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(F ir s t  S u b m iss ion )

L E G A L  N O T I C E
T his report was prepared as an account of Government sponsored work. Neither the United 
States, nor the Commission, nor an^ person acting on behalf of the Commission:

A. Makes any w arranty or representation, expressed or implied, with respect to the accu­
racy , completeness, o r usefulness of the information contained in th is report, o r that the use 
of any information, apparatus, method, o r p rocess disclosed in this report may not infringe 
privately owned rights; o r

B. Assumes any liab ilities with respect to the use of, o r for dantages resulting from  the 
u se of any information, apparatus, method, o r process disclosed in this report.

As used in the above, “ person acting on behalf of the Commission" includes any em ­
ployee o r contractor of the Commission, o r employee of such contractor, to the extent that 
such employee or contractor of the Commission, o r employee of such contractor prepares, 
dissem inates, o r  provides access to, any information pursuant to his employment o r contract 
with the Commission, o r his employment with such contractor.

O ctober 15, 1959 The Martin Company  
N u clear  D iv is ion
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LEGAL NOTICE

T his  rep ort w as  prepared  a s  an account of Governm ent sp on sored  
work. N e ith er  the United States, nor the C o m m iss io n , nor any p erso n  
acting  on behalf of the C o m m iss io n :

A. M akes any w arran ty  or rep resen ta tio n , e x p r e s s e d  or im p lied ,  
with r e s p e c t  to the accu ra cy , c o m p le te n e s s ,  or  u se fu ln e s s  of the 
in form ation  contained in th is  rep ort , or  that the u se  of any in fo rm a ­
tion , apparatus, m ethod, or  p r o c e s s  d is c lo se d  in th is  report m ay not 
infringe p r iv a te ly  owned rights; or

B. A s s u m e s  any l ia b i l i t ie s  w ith r e s p e c t  to the u se  of, or  for  
d am ages  resu lt in g  from  the u se  of any inform ation , apparatus, method,  
or p r o c e s s  d is c lo s e d  in th is  rep ort .

As u sed  in the above, "person acting  on behalf of the C o m m iss io n "  
in c lu d es  any em p loyee  or  con tractor  of the C o m m iss io n , or em p lo y ee  
of such  con tractor , to the extent that such  em p loyee  or  con trac tor  of 
the C o m m iss io n ,  or  em p lo y ee  of such con tractor  p r e p a res ,  d is s e m in a te s ,  
or p ro v id es  a c c e s s  to, any in form ation  pursuant to h is  em ploym en t  
or contract with the C o m m iss io n ,  or h is  em ploym en t with such  co n ­
tra c to r .
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V l l

INTRODUCTION

The P M - l  N uclear  P ow er  Plant w il l  provide the e le c tr ic a l  pow er and 
sp a c e  heating  req u ired  for  the Operations A rea  of the Sundance A ir F o rce  
Station s ix  m i le s  northw est of Sundance, Wyoming.

The Sundance A ir  F o r c e  Station i s  a radar su r v e il la n ce  insta llation .
The radar equipm ent, with its  support fa c i l i t ie s  and the P M - l  Pow er  
Plant, w ill  be loca ted  atop W arren Peak, which is  the h ighest mountain  
in the area . The ad m in is tra tiv e  fa c i l i t ie s  and b ase  housing will be lo ­
cated  app rox im ate ly  four m i le s  from  W arren Peak.

The r e m o te n e s s  of the W arren Peak s ite  and the p r e se n c e  of the 
Sundance A ir  F o r c e  Station provide  v ery  favorable conditions for a 
s e r v ic e  te s t  of the P M - l  design .

The P M - l  i s  a s m a l l ,  p r e s s u r iz e d -w a te r ,  nu clear  pow er plant. It is  
d esigned  to produce one thousand kilow atts  of e le c tr ic a l  pow er and sev en  
m ill io n  Btu p er  hour of lo w -p r e s s u r e  s te a m  for sp ace  heating. The P M -l  
i s  of m odular d es ign , capable of being transported  by a ircraft .

This H azards Sum m ary Report p r e se n ts  a deta iled  descr ip t ion  of the 
W arren Peak s i t e ,  togeth er  with a d escr ip t ion  of the P M - l  N uclear  Pow er  
Plant. The potentia l h azards of operating  the P M -l  at th is  s i te  are  e v a l­
uated.

In the hazard s  evaluation, con s id era t ion  is  given to the protection  of 
plant-operating p erso n n e l through the c o n serv a t iv e  d esign  of radiation  
sh ie ld in g  and through the u se  of deta iled  p rotective  p ro ced u res .  The e v a l­
uation of the sh ie ld in g  d es ign  tak es into account radiation conditions during  
n o rm a l operation  as w e ll  as during m aintenance and refue ling  operations.  
The outline of the operating  p ro ced u res  p r e se n ts  m ethods of controlling  the 
plant and p erso n n e l during n orm al and e m erg en cy  p er iod s .

In addition, an evaluation of the hazards to the gen era l public i s  p r e ­
sen ted . This evaluation  c o n s id e rs  the e ffec ts  of a hypothetical accident  
o ccu rr in g  within the P M - l .  The hypothetical accident p ostu lates  a s e r ie s  
of fa i lu r es  b e lie v e d  beyond the r ea lm  of probability . Of p articu lar  con­
c ern  was the r e su lt in g  radiation le v e l  at the town of Sundance, which is  
the la r g e s t  population group within a 15- m i l e  radius of Warren Peak.

M ND-M -1853
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•n
CONCLUSIONS

An evaluation has been  m ade of the poten tia l hazards a s so c ia te d  with 
the operation  of the P M - l  N uclear  P ow er  Plant at Warren Peak, Wyoming,
It is  shown that the plant operating  p erso n n e l  are  protected  from  radiation  
hazards through p ro p er ly  d es ign ed  radiation sh ie ld in g . The use  of d e­
ta iled  operating  and m aintenance p ro ced u res  prov ides  a further m eans of 
s ig n if ica n tly  red ucing  any potentia l h azard s .

The a n a ly s is  of the hazards to the g en era l  public fo llow ing an ex trem e  
accident are shown to be within g en era lly  accepted  to le r a n c es .  In p a r t ic ­
u lar, the population of Sundance, W yoming is  su ff ic ien t ly  distant so  as  
not to be jeopard ized .

A s a r esu lt  of th ese  eva lu a tion s, it i s  b e liev ed  that the P M - l  N uclear  
P ow er Plant can be operated  at the W arren Peak s ite  without undue r isk  
to the g en era l  public or  to the Sundance A ir  F o r c e  Station personnel.

J

MND-M-1853



I. P M - l  NUCLEAR POWER PLANT DESIGN SUMMARY

R eactor  D esign  C h a ra c ter is t ic s

1. O vera ll P er fo rm a n ce  Data

P r e s s u r iz e r  w ater, nom inal operating p r e ssu r e ,  
(psia)

A verage  co re  coolant tem p era tu re ,  nom inal, (°F) 
R eactor  th erm a l pow er, nom inal, (mw)
C ore l ife ,  nom inal, (mw yr)

2. C ore D esign  C h a r a c ter is t ic s

G eom etry , right c irc u la r  cy lin d er  (approxim ately)  
D ia m eter ,  a v era g e ,  (in.)
A ctive  length, (in.)
O verall length, (in.)

C ore s tru c tu ra l  m a ter ia l  
F u e l e lem en t data, tubular, c e r m e t  type 

Outside d ia m eter ,  (in.)
Inside d ia m eter ,  (in.)
Clad th ick n e ss ,  (in.)
Clad m a te r ia l

P itch , tr ian gu lar , (in.)
Num ber of fuel tubes  
U -235  inventory, (kg)
U -235  burnup, (kg)
C ontrol r o d s - -n u m b e r  

- - s h a p e

3. C ore Heat T ra n sfer  C h a r a c ter is t ic s

1300
463
9.35
18.7

23
30
3 3 - 1 /8
S ta in less  s te e l

0.500
0.416
0.006
AISI Type 348 
Sta in less  Steel  
Co and Ta con­
tro lled  
0.665  
700 to 750 
26.7  
9.0 
6 
Y

Heat flux, (B tu /ft  hr) 
A verage 70,000

S y stem s D esign

1. G enera l Plant

Steam  gen era tor  pow er output, nom inal, (mw) 
Steam  p r e s s u r e ,  fu ll pow er , m in im um , (psia)  

(saturated)

9.35

300

M ND-M -1853



2. Main Coolant System

Number of cooiant foops  
Cooiant flow rate , (gpm)
Main coolant pumps  
Steam gen era tors  

Number of units
D esign  p r e s s u r e ,  app roxim ate ly , (psi)  
Type

T em p eratu re , p r im a ry  in let , fu ll pow er,  
approxim ately , (“F)

T em p eratu re , p r im a ry  outlet , fu ll power, 
approxim ately , (°F)

T em p eratu re , s te a m  s id e  outlet, fu ll power, (°F)

3. P r e s s u r iz in g  and P r e s s u r e  R e lie f  System

Number of p r e s s u r iz e r s  
Type
T em p eratu re , norm al, (°F)
P r e s s u r e ,  n orm al, (psia)
P r e s s u r e  e lem en t (d ecreas in g )

P r e s s u r e  e lem en t ( in crea s in g )

1
1900
1

1
600
V ertica l with 
in tegra l s team  
drum and s e p a ­
rators

481

445
417

1
Steam
577
1300
Water spray  
head
E le c tr ic  im ­
m e r s io n  h ea ters

4. Coolant P u rifica tion  and Sam pling System

Num ber of pu rif ication  loops  
P u rifica tion  dev ice

M aintenance p ro v is io n s

5. P r im a r y  Shield Water System

P r im a ry  sh ie ld  w ater  c o o le r  
P u rifica tion  loop

Maintenance p ro v is io n s

Ion exchange  
r es in
C artridge type,  
1 -y r  life

A ir  b last  type 
Ion exchange  
res in
C artridge type, 
1 -y r  life

MND-M-1853



Secondary S y s tem s

1. G enera l Plant

Steam  flow at fu ll pow er , app roxim ate ly , ( lb /h r )  35,000  
Steam  conditions at fu ll  pow er, 300 p s ia ,  dry  

and sa turated , (°F) 417
F eed w a ter  flow at fu ll  pow er, approxim ately ,

( lb /h r )  35,500
Rated g r o ss  e le c t r ic a l  output, (kw at 0.8 pf) 1250
Net e l e c t r ic a l  output, (kw at 0.8 pf) 1000
Line vo ltage  (4 -w ir e  wye) 4160 /2400
C y c le s  60
P h a se  3
A u x iliary  equipm ent vo ltage  480
P r o c e s s  heat (6609 lb /h r  of 35 p s ia  dry and g

saturated  s t e a m - - B t u /h r )  7 x 10
D esig n  e levation , (ft) 6500
A uxiliary  pow er , ap p roxim ate ly , (kw) 135

2. Turbine G enerator  Set

Type

T hrottle  flow, fu ll pow er , ap p roxim ate ly ,  
( lb /h r )

T hrottle  p r e s s u r e ,  (psia)
Turbine s te a m  exhaust conditions, fu ll  power  

P r e s s u r e ,  (in. Hg ab)
Turbine sp eed , ap p roxim ate ly , (rpm)  
G enerator  rating, (kva)
G enerator  rating , (kw at 0 .8 pf)
G enerator type  
G enerator  sp eed , (rpm)

Single extraction  
turbine

26,600
290

9
7500
1562.5
1250
Salient pole  
1200

3. C ond en ser  System

N um ber of units  
Type D irect a ir - t o -  

s tea m

4. F eed w a ter  S ystem

De aera to r  
Type
F eed w a ter  d es ign  flow , ap p roxim ate ly ,  

(lb /h r )

A tom izing

40,000

M N D-M -1853



D esign  p r e s s u r e ,  (psia)  
Storage, (min)

B o ile r  feed  pumps  
Num ber  
D riv er

C losed  feed w ater  h ea ter s  
Num ber  
Type

50
5

One s te a m  
driven  
One e le c t r i ­
ca lly  driven

1
Tube and sh e l l ,  
h orizonta l

5. A u x il ia r ie s

E vaporator , r eb o iler  
Capacity, ( lb /h r  of 35 p s ia  s te a m )  
D esign  p r e s s u r e ,  (psia)

F eed w a ter  s to r a g e  tank 
Capacity, app roxim ate ly , (gal)

Turbine s te a m  byp ass  s y s te m  
Type

A u xiliary  gen erator  unit 
Type 
Number  
Capacity, (kw)
E le c tr ic a l  c h a r a c te r is t ic s

E m erg en cy  pow er  
D -c  pow er so u rce  
A -c  pow er  so u rce

7500
65

2750

Manual

H i-sp eed  d ie s e l  
1
200
480 V,  60 cps.

