  a r e a ;  I f  t h e  accident occurred during a planned t e s t ,  
personnel would not be a f f e c t e d b y  t he  b l a s t .  I f ,  however., the  acc i -  
dent was t h e  r e s u l t  of an unplanned nuclear excursion, then personnel i n  
t he  immediate v i c i n i t y  of t he  reactor  building could be k i l l e d  or  
ser iously  in jured.  

To evaluate t h e  hazards t o  other NRTS and o f f - s i t e  areas,  est imates 
have been made of t h e  hazards due t o  t he  re lease  of f i s s i o n  products f o r  
t h e  following postula ted conditions. 

1. The r eac to r  and reac tor  building a r e  destroyed with 100% of 
the  accumulated f i s a  ion product inventory of the c:ore being 
re leased t o  t he  atmosphere i n  a steam cloud. 

2.  This cloud is  of negl igible  radius  and i s  re leased a t  ground 
l eve l .  (These assumptions w i l l  cause over-estimates of t he  
doses a t  po in t s  close t o  t he  ~ n c i d e n t . )  

3. The est imates a r e  made f o r  average meteorological conditions, 
inversion conditions, and strong wind conditions. The meteor- 
o logical  constants used for. these  cases were taken from. Table 
8.2 of Reference 3 and a r e  shown i n  Table 1. 

Average 
Meteorological Inversion Strong Wind 

Conditions Condit,ionn Conditions 

Stab i l iw 
Index, n 0 .25 0.50 

Diffusion 
Parameter , C o . e ~ ( r n e t e r s l / ~ )  o . o g ( m e t e r ~ l / ~ )  0.20(meters 

Wind Velocity 3 meterslsec 1 meterlsec 15  meterslsec 



The f i s s i o n  product inventory i n  the  core i s  assumed t o  cons i s t  of 
a long-l ived group r e su l t i ng  from a maximum continuous operation of 
e igh t  megawatt hours per day, and a shor t - l ived group r e su l t i ng  from 
operating a t  a power of 30 megawatts f o r  30 minutes. The accident  i s  
assumed t o  have occurred immediately following t h i s  30 megawatt operation 
with the  in tegrated power r e su l t i ng  i n  an equivalent instantaneous source 
f o r  the  shor t - l ived group of 5 x lo4  Mw-sec . The nature of the  experi-  
mental program, and the  l imi ted  heat  removal capacity of the  system 
makes these  assumptions upper l i m i t s  t o  t he  f i s s i o n  product source which 
would be achievable i n  the  plan e operation of t h i s  r eac to r .  Resul ts  
from the  Borax des t ruct ive  tes tq4y and Spert  power excursions(5) indi-  
ca te  t h a t  the  energy re leased i n  a des t ruct ive  excursion would not  l i k e l y  
exceed 103 Mw-sec which i s  negl ig ible  compared with t he  energy re lease  
already assumed f o r  the shor t - l ived f i s s i o n  product source. 

Estimates have been made of the  t o t a l  in tegra ted external  gamma 
dosages which would. be received by an individual  standing d i r e c t l y  i n  
the  path of the  radioact ive  cloud a s  it passes overhead. The long- 
l i ved  source i s  assumed t o  decay a s  t -0 .21  and the  shor t - l ived source 
a s  t -1 -21 .  The nomograms due t o  ~ o l l a n d ( ~ 1 ,  which assume no f a l l o u t  or  
ra inout ,  have been used i n  making these  est imates.  The r e s u l t s  a r e  
shown i n  Table 2 f o r  four distances from the  incident .  Even under t he  
worst weather conditions t,h.ese dosages would not cons t i tu te  ser ious  
hazards t o  areas  other than the  immediate v i c i n i t y  of the  Spert  s i t e .  
The neares t  population center ( ~ u d  ~ a k e - ~ e r r e ~ o n )  i s  about 30 milee 
from the  Spert  s i t e  i n  the  prevai l ing down-wind d i rec t ion .  No other 
NRTS in s t a l l a t i ons  a r e  located i n  t h i s  d i rec t ion .  

In  order t o  est imate the  i n t e rna l  doses from inhalat ion,  it i s  
assumed t h a t  the  radioact ive  cloud f a l l s  immediately t o  the  ground and 
t he r ea f t e r  moves along the  ground a t  constant veloci ty  i n  a hemispherical 
shape . 

The approximate dosages t o  t he  bone and t o  the  thyroid  have been 
estimated f o r  i n f i n i t e  time a f t e r  inhala t ion.  The constants and equa- 
t i ons  used i n  these calcula t ions  a r e  given i n  Appendix E. Except f o r  an 
inversion condition, the  dosages f o r  distances g r ea t e r  than 1 5  miles 
a r e  subs tan t ia l ly  l e s s  than the  maximum "once i n  a l i f e t ime"  exposure 
(assumed t o  be 25 r a d ) .  Large inhaled dosages which could r e s u l t  during 
inversion conditions indicate  the  necess i ty  f o r  favorable weather con- 
d i t ions  during t e s t s  where the re  i s  a reasonable chance f o r  occurrence 
of f i s s i o n  product re lease .  In  pa r t i cu l a r ,  such experiments w i l l  not  be 
performed under illversion conditions or  wind conditions such t h a t  other 
i n s t a l l a t  ions a r e  i n  the down-wind d i r e c t  ion. 

The operating procedures out l ined i n  Appendix D should prevent the  
occurrence of the  accident  t h a t  i s  postula ted here, and the  nature of 
the  t e s t  program should keep t he  f i s s i o n  product source considerably 
below the  l eve l s  used i n  these  calcula t ions .  The p robab i l i ty  of such 
an accident  i s  not negl ig ible ,  however, and i n  the  event of such an 
occurrence, ' t h e  normal NRTS d i s a s t e r  p lan  would be placed i n  e f f e c t  and 
t he  AEc' Idaho Operations Office would be a l e r t e d  i n  order t o  d i r e c t  the  

e f f o r t s .  It should be s t ressed  t h a t  every attempt has 



TABLE 2 

AF'PIIOXIbiATE DOSES mCM RADIOACTIVE CLOUD FOR MAXDKN POSSIBLE ACCIDENT 

Distance from Origin Average C ondit, ions Inversion Conditions Strong Wind Conditions 
of Incident (miles) '  Long-Lived Short-Lived Long-Lived Short-Lived Long-Lived Short-Lived 

Ekternal Gamma Dose (roentgens) 

In ternal  Dose t o  Thyro'id from Inhalat ion i rads )  

In te rna l  Dose t o  Bone from Id la la t ion  ( rads)  



been made i n  these  considerations t o  pos tu la te  the  worst poss ible  
condit ions.  

D. C r i t i c a l i t y  Hazards 

The accidenta l  assembly of a c r i t i c a l  configuration of f u e l  elements 
is  an accident  t h a t  could conceivably occur a t  Spert  IV. The p robab i l i ty  
of such an accident  i s  nonzero because of the  numerous changes i n  reactor  
care components and configuration t h a t  must be accomplished t o  meet t he  
demands of the  experimental program. The procedures out l ined i n  Ap- 
pendix D w i l l  be followed t o  minimize the  p o s s i b i l i t y  of the  occurrence 
of t h i s  type of accident .  These procedures provide t h a t  any operation 
involving the  change or addi t ion of any core component or  in -p i l e  in-  
strumentation must be approved i n  advance by the  Nuclear Test  Group 
Leader and w i l l  be monitored from the  nuclear console. A phys ic i s t  
fro111 the  Nuclear Tcst  Section must be present  during the  operation t o  
observe and evaluate the  operation from a nuclear sa fe ty  standpoint .  

E .  Non-Explosive Release of Fiss ion Products 

P a r t i a l  f u e l  melting o r  f a i l u r e  of the  f u e l  cladding with t h e  r e -  
su l t an t  r e lease  of f i s s i o n  products t o  the  tank and primary coolant 
system i s  a s i t ua t i on  which could occur during rout ine  dynamic t e s t i n g  
irl Spert  IV. Sincc the  reactor  is i n  a n  open pool, the  reac to r  building 
a i r  a s  wel l  a s  the  pool and primary coolant system could become con- .. 

taminated. The reac to r  building i s  not  a containment vesse1, therefore .  
it must be assumed t h a t  a por t ion  of the  f iss ior l  products would bc r e -  
leased t o  t he  atmosphere outside the  bui ld ing.  The hazards from t h i s  
re lease  would be orders of magnitude l e s s  than the  hazards f r m  the  
maximum poss ible  accident  described above and would be minor f o r  a l l  
locat ions  other than the  immediate reac to r  building a rea .  

Re-entry t o  t he  reactor  building following reactor  operation i s  
rout inely  accomplished under hea l th  physics survei l lance  t o  p ro tec t  
operating personnel from unknowingly entering high r ad i a t i on  f i e l d s  . 
A constant a i r  monitoring system i s  i n  continuous operation t o  indi-  
ca te  the  presence of airborne contamination. 

The contaminated water i n  the  reac to r  pool would be t r an s f e r r ed  t o  
the  contaminated waste hold-up tank, i f  the  r ad i a t i on  l e v e l  w a s  too high 
f o r  discharge d i r e c t l y  t o  the  leaching pond. 

F . Conclusions 

In t he  study of reactor  saf'ety, t e s t s  a r e  f r eque~ i t l y  performed 
which involve the  addi t ion of l a rge  excess r e a c t i v i t i e s .  These t e s t s ,  
i n  many cases, c losely  approach t he  threshold  of core damage and may, 
indeed, include t he  planned des t ruct ion of the  reac to r .  The nature of 
t h i s  program leads  t o  the  conclusion t h a t  t he  maximum poss ible  accident  
should be considered i n  discussing the  poss ible  hazards from the  opera- 
t i o n  of the  Sp,ert IV reac to r .  Since t h i s  postula ted accident  i s  essen- 
t i a l l y  unrela ted t o  the  d e t a i l s  of core .and control  system design, .the 
discussion i s  v a l i d  f o r  a l l  core types t o  be invest igated i n  the  program. 



For reference purposes Appendix B describes the  design of t he  i n i t i a l  
core t o  be used i n  Spert  IV. 

The philosophy used t o  reduce t h e  hazards involved i n  t he  operation 
of t h i s  reac tor  i s  one of i so la t ion  and a'dministrative control .  The 
remote loca t ion  of t he  Spert  s i t e  provides protect ion t o  other NRTS in-  
s t a l l a t i o n s  and o f f - s i t e  a reas .  To pro tec t  Spert personnel, the  reactor  
is  located 112 mile from the  nearest  other Spert  f a c i l i t y ,  and a 113- 
mile exclusion radius  w i l l  be maintained during reactor  operation. 

Table 2 presents  t h e  estimates of t he  external  gamma dosage and 
dosages t o  bone and thyroid  from inhala t ion which would be received by a 
person i n  the  d i r e c t  l i n e  of the  cloud from the  maximum possible accident.  
These est imates have been made f o r  various weather conditions and d i s -  
tances from the  s i t e  of the  accident.  Every attempt has been made t o  
pos tu la te  t he  worst possible cond.i t.ri,nns i n  the docagc cn.lcicla 1;lluns. 
U~lder favorable meteorological condi.t,ions radioact ive  hazards a.rlsing 
from tlie maximum possible  accident w i l l  be s e r i o u ~  only i n  t h e  immediate 
reac tor  a rea  with minor hazards t o  downwind a reas .  Beca,use of th.e 

, ser ious  rad ta t ion  hazards which could e x i s t  during unfavorable weather 
conditions, a l l  r eac tor  experiments which have a reasonable probabi l i ty  
of leading t o  l a rge  sca le  re lease  of f i s s i o n  products w i l l  be subJected 
t o  meteorologj.ca.1 control .  Specif ical ly ,  reactor  experiments f o r  which 
a "moderate" or  "highrf probabi l i ty  f o r  des t ruct ion or  serious damage .to 
t h e  f a c i l i t y  ex i s t s ,  a s  defined i n  Appendix D, or f o r  which a l a rge  
f i s s i o n  product inventory i s  present i n  t he  core, w i l l  not be performed 
.under inversion conditions or when nearby populated areas  a r e  i n  the  
downwind d i rec t ion .  