B a tter ies  
3-unit  
MG se t

M ND-M-1853



Primary System 
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* ^Shield Water
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Primary System 

Housing
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Tech Supply 
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Area u i m iParking Area No, 1

Secondary System 
Housing East Elevation

AP Control 
and 

ID Building Secondax-y System 
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Fig. I-l. Site Layout and Elevations— PM-1 Power Plant

MND-M-1853



.16 feet (approx)
Insulated
Maintenance
Shelter

Hoist and 
Structure

49 feet 6

Railing

□

w Tank Cover 
Water Level

Shield Water 
Pimps 
Fill

Tank

Fill
vmilSD. 1 r /

inches (approx)

Economizer 
Reactor Tank

Cooler 
Auxiliary Coolant 
Pump 

Reactor Vessel 
Trunnion Mounted

Expansion Tank 
Condenser

Charging Pumps

7777
Base Structure7^7'///Yy

Sump Pump 
Leak 
Detector

Refueling Pick-Up 
Area

Supporting
Structure

High Pressure Demineralizer 
Low Pressure Demineralizer

a Primary Loop System
t r w T  — — — — — —

Drilled in 
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Fig, 1-2. Plant Elevations--PM-1 Primary System and Housing
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Decontamination Package 
Location Optional

4̂- ft Covered 
WalkwayS. St 

Sink Decontamination
Pad

WasLer 
and - 

Dryer Cold SideHot Side
Hot
LinesStorage

Bench
Shower 
and 

Basin Lockers Heat Transfer ApparatusBASIN

Peed Water Heater 
and 

Air EjectorCondenser ̂ 1 Evaporator— Rehoiler Control Room

Electronics LabDeaerator
Storage AreaHot

Well
Controls

Control Panel Water Analysis Lab
f l a l a l

2-1/2 ft Door 
Offices —,

Water
Storage

Condensate
Pumps Boiler

Feed Pumps (2) AdministrativePile
Personnel Door

Truck Access 
DoorDesk Desk

Oil
Cooler Spares and Operational Parts 

Storage AreaTruck
Access Door Drill 

Compressor-, Press
AirTurbine--Generator Control Center Shaper

n LatheMens
RoomSwitch Gear

Tools— Battery— Diesel
GeneratorBattery

Fuel Elements Auxiliary^  ̂Crane 
Storage

Area
WeldingCondenser #2 Switch Gear Unit

MG
Steam Heater Storage

Set Maintenance

Pig. 1-3. Plant Layout, Secondary System--PM-1 Power Plant
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II. SITE ENVIRONMENT

The p rop osed  PM -1 N u clea r  P ow er  Plant s ite  i s  in  a rem ote  region  
of the B lack  H ills  in E a stern  W yom ing. The PM -1 w ill supply pow er  
and sp a ce  heating fo r  the Sundance A ir  F o rce  Station radar in sta lla tion  
to be built atop W arren  Peak . W arren Peak is  the h igh est m ountain in 
the im m ed ia te  a r e a  w ith its  su m m it at an e leva tion  of ap p roxim ately  
6600 fe e t . The s ite  is  ch a r a c ter iz ed  by it s  iso la tio n , high e levation , 
high wind flow  ra te , upland hyd rology, so lid  a s e is m ic  foundation and 
r e s tr ic t iv e  land u sa g e . A sid e  from  a lim ited  num ber of m ilita ry  p e r ­
son n el, the n e a r e s t  o ffs ite  population concen tration  is  at Sundance, 
W yom ing, s ix  m ile s  sou th ea st of the s i t e .  The population of Sundance 
is  ap p rox im ate ly  1000. The s ite ,  th ere fo re , has m any favorab le  f e a ­
tu res  fo r  a n u clea r  pow er plant in sta lla tio n .

A . SITE LOCATION

1. R egion

The PM -1 s ite  is  in the B lack  H ills  a rea  of W yoming, 16 m ile s  w est  
of the South Dakota s ta te  lin e . The B lack  H ills  a re  ap p roxim ately  100 
m ile s  long and 50 m ile s  w ide and r is e  to an e lev a tio n  of s e v e r a l thou­
sand fe e t above the p la in . The n orth w est s e c to r  of the B lack  H ills  is  
known a s  the B ea r  Lodge Range and is  sep ara ted  from  the m ain uplift 
by the Red Canyon. F ig u re  II-1 sh ow s the reg ion a l lo ca tio n  of the 
PM -1 s it e .

2. A rea

The Sundance A ir  F o r c e  Station w ill c o n s is t  of a radar in sta lla tion  
on W arren P eak , s ix  m ile s  north w est o f the town of Sundance, W yoming 
w ithin the B lack  H ills  N ational F o r e s t .  The PM -1 w ill be con stru cted  
on the e x is t in g  roadbed e a st of the peak and w ill be ap p roxim ately  85 
fee t from  the n e a r es t stru ctu re  in the radar com p lex . The exact lo c a ­
tion  is  200 fee t e a s t -so u th e a s t  of an e x ist in g  fire  lookout tow er. T his 
lo ca tio n  w ill a llo w  the PM -1 to be op eration a lly  in tegrated  with the 
radar com p lex , con stru ction  of which i s  sch ed uled  fo r  the near future.

M N D -M - 1 8 5 3
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F ig . I I - 1. R egional L ocation  of PM -1 S ite  

(op p osite  page)
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B . GEOGRAPHY

1. T opography

The B ea r  L odge M ountains a re  the m ost ex ten siv e  of the igneous in ­
tru sio n s  w hich m ake up the B lack  H ills . The m ain in tru sion  is  a la c c o -  
lith ic  dom e, som ew h at elon gated  from  northw est to  sou th east and m arked  
by prom inent e lev a tio n s  and num erous canyons w hich c rea te  fa ir ly  rugged  
topography. T h ese  m ountains r is e  abruptly a s  s teep  rocky s lo p e s . The 
su m m it e lev a tio n  at W arren P eak  is  6656 fee t, w hich is  approxim ately  
2000 fee t above the surrounding p la in s . The surrounding fo o th ills  are  
c h a r a c ter iz ed  by an ir re g u la r , ro llin g  su r fa ce  p e r io d ic a lly  in c ise d  by 
deep canyons and branch draw s; beyond lie  the ro llin g  h il ls  of the p lains  
in te r sp e r se d  with m e sa s  and b u ttes.

2. Land U sage

Land u sa g e  in the B ea r  L odge M ountains a rea  is  lim ited  to sporad ic  
lum bering, su m m er  ca ttle  g ra z in g , in term itten t m in era l exp loration , 
a g r icu ltu ra l a c tiv ity  on the fr in g e s  of the m ountains and su m m er r e c ­
rea tion a l a c tiv ity . Land u tiliza tio n  is  r e s tr ic te d  by the topography, c l i ­
m ate and w ater  r e so u r c e s  of the a r e a .

L um ber a c t iv ity . -  Much of the B ea r  Lodge M ountains area  is  h eav ily  
fo r e ste d  in P on d erosa  P in e , A sp en  and Scrub Oak. H ow ever, the area  
w ithin ap p ro x im a te ly  a o n e -h a lf m ile  radius of W arren P eak  is  t r e e le s s .  
Som e lu m b ering  i s  p erm itted  under govern m ent con tro l in the B lack  
H ills  N ational F o r e s t , but th ere  is  no ev id en ce  of any s iza b le  lum bering  
op eration  in the B ea r  Lodge M ountains a r ea .

C attle a c t iv ity .-  G razing p e r m its  a re  is su ed  fo r  the B ea r  Lodge 
M ountains a r ea , depending upon range con d ition s. The grazin g  is  lim ited  
to four su m m er  m onths fro m  the m id d le  of May to  the m iddle of Septem ber. 
During the 1959 g ra z in g  se a so n , the a llo tm en t for  the W arren Peak r e ­
g ion  (the a r ea  w ith in  an 8 -m ile  radius of the Peak) w as app roxim ately  
1000 head of c a tt le . It is  e s t im a te d  that 300 ca ttle  g ra zed  w ithin a 2 -m ile  
radius of the Peak . Som e g ra z in g  a c tiv ity  is  exp ected  on a "year-round"  
b a s is  on the Sundance P la in .

A g r icu ltu ra l a c t iv ity . -  A rab le  lands are  sca tter e d  throughout the 
Sundance area; hdw ever, not a ll  a re  favorab le  for  farm in g , e sp e c ia lly  
in h igh -a ltitu d e  a r e a s . The lim ited  ra in fa ll in the v a lle y s  and p la ins is  
another fa c to r  r e s tr ic t in g  ex ten s iv e  a g r icu ltu re . T here is  a lim ited  
am ount of farm in g  w here w ater  is  av a ila b le  and topographic conditions  
a re  fa v o ra b le . W heat and hay a re  the ch ie f cro p s.
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M ineral a c t iv ity . -  The m in era l r e so u r c e s  of the B ear L odge M ountains 
in the v ic in ity  of W arren Peak do not appear to be of econ om ic  va lue. The 
a rea  has a h is to r y  of co n sid era b le  p rosp ectin g  and m in era l exp loration  
dating back to 1875, but the c o m m e r c ia l a c tiv ity  has e ith er  been abortive  
or on a v e r y  s m a ll  s c a le .  E xp loration  in  the a rea  s t i l l  contin ues without 
the d isc o v er y  of s ig n ifica n t c o m m e r c ia l d ep o sits .

T here is  both copper and go ld  m in era liza tio n  in the a rea , in the form  
of g rea tly  d is sem in a te d  faint fra ctu re  and joint d ep osition . T here is  an 
abandoned m in e, one m ile  north of W arren Peak, w hich has been exp lored  
for  copper o ccu rr in g  th ere  in  th in v e in le ts  and se a m s  in the parent trach yte . 
A secon d  co p p er  outcrop has b een  exp o sed  by p ro sp ectin g  ap p roxim ately  
o n e-h a lf m ile  north of the P eak . T h ere a re  th ree  gold  p ro sp ec ts  sou th east  
of the P eak  in the igneous rock  and one old  m ine in  Rudy Canyon in the 
D eadw ood form ation . T here have been  no la r g e -sc a le  c o m m e rc ia l o p era ­
tion s in the a r e a .

E ven  though sp orad ic  m in era l p ro sp ectin g  in the W arren Peak a rea  w ill 
continue, th ere  is  l it t le  p rob ab ility  of s ig n ifica n t c o m m e r c ia l op eration s.

R ecrea tio n a l a c t iv ity . -  R ecrea tio n  in the W arren P eak  a rea  is  lim ited  
to  to u r is t a c t iv ity  in the su m m er and hunting in  the fa ll. S ince r e c r e a ­
tion al fa c i l i t ie s  a re  lim ited , the influx of people is  not e x te n s iv e . The 
tra n sien t su m m e r  population w ith in  a 2 -m ile  rad ius of W arren Peak is  
e st im a ted  to be about five  in d iv id u a ls at any g iven  tim e .

3. A c c e s s

Sundance. -  The town of Sundance is  ser v e d  fro m  the e a st  and w est by 
U .S. H ighway 14, w hich is  a 2 -la n e , h a rd -su rfa ced , m ed iu m -d uty , a l l -  
w eather road. State H ighway 116 s e r v e s  Sundance from  Upton, 28 m ile s  
to the south.

S ite . - The p resen t road fro m  Sundance to W arren P eak  is  a lig h t- 
duty, d ry -w ea th er  d irt road, w ith a lig h tly  g ra v e led  su r fa c e . T his road  
is  e ight m ile s  long. In wet w eath er, the portion  at the h igh er  e lev a tio n s  
is  som ew hat b e tter  than the lo w er  p ortion  as  a r e su lt  of fa s te r  runoff. 
P r e se n t planning c a lls  for  rew orking th is  road during co n stru ction  of 
the A ir  F o r c e  Station.

T his road con tin u es northw ard from  W arren P eak  for  15 m ile s  w here  
it jo in s w ith W yom ing State H ighway 24. M ost of the oth er roads in the 
area  are  f ir e  t r a i ls .  T h ese  roads a re  b est su ited  fo r  4 -w h e e l-d r iv e  v e ­
h ic le s , although other v e h ic le s  can p a ss  in dry w eath er.

MND-M -1853
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C. POPULATION DENSITY AND DISTRIBUTION

1. M ilitary

M ilitary  p erso n n e l w ill be con cen tra ted  in two a r ea s  w hich are  s ig ­
n ificant to a h a zard s ^valuation . The radar sta tion  at W arren Peak w ill 
be m anned by a p p rox im ate ly  25 p eop le . The Cantonm ent A rea , located  
four m ile s  so u th -so u th ea st of W arren Peak, w ill house about 195 people, 
c o n s is t in g  of m ilita r y  p erso n n e l and th e ir  fa m ilie s .

2. C iv ilian

The town of Sundance, s ix  m ile s  sou th east of W arren Peak, i s  the 
la r g e s t  population  cen te r  w ith in  a 1 5 -m ile  rad ius. Its population w as 
893 accord in g  to the 1950 cen su s , w ith  recen t lo ca l e s t im a te s  being c lo se  
to  1000. The ru ra l population is  lim ite d  to sca ttered  farm  hom es and 
ran ch es, w ith about 33 people liv in g  w ith in  a 5 -m ile  radius of W arren  
Peak, a s  in d icated  in the fo llow in g  d iagram .

NW NE

W arren

10 10

Peak

SW SE

The su m m er  m onths a ttra ct tra n sien t people, such  as  ca m p ers, f i s h e r ­
m en, p r o sp e c to r s , ca ttlem en , e tc .,  who u tilize  the r e so u r c e s  of the national 
fo r e s t . It is  d ifficu lt to e st im a te  the num ber of tra n s ien ts  in the a rea  for  
any g iven  p eriod , but it i s  b e lie v e d  to  be ex trem ely  sm a ll b ecau se  of the 
poor roads and lim ite d  fa c i l i t ie s .  F iv e  or  s ix  p icn ic  ta b les  a re  provided  
at R euter S p rin gs, two and o n e -h a lf m ile s  from  W arren Peak toward  
Sundance.

M N D -M -1853
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D . CLIMATE

1. A va ilab le  C lim a to lo g ica l Data

The m e te o r o lo g ic a l data a v a ila b le  fo r  th is reg ion  a r e  lim ited . The 
m ajor so u rce  c lo s e s t  to W arren Peak is  a c lim a to lo g ica l su b sta tion  at 
Sundance, w hich has record ed  tem p era tu re , p rec ip ita tio n  and wind d i­
rec tio n  for  p er io d s  of m ore than 40 y e a r s . H ow ever, the data from  th is  
sta tio n  a re  not co n sid ered  e n tir e ly  rep resen ta tiv e  of W arren Peak.

The fo llow ing  g en era l c lim a tic  d escr ip tio n  for  the town of Sundance 
is  som ew h at d ifferen t from  that ex p ected  for W arren Peak s in ce  Sundance 
is  2000 fee t lo w er  in e lev a tio n  and som ew hat sh e lte r e d  from  the p r e v a il­
ing w inds.

C on siderin g  the n orm al la p se  rate of tem p eratu re  w ith a ltitude, a 6* F 
d ifferen ce  in tem p era tu re  betw een  Sundance and W arren  Peak would be 
exp ected . The o b serv ed  tem p eratu re  d ifferen ce  is  about 10* F w hich is  
co n s isten t w ith the dry ad iabatic  la p se  rate w hich o c cu rs  in the fr e e  a ir  
in th is  reg ion . T h is d ifferen ce  m ay be ind icative  of a lack  of connecting  
a ir  cu rren ts  betw een  the two p o in ts . C onnecting a ir  cu rren ts  would d e ­
c r e a s e  the tem p era tu re  d ifferen ce  to the usual value of 6* F .

2. G en era l Clim a to lo g y

The c lim a te  of Sundance is  sem ia r id , with long, co ld  w in ters  and sh ort, 
hot su m m e r s . The h o ttest days of the su m m er  a re  m arked by v ery  low  
hum idity. T h ere  a re  few  su m m er  nights when the tem p eratu re  rem ain s  
above 60* F . D uring July, the w a rm est month, tem p era tu res  of 90“ F or  
above occu r  freq u en tly , but the a v era g e  m inim um  is  in the m iddle f if t ie s .

The w in ters  a r e  long and co ld  with January being the co ld est m onth. 
D uring a ll  of the w in ter  m onths, m ore  than 55% of the p o ss ib le  sunshine  
is  r ec e iv ed . The c le a r  sk ie s  and dry a ir  provide a m od eratin g  in fluence  
during sunlight hours by p erm ittin g  g r e a te r  ab sorp tion  of s o la r  radiation . 
The ex trem e  w in ter  w eath er  r e su lts  from  outbreaks of co ld  Canadian a ir  
m oving sou th eastw ard  from  the Rocky M ountains, a c r o s s  the p la ins to  the 
B lack  H ills . The in itia l onslaught of A r c tic  a ir  is  u su a lly  accom panied  
by stron g  n o rth er ly  or  n o rth w ester ly  w inds and drifting  snow . The co ld est  
nights a re  a s so c ia te d  w ith c le a r  sk ie s  and v ery  light w inds, w hich are  
id ea l cond itions fo r  a stron g  tem p era tu re  in v ersio n . A dvection  in v ers io n s  
could o ccu r  freq uen tly  during the w in ter  m onths when the A rctic  a ir  
m a s s e s  s lid e  up the s lo p e s  of the B ea r  Lodge M ountains, forc in g  the 
w a rm er  a ir  to a h igh er  le v e l  and crea tin g  a tem p o ra ry  but v e ry  stab le  
condition .
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F r e ez in g  tem p era tu res  have o ccu rred  a s  la te  in the co ld  sea so n  as  
June 25 and a s  e a r ly  a s  A ugust 28. H ow ever, the a v era g e  date of the la s t  
fr e ez in g  tem p era tu re  in  the sp r in g  is  May 26 and of the f ir s t  freez in g  
tem p eratu re  in  the fa ll i s  S ep tem b er 18. T h ese  dates a re  exp ected  to  
be co n sid era b ly  a lte r ed  w ith the in c r e a se d  e lev a tio n  and exp osed  p o ­
s itio n  of W arren  P eak . H ere fr e e z in g  tem p era tu res  could con ceivab ly  
occu r  throughout the en tire  y e a r .

M ore than h a lf of the annual p rec ip ita tio n  in Sundance fa lls  during  
the p er iod  from  A p ril through July, The th ree  w in ter  m onths con stitu te  
the p eriod  w ith le a s t  m o is tu re . A m ounts of snow fall a re  quite la rg e  but 
the w ater  content of the snow  is  u su a lly  low . During the m onths of M arch  
and A p ril, h ow ever, p rec ip ita tio n  often  b eg in s a s  rain  m ixed  with snow  
and turns to h eavy, w et snow . T h ese  sn ow storm s a re  frequently  a c c o m ­
panied by stro n g  w inds and d riftin g . On the a v era g e , M arch has m ore  
snow  than any o th er  m onth.

3. S ign ificant M eteo ro lo g ica l C onditions

Wind f lo w .-  A 3 0 -y e a r  p er iod  of reco rd  for  the town of Sundance show s  
the p rev a ilin g  wind to be from  the sou th w est. D uring 80% of the tim e , the  
wind b low s fro m  a quadrant fro m  sou th w est through n orth w est. F igu re  
II-2  show s a wind r o se  fo r  the town of Sundance. The chart show s wind 
d irectio n  only s in c e  v e lo c ity  data a r e  not av a ila b le .

Som e lim ite d  data fro m  W arren P eak  show the sa m e  g en era l p r e v a il­
ing d irectio n  but w ith m uch s tr o n g e r  in fluence from  the north east and 
so u th ea st at the ex p en se  of the w e s te r ly  com ponent. T h ese  data r ep ­
resen t su m m er  o b serv a tio n s  taken by the U .S. F o r e s t  S erv ice  f ir e  lo o k ­
out at W arren  P eak . The wind r o se  dep icting  th ese  data is  shown in 
F ig . II-3 .

In any a n a ly s is  of th e se  data, it i s  im portant to take into account the 
re la t iv e  p o s it io n s  of W arren P eak  and Sundance. W hile W arren Peak is  
the h igh est point in the im m ed ia te  a r e a  and v ery  m uch exp osed , Sundance 
is  loca ted  in  a v a lle y  betw een  two m ountains and som ew hat sh e ltered .
T h is v a lle y  runs in a so u th w e st-to -n o r th e a st d irectio n  and it is  p o ss ib le  
that a funneling of w inds through the v a lle y  is  ex p erien ced , although th is  
i s  not obvious fro m  the data. H ow ever, s im u ltan eou s ob serv a tio n s from  
the Peak and Sundance freq u en tly  show  w inds from  d ifferen t d irec tio n s .

The only wind v e lo c ity  data fo r  th is  a rea  w ere  a ls o  taken by the f ir e  
lookout on W arren P eak . O b servation s w ere  m ade fiv e  t im es  daily  dur­
ing the su m m er  f ir e  se a so n s  of 1955 and 1956. The m ean wind sp eed  for  
the o b serv a tio n s  taken fro m  July  1 through Septem ber 19, 1955 w as 13.8 
m ile s  p e r  hour. The fo llow in g  y ea r , ob serv a tio n s taken from  June 3
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MW NE

1.
1 9 .2?̂ UW

SW SE

Scale
5 10 15
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20
S

Fig. II-2. Percent of Time with Monthly Mean V/ind Direction from Direction Given 
Sundance, Wyoming (30-year record)
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NW NE

20$

W

12.

SW SE

Scale
2010

Percent of Observations

Wind Direction
10l4 Summertime Observations Taken over a Two-Year Period. 
Observations Taken at 8 AM, 10 AM, 1 PM, 3 PM and 5 PM.
Data Recorded by U.S. Forest Service Fire Lookout at Warren Peak.

F ig . I I - 5 .  P ercen t of T o ta l O bservations w ith Wind from a Given D irection  
a t  Warren Peeik
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through O ctober 23 show ed a m ean of 15 m ile s  p e r  hour. A high of 50 
m ile s  p er  hour and a low  of 5 m ile s  p er  hour w ere  reco rd ed  for  a span  
of 1000 o b serv a tio n s  taken during th ese  tw o s e a so n s . A lthough no defin ite  
co n c lu s io n s  can be drawn from  th ese  data, they do tend to ind icate  that 
wind sp eed s  w ill  g e n e ra lly  be ra th er  high, w ith only o cca s io n a l ca lm  
cond itions ex p ected . T h ese  w ill  o ccu r  during e x tr em e ly  co ld  w in ter  
nights w ith c le a r  s k ie s .

E st im a te s  have b een  m ade of the m ean wind sp eed s  for  both w in ter  
and su m m er p e r io d s . T h ese  e s t im a te s  w ere  m ade by lo c a l o b se r v e r s ,  
such  a s  fo r e s tr y  p erso n n e l, who u t iliz e  a know ledge of wind conditions  
in th e ir  occu p a tio n s. T h eir  e s t im a te s  ind icate  a m ean wind sp eed  of 15 
m ile s  p er  hour fo r  the su m m er p er iod  and 18 m ile s  p er  hour fo r  the 
w in ter .

P rec ip ita tio n . -  The m ean s and e x tr e m e s  of p rec ip ita tio n  fo r  the town  
of Sundance a re  a s  fo llow s:

M ean annual p rec ip ita tio n  (48 y e a r s )  18.5 in ch es

M axim um  y e a r  27.81 in ch es (1922)
M inim um  y e a r  11.58 in ch es (1954)
M ean annual num ber of days w ith 0.01 inch  

o r  m ore 86 days
M ean annual sn ow fa ll 79 in ch es
M axim um  sn o w fa ll in one w in ter  168.7 in ch es  (1916

to 1917)

The p rec ip ita tio n  and sn ow fa ll data l is te d  for  Sundance a re  not co n ­
s id e r e d  r ep resen ta tiv e  of W arren P eak . E m p ir ica l e s t im a te s  for  W arren  
Peak are:

M ean annual p rec ip ita tio n  23 in ch es
M ean annual sn ow fa ll 110 in ch es

T em p era tu re . -  The m ean s and e x tr e m e s  of tem p era tu re  fo r  45 y e a r s  
of reco rd  at the town of Sundance a re  a s  fo llow s:

M inim um  of reco rd  -  42* F  (F ebru ary
1936)

M ean (January) 19* F
M ean annual 43* F
M ean (July) 68* F
M axim um  of reco rd  105* F (July 1936)
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Although th ese  data a re  not co n s id ered  d irectly  ap p licab le  to  W arren  
Peak, som e co m p a riso n  betw een  the tem p era tu res  of the two loca tion s is  
e s s e n t ia l. A co m p a riso n  of the m ean  m axim um  tem p era tu res  for two 
m onths of the y e a r , shown on the chart below , rep re sen ts  the only data 
ava ilab le  fo r  such  a com p arison . A lthough the data a re  not d irectly  c o m ­
p arab le , th is  chart p rov id es so m e ind ication  of the tem p eratu re  d ifferen ces  
ex p er ien ced  b etw een  Sundance and W arren Peak.

Sundance W arren Peak
(4 5 -y ea r  m ean) 1955 1956 2 -y e a r  m ean

July 82.6* F July 72.6* F 68.3* F 70.4* F

A ugust 81.6* F A ugust 72.7* F 68.5* F 7 0 .6‘ F

E ven  though not co n c lu s iv e , th ese  data do tend to support the a n t ic i­
pated dry ad iab atic  la p se  rate of ap p rox im ate ly  5.5 d eg rees  per 1000 feet  
for  th is  a rea .

Since the lookout tow er is  m anned only during the su m m er fir e  sea so n , 
no w in ter  tem p era tu res  have been  reco rd ed  for  W arren Peak. The reco rd  
low  tem p eratu re  for  Sundance is  -42* F , which occu rred  in F eb ru ary  1936. 
Som ewhat c o ld e r  ex trem e  tem p era tu res  can be anticipated  at W arren Peak.

4. S evere  W eather C onditions

T his a r ea  is  su b ject to b liz z a r d s , h a ils to rm s, rain  s to rm s and high 
w inds. G en era lly , s e v e r e  s to r m s  do not occu r until e a r ly  January, w ith  
only a few b liz z a r d s  each  w in ter . Cold w aves are  not ex trem e ly  frequent 
in th is  a rea  but a re  often accom p an ied  by sudden tem p eratu re  fa lls  of 
20 to 40 d e g r e e s , w ith equally  sudden, and so m e tim e s  g rea ter , r is e s  in  
tem p eratu re  a fte r  p a ssa g e  of the front.