The operation ot' t h i s  reac tor  w i l l  be subjected t o  a s t r i c t l y  en- 
forced s e t  of operating ru l e s  and procedures a s  out l ined i n  Appendix D. 
It i s  concluded t h a t  t h e  s i t e  location,  control  design and proposed 
operating ru l e s  will. permit.  pera at ion of t hc  Cper't IV facility without 
hazard t o  the  general  publ ic .  
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APPENDIX A 

CONTROL SYSTEM DESIGN 

I. ' INTRODUCTION 

The Spert IV control  system i s  composed of those components neces- 
sary  f o r  the  s a f e  and pos i t i ve  control  of the  reac tor  power through 
control  and t r ans i en t  rod motion. The t r ans i en t  rod i s  a specia l ized 
control  element which i s  'not 'used fo r  rout ine  control  of the  reactor ,  
bu t  .may be rapidly  e jec ted  from the  core t o - i n i t i a t e  reactor  
excursions. 

The system contains no automatic sa fe ty  c i r c u i t s  which a c t  inde- 
pendently of t he  reac tor  operator, but  does include e l e c t r i c a l  and 
mechanical in ter locks  t o  prevent the  da i t i a t i on  of c e r t a in  undesirable 
actioncl. 

In  general,  control  of the  reacrl;or i s  achieved by varying the  
v e r t i c a l  posi t ion of four control  rod assemblies and a . t r a n s i e n t  rod 
assembly. These rods a r e  connected t o  the  rod drives by electromagnet 
assemblies which a.re equipped with accelera t ing springs f o r  rap id  
control  rod inse r t ion . .  The control  rod speed i s  var ia6le  from 0 t o  
12 in./min. A d i g i t a l  indicator  on the  reactor  console indicates  the  
control  rod dr ive  pos i t ion  t o  0.01 inches. 

11. DESCRIPTION OF CONTROL SYSTEM 

The rod drives a r e  equipped with individual  non-overhaul ing 
screws f o r  the t r ans i en t  rod and each of the  four control  rods. Each 
screw i s  driven by a worn gea.r. The control  rod worn o11af.l;~ b1.e 
coupled together i n  p a i r s  by shaf t  couplings a i d  the  two p a i r s  then 
driven by a r o l l e r  chain from a. sprocket. on t he  output shaf t  of a 
var iab le  speed transmission. Power i s  supplri ed, to the  transmission by 
a one-horsepower revers ib le  induction motor. The t r ans i en t  rod i s  
driven independently by a s imilar  motor and transmission sys.tem. Each 
motor and the output sha f t  of each transmission i s  fi.irnished with a -  
spr ing-set ,  magnetically-released brake t o  el iminate over t ravel  a f t e r  
t h e  motor power has been swj-tched o f f .  Indivj.di.i.n.1 switches a r e  
provided f o r  each rod dr ive  magnet, so t h a t  one or more rods may remain 
seated a s  the  magnet assemblies a r e  ra i sed .  Release of the  control  
rods i s  accomplished by de-energizing t he  electromagnets. ~j .&h i n i t i a l  
acce le ra t ion  is obtained through t he  use of adjus table  springs.  The 
t r ans i en t  rod dr ive  has a solenoid-operated mechanical l a t ch '  f o r  posi-  
t i v e  coupling of the  t r ans i en t  rod t o  the  rod dr ive .  This l a t c h  pse- 
vents t h e  unintentional  dropping of the  t rans ien t  rod which would 
otherwise occur i f  t he  t r ans i en t  rod electromagnet current  were 
accidenta l ly  turned o f f .  

Step-wise addi t ions  o f ,  r e a c t i v i t y  resu l t ing  i n  t r ans i en t  power 
excursions a r e  approximated by the  rap id  inse r t ion  of the  t rans ien t  rod 



i n to  the  reactor  core. ~ e s t s  i n  which r eac t i v i t y  i s  added approximately 
l i nea r ly  with time a r e  i n i t i a t e d  by steady withdrawal of the  control  
rods, or inse r t ion  of the  t r ans i en t  rod, with t he  rod dr ives .  Ei ther  
type of r eac t i v i t y  addi t ion may be programmed by use of a sequence 
timer . 

Two sequence t imers having ranges of 0 t o  30 seconds and 0 t o  300 
seconds a r e  jnch~.ded i n  the system f o r  precise  programming of experi-  
ments. Each timer has seven avai lable  c i r c u i t s .  The timer program i s  
s t a r t e d  by operation of a spring-return key-switch, and may be stopped 
by use of a push button switch on the  console. I f  t he  t rans ien t  rod 
has been dropped out of the  core t o  i n i t i a t e  a power excursion, the  
t imers may not be stopped but  must complete t he  sequence t o  include 
the  programmed "scram" . 

Limit switches a r e  provided which stop the  dr ive  motors when the  
drives a r e  inser ted or withdrawn t o  predetermined lower l i m i t  or  upper 
l i m i t  posi t ions .  The lower l i m i t  i s  close t o  the  mechanical bottom of 
the  drive t r ave l .  The upper l i m i t  switches a r e  posit ioned t o  stop 
withdrawal a t  t h e  height a t  which the  poison sect ions  of the  control  
rods, or thc  non-poison sect ion of the  t r ans i en t  rod, a r e  completely 
out of the  core. 

To allow operation of the  drive system fo r  maintenance purposes; 
or perhaps i n  circumstances of emergency nature, two key-operated 
switches a r e  provided t o  remove ce r t a in  e l e c t r i c a l  r e s t r a i n t s  from the  
control  circui.try. These switches a r c  mounted on the  console and a r e  
designated a s  "upper l i m i t  bypass" and "connector continuity bypass". 
The function of the  upper l i m i t  by-pass switch i s  t o  shunt the  upper 
l i m i t  switch, thereby allowing withdrawal of the  rod drives above the  
reactor  core upper l i m i t  posi t ion.  Another s e t  of l i m i t  switches 
re fe r red  t o  a s  "top l imi t s"  prevents the  drives from reaching the  
mechanical upper l i m i t  of t r ave l .  Use of the  connector continuity 

. bypass allows control  system power t o  be turned on despite the  presence 
of the  following conditions: low voltage, reversed phase sequence, 
broken cable or connector, or  control  system re lay  rack doors open. 

Annunciator alarms a r e  provided f o r  the  following conditions which 
should be brought t o  t he  a t t en t i on  of the  reactor  operator.  

(1) Improper l i n e  voltage or  phase sequence. 

( 2 )  Disengagement of any control  cable connector. 

( 3 )  A lapse  of more than three  seconds time between t he  re lease  
and seat ing i n  the  core of any rod.  

( 4 )  Control or t rans ien t  rod motor overheat. The motor s t a r t e r  
c i r cu i t ry  i s  such t h a t  overheating does not in te r rup t  motor 
power, bu t  a thermal overcurrent re lay  causes the  annunciator 

' t o  alarm. 



(5 )  Scram. 

(6) ' Opening of con t ro l  system r e l ay  rack doors with control  
power on. 

( 7 )  Operation of e i t h e r  t h e  upper l i m i t  by-pass switch o r  ' t he  
connector con t inu i ty  bypass switch. This alarm i s  primari ly 
t o  insure t h a t  these  bypass switches a re  not unintent ional ly  
l e f t  on f o r  operation subsequent t o  a bypass operation. 

I n  normal operation a f a i n t  glow i s  emitted by each annunciator 
l i g h t  t o  assure t h a t  it i s  not  burned out .  An alarm condit ion causes 
a buzzer t o  sound and t he  appropriate r ed  l i g h t  t o  come on. The buzzer 
can be s i lenced by use of a console push button switch, but the  red  
l i g h t  remains u n t i l  t h e  alarm condit ion i s  cleared.  The annunciators 
operate on con t ro l  cen te r  power through a separate c i r c u i t  of the  power 
con t ro l  switch. 

111. OUTLINE OF CONTROL SYSTEM OPERATIONAL REQUIREMENTS 

A. Required Conditions f o r  Obtaining Control Power 

1. Operation of main power key switch. 

2. Commercial power of r a t ed  voltage and cor rec t  phase sequence. 

3. E l e c t r i c a l  cable connectors i n  con t ro l  system co r r ec t l y  
engaged. 

4. Reactor building con t ro l  system r e l ay  rack doors closed. 

(condit ions two, three, ,  a d  four a re  necessa-ry only f o r  obta iningj  
not f o r  maintaining, con t ro l  power. ) 

I 

B. Requirements f o r  "Scram Reset" ('This c i r c u i t  must be energized i n  
order t o  obta in  magnet current  a f t e r  a scram. ) 

1. No scram s i g n a l .  

?. Transient rod i n  contact  with electromagnet. 

3. Operation of s c r a m r e s e t  button. 

C. Requirements f o r  Control Rod Withdrawal 
/ 

1. Al l  rods t o  be withdrawn must be i n  contact  with energized 
magnet . 

2. A l l  rods t o  be l e f t  i n  t he  core must be seated.  

3. Transient rod l a t c h  control  not  energized. (When energized, 
the  l a t c h  con t ro l  unlocks the  mechanical sa fe ty  l a t c h  t h a t  



prevents inadvertent t r ans i en t  rod drop). 

4. No condition ca l l ing  f o r  inse r t ion  of rods. 

5. Control rod drive below "upper l im i t "  ( top  of core) .  

6 .  Operation of spring-return control  rod withdrawal switch or 
energizing of control  rod. ramp t rans ien t  c i r c u i t  by sequence 
timer. 

D. Requirements fo r  Manual Control Rod Inser t ion 

1. Operation of maintained contact control  rod i n s e r t  switch. 

2.  Control rod drive not a t  lower. l i m i t .  

E .  Requirements f o r  Automatic Control Rod Rundown ( ~ u t o m a t i c  inser-  
t i o n  of control  rod drive) 

1. Control rod drive not a t  lower l i m i t .  

2 .  Non-programmed scram, or programmed rundown ca l led  f o r  by 
sequence timer. 

F. Requirements f o r  Control Rod "Scram" 

1. A s e r i e s  of normally closed push button switches a r e  1oc.e.ted 
a t  t h e  console and various places i n  the  reac tor  building 
fo r  de-energizing t he  scram c i r cu i t ,  which i n  t u rn  de-ener- 
g izes  t he  control  rod electromagnets. 

2. The sequence timer is  permanently wired i n to  t he  scram 
c i r c u i t  f o r  use when a programmed scram i s  desired.  

3. A powerfa i lu re  w i l l  scram the  reactor  by de-energizing the  
control  rod electromagnets and t he  scram re lays .  

G.  Requirements f o r  Transient Rod Withdrawal 

1. Transient rod electromagnet i n  contact with armature. 

2. Transient rod electromagnet energized. 

3. Transient rod l a t c h  control  not energized. 

4. Transient rod l a t c h  reg i s te r ing  "locked". 

5. Transient rod l a t c h  not reg i s te r ing  "unlocked". 

6 .  Transient rod drive below "upper l imi t "  ( top of the  core) . 
7. Transient r o d ' i n s e r t  contactor not  energized. 



8. Operation of spring-return t r a n s i e n t  rod withdrawal switch on 
console. 

H. Requirements f o r  Transient  Rod I n s e r t i o n  

1. Transient  rod withdraw contactor  not energized. 

2. Transient  rod 'drive not a t  lower l i m i t .  

3. Operation of spring-return t r a n s i e n t  rod i n s e r t  switch on 
console, o r  energizing of t r a n s i e n t  rod ramp c i r c u i t  by 
sequence t imer.  

I. Requirements t o  Energize Transient  Rod ~ l e c t r o m a g n e t  

1. Transient  rod electrom.agnet i n  contact  with armature. 

2 .  Any nnp of the following ianLki~Liu~~s  111et: 

a. Transient  rod F'IRE relay. n o t  energized; 

b. Transient, rod  l a t c h  con t ro l  not energized; 

c .  Transient  rod locked switch ac tuated;  

d. Transient  rod  unlocked switch not actuated.  

3. Operation of t r a n s i e n t  rod electromagnet push button. 

3'. Requirements t o  Unlock Transient Rod Latch 

1. No i n s e r t i o n  o r  withdrawal of t r a n s i e n t  rod o r  con t ro l  rod 
d r ives .  Energizing l a t c h  con t ro l  inhibits wi.t,bdraval of 
e i t h e r  dr ive  but  does not i n h t b i t  inserl;ion. Inse r t ion  of 
e i t h e r  dr ive  w i l l  i n s t a n t l y  de-energize l a t ch  .control .  

2 .  T r ~ s i e n t  rod electromagnet energized o r  t r a n s i e n t  rod 
r e g i s t e r i n g  seated.  