E . GEOLOGY

The PM -1 s ite  in the B ea r  L odge M ountains is  underlain  by the igneous  
co re  of a la c c o lith . The in tru sion , fed  by a colum nar pipe of igneous rock  
p enetratin g  the b asem en t s tru c tu re , i s  len ticu la r  in g eo m etry  and w as at 
one tim e o v er la id  by m etam orph ic and sed im en tary  ro ck s. The c r e s t  of 
the upwarp w as su bseq u en tly  erod ed , exposing the igneous co re  in the 
W arren P eak  a r ea . The sed im en ta ry  and m etam orphic rock s surround  
the igneous m a ss  on the flanks of the uplift at low er  e lev a tio n s .
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1. P etrograp h y  and S tratigraphy

The P M -1 s ite  is  on m o n zo n ite -sy en ite  porphyry of the T er tia r y  A ge. 
The ign eou s c o re  is  tr a n se c te d  by d ik es of gran ite  and p egm atite  w hich  
fo llow  the g e n e r a l fra c tu re  p attern  of the up lift. The porphyry contains  
p h en o cry sts  of fe ld sp a r  and ferro m a g n es ia n  m in er a ls  and a ground m a ss  
of s im ila r  fin e-g ro u n d  m a te r ia l. The porphyry is  of th ree  g en era l p h y s i­
ca l typ es:

(1) U nw eathered porph yry beyond the zone of ch e m ic a l leach in g . 
T his has a h igh er  content of ferro m a g n esia n  p h en o cry sts  than  
the tw o oth er ty p es .

(2) P orp h yry  w hich is  su b ject to  in situ  w eath erin g , in a zone above  
the fr e sh  rock . T h is  has lo s t  m any of the ferro m a g n esia n  c o n ­
stitu en ts  due to  p r e fe re n tia l leach in g .

(3) W eathered  m an tle , m aking up the overb urden  w hich c o n s is ts  
of rem nants of porphyry, kaolin , m u sco v ite  and lim o n ite . The 
overb urden  on W arren  P eak  is  from  one to  fiv e  fee t th ick .

The sed im en ta ry  and m etam orp h ic  rock s on the flan k s of the uplift 
c o n s is t  in a scen d in g  o rd er  of C am brian s c h is t s ,  O rdovician  lim esto n e . 
C arboniferous lim esto n e  and san d ston e, T r ia s s ic  m udstone and T er tia ry  
g r a v e ls . The S p earfish  form ation  of T r ia s s ic  A ge m a k es up the f lo o r  of 
the nearby low land s and c o n s is t s  of red  m udstone and gypsum . T h ese  
rock s a r e  of lit t le  im p ortan ce ex cep t fo r  th e ir  h yd ro log ic  c h a r a c te r is t ic s .

2. S tructure

The B ea r  L odge M ountains a r e  part of the B lack  H ills  uplift and w ere  
form ed  in  T er tia r y  tim e  through ign eou s orogen ic  a c t iv ity . To the e a s t  
of the P M -1 s ite  th ere  is  a sh a llow  sy n c lin e  occu p ied  by the S p earfish  
redbeds on the su r fa c e . South of the s ite  the Sundance a r e a  is  occu p ied  
by h o r izon ta l bed s of T r ia s s ic  S p ea rfish  and the Sundance F orm ation  of 
J u r a s s ic  A ge.

The ign eou s rock s of the s ite  a rea  exhibit c h a r a c te r is t ic  d isco n tin u ­
ous fractu r in g  and jointing. No v is ib le  fau lts a re  p re se n t at the s it e .  
F aulting  is  in ev id en ce  at Sheep M ountain th ree  m ile s  to  the north east  
of the s it e .  T h ere  a re  no a c tiv e  fau lts  in  the reg ion  im m ed ia te ly  s u r ­
rounding the s it e .

F . HYDROLOGY

1. Subsurface H ydrology

The en tire  cen tra l portion  of the B ea r  L odge M ountain la c co lith  is  
probably not un derla id  by ground w ater. H ow ever, the su b su rfa ce  hy­
d ro log ic  reg im e  i s  a c tu a lly  co n tro lled  by d iscontinuou s fra ctu re  and
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joint zo n es  w hich a re  rech a rg ed  by p recip ita tio n . S ince th ese  zon es are  
e s s e n t ia l ly  v e r t ic a l in attitude and d iscontinuou s in nature, th ey  are  s o m e ­
what d ifficu lt to  tra ce  ex cep t fo r  sp r in g s  issu in g  on the term in a l outcrop of 
the fra c tu re  zon e . S ince fra ctu r in g  of the porphyry is  som ew hat lim ited  
and the paren t rock  is  im p erv io u s, th ere  is  a consequent lim ita tio n  in the 
su b su rfa ce  w ater  r e so u r c e s  of the a r e a .

S ev era l sp r in g s  a re  p resen t in the s ite  a rea . The planned w ater so u rce  
fo r  the rad ar sta tio n  w ill be H utchins Spring, w hich is  o n e-h a lf m ile  n orth ­
w e st of W arren  P eak  on the L ytle  C reek  w atersh ed . Its flow  rate  is about 
6 g a llo n s p er  m inute. T able I I - l  sh ow s a w ater  a n a ly s is  from  H utchins 
Spring.

TA BLE I I - l
C h em ica l A n a ly s is  of W ater  

H utchins Spring, W arren Peak  
Sundance, W yom ing

D ate sam pled: July 26, 1958

A n a ly s is
P a rts  per  

M illion

Suspended Solids 0.0
D is so lv e d  S o lid s (R esidue at 103* C) 51.0
A lk a lin ity  to P h en olph thalein  as  C aC 03 0.0
A lk a lin ity  to M ethyl O range a s  C aC 03 (T otal A lk alin ity ) 4.3
T ota l H a rd n ess a s  CaC03 10.3
C alcium  (Ca) 1.4
M agnesium  (Mg) 1.7
A lk a lie s  a s  Sodium  (Na) 3.3
Iron (F e) 0.1
A lum inum  (Al) 0.0
M anganese (Mn) 0.0
Sulfate (S 04) 5.0
C hloride (Cl) 1.4
N itrate  (NOS) 0.3
B icarb on ate  (H C 03) 5.5
C arbonate (COS) 0.0
S ilica  (S102) 15.4
Ph 6.0

Sodium , p arts  p er  m illio n  2 .0
P o ta ss iu m , p a rts  p er  m illio n  1.3
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O ther sp r in g s  in  the a rea  inclu de R eu ter  Spring w hich  i s  2 - 1 12 m ile s  
so u th -so u th ea st of the s ite  and D a v is  and C ole S p rin gs, lo ca ted  1 -1 /2  
m ile s  n o rth ea st of the s ite  on B ea v e r  C reek . T h ese  sp r in g s  each  produce  
about 10 g a llo n s  p e r  m in ute. T h ere  a re  num erous sp r in g s  at g r ea ter  
d is ta n ce s  fro m  W arren  P eak . A few  of th ese  have b een  im p roved  and 
ca ttle  w aterin g  tanks in s ta lled . S e v e ra l of the sp r in g s  a r e  show n in 
F ig . II-4 .

S u b su rface tra n sp o rt of p o ten tia l contam inants r e le a s e d  at the s ite  
would probab ly  be at an in f in ite s im a l ra te . The im p er m e a b ility  of the 
parent rock , th in n ess  of fra ctu re  z o n e s , d iscon tin u ity  of th ese  zon es and  
the e ffe c t  of f iltra t io n  would c e r ta in ly  r e s tr ic t  m ig ra tio n . The n e a r es t  
point of rech a rg e  of reg ion a l a q u ifers  su ch  a s  the M innelusa sandston e  
and P oh asap a  lim esto n e  is  one m ile , provid ing a  s ig n ifica n t d istan ce  fo r  
m igration . Should the charging a r e a  of nearby a q u ifers  b ecom e co n ta m i­
nated, th ere  i s  g rea t d istan ce  b etw een  the point of rech a rg e  and the point 
of potable w a ter  w ithdraw al fu rth er  down the s lo p e s .

2. S u rface H ydrology

The am ount of flow ing w a ter  in  the W arren P eak  a rea  i s  v e r y  lim ited  
and m o st of the d raw s, v a lle y s  and canyons a re  dry ex.cept fo r  runoff from  
rain  o r  m eltin g  snow . None of the s tr e a m s  have a continuous flow  from  
head to  mouth; m any appear at in te r v a ls  in  sp r in g s  o r  bottom  se e p s  w hich  
supply w a ters  that flow  fo r  v a r io u s  d is ta n ce s , then a r e  e ith e r  evaporated  
or p a ss  underground. Often the w a ter  in a d e p r e ss io n  w ill c o n s is t  of a 
s e r ie s  of sm a ll  p o o ls , g e n e ra lly  cre a te d  by b ea v er  d am s.

The s tr e a m s  in the a rea , w hich  a r e  rep o rted  to have so m e  " y e a r-  
round" flow , are: B ea v er , O gden, R ocky F ord , H ouston, L o st Houston, 
M iller , L ytle  and W hitelaw  C r ee k s . With W arren P eak  the h ig h est point 
in the a rea , th e se  s tr e a m s  rad iate  out fro m  th is  ap ex  a s  show n in  F ig .
II-4 .

G. SEISMOLOGY

The s e is m ic  reco rd  in  T able II-2  w as d er iv ed  fro m  "Earthquake 
H isto ry  of the U nited  S ta tes, P art l" , pu b lished  by the U .S . C oast and 
G eodetic  S urvey. T h is l is t  in c lu d es  a ll  reco rd ed  earthqu akes through  
the y e a r  1956, and g o e s  back to  1699 in South Dakota and 1852 in  
W yom ing. T h is reco rd  in d ica tes  that no p ast earthquake ep ic en te r  is  
p resen t w ith in  a 5 0 -m ile  rad ius of the PM -1 s ite , and that no m ajor  
earthquake h as o ccu rred  w ith in  a 3 GO-mile rad iu s. H ow ever, s e v e r a l  
earthquakes of m od erate  in ten sity  and extent a r e  l is te d  w ith in  a  3 0 0 -  
m ile  rad iu s, and so m e  m in or a c t iv ity  has o ccu rred  from  tim e  to  t im e .
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F ig u re  II-5  show s the lo c a tio n  of a l l  the  s e is m ic  a c tiv ity  in  the  reg io n  
w ith  r e s p e c t  to  W a rre n  P e ak . T he d e ta ils  about th e se  ea rth q u a k e s  a r e  
l is te d  in  T ab le  II-2  in  o r d e r  of th e i r  d is ta n c e  f ro m  th e  PM -1 s ite .

The 1959 ea rth q u ak e  a t  W est Y ellow stone, M ontanna w as p ro b ab ly  one 
of th e  m o st s e v e re  th is  a r e a  h as  ex p e rie n c e d  in  re c o rd e d  h is to ry . A c ­
c o rd in g  to  U .S. C o ast and  G eodetic  Survey , it had  an  in te n s ity  of 10 on 
th e  m od ified  M e rc a ll i  s c a le . The to ta l  a r e a  a ffec te d  w as e s tim a te d  to  
be about 550,000 sq u a re  m ile s , w hich  ex ten d s to  a  4 2 0 -m ile  ra d iu s . 
W a rre n  P e a k  is  325 m ile s  f ro m  th is  e p ic e n te r . H ow ever, ea rth q u a k es  
eq u a l to  o r  le s s  th an  in te n s ity  10 in  the Y ellow stone s e is m ic  zone a r e  
not c o n s id e re d  p o te n tia lly  d e tr im e n ta l  to  the PM -1 s i te .  The r ig id  
g ra n itic  b a se  upon w hich the s i te  is  lo c a te d  m ak es it  p a r t ic u la r ly  f a ­
v o rab le  to  r e s is ta n c e  of sh o ck s  of ev en  g r e a te r  m agn itude and  s o m e ­
w hat c lo s e r  ra n g e . The S e ism ic  P ro b a b ility  Map of th e  U nited  S ta tes , 
con ta ined  in  the  U n ifo rm  B uild ing  Code of the P a c if ic  C oast Building 
O ffic ia ls  C o n fe ren ce , d e s ig n a te s  the  e a s te rn  th ird  of W yom ing a s  a  
" z e ro  s e is m ic  zo n e ."  The s e is m ic  d es ig n  c r i te r i a  fo r  th e  P M -1  N u­
c le a r  P o w er P lan t h as  b een  e s ta b lis h e d  a s  zone th re e .  The zone th re e  
c r i t e r i a  w as sp e c ifie d  b ec a u se  of p o ss ib le  fu tu re  re lo c a tio n  of the pow er 
p lan t.

H . DESCRIPTIO N  OF RADAR INSTALLATION

The e x is tin g  f i r e  lookout to w e r  w ill be m oved to  a  n e a rb y  peak  and  
W a rre n  P ea k  lo w ered  20 fee t to  acco m m o d a te  the r a d a r  in s ta lla tio n . 
T he d e b r is  w ill be u sed  to  f il l  abou t 15 fee t a ro u n d  the  n o rth , w est and  
sou th  s id e s  to  c r e a te  an  a r e a  300 by 480 fee t on w hich the  r a d a r  s ta tio n  
w ill be b u ilt . The s ta tio n  w ill c o n s is t  of th re e  r a d a r  to w e rs , a  b u r ie d  
w a te r  tank , h ea tin g  and  em e rg e n c y  p o w er build ing , te c h n ic a l supply  
build ing  and  an  o p e ra tio n s  bu ild ing  w ith  in te rc o n n ec tin g , e n c lo sed  w a lk ­
w ays.

I. ORIENTATION OF REACTOR SYSTEM TO RADAR BASE FA C ILITIES

The P M -1  p lan t w ill be lo c a te d  on the  e a s t  s lope  of th e  peak  w ith the 
f in ish ed  f lo o r  of the  p r im a ry  sy s te m  a p p ro x im a te ly  35 fee t lo w e r than  
the  top of th e  p eak . The se c o n d a ry  sy s te m  w ill be d ire c t ly  upslope fro m  
the  p r im a ry  sy s te m  on th e  e x is tin g  ro ad b ed  to  the p eak . It w ill be lo ­
c a te d  a p p ro x im a te ly  85 fe e t f ro m  the  te c h n ic a l supply  build ing , w ith an  
en c lo sed  w alkw ay to  connect th e m . The fin ish ed  f lo o r  of the se c o n d a ry  
s y s te m  w ill be ap p ro x im a te ly  30 fe e t lo w e r than  the  a l te r e d  le v e l of the 
peak .
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TA BLE II-2
R eco rd ed  E a rth q u ak e  D ata 

( lis te d  in  o rd e r  of d is tan ce  fro m  W a rre n  P eak)
CO
00

E p ic e n te r  C o o rd in a tes D is tan ce  fro m  
PM -1 Site M odified M e rc a lli  A re a  A ffected

No. Y ear N orth  L a titude W est Longitude (M iles) In te n sity (Square Mi

1 1895 43.9 103.3 60 4 to  5

2 1928 44.0 103.7 80 5 2,000

3 1925 44.6 107.0 110 5 3.000

§ 4 1894 42.8 106.5 140 5
01
§1h-»
00

5

6

1897

1934

42.8

42.7

106.5

103.0

140

155

6 to  7 

6 23,000
cn
00 7 1915 43.8 101.5 160 5 L ocal

8 1928 43.5 108.2 185 5 3,000

9 1906 43.0 101.3 195 6 8,000

10 1954 41.5 105.5 210 5 2,000

11 1934 43.0 109.0 225 5 8,000

12 1959 44.7 111.5 325 10 550,000

NOTE: O th er e a r th q u ak es  have o c c u r re d  n e a r  the 3 0 0 -m ile  ran g e , but a t  th a t d is tan c e  they  a r e  c o n ­
s id e re d  in s ig n ifican t to  the  W a rre n  P eak  A re a .

f



29

1. R adiological R estricted  A reas

The fenced area  w ill be extended to 280 ± 30 feet beyond the reactor  
with no a c c e s s  perm itted  for unauthorized person s. In addition to th is, 
a 3000-foot radius c irc le  around the reactor radar station w ill be estal3- 
lish ed  as a restr ic ted  easem en t area  w here no perm anent structures  
w ill be perm itted .
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III. PM -1 NUCLEAR POWER PLANT DESCRIPTION

A . DESCRIPTION OF THE PRIMARY SYSTEM

The p rim ary  sy stem  is  com posed of a number of in terrelated  c ircu its  
and com ponents. The arrangem ent of the equipment is  shown in F ig . 1-2, 
and a b a sic  flow  diagram  in F ig . I I I - l .  The m odes of operation and fa il­
ure of the v a lv es  are  shown on the flow  diagram . The m odes of operation  
and fa ilure of rem ote and se lf-a ctu a ted  va lves w ere determ ined by pro­
viding m axim um  sa fety  and protection  against inadvertent shutdown.

The individual c ircu its  and com ponents are d iscu ssed  below.

1. Main Coolant Loop

The m ain coolant loop c o n s is ts  of the reactor, steam  generator, p r i­
m ary pump and prim ary piping. The reactor and steam  generator are  
described  la ter .

The prim ary coolant pump is  of the centrifugal type, capable of de­
liverin g  a flow of 1900 gpm. The pump, designed for a p ressu re  of 1500 
psia  and 600* F , w ill norm ally operate at 1300 psia and 445* F.

The p rim ary piping is  s e a m le s s , 6 -inch, schedule No. 80, type 316 
s ta in le ss  s te e l. F lange joints are  provided on the prim ary piping for  
quick in sta lla tion  or dism antling of the two packages containing the m ain  
coolant loop and its  au xiliary  su b sy stem s.

The m ain coolant loop contains 56 cubic feet of light w ater at a mean 
tem perature of 463* F with an average operating p ressu re  of 1300 psia.

With only the one prim ary coolant loop and a single  coolant pump, no 
p o ssib ility  e x is ts  for the injection  of a significant quantity of cold w ater 
as a resu lt of changes in operating conditions. Thus, the co ld -w ater type 
accident cannot occur in the PM -1.

The m ain coolant loop drainage is  carried  from  the bottom of the r e ­
actor v e s s e l  and other low points in the system  to the w aste sump tank 
or the sh ie ld  w ater tank, depending on the activ ity  of the w ater at the 
tim e. The m ain coolant loop is  filled  by m eans of a pump in the second­
ary  sy stem . The w ater en ters at the bottom  of the reactor. Vents at a ll 
high points in the sy stem  can be opened to re lea se  trapped gas.

The arrangem ent of the m ain coolant loop is  such that natural con­
vection  w ill begin low ering the coolant tem perature of the scram m ed  
reactor within 10 seconds a fter  lo s s  of power to the prim ary coolant 
pump. C oast-dow n flow  w ill protect the reactor during the 10 seconds.
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2. P r e s s u r i z e r

T he  p r e s s u r i z e r  m a in ta in s  p r i m a r y  s y s t e m  p r e s s u r e  w ith in  the  d e ­
s ig n e d  l im i t s  ab o v e  a n d  be low  th e  1300 p s ia  n o r m a l  o p e ra t in g  p r e s s u r e  
d u r in g  a l l  t r a n s i e n t s  w h ich  c a n  o c c u r  in  n o r m a l  o p e r a t io n .  T h e s e  l im i t s  
a r e  su c h  th a t  th e  d e s ig n  p r e s s u r e  i s  not e x c e e d e d  d u r in g  a n  in s u rg e  of 
w a t e r  to  the  p r e s s u r i z e r ,  an d  th e  s y s t e m  p r e s s u r e  i s  su f f ic ie n t  to  p r e ­
v en t  bu lk  b o i l in g  an y  p la c e  in  th e  c o r e  d u r in g  a n  o u ts u rg e  of w a te r .

T he  t r a n s i e n t  w h ich  w as  d e t e r m in e d  by  an a lo g  s tu d ie s  a s  p ro d u c in g  
th e  m o s t  s e v e r e  e x p a n s io n  of th e  w a t e r  in  the  m a in  c o o lan t  loop  o c c u r s  
w hen:

(1) T h e  h e a t in g  lo a d  i s  z e r o .

(2) T he  p la n t  g r o s s  e l e c t r i c a l  lo ad  i s  in s ta n ta n e o u s ly  d e c r e a s e d  
f r o m  1250 to  125 kw. A g r o s s  lo ad  of 125 kw r e p r e s e n t s  the  
p la n t  a u x i l i a r y  lo a d  on ly .

A s  a  r e s u l t  of th i s  t r a n s i e n t ,  th e  p r i m a r y  w a te r  v o lu m e  ex p an d s  1.3 
cub ic  fe e t  in  92 s e c o n d s  a n d  th e  p r i m a r y  s y s t e m  p r e s s u r e  i n c r e a s e s  to  
1470 p s ia .

T he  t r a n s i e n t  p ro d u c in g  th e  m o s t  s e v e r e  c o n t r a c t io n  of m a in  co o lan t  
loop w a te r  v o lu m e  o c c u r s  w hen  th e  e l e c t r i c a l  lo ad  i s  i n c r e a s e d  f r o m  
125 kw to  1250 kw a n d  the  h e a t in g  lo a d  i s  z e r o .  A s  a  r e s u l t  of th is  t r a n ­
s ie n t ,  the  p r i m a r y  w a t e r  v o lu m e  c o n t r a c t s  1.25 cu b ic  fee t  in  37 s e c o n d s  
an d  the  p r i m a r y  s y s t e m  p r e s s u r e  d e c r e a s e s  to  1170 p s ia .  T he t h e r m o ­
d y n am ic  d e s ig n  p o w e r  i s  no t a t t a in e d  in  th is  t r a n s i e n t .  A c o m p a r i s o n  of 
the  p o w e r  g e n e r a t e d  w hen  th e  s y s t e m  p r e s s u r e  i s  1170 p s ia  show s th is  
r e s u l t s  in  a  c o n d it io n  th a t  i s  w ith in  th e  d e s ig n  l i m i t s .

T he  t r a n s i e n t  p ro d u c in g  th e  g r e a t e s t  r e a c t o r  p o w e r  v a r i a t i o n  is  id e n ­
t i c a l  to  the  one d e s c r i b e d  above  w ith  the  e x ce p t io n  th a t  t h e r e  i s  a  fu ll 
h e a t in g  load . In th i s  c a s e  the  w a t e r  v o lu m e  in  th e  m a in  co o lan t  loop c o n ­
t r a c t s  0.9 cu b ic  fe e t  in  35 s e c o n d s  an d  the  p r i m a r y  s y s t e m  p r e s s u r e  d e ­
c r e a s e s  to  1210 p s ia ,  w h ich  i s  ab o v e  the  th e rm o d y n a m ic  d e s ig n  p r e s s u r e  
of 1200 p s ia .

T he  p r e s s u r i z e r  v o lu m e  i s  s u f f ic ie n t  to  m a in ta in  the  above  co n d it io n s  
w ithou t the  u s e  of the  h e a t e r s  o r  s p r a y e r s .  T he  h e a t e r s  a r e  of the  i m ­
m e r s i o n  type  an d  w il l  be u s e d  b o th  to  m a in ta in  p r e s s u r e  d u r in g  o p e ra t io n  
an d  to  h e a t  th e  p r e s s u r i z e r  d u r in g  s t a r tu p .  T he  p r e s s u r i z e r  i s  a l s o  
eq u ip p ed  w ith  a  s p r a y  s y s t e m  to  q u en ch  the  s t e a m  in  the  top  s e c t io n  of 
the  p r e s s u r i z e r  an d  th u s  r e d u c e  th e  p r e s s u r e .
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The assum ptions used in s iz in g  the p ressu r izer  w ere that the heaters  
and spray sy stem  w ere inoperative and that the steam  expansion and 
com p ression  w ere isen trop ic .

The p ressu re  lim its  indicated above are conservative, since no ad ­
vantage has been taken of m ixing on an insurge or the flashing of water  
on an outsurge.

3. P r essu re  R elief System

The p ressu re  r e lie f  sy stem  includes p r essu r iz er  steam  re lie f  va lves, 
an expansion tank and p ressu re  r e lie f  condenser.

Two or m ore re lie f  va lves w ill be in sta lled  on the p r essu r iz er  to r e ­
le a se  steam  at a rate which w ill prevent the prim ary sy stem  p ressu re  
from  exceeding 1650 psia  with a ll the reactor power heating the prim ary  
coolant and only the con servative end of life  negative tem perature co e f­
ficient controlling the reactor pow er. D esign  of the va lves is  in accord ­
ance with a sp ec ia l ruling (Case No. 1271 N) by the ASME B oiler  and 
P r essu re  V e sse l C om m ittee in terpreting Section VIII of the Unfired P r e s ­
sure V e sse l Code with resp ect to the safety  requirem ents for p ressu rized  
w ater reactor v e s s e ls .

The p ressu re  r e lie f  condenser and expansion tank condenses the r e ­
lea sed  steam  at a p ressu re  of le s s  than 50 psia . Condensate from  the 
condenser and expansion tank is  drained to the sh ield  w ater tank or w aste  
disposa l sy stem , depending on the activ ity  lev e l. If radioactive, the non- 
condensib les are d ischarged  into the gas rem oval sy stem . O therwise, 
they are re lea sed  to the environm ent.

4. Charging System

A p o sitiv e-d isp la cem en t pump is  used  to charge the prim ary system  
with m ake-up w ater from  the lo w -p ressu re  d em in eralizer d ischarge.
The d ischarge from  the pump (1 gpm) m ixes with the blowdown flow  
(2 gpm) entering the loop betw een the pump section  and the steam  gen ­
erator outlet. A standby pump is  provided to insure the availab ility  of 
the charging sy stem .

5. Main Coolant Loop Blowdown System

In order to lim it im p u rities to a to lerab le concentration in the main 
coolant loop w ater ( le ss  than 2 ppm), the coolant w ater is  continuously  
recircu la ted  at a rate of 2 gpm through the h igh -p ressu re  dem ineralizer. 
The fluid is  p assed  through a regen erative heat exchanger and coo ler  
before entering the d em in era lizer . The prim ary coolant pump produces 
the recircu la tion  flow through the blowdown system .
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In the c a se  of any component fa ilu re , the blowdown sy stem  can be 
iso la ted  by two rem otely  operated v a lv es  in s e r ie s  at the in let connec­
tion to the m ain coolant loop and a check valve at the outlet connection.

6. P oison  Injection System

The boric  acid  injection sy stem  is  provided as a standby em ergency  
shutdown m echanism  which can m aintain the reactor in a su b cr itica l con­
dition at any tim e. The amount of boric  acid  solution  in jected  is  sufficient 
to overcom e the m axim um  reactiv ity  in the cold, c lean  core condition  
when diluted by both the prim ary coolant and the sh ie ld  w ater.

The boric  acid  sy stem  includes a p ressu r ized  boric acid  tank and the 
connecting line to the reactor. The acid  is  in jected  at the reactor v e s ­
s e l  bottom  in the v ic in ity  of the core in let. A so lenoid  trip  valve and a 
check valve are located  in the connecting line at the exit of the tank. The 
v a lv es  m ay be operated by en ergizin g  a guarded e le c tr ic a l sw itch  or  
m anually. A manual charging pump is  a lso  provided, to perm it manual 
in jection  of the boric  acid  solution.

7. Shield W ater System

The sh ie ld  w ater sy stem  a cco m p lish es  sev era l ob jectives:

(1) P rov id es shielding during operation and m aintenance.