3. Operation of spring-return t r a n s i e n t  rod l a t c h  key switch. 

Require~rieri.ts t o  De-energize Transient  Rod Electromagnet. 

1. Latch con t ro l  energized. 

2. Latch unlocked switch actuated.  

3. Latch locked switch not actuated.  

4. Operation of FIRE c i r c u i t  by sequence t imer.  



APPENDIX B 

INITIAL CORE DESIGN 

I. GENERAL 

The i n iL i a l  core t o  be used in  the  'i3per.L I V  raci1il;y , w i l l  be a 
highly enriched uranium-aluminum, plate-type core. Control of the  
reactor  w i l l  be accomplished by the  use of four  control  rod assemblies 
each of which contains two neutron absorbing blades. A s imilar  assembly 
ca l led  the  " t rans ien t  rod" w i l l  be used f o r  s t ep  inse r t ions  of reac- 
t i v i t y .  The support s t ruc ture  w i l l  include an 81 posi t ion bottom core 
g r id ,  a flow s k i r t  t o  d i r e c t  flow through the  core, and f u e l  assembly 
hold-down bars.  

11. REACTOR COMPONENTS 

A.  Fuel - 
The f u e l  assembly t o  be used i n  the  core i s  the  Spert "D" type 

assembly ( ~ i ~ .  9) which cons i s t s  of a 3 in .  square by 27-518 in .  long, 
aluminum re ta in ing  can, a 2.7 in .  square lower end box, two grooved 
side p l a t e s ,  a l i f t i n g  b a i l  and 12 removable f u e l  p l a t e s .  The l i f t i n g  
b a i l  and the  lower end box perform the  secondary function of holding 
the  p l a t e s  i n  the  assembly. Disassembly of the  fue l  assembly i s  ac- 
complished by the  removal of f,wclve machine screws which f a s t en  the  
l i f t i n g  b a i l  and end box t o  the  re ta in ing  can. 

The f u e l  i s  contained i n  p la tes ,  each consis t ing of 1 4  grams of 
U-235 alloyed with aluminum melting stock t o  produce a "meat section" 
0.020 i n .  th ick,  2.45 in .  wide, and 24 i n .  long. This f u e l  section i s  
c lad with 6061 aluminum t o  produce a p l a t e  with ove ra l l  dimensions of 
2.704 in .  wide, 2'5-118 i n .  long, and 0.060 in .  th ick.  A f u e l  assembly 
when f u l l y  loaded with 12 of these p l a t e s  w i l l  contain 168 grams of 
U-235. The water channel spacing i s  nominally 0.165 in . ,  but  can be 
varied by the  use of d i f fe ren t  side p l a t e s  o r  the  removal of some of 
the  f u e l  p la tes .  

Hydraulic flow da ta  on the  type "D" assembly have shown t h a t  a 
r e l a t i ve ly  f l a t  ve loc i ty  p ro f i l e  e x i s t s  i n  the  assemblies a t  a l l  
ve loc i t i e s  up t o . 6 0  f t  per second, which was the  maximum veloci ty  
available f o r  the  t e s t .  A t  a l l  ve loc i t i e s  used fo r  t h i s  t e s t  no 
s t ruc tu r a l  weakness appeared which would l i m i t  t he  use of t h i s  f u e l  
assembly a t  high flow r a t e s .  

B. Control Rods 

The control  rods fo r  the  "D" core are 5/16' in .  th ick  by 2 -112 i n .  
wide blades and are  made of Binal* containing 7% na tura l  boron. There 

'wrrade name f o r  the  S in te rcas t  Corporation aluminum-boron processed 
material .  



a r e  four  con t ro l  rod assemblies, each having two blades which f i t  i n  
guide s l o t s  i n  t he  standard f u e l  assemblies. Each con t ro l  rod blade 
replaces  two f u e l  p l a t e s  i n  an assembly. An aluminum follower blade 
a c t s  both as a guide and a f l u x  peak suppressor when t he  control  rod 
blade i s  withdrawn. 

C.  Transient Rod 

The t r an s i en t  rod f o r  i n i t i a t i n g  s t ep  r e a c t i v i t y  i n j ec t i ons  i s  
i d e n t i c a l  t o  t he  con t ro l  rods except t h a t  the  upper por t ion of the  
blade i s  aluminum and the  follower blade i s  Binal. This rod i.s ra'ised 
t o  decrease r e a c t i v i t y  and dropped t o  increase the  r e a c t i v i t y  of the  
core. 

Core Structure  

The Spert  I V  core s t ruc tu re ,  shown i n  Figure 10,  i s  a nine by nine 
square aluminum l a t t i c e  of 3 in .  by 3 in .  c e l l s  supported from the  
r eac to r  con t ro l  bridge.  The g r i d  i s  at tached t o  a mounting plate.,  which 
a l so  EerveE as t he  mounting surface for a coye .F3~.)w aftapter which 
connects through an expansion jo in t  t o  the  16 inch coolant nozzle i n  
the  bottom of t h e  vessel .  

The square flow s k i r t  provides l a t e r a l  support f o r  the  asseinblies, 
and serves  as  t h e  hold-down bar  mount a s  wel l  a s  providing an enclosure 
f o r  d i r ec t i ng  t h e  flow through t he  core. This flow s k i r t  may be f i l l e d  
with water without f i l l i n g  t he  reac to r  pool, thus providing a s m a l l  
tank i n  which t o  perform such experiments a s  ca lor imetr ic  power ca l -  
i b r a t i ons  and temperature coef f i c ien t  measurements. 

A sway brace, which i s  fastened t o  the  pool f loor ,  i s  provided t o  
prevent l a t e r a l  movement of the  core s t ruc tu re .  This sway brace i s  
not  mechanically connected t o  the  g r i d  s t ruc tu re ,  and allaws verti.r.al 
movement of the  g r i d  and support s t r u c t i r e s .  

E. Control Rod Drive Units 

The con t ro l  rod dr,ive un i t s  f o r  the  'Spert I V  "D" core were 
designed f o r  open pool operation with cores up t o  36 i.nches long. 
Basically,  the con t ro l  rod dr ive  u n i t s  cons i s t  of four  inver ted  hollow 
shaf t  screw jacks mechanically connected and driven by a var iable  speed 
transmission.  The con t ro l  rod speed i s  var iable  from 0 t o  12 in .  /min. 
A synchro t ransmi t t e r  connected t o  the  transmission output dr ives  a 
d i g i t a l  ind ica to r  on the  con t ro l  console which ind ica tes  the  control  
rod dr ive  pos i t ion  t o  0.01 inches. 

Control rod pickup i s  accomplished by means of an electromagnet 
su i t ab l e  f o r  underwater service  (I?ig. 111.. An adjus table  spring i s  pro- 
vided f o r  i n i t i a l  accelerat.ion when the  control  rods a r e  dropped. The 
t r a n s i e n t  rod magnet, a l so  shown i n  Figure 11, i s  equipped with a 
mechanical l a t c h  t o  prevent an inadvertent  drop, s ince dropping t h i s  
rod increases  t he  r e a c t i v i t y  of t he  core. 

Shock absorbers a r e  i n t e g r a l  with t he  drive u n i t s  and a re  su i t ab le  
f o r  operation e i t h e r  above o r  below the  water l eve l .  
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Figure 9 - Spert "DM Assembly 
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Figure 1C - Spert IV Core Assembly 
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Figure 11 - Spert  IV Transient and Control Rod Magnet Assemblies 



APPENDIX C 

DESIGN DATA SUMMARY 

I. PURPOSE 

The intent  of t h i s  appendix i s  t o  provide a concise l i s t i n g  of the 
pertinent specifications f o r  the major equipment, other than instrumenta- 
t i o n  and core components, necessary f o r  the operation of the Spert IV 
f a c i l i t y .  The equilpnent i s  l i s t e d  i n  outline form giving sizes, capaci- 
t i e s ,  materials, e tc .  where applicable. 

11. EQUIPMENT DATA S W Y  

A. Pools 

1 ,  Size - 20 f t  diameter x 25 f t  high 

2. Number - 2 

3. Heat capacity (each pool) - 2.55 x 107 Btu with 60'~' All 

(1.02 x lo6 ~ t u / f t  water i n  pool) 

4. Drain time (minimum each pool) - 2 hours, 46 min 

5. F i l l  time (minimum each pool) - 16 hours 

6. ~ a l l o n s / f o o t  water (each pool) - approximately 2000 ga l  

7. Circulation ra t e  - up t o  5000 gpn 

8. Temperature of f i l l  water - 6 0 ' ~  

B. Reactor Control Bridge 

1. Capacity of bridge - 2500 lb/beam w/0.010 in .  deflection 

2. Services available a t  bridge 

a.  Demineralized water 

b. 110 v instrument pawer 

c.  110 v service power 

d. Reactor scram s ta t ion  

3. Vertical adjustment of bridge - 5 in.  

4. Horizontal adjustment of bridge - f u l l  length of both pools 



C . Working Bridge 

1. Capacity of bridge - 50 l b / f t 2  l i v e  load 

2. F a c i l i t i e s  on bridge - none 

D. Circulating Funps 

1. Capacity - 2500 gpm @ 170 f t  discharge head and 130O.~ 

2. Number-2 . 

3. Material  of construction 

a .  Casing - c a s t  i r on  

b. Impeller wear r ings  - 17 chrome s t e e l  

c .  Case wear r ings - 12 chrome s t e e l  

d .  Shaft  - SAE 4140 s t e e l .  

e .  Shaft  sleeves and impeller  - s e r i e s  300 s t a i n l e s s  s t e e l  

E. Pump 

1. Capacity - 50 gpm @ 50 f t  discharge head 

2. Number - 1 

3. Material  of construction - a l l  wetted surfaces of the  pump are  
of 300 s e r i e s  s t a in l e s s  s t e e l  

F. Clean-Up Pump 

1. Capacity - 50 gpm @ 140 ft' discharge head 

2. Number - 1 

3. Material  of construction - a l l  wetted surfaces of the  pumpare 
300 s e r i e s  s t a in l e s s  s t e e l  

G .  SurnpPunp 

1. Capacity - 300 gpm @ 70 f t  discharge head and 130°F 

2. Number - 1 

3. Material  of construction 

a .  Pump equipped with f u l l y  enclosed j-mpellers 

b. Pump bearings - water lubr icated 

c .  Pump case - c a s t  i r on  



H. Demineralizer 

1. Type - mixed bed demineralizer 

2. Flow capacity 

a .  Units used s ingly  - 5.0 gpn 

b.  Units used i n  paral le l ,  - 100 gpm 

3. Gallons ' between regeneration - 15,000 g a l  (each bed) 

4. Water r e s i s t i v i t y  - 500,000 ohm-cm (minimum) 

5. PH - 6.0 t o  7.0 

I. Water Softerler 

I... Capacity - 10,000 g a l  of water f r e e  of spec i f i c  hardness 

' 2 .  Flow r a t e  - periodic peak loading a t  approximately 22 gpm 

J. H,e-at Exchanger 

1. Type - , v e r t i c a l  s h e l l  and tube type w/fixed tube sheets 

2. Materials  - carbon s t e e l ,  except s t a in l e s s  s t e e l  surfaces 
where wetted with demineralized water 

3. Cooling water ( s h e l l  s i d e )  

a. Flow - 252 gpn 

b.  Temperature i n  -  OF 
c . Temperature out  - .~o'F ,' 

d. I n l e t  pressure - 40 psig  

e .  Coolant - r a w  water 

4. Tube s ide  

a. Flow - 5000 gpn 

b.  Temperature i n  - 1 0 0 ' ~  

c . Temperature out  - 98  OF 

d. I n l e t  pressure - 90 p s i  (maximum) 

e .  Fluid - demineralized wa te r .  



6 5. Heat exchanged per hour - 4.05 x 10 Btu/hr. continuous duty 

6. Transfer r a t e  ( se rv ice )  - 250 Btu/ft2 x h r  x F0 

K. Air Compressor 

1. Capacity - 64 cf'm @ suction (~oo'F, 12.2 psia)(3.76 l'lj/mia) 

2. Pressure - 125 psig  

3. Ty-pe - s ing le  stage, water cooled 

4. Compression rings - segmented carbon ( o i l  f ree ,  non-lubricated) 

5. Controls-electro-pneumatic automatic s top-s ta r t  with unloader 

L. A i r  Drier 

1. Type - f u l l y  automatic dual  column 

2. Capacity - 30 scfm per tower 

3. Outlet  dew p i n t ;  -30°F 

4. Maximum i n l e t .  conditions; 100% re l a t i ve  humidity 

5 .  After  f i l t e r  

a. Type - dry 

b .  Capacity air - 60 cfrn @ 30 psig  

c .  Partic.ulate removal - 3 t o  4 micron 

M. Boiler  

1. Type - horizontal  four  pass f i r e  tube 

2. Ratings 

a. Boiler  horsepover - 50 

b. Gross Btu output - 1670 MBH 

c .  Heating su r f ace  - 266 f t 2  (water s i de )  

d. O i l  consumption (#2 o i l )  - 1 5  gal /hr  

. e .  Steam pressure - 15 psig  

3. Feedwater - soft water o r  demineralized water plus condensate 
re tu rn  



N. Transient Instrumentation Room Air Conditioner- 

1. . ARI capaci ty  - 54,000 ~ t u / h r  

2. Air supply - manual dampered f o r  0 t o  100% rec i rcu la ted  a i r  

3. Cooling - .air cooled re f r igera t ion  un i t  

0 .  Overhead Traveling Crane 

1. Description - The crane i s . a n  overhead, e l e c t r i c a l l y  operated, 
t r ave l ing  3 motor, 12 ton capaciby, double-girder-type with a 
s ing le  t r o l l e y  and two 6 ton  hooks connected by a 12 ton load 
bar  with a s ing le  12 ton hook. The crane i s  operated from the  
f l o o r  and a remote s t a t i o n  by push-button-pendant-type control-  
l e r s .  

2. Operating condit ions 

a. Capacity - 12 tons 

b.  Span - 42 f t  8 i n .  center  t o  center  of runway r a i l s  

d . , Maximum hook height - 6 in .  below top of c ra.ne runway 
r a i l s  f o r  both 6 ton  hooks, 10  i n .  below top of crane 
runway f o r  12 ton hook 

e .  Length of crane runway - 69 f t  2$ i n .  

f .  Duty - occasional ( indoors)  

g .  Speeds - two speeds a t  f u l l  load capacity as follows: 

1. ,Hoist - 5 ft/min and 1 5  ft/min each d i rec t ion  

2. Bridge - 15 ft/min and 50 ft/min each d i rec t ion  

3.  Trolley - 15 ft/min and 50 ft/min each d i rec t ion  

P. Deep Well P u m ~  ( ~ o c a t i o n :  No. 2 wel l  pump house) 

1. Temperature of water pumped - 5 6 ' ~  

2 .  Inside diameter of wel l  casing - 12 inches 

3. Elevation of  a rea  - 5050 f t  

4. Depth t o  water (est imated) - 470 f t  

5. Draw down (est imated) - 20 f t  
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6. Pump speed - 1760 rpm 

7. Pump s e t t i n g  (length of column pipe)  - 520 f t  

8. Total  dynamic head above ground - 55 f t  

9 .  Total  pump head - 545 f t  

10. Capacity of pump@ 545 TDH - 550 gpm 

11. Elec t r i c  power - 3-phase, 60-cycle, 4.80-volt 

111. TANKS ANDVESSELS 

A. Contaminated Waste Hold-Up Tank 

1. Size - 26 f t  I D  x 16 f t  high (61,000 g a l )  

2 .  Snow load - 30 l b / f t 2  

3. Wind load - 30 l b / f t 2  

4. Foundation - Maximwn s o i l  bearing pressure i s  3500 l b / f t 2 .  
Exposed port ions of foundation a re  s t ab i l i z ed  with asphal t .  

5. Controls 

a.  High-level alarm 

b. Low-level alarm 

c .  Level ind ica tor  

d . ~emperature  con t ro l l e r  

B. Water Storage Tank  pert Control cen te r )  

1. Size - 26 f t  I D  x 16 f t  8 i n .  high (61,000 g a l )  

2 2 .  Foundation - Maximum s o i l  bearing pressure i s  3500 l b / f t  . 
Exposed port ions of foundation s t ab i l i z ed  with asphal t .  

3. Controls 

a. Level con t ro l le r  

b .  Level indicator  

c .  Low-level alarm 



' Air Receiver Tank 

1. Size - 3 ft 6 in. ODx 10 ft high 

2. Maximum pressure - 125 psig 

3. Maximum temperature - 150'~ 

D . Demineralized Water Storage Tank 

1. Size - 7 ft 6 in. OD x 18 ft high (5700 gal) 

2. Lining - 3/32 in. minimum thickness of sheet polyvinyl chloride 
plastic 

E. Fuel Oil Tank 

1. Capacity - 3000 gal 

2. Pressure - not to exceed 10 psig 



APPENDIX D 

OPERATING RULES AND PROCEDURES 

The operating ru l e s  atld procedures given i n  t h i s  appendix have been 
extracted from the  Spert Operating Ins t ruc t ion  Bul le t ins  which apply t o  
a l l  r eac tors  i n  the  Spert project .  These ins t ruc t ions  s e t  f o r t h  t h e  
minimum requirements fo r  t h e  safe  and e f f i c i en t  operation of t he  Spert 
reac tors  and 'w i l l  be s t r i c t l y  enforced i n  t h e  operation of t h e  Spert I V  
f a c i l i t y .  

11. GENERAL AND ADMINISTRATIKE 

The Spert Operating Ins t ruc t ion  Bul le t ins  a r e  intended t o  provide 
i n  a  s ing le  wr i t t en  reference, those minimum ru l e s  and ins t ruc t ions  
which must be followed by a l l  Spert personnel i n  t he  performance of 
t h e i r  du t ies  i n  order t o  promote t h e  sa fe  and e f f i c i e n t  operation of 
the  Spert f a c i l i t i e s ,  and t o  provide t h e  high .degree of administrat ive 
control  and cognizance which t h i s  requires .  In recognit ion of t h e  f a c t  
t h a t  such a  s e t  of r u l e s  w i l l  f requently need addi t ions  or  modifications, 
t he  0 p e r a t i ~ ' I n s t r u c . t j . o n  R d l e t i n s  a r e  organized a s  a  ~ e t  of ceparatc 

' 

bu l l e t i n s  which can be individual ly  wri t ten ,  revised and approved a s  
the  need develops. It i s  a l s o  recognized t ha t ,  occasionally, a  minor 
deviation from the  wr i t t en  ru l e s  may be required i n  order t o  achieve 
spec i f ic  experimental objectives.  The recognit ion of the  necess i ty  
f o r  such a deviation and t h e  respons ib i l i ty  f o r  determining t h a t  such 
act ion cons t i tu tes  a  minor deviation, and a  safe  act ,  r es ides  with t h e  
appropriate Spert Section Chief. It i s  required t h a t  he ind ica te  h i s  
approval i n  t h e  appropriate operating log book p r io r  t o  t he  ac t ion  and 
t ha t ,  a t  t he  ea r l i e s t .  p r ac t i c a l  time, he inform t h e  Spert Project  Manager 
i n  wr i t ing  of such approval and t h e  nature of t he  deviation.  . 

Preparation of addi t ional  b u l l e t i n s  and revis ion of ex i s t ing  bul le-  
t i n s  w i l l  be t h e  respons ib i l i ty  of t h e  Nuclear Test Section Chief or  t h e  
Spert Engineering Section Chief. .Such bu l l e t i n s  w i l l  not be placed i n  
effect ,  or  d is t r ibuted,  u n t i l  t h e  proper approvals have been obtained 
a s  indicated below. Those por t ions  which have been changed i n  a  revised 
b u l l e t i n  w i l l  be indicated by marginal a s t e r i sk s .  

Following a  review of each new or  amended Operating Ins t ruc t ion  
Bul le t in  by t h e  Spert Senior Staff ,  t he  Spert Project  Manager and t he  
Reactor Projects  Branch Manager w i l l  i nd ica te  t h e i r  approval by dated 
signature on t h e  f i r s t  page of t h e  individual  bu l l e t i n .  The procedures 
contained i n  t h e  b u l l e t i n  w i l l  then be placed i n  e f f ec t .  

It w i l l  be t he  respons ib i l i ty  of each supervisor t o  insure  t h a t  a l l  
personnel under h i s  supervision a r e  cognizant of t he  contents of t h e  
Spert OIB. 



I n  recognit ion of t he  continuing need f o r  review of t h e  operating 
ru les ,  t h e  Spert Project  Manager w i l l  pe r iod ica l ly  c a l l  f o r  a formal 
review of t he  Operating Lnstruction Bul le t ins  by t he  Spert Senior S t a f f .  

A wf i t t en  summary of t h i s  review w i l l  be prepared by t h e  Spert 
Project  Manager f o r  d i s t r i bu t i on  t o  a l l  r e c ip i en t s  of t he  a e r a t i n g  
Ins t ruc t ion  Bul le t ins .  Such formal reviews w i l l  be held a t  i n t e rva l s  
not t o  exceed nine months i n  duration. 

111. REACTOR OPERATING PROCEDURES 

A. Philosophy of Operation of t he  Spert Reactors 

1. Statement of Operating Philosophy 

The operation of t he  Spert reac tors  i s  t o  he carri-ed, o1.1t J.n a 
manner consis tent  with t h e  overa l l  obJ ec t lves  of the  experimental pro- 
gram which  require,^ . t e s t s  c losely  approaching and possibly a t t a in ing  
t h e  maimurn poss ible  accident with any Pac-ili.Ly. Since these  object ives  
requ i re  t h e  performance of t e s t s  under conditions which would normally 
be considered unsafe f o r  most reactor  f a c i l i t i e s ,  administrat ive control  
must be r e l i ed  upon t o  minimize t h e  p o s s i b i l i t y  of nuclear incidents,  
t o  insure  t he  s a f e ty  of Spert personnel and t he  IiJ'RTS, and t o  el iminate 
hazard t o  t he  general  publ ic .  

The type of information the  experimental program i s  designed t o  
provide d i c t a t e s  t h a t  t h e  reactor  control  system not be provided with 
automatic sa fe ty  c i r c u i t s .  The control  systems of '  t h e  various Spert 
reac tors  do, however, contain numerous in ter locks ,  both e l e c t r i c a l  and 
mechanical, t o  reduce t h e  p robabi l i ty  of unplanned reactor  excursions 
and t o  prevent procedures from being followed. which could lead t o  unant ic i -  
pated s i t ua t i ons  or  unsafe operating conditions. 

, No reactor  operation i s  permitted with any person within one-half 
mile of t h e  reactor .  

The appl icat ion ,of sa fe  operating prac t ices  and the  recognit ion and 
prevention of p o t e n t i a l l y  unsafe a c t s  and s i t ua t i ons  i s  t h e  individual  
r e spons ib i l i t y  of every member of t he  Spert Organization. 

2. Definit ion of Reactor .Operation 

Any s e t  of conditions i n  a f a c i l i t y  which cons t i tu tes  use of 
t h e  reac tor  as  a nuclear device s h a l l  be considered reactor  operation. 
This s h a l l  spec i f i c a l l y  include a l l  c r i t i c a l  measurements, a l l  excursion 
measurements and a l l  nuclear power operation but i s  not l imi ted and i s  
not intended t o  be l imi ted t o  these  t h r ee  categories.  

The ins t ruc t ions  governing a c t i v i t i e s  which do not cons t i tu te  
reac tor  operat ion but  a r e  normally considered t o  be nuclear operations, 
such a s  t h e  t r ans f e r  and assembly of fue l ,  ' a r e  specified i n  t h e  section 
on f u e l  handling. 



3. Spert Organization - Functions and Definit ions 

The general s t ruc ture  of t h e  Spert organization provides a type 
of p a r a l l e l  assignment of both engineering- and physics-oriented person- 
ne l  f o r  each of the  reactor  f a c i l i t i e s .  I n  general,  t he  respons ib i l i ty  
f o r  each f a c i l i t y  res ides  i n  t h e  physics-oriented s t ruc ture  f o r  a l l  
reactor  operation and i n  t h e  engineering s t ruc ture  f o r  a l l  p lan t  opera- 
t i on ;  t he  l a t t e r  includes t h e  coordination and d i rec t ion  of non-Spert 
personnel assigned t o  maintenance a c t i v i t i e s  on and around t h e  Spert 
reactors .  