(2) Continuously purifies the sh ie ld  w ater to lim it im purity con­
centration  to le s s  than 2 ppm.

(3) P rov id es a continuous cooling source for the p ressu re  re lie f  
condenser.

(4) M aintains 130* F tem perature of the sh ield  w ater which picks  
up heat from  the follow ing sources:

(1) Gamma heating in sh ie ld  w ater

(2) Spent core  heat rem oval (one day a fter  shutdown)

(3) D em in era lizer  co o ler

(4) Component cooling (as in pumps).

The sh ie ld  w ater circu lating pump rem oves sh ie ld  w ater from  the 
bottom of the reactor  package and pumps the w ater through the sh ield  
w ater sy ste m . T his includes:

(1) Shield w ater a ir  co o ler

(2) L o w -p ressu re  d em in era lizer
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(3) H igh -p ressu re  d em in era lizer  coo ler

(4) Component cooling sy stem

(5) P r essu r e  r e lie f  condenser.

Two sh ie ld  w ater circu lating  pumps are  insta lled , one as a standby, 
to insure that the sh ield  w ater sy stem  is  continuously in operation. A 
fa ilu re of both pumps would n ecess ita te  a plant shutdown, sin ce the p r e s ­
sure r e lie f  condenser and the component cooling sy stem  w ill require a 
continuous supply of cooling w ater.

The sh ield  w ater a ir  co o ler  em ploys four units which rem ove a total 
of 250 kwt from  the sh ield  w ater. With the failure of one of these units, 
sufficient capacity  rem ains to m aintain the sh ield  w ater tem perature at 
a le v e l below 140° F which is  the m axim um  operating tem perature for 
the d em in era lizers.

The low - and h ig h -p ressu re  d em in era lizers are uninsulated and are  
subm erged in the sh ie ld  w ater for additional cooling.

8. A uxiliary  R eactor Cooling System

The au xiliary  reactor cooling sy stem  em ploys the d em in eralizer  
coo ler  and a pump to cool the reactor  core after shutdown. This s y s ­
tem  is  n e ce ssa r y  when the prim ary coolant loop is  opened at any point 
for m aintenance. Opening the loop w ill disrupt natural convection and, 
consequently, the rem oval of afterheat at the steam  generator.

The h ig h -p ressu re  d em in era lizer  coo ler , which norm ally coo ls the 
blowdown entering the h ig h -p ressu re  d em in eralizer, is  s ized  to rem ove 
the core afterheat when the prim ary sy stem  p ressu re  and tem perature  
have been reduced to perm it m aintenance and inspection.

9. W aste D isp o sa l System

The radioactive liquid w astes from  the PM -1 pow er plant w ill be con­
centrated by evaporation and then stored  in tanks under an earth shield .

The equipment com prising the liquid w aste d isp osa l system  includes  
a sump tank, evaporator, condenser and w aste storage tanks.

The sump tank w ill accom m odate the total volum e of liquid and solid  
m ateria l required to decontam inate the m ain coolant loop. This tank 
w ill serv e  to contain radioactive w astes until they can be concentrated  
by the evaporator. The sump tank rec e iv e s  m ateria l from  four sou rces:
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(1) The m ain coolant loop, during the decontam ination p ro cess .

(2) The secondary side of the steam  generator, in the event e x ­
c e s s iv e  radiation is  detected . This radiation m ight be caused  
by a tube failure in the steam  generator.

(3) The p ressu re  r e lie f  condenser, in the event that e x c e ss iv e  a c ­
tiv ity  is  detected in the condensate.

(4) W astes having low le v e l activ ity  from  the decontam ination  
room .

The evaporator w ill u tilize  batch operation. The fluid in the sump 
tank w ill be drained to the evaporator, one batch at a tim e; the volum e of 
the batch being dictated by the evaporator capacity. The vapor from  
the evaporator w ill be condensed and the activ ity  determ ined. This con­
densate w ill then be re lea sed  to the environm ent provided the activ ity  is  
su ffic ien tly  low. O therw ise, the condensate w ill be returned to the evap­
orator and recy c led . The concentrated w astes rem aining in the evapo­
rator w ill be drained to the w aste storage tank at the end of each evap­
oration cy c le .

C alculations indicate that the activ ity  of the condensate w ill be le s s  
-13than 10 cu r ies  per m illilite r  a fter  one evaporative cycle , provided  

there has been no m pture of the fuel elem ent cladding. Even with a 
large number of ruptured fuel e lem en ts, one additional evaporation  
cycle  w ill low er the activ ity  of the condensate to the le v e l indicated  
above.

The w aste storage tanks are  designed to contain a ll concentrated  
w astes accum ulated over a 2 0 -y ea r  period. The tanks w ill be located  
under an earth sh ield .

The gas d isp osa l sy stem  co n s is ts  of reaction v e s s e ls ,  containing a 
s ilv e r  solution and activated  ch arcoal beds. A ll the radioactive g a ses  
vented from  the prim ary sy stem  w ill f ir s t  be p assed  through the s ilv e r  
solution  to ch em ica lly  rem ove the iodine and then d ischarged  into the 
activated  ch arcoal until the a ctiv ity  decays to a le v e l at which they can 
be re lea sed  to the environm ent.

B . DESCRIPTION OF THE REACTOR--MECHANICAL DESIGN

1. G eneral Structures

The overa ll reactor core design, as in sta lled  within the reactor p r e s ­
su re  v e s s e l ,  is  illu stra ted  in F ig . III-2. The active  core region  is  divided  
into seven  fuel bundles. Six bundles, each containing a control rod, are
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located  about the p erip h ery  of the co re . The seventh  biondle m akes up the 
center of the core  reg ion . This bundle can be instrum ented for ex p er i­
m ental p u rp oses, if  d esired .

Each of the peripheral fuel bundles i s  supported from  the top by m eans  
of its  support tr u ss  and guide b a rs . T hese bars, which support the active  
core , extend along the fu ll height of the fuel bundle and term inate in the 
upper and low er alignm ent sp id ers . The upper sk irt, which holds the bun­
dle tr u ss , a lso  contains the ex it flow  o r if ic e s . The low er shroud provides  
a flow baffle betw een the core and the in let w ater while a lso  acting as the 
f ir s t  therm al sh ie ld . A B e lle v ille  spring, com p ressed  during in sta lla tion  
of the rea cto r  head, is  used to provide the n e ce ssa r y  holddown force for  
the com plete core  a ssem b ly .

The cen tra l fuel bundle is  made to be rem ovable through the p ressu re  
v e s s e l  head. It is  supported from  the head flange in ord er to elim inate  
any d ifferen tia l expansion betw een the bundle and instrum entation lin es .

S ta in less s te e l  m ateria l w ill be u tilized  throughout the co re . A m a ­
jority  of the stru ctu ra l com ponents w ill be made from  AISI type 304 or  
347 s ta in le s s . The fuel tubes w ill be constructed  from  a m odified type 
347, containing low  cobalt and tantalum , in order to m in im ize sy stem  
activation . A hard m ateria l such a s  17-4 PH w ill be u sed  on one side  
of a ll rubbing su r fa ces , i .e . ,  the control rod w ear pads.

2. F u el Bundles

Each of the fu el bundles contains its  upper support structure, fuel and 
burnable poison  tubes, upper and low er fu ll tube support gr id s, plus a 
m eans for spacing the g r id s. In the s ix  peripheral bundles the support 
grid s are secu red  to the control rod gu id es. In the cen ter  bundle three  
fuel tubes a re  rep laced  by s ta in le ss  s te e l  tubes which hold the grid  p la tes . 
A ll fuel and poison  tubes are  locked into the low er grid  plate, but are a l ­
lowed free  th erm al expansion in the upper grid . The low er grid  a lso  co n ­
tains flow  o r if ic e s  for m inim izing flow  red istribution  during lo ca l boiling.

The active  co re  region approxim ates a right c ircu la r  cy linder 23 inches  
in  d iam eter and 30 inches in length. It w ill contain 700 to 750 fuel and 
60 to 90 burnable poison  e lem en ts .

The exact number and d istribution  w ill be determ ined  during the zero  
pow er (cr itica l) te s t  program . The cen ter  bundle w ill contain 16 e lem en ts  
and each  of the s ix  peripheral bundles w ill contain a to ta l of 141 e lem en ts.
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The fuel e lem en ts are 0,50 inch in outside d iam eter and are spaced in 
a triangular array with 0. 665 inch between cen ters. The tube w all (0 .042  
inch thick) is  made up of a 0 .0 3 0 -in ch  fuel m atrix with 0 .0 0 6 -in ch  cladding 
on both the inner and outer d iam eters. The fuel m atrix is  made up of a 
com pact of s ta in le ss  s te e l pow ders and approxim ately 25 to 26 W /O of 
UO2 enriched to 93% in U -235. The total reactor loading w ill be approxi­
m ately  26.7 k ilogram s of U -235.

C ylindrical burnable poison  elem en ts of 0 .5 0 -inch diam eter w ill con ­
tain on e-h alf to one weight percent natural boron in a s ta in le ss  s te e l alloy. 
Each elem ent w ill be clad with 0. 012 inch of s ta in less  s te e l.

3. Control Rods

Control for  the com plete core w ill be supplied by s ix  Y -shaped con­
tro l rods. One is  located  in each peripheral bundle, providing equal 
spacing around the core at an effective  d iam eter of approxim ately 1 2 -1 /2  
in ch es. Each active leg  of the Y sectio n  is  3.25 inches in length by 0.25 
inch thick. W ear pads are located  on each  leg  of the control rod to p ro­
vide the proper c lea ra n ces and w ear resista n ce  over the life  of the r e ­
actor core.

A control rod stroke of 30 inches w ill cover the com plete core length. 
During detachm ent from  the control drive m echanism , the control rod 
w ill be low ered  approxim ately 3 /8  inch to rest upon the bottom grid plate.

C. DESCRIPTION OF THE REACTOR--NUCLEAR DESIGN

1. F uel Loading

The design  conditions upon which the in itia l fuel loading was based  
w ere: That therm al pow er be 9.35 m egaw atts and the core life  be 2 y ears  
or 18.70 m egawatt years; that the cold core tem perature be 68° F and the 
hot core tem perature be 463* F; and that the m oderator and coolant be 
w ater at 1300 psia .

The p relim in ary  design estab lish ed  the general configuration of the 
core to be a s follow s:

G eom etry, right c ircu la r  cy lin d er (approxim ately)
D iam eter 23.0 in.
Height (active) 30.0 in.
F u el elem ent (outside d iam eter) 0.50 in.
F u el elem ent (inside d iam eter) 0.416 in.
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(app roxim ate ly )
F u el m atrix  th ick n ess 0.030 in.
Clad th ick n ess 0.006 in.
Num ber of fuel elem ents 725
Pitch, triangular 0.665 in.
U -235 burnup (»1.32 gm s/m egaw att day) 9.01 kg

R esu lts of the prelim inary core an a ly sis  indicated that the weight p er ­
cent of UOg in the fuel m atrix required for the above core was « 25%,
which y ield ed  an inventory of 26.7 kg of U -235, d istributed uniform ly  
throughout the core  and fuel tubes.

2. Lumped Burnable P oison  Loading

Initial stu d ies to determ ine the fea sib ility  of using lumped burnable 
poisons in the core  showed that lum ping som e or a ll of the burnable 
poison  would sign ifican tly  reduce the peak reactiv ity  to be controlled.

A s a resu lt of th ese  stu d ies, the final design of the PM -1 core w ill 
be based  upon the use of lumped burnable p o ison s. F inal distribution  
patterns for the lumped poisons w ill be determ ined by further an a lysis  
and exp erim en ta l data gained in the c r it ic a l exp erim en ts to be perform ed  
at The M artin Company,

3. R eactiv ity  Control

Control req u irem en ts .- P relim in a ry  stud ies to e sta b lish  ov era ll con­
tro l requirem ents w ere perform ed. It was found that, by proper choice of 
a lumped poison  sy stem , the m axim um  amount of reactiv ity  that needed  
to be controlled  could be sign ifican tly  reduced. In addition, reactiv ity  
peaking with tim e could e ith er be reduced or e lim inated .

R esu lts of p relim in ary  design  stu d ies using various lumped poison  
sy stem s Indicate that approxim ately 3 to 6% of the reactiv ity  w ill have 
to be controlled  throughout the core life  at operating conditions ( i.e .,
463* F, equilibrium  xenon, plus other f is s io n  product poisons). The 
reactiv ity , of cou rse , d ecrea ses  to zero  at the end of core life  (see  
F ig . III-3).

The d ifferen ce in reactiv ity  betw een the hot operating conditions and 
the cold, c lean  core condition (68* F and a ll of the f is s io n  products a s ­
sum ed to decay out of the sy stem ) was calcu lated  for various tim es .
This reactiv ity  d ifference in crea sed  from  ~ 6 , 1%, in itia lly , to » 7, 2% at 
m idlife, to « 8.3% at the end of life . The in crea se  in reactiv ity  is  p r i­
m arily  due to the in crea se  in f is s io n  products with tim e.
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The m axim um  amount of reactiv ity  that m ust be controlled  is ,  from  
F ig . III-3 (Curve 2) and the reactiv ity  calcu lated  above (operating con­
dition to cold  clean), »  12,2% in reactiv ity . In using F ig . III-3 for th is  
calculation , the va lu es given  a re  converted to reactiv ity .