Both aspects of f a c i l i t y  operation demand t h e  par t i c ipa t ion  and 
concurrence of both areas of i n t e r e s t  and of t he  other areas  of t h e  
Spert organization through t h e  f'unctions of t h e  Spert Senior Staff  
a s  shown below. 

a. The Spert Senior Staff  cons i s t s  of t h e  following personnel: 

Manager, Reactor Projects  Branch 
Manager, Spert Project  
Spert I Reactor Experiments Section Chief 
Spert I1 Reactor Experiments Section Chief 
Spert I11 Reactor Experiments Section Chief 
Spert I V  Reactor Experiments Section Chief 
Spert nuclear Test Section Chief 
Spert Engineering Section Chief 
Spert Data Reduction and Analysis Section Chief 

The function of t he  Spert Senior Staff  i s  t o  formulate t he  experimental 
program, review proposals fo r  t e s t s  within t h e  project  and, i n  general,  
a c t  a s  an advisory group t o  t h e  project  managers concerning t he  operation 
of t he  Spert f a c i l i t i e s .  

b .  Nuclear ~ e s t  Section Chief i s  defined a s  t h e  supervisor 
designated by t he  Manager, Spert Project, t o  be responsible f o r  t h e  
operation of a l l  of t he  Spert reac tors  i n  a l l  t h e i r  aspects, and f o r  
t h e  execution of experiments performed therewith. The Nuclear Test 
Section Chief repor t s  t o  t he  Manager, Spert Project .  

c .  Nuclear Test Group Leader i s  defined a s  t h e  designated 
supervisor of t h e  Nuclear Test Group of a given f a c i l i t y .  The Nuclear 
Test Group Leaders repor t  t o  t h e  Nuclear Test Section Chief. 

d. Engineer-in-Charge i s  defined a s  t he  designated engineer 
responsible fo r  p lant  operation of a given reactor  f a c i l i t y .  The 
Engineer-in-Charge repor t s  t o  the  Engineering Section Chief. 

e .  Responsible Supervisor i n  Control Room i s  defined a s  the  
Nuclear Test Section Chief or  Group Leader having t h e  assigned responsi- 
b i l i t y  fo r  a l l  a c t i v i t i e s  i n  t h e  control  room during reac tor  operation 
of a given f a c i l i t y .  



f .  Reactor Operator i s  defined a s  t h e  qual i f ied  technical  
person assigned t o  operate t h e  reac tor  console during reac tor  operation. 
The r eac to r  operators repor t  t o  t h e i r  respective Responsible Supervisors 
i n  t h e  Control Room. A person t ra ined  i n  t h e  operation of t h e  reactor ,  
pa r t ' i cu la r ly  i n  t h e  performance of and t h e  hazards at tendant t o  k ine t i c  
t e s t s ,  can be designated a qual i f ied  reactor  operator by t he  Nuclear 
Test Section Chief wi th  t h e  approval of t h e  Manager, Spert Project .  

4. Other Considerations Reflected i n  Operating Philosophy 

The a t t i t u d e s  re f lec ted  i n  t h e  operating philosophy a r e  based 
on t h e  physical  p r inc ip les  of nuclear chain react ing systems and f i s s ion-  
ab le  materials ,  t h e  standard procedures employed i n  s imilar  non-nuclear 
i n d u s t r i a l  appl icat ions  and acceptdble p rac t ices  f o r  remote t e s t i ng .  

B. Pre-Operational Planning and Approvals 
, 

1. Fqpose  and Scope 

This b u l l e t i n  s e t s  f o r t h  ce r t a in  minimum act ions  which must be 
taken a s  par t  of t h e  pre-operational  planning of reactor  eqer iments  i n  
order t o  insure  t h e  proper administrat ive review and approval, and i n  
order t o  promote t he  necessary flow of information between various 
p a r t s  of t h e  Spert organization. The s teps  a r e  described which must 
be completed p r i o r  t o  t he  performance of each s e r i e s  ,of r e l a t ed  t e s t s  
involving reac tor  operation a t  any of t he  Spert f a c i l i t i e s .  

2 .  Preparation of Test Ser ies  Proposal 

The Reactor Experiments Section Chief i s  responsible f o r  t he  
preparat ion of a wr i t t en  "Test Ser ies  Proposal" f o r  each s e r i e s  of 
r e l a t ed  reac tor  operations. This proposal w i l l  include: a statement 
of t h e  object ives  of t h e  t e s t  se r ies ;  t he  r e l a t i o n  .of these  objectives 
t o  t h e  overa l l  experimental program f o r  the  reactor ;  t h e  expected 
r e s u l t s ;  any unusual procedures t o  be used, or hazards t o  be expected; 
and t h e  approximate schedule f o r  t h e  t e s t s .  As a pa r t  of t he  proposal, 
t h e  Section Chief w i l l  a l s o  s t a t e ,  f o r  t h e  e n t i r e  s e r i e s  or  each t e s t ,  
whether t h e  p robabi l i ty  of des t ruct ion or serious damage t o  t h e  f a c i l i t y  
i s  "moderate" or "high". These terms are,  of necessity, loosely 
defined, but t h e  following de f in i t i ons  w i l l  be used a s  guides 

a .  "Slight" p robab i l i ty  i s  used t o  describe t e s t s  f o r  which 
su f f i c i en t  previous data  and experience ex i s t  t o  permit 
confident predic t ions  of t h e  r e s u l t s  of t h e  t e s t s .  

b .  "Moderate" p robabi l i ty  i s  used t o  describe t e s t s  f o r  which 
t h e  r e s u l t s  cannot be reasonably predicted by extrapola- 
t i o n  or  in te rpo la t ion  .of previous t e s t  r e s u l t s .  Once 
such t e s t s  have been sa fe ly  performed, repeated t e s t s  of 
t h e  same type may be classed i n  t h e  "s l igh t"  category. 
The "moderate" category should be se lected by t h e  
Section Chief f o r  any t e s t s  which, i n  h i s  opinion, 



involve unusual r i s k s  t o  t h e  reactor  or po t en t i a l l y  l a rge  
hazards t o  t h e  surrounding area .  For example, whenever 
t h e  reactor  f u e l  contains an unusually high concentration 
of f i s s i o n  products, t e s t s  which would otherwise be classed 
a s  "s l ight"  w i l l  be considered a s  having "moderatetr proba- 
b i l i t y .  

c. It?3igh" p robabi l i ty  w i l l  be used t o  describe t e s t s  which 
cons t i tu te  a planned approach t o  des t ruct ion of t he  
reac tor .  

Copies of t h e  "Test Series Proposal" w i l l  be d i s t r ibu ted  t o  each member 
of. the  Spert Senior Staff ,  f o r  review. 

3. Approvals 

Following a review of t h e  "Test Ser ies  Proposalt1 by t he  Spert 
Senior Staff ,  t he  Spert Project  Manager and t h e  Reactor Projects  Branch 
Manager w i l l  note t h e i r  approval of the  t es t  s e r i e s  on a copy of tlie 
proposal t o  be re ta ined i n  t h e  Nuclear Test Section F i l e .  Whenever t h e  
t e s t  se r ies ,  or p a r t s  thereof,  a r e  classed i n  t h e  "moderate" or  "high" 
categories,  it w i l l  be the  respons ib i l i ty  of the  Nuclear Test Section ' 

Chief t o  request and obtain higher management approval f o r  performance 
of t he  t e s t s .  The Nuclear Test Section Chief must a l s o  coordinate t h e  ' 
performance of t he  t e s t s  with t h e  a c t i v i t i e s  of t h e  AEC-ID0 S i t e  Survey 
Rranch from whom meteorological information w i l l  be obtained. In  t he  
case of "high" category t e s t s ,  a t  l e a s t  s i x  weeks not ice  w i l l  be given 
t o  ID0 S i t e  Survey and Health and Safety Branches i n  order t o  permit 
adequate preparations t o  be made f o r  area monitoring. 

4. Planning Meeting 

Following approval of t he  "Test Ser ies  Proposal", t h e  Reactor 
Experiments Section Chief w i l l  c a l l  a "Planning Meeting1!. Attendees a t  
t h i s  meeting sha l l  include t h e  Reactor Eqer iments  Group Leader, t he  
Nuclear Test Group Leader, t he  Engineer-in-Charge, an instrumentation 
representa t ive  designated by t he  Nuclear Test Section Chief, and such 
other persons a s  t he  Reactor Experiments Section Chief s h a l l  designate. 
A t  t h i s  meeting, t h e  "Test Ser ies  Proposal" w i l l  be reviewed and deta i led 
plans w i l l  be made f o r  t h e  performance of t he  t e s t  se r ies .  

5. Briefing Meeting 

Shortly before t h e  i n i t i a t i o n  of each t e s t  se r ies ,  the  Nuclear . 

Test Section Chief w i l l  c a l l  a meeting of a l l  personnel who w i l l  be 
involved i n  t he  performance of t h e  t e s t s .  The purpose of t h i s  meeting 
w i l l  be t o  acquaint a l l  operating personnel with t h e  object ives  of t he  
t e s t s ,  t he  deta i led procedures t o  be followed, t he  expected r e s u l t s  
and t h e  poss ible  a l t e rna t i ve s  which may a r i s e  a s  a r e s u l t  of unforeseen 
events. Each person w i l l  be made aware of' h i s  individual  r e ~ p o n s ~ b i l i t y  
and h i s  working assignment fo r  t h e  t e s t  s e r i e s .  



C. Operating Rules , i n  the  Control Room 

1. During '.ali react& operations, t he  Nuclear Test Section Chief 
or Group Leader i s  i n  commqd of a l l  reactor  and plant  opera- 
t i ons  and i s  t h e  responsible 'supervisor i n  t h e  control  room. 

2. During reac tor  operation, conversations i n  t h e  control  room 
must be l imi ted t o  those per t inent  t o  t h e  experiment. The 
responsible supervisor may, a t  anjr time, request t h a t  t h e  
room be cleared of nonessential  personnel. 

3. A minimum of two persons qual i f ied  a s  reac tor  operators, a s  
assigned by t h e  Section Chief or  Group Leader, s h a l l  be 
present i n  t h e  control  room during nuclear operation. 

4. Nonessential personnel s h a l l  request permission of t he  responsible 
supel. v lsul. UPUll ellLel'lllg LLllt! C U P I L P ' U ~  Y'UOIR. 

5. The console power or upper l i m i t  by-pass switch w i l l  not be 
turned on without permission of t h e  responsible supervisor. 

6 .  The console power key and upper l i m i t  by-pass key w i l l  be kept 
i n  a locked key reposi tory  when not i n  use. Access Lo the  
reposi tory  w i l l  be r e s t r i c t e d  t o  t h e  appropriate Group Leader 
and Section Chief and t o  t he  Spert Manager. 

7. Any person i n  t h e  control  room has t h e  permission and responsi- 
b i l i t y  t o  scram'the reac tor  i f  he th inks  an unusual or  dangerous 
s i t ua t i on  i s  present.  

D. Record Keeping 

1. Flupose and Scope 

The purpose of t h i s  sect ion i s  t o  specify t h e  information re-  
quired t o  be recorded .in t h e  console log and on recorder char t s  f o r  
maintaining a proper account of a l l  reac tor  operations. It s h a l l  be t h e  
respons ib i l i ty  of t h e  r eac t  or  operator - t o  see t h a t  a l l  relevant in f  orma- 
t i o n  describing t h e  reac tor  operations and conditions of t h e  system be 
appropr ia te ly  recorded i n  t h e  console log, on , t he  operational  l i n e a r  and 
log recorder char ts ,  and on process recorder char ts .  The I!Tuclear Test 
Section Chief w i l l  inspect  the  console log books dai ly .  

2. Console Log 

a. The console log s h a l l  be a bound book having numbered 
pag.e s . 

. , 

b .  . A l l  e n t r i e s  w i l l  be wr i t t en  i n  ink with no erasures per- 
mitted.  

c .  En t r ies  w i l l  be made on t h e  right-hand page only, leaving 
t h e  left-hand pagc f o r  l a t e r  annotations (which must be 
dated and i n i t i a l l e d )  and f o r  subsidiary information. 



The date and i n i t i a l s  of t h e  wr i t e r  s h a l l .  be entered on 
t h e . t o p  of each new page and f o r  each continuous s e r i e s  
of en t r i e s .  

Entr ies  f o r  a new day s h a l l  s t a r t  on a new page. 

The time of each en t ry  s h a l l  be recorded 

An en t ry  w i l l  be 'made f o r  each working s h i f t ,  indicat ing 
t he  condition of t h e  reac tor  and any major operations 
under way. 

A l l  f u e l  t r ans f e r s  ( including f u e l  assembly numbers) t o  
and from the  reactor  s h a l l  be recorded. A summary of t he  
core loading s h a l l  be entered per iodical ly .  

A l l  changes t o  the  reac tor  control  system s h a l l  be recorded. 

Any deviation from standard procedure s h a l l  be recorded 
with t h e  reason fo r  t h e  deviation.  Notation of p r i o r  
approval f o r  the  deviation must be i n i t i a l l e d  by t he  
Nuclear Test Sect ion Chief. 

Items of procedure followed during reactor  operation, e; g . , 
t h e  scram t e s t s  made, warning, shutdown of t h e  reactor ,  etc. ,  
s h a l l  be recorded. 

The following information s h a l l  be recorded f o r  a l l  experi- 
ment s performed : 

(1) T i t l e  of t h e  t e s t  

( 2 )  Purpose of t h e  experiment 

(3 )  Experimental condit ions 

(4)  Rod posi t ions  

( 5 ) Approximate power l e v e l  

(5) Reactor temperature 

(7)  Period measurements 

(8) Pert inent oscil lograph record numbers 

( 9 )  Location of f u r the r  relat.ed information on t he  t e s t  

(10) Diagrams wherever a p p r o p ~ i a t e  

Any s ign i f ican t  rad ia t ion  l eve l s :  ( a )  i n  t he  reactor  
bui lding following reactor  operations, and (b )  of any 
reac tor  components or  equipment t rans fe r red  within t he  
f ac i l i t y , ,  s h a l l  be recorded. 
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n. Any unusual, unexpected, anomalous, or  unexplained occur- 
rences of t h e  plant ,  r eac tor ,  control  system or  instruments 
s h a l l  be recorded. 

o. Any occurrence which might, by any s t r e t c h  of t he  imagina- 
t ion ,  be considered an accident, incident or  near-miss 
incident  s h a l l  be recorded. Such en t r i e s  must be ca l led  
t o  t h e  immediate a t t en t i on  of t he  Nuclear Test Section 
Chief and i n i t t a l l e d  by him p r io r  t o  fu r ther  operation. 

3. Operational Linear Recorder 

The following items s h a l l  be entered on t h e  operational  l i n e a r  
power recorder char t  : 

a. ' Date and time of run 

c .  Type of t e s t  

d. C h m L  speed 

e .  C r i t i c a l  Rod Posit ions 

t . Rod pos i t ions  during period measurements 

g. Range s e t t i n g  

4. Process Hecorders and Operational Log Recorder 

The following items s h a l l  be entered on a l l  process and opera- 
t i ona l  log recorder charts :  

a. Date and time of run 

b .  Run number 

c .  Time at appropriate i n t e rva l s  

E. Preparations f o r  Xeactor Operation 

1. Purpose 

To e s t ab l i sh  t h e  rules ,  minimum instrumentation apd preparations 
required f o r  reactor  operation and t h e  mechanisms f o r  assuring continuous 
administrat ive con t ro l  during the  t r a n s i t i o n  from Ewineering Section 
Control t o  Nuclear Test Section Control. 

2. MLnimum Neutron Instrumentation 

Pr ior  t o  evacuation of t h e  reac tor  building, t he  Nuclear Test 
Section s h a l l  be responsible f o r  assuring t h e  operab i l i ty  of t he  



following a s  a minirmun: 

a .  Lar-Level.Instrumentation. A t  l e a s t  two neutronpulse-  
counting channels s h a l l  be on and operating p r io r  t o  s ta r tup .  Evidence 
of proper operation from background or  a r t i f i c i a l  source w i l l  be ver i -  
f i e d  by t he  reac tor  operator. 

For s t a r t up  experiments requiring d i sc re te  counting i n t e rva l s  on 
several  channels, a t  l e a s t  one pulse channel s h a l l  be relegated t o  
remain i n  continuous operat ion. 

Under all s t a r t up  conditions where t h e  neutron lev& i s  below 112 
full' scale  on t h e  most sens i t ive  range of the  operational  l i n e a r  parer 
recorder, a t  l e a s t  one pulse-counting channel s h a l l  be audible i n  t he  
control  room. 

b.  Parer Recorders. One operational  l i n e a r  and one opera- 
t iona l .  log parer  recorder s h a l l  have been checked f o r  ( a )  proper operating 
performance; (b )  an adequate amount of char t  paper; and ( c )  wri t ing ink. 
The l i n e a r  recorder s h a l l  be on t he  most sens i t ive  range and without 
"damping" p r io r  t o  s ta r tup .  

3. Check L i s t s  

Check l i s t s  w i l l  be made by t h e  Nuclear Test Section t o  ver i fy  
t h a t  a l l  instrumentation and/or experimental equipment per t inen t  t o  t he  
planned operct'Lio11 ar.e i n  t h e  proper operating condition.. The reactor  
operator w i l l  v e r i fy  t h e  completion of t h e  check l i s t .  

The Engineer-in-Charge w i l l  prepare a check l i s t  ~d ve r i fy  t h a t  
a l l  p lant  equipment i s  i n  t h e  proper condition required f o r  the  reactor  
operation. 

4. Transfer of Control and Responsibil i ty 

A t  such time a s  t he  reactor  operator has completed a l l  items 
on the  check l i s t  and has ve r i f i ed  completion of a l l  Nuclear Test 
Section respons ib i l i ty  f o r  t he  preparations f o r  t he  nuclear run, he 
w i l l  so no t i fy  t h e  Engineer-in-Charge and t h e  Nuclear Test Group Leader. 

After the  Engineer-in-Charge has ver i f i ed  t h a t  all p lan t  prepara- 
t i o n s  a re  complete, has received not ice  t h a t  t h e  Nuclear Test Sectior, 
i s  ready, and has ve r i f i ed  t h a t  no non-Spert personnel a r e  i n  t he  
building or  reactor  area,  he s h a l l  verbal ly  t r a n s f e r  t h e  control  and 
responsibilL-l;y of Lhe reactor  and reactor  p lant  t o  t h e  Nuclear Test 
Section by notifying and obtaining concurrence of both t h e  Test Section 
Chief, or h i s  designated representative,  and t h e  reactor  operator. The 
concurrence and acceptance of control  and respons ib i l i ty  s h a l l  be noted 
i n  t he  console log.  

The reactor  operator may then i n i t i a t e  rout ine  evacuation of tfie 
reac t  or building. 



F . Routine Evacuation 

The following s teps  must be performed i n  t h e  sequence shown t o  
e f f e c t  rout ine  evacuation : 

1. When t h e  Nuclear .Test Section has assumed administrat ive con- 
t r o l  and r e spons ib i l i t y  f o r  t he  reactor  and plant ,  t he  reactor  
operator w i l l  i n s t ruc t  t he  assigned hea l th  physic is t  (HP) 
t o  proceed with  rout ine  evacuation. 

The HP w i l l  no t i fy  t h e  secur i ty  guard t h a t  t h e  reac tor  area  
i s  being evacuated and t h a t  no non-Spert personnel may be 
admitted u n t i l  f u r t he r  not ice .  . 

The HP w i l l  then announce t h e  order t o  evacuate over t h e  
intercom system and t he  reactor  operator w i l l  sound the  
warning horn t h r ee  times. 

The Engineer-in- Charge or h i s  delegated representa t ive  w i l l  
obtain t he  p lan t  operations log book and rerr~uv.e il; fl.orn 
t h e  reac tor  a rea  during' t h e  reactor  operation. 

The IIP w i l l  inspect  the  reactor  area, including both t h e  ins ide  
and outs ide  of a l l  buildings i n  t he  area  t o  insure  t h a t  a l l  
personnel have l e f t  t he  reac tor  area.  

The HP w i l l  then s e t  up t he  road block and s igna l  'the reactor  
operator (1 buzz) t o  t u rn  on the  exclusion l i g h t .  When the  
l i g h t  comes on t h e  HP w i l l  acknowledge (2  buzzes),. 

The HI? w i l l  then repor t  t o  t h e  secur i ty  gu&d t h a t  t h e  reactor  
area i s  closed t o  a l l  personnel. 

Tile HP w i l l  repor t  t o  t h e  control  room t h a t  t h e  a rea  i s  c l ea r .  

The lkgineer-in-Charge w i l l  repor t  t o  t h e  control  room. 

G. Reactor Operation 

The purpose of t h i s  b u l l e t i n  i s  t o  s e t  f o r t h  t h e  general  operating 
r u l e s  t o  be followed during reactor  operation. These ru l e s  a r e  intended 

+ t o  promote a s a f e  and uni f ied  operational  procedure f o r  a l l  Spert reac tors .  

1, The evacuation of t h e  reac tor  area i s  not considered completed 
u n t i l  t h e  assigned heal th  physic is t  and Engineer-in-Charge have 
reported i n  person t o  t h e  Reactor Operator. 

2. The Nuclear Test Section Chief, or  t h e  Group Leader designated 
by him, i s  i n  charge of a l l  reac tor  and plant  operation during 
reactor  operation, and i s  t h e  responsible supervisor i n  t he  
control  room. I n  t h e  event of a p lan t  emergency, command 
r eve r t s  t o  t h e  Engineer-in-Charge a f t e r  t he  reac tor  has been 
sa fe ly  shut down. 



3. The Reactor Operator w i l l  announce over t he  intercom system 
h i s  i n t en t  t o  s t a r t  nuclear operation and w i l l  l i s t e n  fo r  
poss ible  response from the  reac tor  a rea  before proceeding 
with  any r e a c t i v i t y  addit ion.  

4.. The reactor  annunciator panel must not ind ica te  any f a u l t s .  

5. Before any rod motion i s  attempted or  other operations t h a t  
might change t he  re$c t iv i ty  a r e  i n i t i a t ed ,  a t  l e a s t  two neutron 
pulse counters w i l l  be indicat ing t h e  neutron background l e v e l  
and t h e  operational  log and l i n e a r  parer  recorders w i l l  be 
on and the  chart  paper w i l l  be i n  motion. One neutron pulse 
counter must always be operating continuously, providing an 
audible count r a t e  indicat ion t o  t h e  operator, u n t i l  r e l i a b l e  
indicat ion of parer i s  observed on t h e  l i n e a r  power recorder.  

6 .  Permission t o  t u rn  on t h e  console power switch w i l l  be obtained 
from the  responsible supervisor. 

7. When the  required instrumentation i s  i n  operation, the  reactor  
scram system w i l l  be checked and t h e  performance of t h e  chcclr' 
noted i n  t h e  console log. In no case w i l l  t h e  reactor  be made 
c r i t i c a l  during t he  performance of these  scram checks. 

8. Timer Check 

When the  t c c t  i o  t o  be programmed by the sequence timer, a 
dry run w i l l  be made t o  check t he  operation of t he  timer 
p r i o r  L;o xaod withdrawal. 

9.  Shutdown 

After the  reactor  i s  sa fe ly  shut down, t h e  console keys w i l l  
be returned t o  t he  locked reposi tory  and nota t ion of t h e i r  
r e tu rn  made i n  t h e  console log. The Reactor Operator w i l l  
remain on duty a t  t he  console u n t i l  building re-entry has 
been made. 

H. Safe Shutdown of Reactor and Transfer of Control 

The sect ion defines t h e  minimum condit ions which m s t  ex i s t  before 
t h e  reactor  i s  sa fe ly  shut down and the  reac tor  console secured, and 
es tab l i shes  continuous administrat ive control  during t he  t r a n s i t i o n  
between Nuclear Test Section respons ib i l i ty  and control, and Engineering 
Section rcsponoib i l i ty  and control  of t he  reactoy plant .  

1. conditions f o r  Safe Shutdown 

These minimum conditions must ex i s t  before t h e  reactor  can be 
sa id  t o  be sa fe ly  shut down: 

a .  All coxltrol rods  arld t r ans i en t  rod seated. 

b. A l l  control  rod and t r ans i en t  rod dr ives  a t  lower l i m i t .  



c.  Instrumentation must ind ica te  a shutdown reac tor .  

d. In the  bes t  judgement of t he  Responsible Supervisor i n  
t h e  con t ro l  room, t h e  reac tor  i s  subc r i t i c a l  and no fore- 
seeable events w i l l  lead t o  c r i t i c a l i t y .  

e .  The evaluation of any reac tor  annunciator s igna l  or  other 
abnormal condit ion ex i s t ing  a t  t he  time of shutdown s h a l l  
be completed p r io r  t o  securing t he  console. 

f .  The console power must be turned o f f .  

g .  The reac tor  operator must remain .at t he  console u n t i l  r e -  
en t ry  of t h e  reac tor  building i s  established and t he  time 
of re-entry and rad ia t ion  l e v e l s  have been noted i n  t h e  
console log. 