The rea ctiv ity  effect of equilibrium  xenon for fu ll pow er operation  
and m axim um  xenon buildup a fter  shutdown has been  calcu lated  as a 
function of tim e. At in itia l startup, th ese  values are  -1.4% and an ad­
ditional -0 . 23%, r e sp e c tiv e ly .

The e ffec ts  of tem perature and m oderator void fraction  are d iscu ssed  
la ter .

The control requirem ents for zero  days, m id life and en d -o f-life  are  
12.0%, 12,2% and 8, 3%, re sp e c tiv e ly .

Control rod design  and w orth .- The rod poison used  in the p r e lim i­
nary d esign  stu d ies w as b o ro n -sta in less  s te e l  (2 ,5  weight p ercent B-IO), 
Although boron m ay not be used as the fin a l absorber m ateria l, the r e ­
su lts  of th ese  stu d ies are  applicable to other m a ter ia ls .

The rod configuration and location  consisten t with the prelim inary  
d esign  core (considering actual fu el elem ent lo ca tio n s, rod guides, e t c ,) ,  
are shown in F ig . III-2. F o r  th ese  conditions, the reactiv ity  worth of 
the fou r-, f iv e -  and s ix -r o d  banks w ill be g rea ter  than or equal to the 
values g iven  below:

Six Y rods -23.6% R eactivity
F ive  Y rods -14.8% R eactivity
Four adjacent Y rods -9.3% R eactivity

T hese ca lcu lations assu m ed  a clean  core .

Control d esign  requirem ents estab lish ed  for the PM -1 core include 
a stuck rod cr iter ion , i .e . ,  that the rods m ust be adequate to shut down 
the reactor  at any tim e, with one rod stuck in the fu ll out p osition  or 
with any two rods stuck in the operating position.

The rod bank worth for five of the s ix  rods was calcu lated  to be « 14, 8% 
reactiv ity . Since the m axim um  cold, clean  core rea ctiv ity  is  « 12, 2%, the 
shutdown rea ctiv ity  m argin  is  about -2.6%. This sa t is f ie s  the condition  
of one rod stuck fullout.

In order to evaluate shutdown cap ab ilities with any two rods stuck in 
the operating condition, consideration  m ust be given  to both the cold, c lean  
core reactiv ity  and the hot operating core reactiv ity . At present, it is  
planned to u se  a s ix -r o d  bank operation for control. An alternating th r e e - 
rod bank m ay be used  near the end of core life  to perm it bumup of fuel 
and burnable poison  in the extrem e upper portion of the co re . This w ill 
be investigated  further.

MND-M-1853



45

The m inim um  worth of the control system  with two of the s ix  rods stuck  
in the operating position  was then determ ined for various tim es during core  
life  as  shown below:

F o r zero  days -12.9% R eactivity
F or m id life  -12.3% R eactivity
F o r  en d -o f-life  -9 . 3% R eactivity

S im ilar calcu lations for the in crea sed  boron loading, shown by Curve 3 
of F ig . III-3, indicate that even  g rea ter  shutdown m argins can be obtained.

Control rod w orths w ere ca lcu lated  using the tw o-d im ensional, th r e e - 
group, IBM -704 m achine code PDQ in x -y  geom etry. The m a ch in e-ca l­
culated rod bank worths ( i.e ., the d ifference between core rea ctiv ities  with 
and without rods) w ere corrected  for the effect of the step approxim ation  
required in mapping two of the three arm s of the Y -shaped rods in x -y  
geom etry. C om parison of the an alytica l resu lts  obtained using th is te ch ­
nique with experim ental resu lts  in previous stud ies indicated that the 
analytical re su lts  obtained are good within ± 10%. F or the rod design  
stu d ies d escrib ed  above, the ca lcu lated  worth w as assu m ed  to be high by 
10%.

Control rod m a te r ia l.-  S evera l control rod absorber m ateria ls  are at 
presen t being con sid ered  for use in the PM -1. The b asic  m ateria l com po­
sition s are:

(1) B oron-10-S ta in less  S tee l (2 ,5  weight percent B-10)

(2) Hafnium (Hf m etal)

(3) C adm ium -Indium -Silver (5, 15 and 80 weight percent, resp ectiv e ly )

(4) Europium  O x id e--S ta in less  S teel (30 weight p ercent Eu„0_)
A o

(5) Gadolinium  O xide—Sam arium  O xide—S ta in less S teel (15 weight 
p ercen t Gd O and 15 w eight p ercent Sm O ).

M U  M U

The rod ab sorb er th ickness for a ll c a se s  was 0.25 inch (0.625 cm ).

More detailed  an a lyses con sid erin g  epitherm al absorptions, spatial 
burnup in the rod and iteration -typ e burnup w ill be m ade. The m eta l­
lu rg ica l and econ om ical a sp ects  of each control rod m ateria l m ust a lso  
be evaluated before a final se le c tio n  can be m ade.
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4. T em perature and Void C oefficient

Tem perature co e ffic ien t.-  The reactiv ity  of the core w as calculated  
for different tem peratures from  68 to 473° F . Both nuclear and den­
sity  tem perature e ffec ts  w ere con sid ered . Specifica lly , the change in 
reactiv ity  with tem perature was assu m ed  to be due to:

(1) The change in m icro sco p ic  therm al c r o ss  sec tio n s  with te m ­
perature.

(2) The change in re flec to r  savings resulting in a change in the 
buckling with tem perature.

(3) The change in density of w ater with tem perature. Core m a ­
te r ia ls  other than w ater w ere assu m ed  to have a constant 
density  in the tem perature range studied.

The reactiv ity  as a function of tem perature is  shown in F ig . I l l -4 . 
The average tem perature coeffic ien t from  68 to 463° F is  -1,14 x  

-410 A p / ° F ,  At operating tem perature, the tem perature coeffic ien t is  
-2 .84 X 10"'*A p /°F .

R eactiv ity  w as calcu lated  using a three-group  diffusion code. P r o ­
gram  C -3 . The therm al disadvantage fa ctors, calcu lated  using P r o ­
gram  1-2, and re flec to r  savings (both calculated  as a function of te m ­
perature) w ere used  to account for h eterogeneity  and reflecto r  e ffec ts .

Void coeffic ien t s tu d ie s .-  The effect of voids on reactiv ity  was c a l­
culated for 0.5, 1.0, 1.5 and 2.0% void  in the m oderator. F o r  th ese  
stu d ies, a uniform  void distribution was assum ed  and the void form a­
tion was rep resen ted  by a change in volum e of the m oderator. The r e ­
activ ity  (rela tive  to 68* F and no void) a s  a function of tem perature for  
different void fraction s is  shown in F ig . III-5.

D. DESCRIPTION OF THE REACTOR PRESSURE VESSEL

The PM -1 reactor  p ressu re  v e s s e l  w ill be fabricated  from  AISI type 
347 s ta in le ss  s te e l, conform ing to the requirem ent of SA-167, 0.08% 
m axim um  carbon.

The v e s s e l  w all th ickness and top and bottom  head th ick n esses w ere  
determ ined to conform  to Section VIII, ASME B o iler  and P r essu re  V e s ­
s e l  Code. Radiation heating, cy c lic  s tr e s s e s  and other transient con ­
ditions w ere treated  as outlined in the "Tentative Structural D esign  
B a sis  for R eactor P r essu re  V e s s e ls ,  " issu ed  by the U .S . Navy Bureau  
of Ships, 1 A pril 1958. The reactor v e s s e l  is  trunnion-m ounted to a l ­
lev ia te  the e ffec ts  of loads due to th erm al expansion of connecting pipe.
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The reactor v e s se l .  F ig . III-2, is  b a sica lly  a cy lin d rica l sh e ll having 
approxim ately a 4 0 -in ch  outside d iam eter and a 2 -5 /1 6 -inch w all. The 
v e s s e l  is  designed for  1500 p s i in ternal p ressu re  at a tem perature of 600° F ,

The low er end of the v e s s e l  is  c lo sed  by a tw o-to-on e e llip so id a l head.
The upper end is  c lo sed  by a flat c ircu la r  head having s ix  actuator n ozzles  
of 2 -1 /2 -in ch  outside d iam eter at the head in tersection  and in creasin g  to a 
4 -1 /2 -in ch  outside d iam eter hub located  8 inches above the top head. Each  
hub is  d rilled  and tapped to accom m odate the bolted flange on the control rod  
housing. The joint is  sea led  with g a sk e ts . The actuator n ozzles  are equally  
spaced along a concentric  c ir c le  12-1/8 inches in  d iam eter, A gasketed port 
3 -1 /2  inches outside d iam eter p en etrates the head on the v e s s e l  cen terlin e . 
The port is  provided for rem oval of the central fu e l bundle.

The v e s s e l  is  designed with an in ternal flange to reduce the load on the 
head. The flange is  grooved to rece iv e  two concentric gask ets. A leak -  
off groove is  provided for co llectin g  any leakage past the inner gasket.
Such leakage is  m onitored and conducted to the lo w -p ressu re  dem inera­
l iz e r  system .

The m ain c lo su re  u tiliz e s  tw enty-tw o 2 -inch d iam eter T -bolt a s ­
sem b lie s .

Three concentric s ta in le ss  s te e l therm al sh ield s are located  inside  
the p r essu re  v e s s e l  surrounding the active co re . The outside d iam eter of
the innerm ost sh ie ld  is  24 in ch es . The w all th ick n esses of the sh ie ld s from
the innerm ost to the outerm ost are 1 inch, 1 -3 /4  inches and 2 -1 /2  in ch es, 
resp ectiv e ly . There is  a 1 /4 -in ch  separation  betw een neighboring 
sh ie ld s . The ov era ll length of the sh ie ld s is  36-1/4  inches so that they  
extend 1 -3 /8  inches above an d 4 - 7 /8  inches below the active core. The 
sh ie ld s are segm ented  into four parts. Each segm ent is  replaceable by 
use of sp ec ia l extension  too ls  operated from  the refueling floor above 
the reactor.

The reactor core is  supported from  the v e s s e l  w all by a concentric  
o r ifice  plate near the bottom of the w ater box. The therm al sh ield s a lso  
are supported by th is p late. An orificed  skirt is  provided in the area of 
the w ater box to d irect the coolant flow. This sk irt is  held down by a 
B e llev ille  spring betw een the head and the skirt.

Renewable sp id er-typ e rings are provided at the top and bottom of the 
v e s s e l  for proper core alignm ent during installation . The low er sp ider  
ring has been made rem ovable to accom m odate other types of co res .

The rings, supports and baffling w ill be fabricated from  AISI type 
304 s ta in le ss  s te e l .
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P r im a ry  coolant en ters and lea v es  the v e s s e l  through 6 -inch n ozzles  
located  d iam etr ica lly  opposite one another and 8 inches above the top of 
the active c o r e . The annular w ater box is  tapered from  18 inches at the 
in let to 6 inches at the opposite s id e .

From  the in let n o zz le , the coolant is  distributed in the w ater box 
around the inner c ircu m feren ce  of the reactor  v e s s e l  and flow s down­
ward along and betw een the therm al sh ie ld s . In the bottom v e s s e l  head, 
the coolant is  re -d irec te d  upward through the co re  into a plenium  above 
the co re  w here it is  baffled into the outlet n ozzle  by the sk irt baffle.
The sk irt baffle is  o r ificed  to ensure proper flow distribution.

The reactor  v e s s e l  is  insu lated  th erm ally  with 1 -inch  thick loose  
fib erg la ss  insulation  packed between the v e s s e l  w all and a double- 
w alled s ta in le ss  s te e l  shroud.

E . DESCRIPTION OF THE CONTROL ROD ACTUATORS

The actuator sy stem  to be in sta lled  in the PM -1 Pow er Plant is  a 
bank of s ix  m agnetic jack actuators pow ered by a so lid  state power 
supply located in the control co n so le .

An actuator c o n s is ts  of the follow ing m ajor com ponents w hich are  
illu stra ted  in F ig . I l l -6:

(1) The p ressu re  th im ble, which en c lo se s  the jack rod bundle, 
scra m  sp r in g , dashpot and control rod attachm ent. The 
p ressu re  thim ble is  bolted to a n ozzle  extending from  the 
reactor  v e s s e l  head.

(2) The jack rod bundle, which m oves v er tica lly  within the 
p ressu re  th im ble and is  actuated by a m ovable arm ature  
and m agnetic fie ld s  (also w ithin the p ressu re  thim ble) in 
in crem en ts of 0 .0 8 0  inch.

(3) The scram  sp r in g , situated on top of the jack rod bundle 
and anchored against the top of the p re ssu re  th im ble.

(4) The dashpot, provided within the p ressu re  th im ble.

(5) The control rod attachm ent, an extension  of the jack rod 
bundle.

(6) A hollow cy lin d er , containing the grip , lift and hold c o i ls ,  
and the p osition -in d icating  tra n sm itters . The cy lin d er is  
situated  over and around the p ressu re  thim ble and latched  
into p osition . This unit is  subjected to the p ressu re  of the 
sh ie ld  w ater only and does not com e into contact with the 
p rim ary  sy stem  fluid.
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(7) A b leed -o ff valve located in a plug situated in the top of 
the p ressu re  th im b le. This plug is  screw ed  into position  
as a sea t for a gasket and a reta in er for the scram  sp r in g , 
a lso  retain ing the p rim ary  sy stem  coolant within the p ressu re  
th im b le .