2. Transfer of Reactor and Reactor Plant Control and Hesponsibil i ty 

After a t e s t  or  s e r i e s  of t e . s t s  occurring in aliy one day, when 
it has beendetermined by t h e  Responsible Supervisor i n  t h e  control  room 
t h a t  t h e  reac tor  has been s a f e ly  shut down, t h e  Responsible Supervisor 
i n  t h e  control  room w i l l  immediately no t i fy  t h e  Engineer-in-Charge t h a t  
t h e  reac tor  has 'been shut down and w i l l  a t  t h i s  time transmlt  any other 
information per t inen t  t o ' t h e  plant  or  reac tor  conditions t o  t he  Engineer- 
in-Charge. The Responsible Supervisor i n  t he  control  room w i l l  then 
request  t h e  Engineer-in-Charge t o  assume control  and respons ib i l i ty  f u r  
t h e  reac tor .  With concurrence of t h e  Engineer-in-Charge, control  and 
. r e spans ib i l i t y  f o r  t h e  reac tor  and reactor  p lan t  then passes t o  t he  
Engineering Section. 

I. Routine Re-Entry i n t o  t h e  Reactor Area 

If rou t ine  r e - e n ~ i . ~  i n t o  the reactor  a rea  i s  desired, t he  
Responsible Supervisor i n  t h e  control  room (when respons ib i l i ty  
and con t ro l  r e s ide  with t h e  Nuclear Test sec t ion)  or t h e  ' . 
Engineer-in-Charge (when respons ib i l i ty  and control  res ide  with 
t he  Engineering sect ion)  w i l l  so  inform the  assigned Health 
Physicist  and, i f  p lan t  process equipment i s  operating, t he  
Engineer-in-charge w i l l  s t a t i o n  a technician a t  t h e  process 
panel in t h e  cont.ro1 room.~.m,tt,i..l. re-.entry i~ established.  The 
reac tor  operator w i l l  remain a t  t h e  console u n t i l  re-entry i s  
established. and. t h e  time of re-entry and rad ia t ion  l eve l s  
have been noted i n  t he  console log.  

2 .  The Health Physicist  w i l l  inform the  secur i ty  guard that re-  
e n t r y ' i s  being made, but  that t h e  area  i s  s t i l l  closed t o  
non-S-pert personnel. 

3. The Health Physicist  w i l l  be accompanied by t h e  Engineer-in- 
Charge or a member of t h e  Nuclear Test Section. 



4. The Health Phys i c i s t .w i l1  remove the  road block, s igna l  f o r  
t he  exclusion l i g h t  t o  be turned off  (1 buzz) and w i l l  
acknowledge ( 2  buzzes) when the  l i g h t  has been turned o f f .  

5. The Health Physic is t  w i l l  determine the  rad ia t ion  l eve l s  i n  
t he  area and bui lding.  and w i l l  inform the  Engineer-in-Charge 
or  the  member of the  Nuclear Test Section of the level  of 
rad ia t ion  and of t he  specia l  precautions or  r e s t r i c t i o n s ,  i f  
any, t h a t  must be made upon re-entry .  

6. The Health Physic is t  w i l l  inform the  guard when the  a rea  i s  
open t o  non-Spert personnel. 

J. Meaning of Reactor Warning Lights and Horns and Radiation Alarms 

This b u l l e t i n  describes the  meaning of t he  reactor  warning horn, 
"Reactor On" l i g h t s  and the  rad ia t ion  alarm b e l l s  i n  the  reac tor  a reas  
and s e t s  fo r th '  the  ac t ion  t o  be taken by personnel i n  the  reac tor  area  
upon recognit ion of these s ignals .  

1. The reactor  warning horn w i l l  be sounded three  times immediately 
following the  evacuation announcement over the  reac tor  a rea  
intercom a s  a s ignal  t o  evacuate t he  area .  Any other sounding 
of t h i s  horn indicates  t h a t  control  rods a r e  being withdrawn 
i n  the  reactor and t h a t  the  reactor  i s  i n  operation. 

2. The red  flashing l i g h t s  on and within the  reac tor  'buildings " 

indicate  t h a t  control  rods have been withdrawn i n  t he  reactor  
and t h a t  t h e  reactor  i s  i n  operation. 

3. Any personnel ins ide  t he  reac tor  building a t  any time the  
warning horn blows and the  " ~ e a c t o r  on" warning l i g h t s  come 
on w i l l  immediately evacuate t h e  building and the  a rea  ( run)  
and repor t  t o  the  reactor  control  room. If such persons pass 
a scram button on t h e i r  f a s t e s t  e x i t  path  from the  building,  
they w i l l  push the  button during evacuation. Since microphones 
a t  several  building locat ions  a r e  normally l i ve ,  an attempt 
should be made t o  e s t ab l l sh  voice contact with the  control  
room (shout) ,  bu t  such attempts should i n  no way delay rap id  
e x i t  from the  building.  Any personnel outside t he  reac tor  
building, but  within 112 mile of the  building a t  any time 
t he  warning horn blows or  t h e  " ~ e a c t o r  on" warning l i g h t s  
come on, w i l l  immediately leave the  area  and repor t  t o  t he  
reactor  control  room. 

4. Radiation alarms have been provided i n  the  reactor  buildings 
t o  warn of high rad ia t ion  f i e l d s  or a i r  contamination. Each 
of the  alarm c i r c u i t s  causes a b e l l  t o  r ing  i n  the  reactor  
building.  When these  b e l l s  sound anywhere i n  t he  building,  
personnel must leave t he  area  immediately and repor t  the  
s i t ua t i on  t o  the  Health Phys ic i s t .  Re-entry t o  the  a rea  w i l l  
not be made u n t i l  the  rad ia t ion  l e v e l  has been determined by 
the  Health Phys ic i s t .  



.IT. GENERAL HEALTH PHYSICS RUIES.  

A .  General Rules 

1. Never en te r  a ribboned-off a rea  without shoe covers when t h e  
rad ia t ion  t a g  s t a t e s  t h a t  it i s  a shoe cover a rea  or  Anti-C 
clothing a rea .  

2 .  Never en te r  a ribboned-off a rea  without f i r s t  reading t h e  
r ad i a t i on  t a g  attached t o  it. Consult Health Physics i f  t h e  
information on t h e  t ag  i s  not completely understood. 

3 .  When enter ing or  leaving a shoe cover area, never place an 
uncovered shoe ins ide  t h e  ribbon, or  a poss ibly  contaminated 
shoe cover outside t h e  ribbon. 

I Do not atand against  a rad ia t ion  ribbon wldesl i.t i s  arou.ncl a. 
  hoe cover area. This may r e s u l t  i n  a person's fee t  being on 
t h e  opposite s i de  of t h e  ribbon. 

5. Never remove a rad ia t ion  ,ribbon without first consulting Health 
P h y ~ i c  c . 

6 .  Never touch doorknobs o r  of,her :'clean" surfaces with hands or 
gloves t h a t  may be contaminated. 

7. If the re  i s  a s l i gh t e s t  p o s s i b i l i t y  t h a t  personal cldthing has 
become contaminated, request a Health Physics survey before 
leaving t h e  contaminated area .  The f r i s k e r  o r  hand and foot  
counter w i l l  not ind ica te  such contamination unless t h e  
clothing i s  highly contaminated. 

8. Upon rtd~liTl-ig Llle C U I I L I ' U ~  ~ellLel', 11ulds and fee t  s h o i a  be 
checked on t h e  hand a - d  f ~ ~ t  counter i f  t he r e  i s  a. pn2k ih i l i t . y  
of them having become contaminated. Hands and f e e t  should 
always be checked immediately a f t e r  leaving a contaminated 
area.  

9. If the  hand and foot  counter indicates  shoe contamination, do 
not move from t h e  counter before put t ing on shoe covers. 

10. Do not handle a r t i c l e s  t h a t  may be contaminated without wearing 
appropriate g1,oves.  o or example, wear rubber gloves while 
handling wet a r t i c l e s  ) 

11. If a person suspects t h a t  he has contaminated an area, he.  should 
not leave t h e  area,  - but should get  someone t o  contact Health 
Physics f o r  a check of t h e  area .  He should a l s o  assume responsi- 
b i l i t y  f o r  preventing t h e  spread of t he  contamination by stopping 
t r a f f i c  i n  or out of t he  area .  

12.  Never a l t e r  or adjus t  Health Physics monitoring instruments i n  
any way without f i r s t  consulting Health Physics. This includes 



unplugging, moving t h e  instrument, and turning off t he  alarm. 
A vio la t ion  of these  r u l e s  may r e s u l t  i n  t he  instrument being 
inoperative when it i s  most needed. 

13.  A l l  personnel decontamination should be done under Health 
Physics supervision. 

A quintector i s  i n s t a l l ed  a t  t h e  entrance t o  t h e  Spert control  
center .  This w i l l  provide a method of monitoring f o r  be ta  
and gamma rad ia t ion .  It i s  s e t  t o  alarm a t  s l i g h t l y  above 
background and serve a s  a warning t ha t  person(s)  passing through 
the  doorway might be carrying radioact ive  mater ia ls .  The per- 
s o n ( ~ )  involved should proceed d i r e c t l y  t o  t h e  HP o f f i ce  f o r  
a more complete check i n  order t o  loca te  and measure t h e  
i n t ens i t y  and nature of .the radia t ion.  

15. Never open a cask t h a t  i s  used f o r  radioact ive  shipments with- 
out a Health Physicist  i n  attendance. Do not look i n  before 
it i s  monitored. 

6 .  No movement of radioact ive  materials  from one a rea  t o  another 
should be made without consulting Health Physics. 

17. No source should be exposed or handled without a Health Physicist  
i n  attendance. 

18. Do not put k n m  "cold" waste i n  "hot" waste containers.  'l'he 
disposal  of "hot" waste i s  expensive. Also, do not put  what 
may be "hot" waste i n  "cold" waste containers.  This may r e s u l t  
i n  a hazard t o  someone or a ccnsiderable amount of work i n  
removing it l a t e r  from the  dumpsters. 

19. All  f u e l  and equipment pulled from t h e  reac tor  vessel ,  canal, 
hot storage holes, e t c . ,  must be monitored a s  it i s  pulled.  
HP personnel should be present whenever poss ible .  I f  the re  
i s  a p o s s i b i l i t y  of a rad ia t ion  f i e l d  ex i s t ing  and HP personnel 
a r e  not present, t h e  f i e l d  should be monitored by operating 
personnel using appropriate instrumentation. 

B. Exposure and Dosimetry Rules 

.l. Do not work i n  a rad ia t ion  f i e l d  unnecessarily. The allowable 
radia t ion e-xposure when necessary i s  60 mrem/day. This amount 
can be authorized by Health Physics f o r  a pa r t i cu l a r  job or 
time i n t e rva l  i n  one day. If' it i s  necessary t h a t  a l a rger  
exposure be received i n  one day (up t o  300 mrem), t h i s  can be 
authorized by the  immediate supervisor once a week. For 
v i s i t o r s  t h i s  author izat ion must come from the  Project Manager. 
An exposure greater  than 300 mrem/day,once per  week, must be 
authorized by t he  Branch Head. For v i s i t o r s ,  t h i s  authoriza- 
t i o n  must come from t h e i r  home o f f i ce .  

2. Under no circumstances should personnel en te r  any of t h e  reac- 
t o r  areas wit.hout a f i lm badge. I f  a badge i s  l o s t  or missing, 



pick up one of t h e  temporary badges that a r e  avai lable  a t  t h e  
guard ga te .  

1 

3. Dosimeters have been assigned t o  personnel having occasion t o  
work i n  reac tor  areas .  Personnel who do not have a regular ly  
assigned dosimeter w i l l  continue t o  secure them a t  t h e  HP 
o f f i ce .  Regularly as.signed dosimeters a r e  t o  be picked up 
each morning, worn on person during day, and placed back i n  
t he  rack a t  t h e  end of s h i f t .  

V. GENERAL INSTRUCTIONS REGARDING THE HANDLING OF FUEL, 
REACTOR COMPONENTS, EXPERLMENTAL EQUIPMENT, ETC . , 

WITHIN FEACTOR VESSELS AND FUEL STORAGE AREAS 

Purpose and Scope 

The purpose of t h i s  b u l l e t i n  i s  t o  get f o r t h  general  i n ~ t r u c t i o n s  
governing the  t r a n s f e r  into,  from or  within t h e  confines of' reac"ior 
vesse l s  and storage areas  of any fuel ,  reactor  component, experimental 
equipment, or any other object  which can possibly a f f ec t  t he  r eac t i v i t y  - 
of t he  system. These ins t ruc t ions  specify t h e  r e q u i s i t e  approvals and 
r e s p o n s i b i l i t i e s  a t tendant  t o  a l l  such t r ans f e r  operations, and a r e  
intended t o  el iminate any p o s s i b i l i t y  of a nuclear incident.  These 
i n s t ruc t i ons  apply t o  a l l  personnel and a l l  f a c i l i t i e s  i n  t h e  Spert 
a rea .  

B. General Ins t ruc t ions  

1. Approval of Transfer Operation 

Approval f o r  a l l  t r anofc r  of f i c i ,  r cac tor  componcnto c ~ q c r i  
mental equipment, or of any object which s ign i f i c an t l y  a f f e c t s  the  
r e a c t i v i t y  of t h e  system, in to ,  from or  within t h e  confines of t he  
reac tor  vessel  o r  f u e l  storage a rea  must be given by bhe Nuclear Test 
Section Group Leader i n  t h e  form of a request f o r  such t r ans f e r .  These 
requests  w i l l  be di rected t o  the  appropriate Engineer-in-Charge and 
w i l l  include a l l  necessary deta i led ins t ruc t ions  f o r  carrying out t he  
t r a n s f e r  operation and w i l l  indicate  a designated Surveil lant  Physicist  
from t h e  Nuclear Test Section f o r  monitoring t h e  operation. 

2. Responsibi l i t ies  

a .  Engineer-in-Charge. After obtaining t h e  required approval 
and ins t ruc t ions ,  t he  Engineer-in-Charge s h a l l  no t i fy  t h e  Nuclear Test 
Section Group Leader immediately p r io r  t o  t h e  time operations i n  t he  
reac tor  vessel  or  f u e l  storage a rea  a r e  t o  be performed and must ensure 
t h a t  a Survei l lant  Physicist  be present during t h e  operation. 

The Engineer-in-Charge i s  responsible f o r  al l-manipulations performed, 
and he must personally supervise such manipulations. He has t he  responsi- 
b i l i t y  and author i ty  t o  c l ea r  t h e  building of a l l  nonessential  personnel 



i f ,  i n  h i s  judgment, t h e  nature of t h e  operation warrants it. 

The Engineer-in-Charge s h a l l  be responsible f o r  maintaining fuel 
t r ans f e r  and inventory records a t  t h e  reactor  building.  

The Engineer-in-Charge must ensure t h a t  an HP be present whenever 
f u e l  o r  equipment i s  pulled from t h e  reactor  vesse l  or storage a rea  
and t ha t  it be monitored by Health Physics personnel a s  it i s  pulled.  
I n  no case s h a l l  t he  HP doing t h e  monitoring a s s i s t  i n  t h e  ac tua l  opera- 
t ion. 

b.  Nuclear Test Section Group Leader. The Nuclear Test 
Section Group Leader s h a l l  i n i t i a t e  t h e  request  f o r  t h e  t r ans f e r  opera- 
t i o n  and s h a l l  provide t h e  Engineer-in-Charge with both t he  deta i led 
procedures and information on t he  nature of t he  monitoring instrwnenta- 
t i o n  which are required f o r  carrying out t h e  operation. 

The Nuclear Test Section Group Leader w i l l  name and make avai lable  
f o r  t he  operation a Nuclear Test Section Survei l lant  Physicist ,  who 
i s  cognizant of t he  de ta i l ed  operation t o  be performed and of t h e  
nuclear sa fe ty  inp l ica t ions  involved i n  the  operat ion.  

c .  Survei l lant  Physic is t .  The Survei l lant  Physicist  has 
t h e  respons ib i l i ty  t o  ensure (with information on t h e  da te  and nature 
of t h e  l a s t  instrumentation checks) that t h e  required monitoring ins t ru -  
mentation i s  ava i lab le  and i n  operation, with s ignals  audible or  v i s i b l e  
t o  him a t  h i s  s t a t i o n  p r io r  t o  s t a r t  of t h e  work. He must serve no 
other f'unction during t he  operation than t o  observe, i n  de t a i l ,  a l l  
movements or manipulations occurring and t o  evaluate these  movements 
or manipulations with regard t o  nuclear safe ty .  It i s  his duty t o  be 
aware a t  a l l  times of the  neutron pulse r e g i s t e r  sound or  s igna l  a s  
an a id  t o  h i s  evaluation. I f  a t  any time he f e e l s  t h a t  a hazardous 
condition may occur, he must stop a l l  operations u n t i l  t h e  s i t ua t i on  
has been cleared.  He may request of the  Engineer-in-Charge t h a t  t he  
building be cleared of nonessential  personnel i f ,  i n  h i s  judgment, t h e  
nature of t h e  operation warrants it. 

The Survei l lant  Physicist  s h a l l  be responsible f o r  ensuring t h a t  
someone i s  ava i lab le  i n  t h e  control  room f o r  recording i n  t h e  console 
log a l l  information on f u e l  t r ans fe rs ,  control  rod removal and source 
t rans fe rs ,  a s  they occur. Wherever applicable,  a record s h a l l  be main- 
tained by t h e  Nuclear Test Section of t h e  locat ion of each numbered 
f u e l  p l a t e .  The console log record of f u e l  t r ans f e r s  w i l l  document 
assembly t r ans f e r s  by assembly number only, and w i l l  r e f e r  t o  t h e  
appropriate record loca t ion  f o r  t he  individual  p l a t e  locat ions  and/or 
contents of individual  assemblies. The console log  w i l l  contain a 
record of t r ans f e r s  of f u e l  p l a t e s  t o  or from assemblies only t o  t he  
extent of documenting t h a t  changes were made i n  a pa r t i cu l a r  assembly 
and of referencing t h e  record locat ion of t h e  d e t a i l s  of t h e  changes 
made. 



V I  . GENERAL INSTRUCTIONS FOR IMISCELLANEOUS OPERATIONS 
WH1,CH MAY AFFECT NUCLEAR SAFETY - 

A. Purpose 
. . ,. . 

This b u l l e t i n  provides a general s e t  of insti-uctions f o r  performing 
miscellaneous p lan t  or  reac tor  operations which may a f f ec t  nuclear 
sa fe ty .  It i s  intended t h a t  these  ins t ruc t ions  el iminate t h e  possi-  
b i l i t y  of a nuclear incident .  

B. Scope 

This b u l l e t i n  covers a l l  operations which may a f f ec t  t he  nuclear 
sa fe ty  and which a r e  not spec i f i c a l l y  covered elsewhere i n  t h e  Operating 
Ins t ruc t ion  Bul le t in .  Some, but not necessar i ly  a l l ,  of t he  operations 
a r e  : 

(1) Changes i n  reactor  water l eve l  

( 2 )  Operation of t h e  primary system pumps 

(3)  Changes i n  t h e  coolant temperature, pressure or flow 

(4) Changes i n  t h e  reac tor  control  system including t he  control  
rod dr ive  mechanisms. 

C .  General Ins t ruc t ions  

Pr io r  t o  t h e  onset of any operation which may a f f ec t  t h e  nuclear 
s a f e ty  of t he  reactor ,  t h e  Engineer-in-Charge must obtain approval 
f o r  t h e  operation from t h e  Nuclear Test Section Group Leader. (Opera- 
t i o n s  of t h e  primary system which do not a f f ec t  water- level  o r  tempera- 
t u r e  of t h e  reactor  do not require  approval.) This approval must indi-  
c a t e  t h e  required survei l lance and instrumentation required, permissible 
r a t e s  of system changes, and t h e  degree of l a t i t u d e  permitted t he  
Engineer-in-Charge f o r  t h e  operation. 

Flow rnust not be s t a r t ed  unless t h e  control  rod assembly i s  i n  
contact  wi th  t h e  control  rod dr ive  assembly. 

- P r i o r  t o  flow, t h e  Engineer-in-Charge must request t he  Nuclear 
Test Section Group Leader t o  v e r i f y  t h a t  i n s t a l l ed  instrumentation i s  
compatible with t h e  flow r a t e s  expected. 

A t  t h e  completion of t he  operation, t he  Engineer-in-Charge must 
no t i fy  t h e  Nuclear Test Section Group Leader t h a t  t he  approved operation 
has been completed. 



APPENDIX E 

INHALED DOSE CALCULATIONS 

I n  order t o  ca lcu la te  the  inhaled dosages quoted i n  Table 2 of t h i s  
report ,  the  following procedure has been followed. The radioactive 
cloud volume a s  a function of d is tance from the  o r ig in  i s  assumed t o  be 

where 

v = cloud volume (m3), 

X = dis tance from o r ig in  (m), 

n = Sutton'  s s t a b i l i t y  parameter (dimensionless ), 

C = Sutton'  s di f fus ion  coef f ic ien t  (mnI2). 

The concentration of a c t i v i t y  i n  t he  cloud i s  assumed t o  follow the  
following re la t ion:  > .  , 

. -. ., .. - , .  . -1. - 12 

where 

C(,) = radioactive cloud concentration (cu:iesl 
r = dis tance from cen te r  of cloud (m), 

2 -n - 
2 ro = cloud radius (m) = CX 

A = t o t a l  cur ies  i n  cloud. 

The a c t i v i t y  of a spec i f i c  isotope inhaled by a person standing 
d i r e c t l y  i n  t he  path of t he  cloud during i t s  t o t a l  passage i s  given by 



where 

I = inhaled a c t i v i t y  (mil l icuries) ,  . .  

v = cloud veloci ty ,  (m/sec), 

" J = inhalation r a t e  ( l i t e r s l s e c ) .  

Assuming 

then 

For a specif ic  isotope the'cloud ac t iv i ty  i s  calculated by 

-,Lo -XI:] 
A = (8 .4  x lo5) P y (1 - e ) e curies, 

where 

P = reactor power (MW), 

y = f rac t ional  f i s s ion  yield, 

A' 

X = radioactive decay constant fol-:.isotope (sec'l), 
, ' 

to = operating time pr ior  t o  release of f i ss ion  products (sec),  

X = distance from release (m), 

v = cloud veloci ty  (m/sec) . 

The in terna l  dose r a t e  a t  . a  time t following inhalation i s  given 



where 

f a  = f r ac t i on  of inhaled a c t i v i t y  depos i ted . in  c r i t i c a l  
organ, 

f c  = f r ac t i on  of organ avai lable  ( = 0.2 f o r  bone, = 1 f o r  
thyroid) ,  

g  = mass of c r i t i c a l  organ (grams), 

E = e f f ec t i ve  energy of rad ia t ion  ( ~ e v / d i s i n t e ~ r a t  ion),  

he = ef fec t ive  decay constant ( sec - l )  = h + hb, 

hb = b i log i ca l  el imination constant ( sec- l ) ,  

t = time a f t e r  inhala t ion (sec) ,  

1 = inhaled a c t i v i t y  (mi l l i cur ies )  . 

Therefore, t he  t o t a l  dosage f o r  an i n f i n i t e  time t he r ea f t e r  i s  

- f a I E  . 
- (5.91 x 10-l )  rads, 

f c  g  

and using equations (4)  and (5)  above 

f o r  a  spec i f i c  isotope.  

The"constants used t o  obtain t he  r e s u l t s  given i n  Table 2 of t h i s  
, report  a r e  shown i n  Table 3. The meteorological constants used a r e  

shown i n  Table 1, page 18. 



ISOTOPIC DATA FOF I W D  C03E CAICTJITIONS (SEE TEXT FOR DEFINITIONS OF SYMBOLS) 

C r i t i c a l  
Organ Isotope 

1131 ' Thyroid 

Thyroid 

Thyroid 

Thyroid 

Thyroid 

Thyroid 

Bone 

Bone 

Bone 

Bone 

Bone 