The com ponents are  e sse n tia lly  o f o n e-p iece  construction  and, 
w here parts are  jo ined , threading and w elding is  com bined to m aintain  
stru ctu ral in tegrity .

The en tire m echanism  in sid e  the p ressu re  thim ble is  rem ovable as  
a unit, through the top of the th im b le , “by rem oving the plug containing  
the b leed  valve or by rem oving the p re ssu re  thim ble from  the reactor  
v e s s e l  head attachm ent. T hese are the only points of d isconnect on 
the actuator.

F . DESCRIPTION OF THE SECONDARY SYSTEM

1. G eneral

The secondary sy stem  p erform s a dual function in converting the 
th erm al energy rece iv ed  in the steam  generator into high-quality e le c ­
tr ic a l pow er and into lo w -p ressu re  steam  for space heating. The 
design  ratings are  1000 kwe net and 7 m illion  Btu p er hour of low -  
p ressu re  stea m . The m ajor equipment in the sy stem  co n s is ts  of a 
steam  gen erator, a tu rb in e-gen erator unit, an a ir -co o led  steam  co n ­
d en ser sy ste m , e le c tr ic a l sw itch gear and em ergency  power so u rce .
The fxinctioning of the loop m ay be v isu a lized  by referen ce  to the flow  
diagram  (F ig . III-7) and the secondary loop layout (F ig . 1-3). In 
gen era l, standard co m m erc ia l equipment is  used . C ertain com ponents 
have been given  sp e c ia l attention to insure that the PM -1 Plant req u ire ­
m ents are m et. T hese include the steam  gen erator, turb ine-generator  
unit and steam  condenser sy stem .

2. Steam  G enerator

The steam  generator is  of the v e r t ic a l-U  tube, in tegra l drum type 
d esign  with p rim ary  coolant in the tubes and secondary w ater and 
steam  in the sh e ll. The re feren ce  design  is  a cy lin d rica l sh e ll with  
h em isp h erica l en d s, 16 fe e t , 7 inches high and 30 inches outside d ia ­
m eter . The steam  generator p ressu re  v e s s e l ,  a s  w e ll as a ll p ressu re  
v e s s e ls  in the sy s te m , is  constructed  according to ASME Code. The 
h ea t-tra n sfer  su rface is  com posed of 420 U -shaped tu b es, which are  
1 /2  inch OD, 18 BWG w a lls . The tubes y ield  a heat tran sfer  area  of 
1080 square fe e t , based on the outside su rface .

The steam  p ressu re  in the generator w ill vary a lm ost lin ea r ly  with 
load from  300 p sia  at fu ll load to 481 p sia  at no loadi tem peratures  
w ill correspond to saturation  at the given p re ssu r e .
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3. T u rb in e  -G e n e ra to r

The tu rb in e -g e n e ra to r  un it i s  e s s e n tia l ly  a  m a r in e - ty p e  m ach in e .
It c o n s is ts  of a  s in g le  p ack ag e  m odule co n ta in in g  a  tu rb in e ,  s in g le  
red u c tio n  g e a r  and g e n e ra to r ,  a l l  in te g ra lly  m ounted  on a  s in g le  b e d ­
p la te . The un it is  r a te d  a t  1250 kwe continuous duty.

T he s te a m  tu rb in e  is  a  h ig h -sp e e d  (ap p ro x im ate ly  7500 rp m ) , 
im p u lse - ty p e  m a c h in e . T he tu rb in e  sy s te m  is  equipped w ith  p ro te c tiv e  
d e v ic e s , inc lu d in g  o v e rsp e e d  t r i p ,  low o i l - p r e s s u r e  t r ip  and h igh  b a c k ­
p r e s s u r e  t r ip .

The g e n e ra to r  is  a  s a lie n t-p o le  m a c h in e , desig n ed  to  p ro d u ce  1250 
kwe n e t a t 80% p o w er f a c to r ,  and 1563 kwe net a t  100% p o w er fa c to r . 
O utput is  2400 to  4160 v o lts ,  6 0 -c y c le , 3 -p h a se , 4 -w ire . B oth  ends 
of th e  w indings a r e  b ro u g h t out fo r  d if fe re n tia l p ro te c tio n  an d , s in ce  
the  n e u tra l  w ill be so lid ly  grovm ded, th e  w indings w ill be b ra c e d  to 
w ith stan d  a  fu ll lin e - to -g ro u n d  fa u lt. The g e n e ra to r  is  a i r  coo led  w ith  
an  in te g ra l  v e n tila tio n  s y s te m .

A s ta tic  e x c i te r  is  u sed  w ith  a  co o rd in a ted  s ta tic  v o ltag e  re g u la tin g  
s y s te m .

4. C o n d en se r S y stem

The a i r  coo led  c o n d e n se r  s y s te m  c o n s is ts  o f two id e n tic a l f in n e d - 
tube h ea t ex ch a n g e r m o d u les . E ach  unit is  a  b o x -sh a p e d , a ll-w e ld e d  
a lum inum  s t r u c tu r e ,  8 f e e t ,  8 in ch es  sq u a re  and  a p p ro x im a te ly  30 fee t 
long. The s id e s  a r e  fo rm ed  fro m  finned  tu b e s , s e v e ra l  row s deep .
The bo ttom  of the  s t r u c tu r e  is  e n c lo se d , and th e  top s e rv e s  a s  a  m o u n t­
ing  fo r  fo u r in d u c e d -d ra f t  fa n s . The to ta l  h ea t t r a n s f e r  s u rfa c e  of the  
c o n d e n se r  s y s te m  is  ap p ro x im a te ly  60 ,000  sq u a re  fee t.

O p era tio n  of th e  c o n d e n se r  is  a s  follow s: s te a m  fro m  th e  tu rb in e  
ex h au s t e n te r s  a  h e a d e r  lo ca ted  a t c o n d e n se r  m id -le n g th ; the  s te a m  
th en  flow s in  e i th e r  d ire c tio n  in s id e  the  finned tu b e s , w h ere  i t  is  c o n ­
d en se d , and  th en  d ra in s  by g ra v ity  to  th e  w a te r  boxes a t  th e  ends of th e  
tu iit. A ir  flow is  induced  t r a n s v e r s e ly  a c r o s s  th e  tu b e s , in to  th e  p lenum  
sp ac e  in  th e  c e n te r  of th e  s t r u c tu r e  and out th ro u g h  the  ex h au s t fan s.
A ir  flow is  c o n tro lle d  by a u to m a tic a lly  o p e ra te d  lo u v e rs  w hich  a r e  p o s i ­
tio n ed  by a  c o n d e n se r  p r e s s u r e - s e n s in g  d ev ice . F an  p o w er is  m o n ito red  
by m an u a l c o n tro l.

5. Sw itch G ea r

The sw itch  g e a r  is  of c o m m e rc ia l  d es ig n  and  p ro v id e s  c o n tro l and 
p ro te c tio n  to  th e  e le c tr ic  g e n e ra to r ,  the  lin es  and s ta tio n  p o w er t r a n s ­
fo rm e r .  The g e a r  in c lu d es  d if fe re n tia l r e la y s  and o v e rc u r re n t  re la y s  
fo r  g e n e ra to r  p ro te c tio n . T ie  lin e  and t r a n s f o rm e r  p ro te c tio n  is  p r o ­
vided  by o v e rc u r re n t  and ground  r e la y s .  S ynchron iz ing  equ ipm ent is  
p ro v id ed  fo r  sy n ch ro n iz a tio n  of th e  m a in  g e n e ra to r  w ith  the  a u x ilia ry
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d ie se l generator or the tie  lin e .

6. G eneral Heat T ran sfer Apparatus

Included in th is  ca tegory  are the d eaerator, ev a p o ra to r-reb o iler , 
feedw ater h ea ter , and jet e jecto r  after condenser. These units are  
a ll standard co m m erc ia l d es ig n s .

7. A u xiliary  P ow er Supply

A u xiliary  pow er for  startin g  and shutting down the plant is  provided  
in the form  of a 200-kw , h ig h -sp eed , d ie se l-d r iv en  generator. The 
unit i s  capable o f continuous duty and s a t is f ie s  the need for em ergency  
e le c tr ic a l pow er when the n u clear plant is  down.

To in su re a so u rce  of uninterrupted pow er for instrum entation and 
co n tro l, a s e r ie s  of b a tter ies  and m otor-gen erator units is  provided. 
The arrangem ent of th ese  is  shown in the e le c tr ic a l on e-lin e  diagram  
in F ig . I l l -8 .

8. M iscellan eou s

Both condensate and b o iler  feed  pumps have standby im its. For  
the condensate p \im ps, the operating and standby units are  id en tica l. 
The standby b o iler  feed pump is  steam  driven to insure that the steam  
generator w ater le v e l m ay be m aintained during afterheat rem oval in 
the event of no e le c tr ic a l pow er.

During p eriod s when the nuclear plant i s  off the lin e , heating for the 
plant i s  supplied by an au xiliary  o il-f ir e d  b o iler .

G. DESCRIPTION OF THE CONTROL 
AND INSTRUMENTATION SYSTEM

The con tro l and instrum entation  sy stem  for the PM -1 is  subdivided  
into the follow ing groups:

(1) N uclear instrum entation

(2) R eactor sa fety  sy stem

(3) P r im a ry  sy stem  plant instrxunentation

(4) Secondary sy stem  plant instrum entation.

Each of th ese  groups is  d iscu ssed  below .

1. N u clear Instrum entation

The nuclear instrum entation  is  com p letely  tra n sisto r ized  and is  housed 
in  m iniature p lu g-in  a s se m b lie s .
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R ea cto r  p ow er le v e ls  w ill  be m ea su red  from  s o u r c e , through in t e r ­
m e d ia te , to  p ow er ra n g e , u s in g  se v e n  ch a n n els . The in tercon n ection  
of th e v a r io u s  ch an n els  i s  show n in  F ig . I l l -9 .

C hannel I and I I --S o u r c e  R ange In stru m entation . - B F g p roportion al 
co u n ters  a re  u sed  in  each  o f the tw o so u r c e -r a n g e  ch a n n els . Counts

5
p er  seco n d  o v er  a range o f 1 cp s  to  1 x 10 cp s a re  in d icated  on a 
lo g a r ith m ic  s c a le  co rresp o n d in g  to neutron flu x es  o f from  0 . 25 nv to

4
ap p ro x im a te ly  2 .5  x  10 nv. In ad d ition , the so u rce  range a m p lifier  
d r iv e s  a p er io d  a m p lif ie r . R ea cto r  p er io d  is  ind icated  o v er  a range of 
-30 to  0 0 to  +3 s e c o n d s .

The p er io d  s ig n a l is  u sed  for  h igh  s ta r t-u p  rate  p ro tec tio n  in  the  
so u r c e -r a n g e  ch an n el. If e ith e r  in stru m en ta tion  chann el in d ica tes  the  
p r e se n c e  o f a p o s it iv e  p er io d  o f l e s s  than 15 se c o n d s , fu rther con tro l 
rod ex tra ctio n  is  p rev en ted . If both ch an n els in d icate  a p er iod  of l e s s  
than 10 s e c o n d s , the r e a c to r  is  scr a m m e d .

C hannels III and IV --In term ed ia te  Range In stru m en tation . - G am m a - 
co m p en sa ted  ion  ch a m b ers  a r e  u sed  in each  o f two in term ed ia te  range  
ch a n n e ls . T h ese  ch a m b ers  fu rn ish  a cu rren t s ig n a l to  a lo g  N a m p li­
f ie r  to  in d ica te  the p e r ce n ta g es  o f fu ll r e a c to r  pow er attained  o v er  a

-5range o f  from  2 . 5 x 1 0  % to 10%. T his co rresp o n d s to  a neutron flux
3 9of 2. 5 X 10 nv to  1 X 10 nv. P e r io d  in d ica tion s a re  s im ila r  to th o se  

a s so c ia te d  w ith  ch an n els  I and II, in clu d in g  the 1 5 -seco n d  hold and 1 0 -  
seco n d  sc r a m  fu n ctio n s.

C hannels V - -V I - -V I I - -P o w e r  Range In striu n en tation . - U ncom pen­
sa ted  ion  ch a m b ers a r e  u sed  in  ea ch  of the th ree  pow er range ch a n n els . 
T h ese  ch a m b ers fu rn ish  a cu rren t s ig n a l to  a lin ea r  a m p lif ie r  to  
in d ica te  r e a c to r  p ow er o v er  a range o f from  1 to  150% o f fu ll p o w e r --

8 10w hich co rresp o n d s  to  a neutron  flux  o f fro m  1 x 10 nv to 1. 5 x 10 nv. 
The th re e  lin ea r  p ow er s ig n a ls  a r e  fed to  ind ividual tr ip  c ir c u its  and 
to a co in c id en ce  c ir c u it . The in d iv id u al tr ip  c ir c u its  op erate  ann unci­
a to rs  when the in d ica ted  flux  e x c e e d s  120 to 130% of that a s so c ia te d  
w ith fu ll p ow er . W hen tw o o f the th ree  inputs to  the co in c id en ce  c ir c u it  
in d ica te  flux le v e ls  in  e x c e s s  o f 120 to  130% of fu ll p o w er , a sc r a m  is  
in itia ted .

A r ea  M onitorin g S y ste m . - An in tegra ted  a rea -m o n ito r in g  sy s te m  
i s  p rov id ed  throughout the P M -1  pow er p lan t. The rad iation  le v e ls  
m ea su red  at each  o f the v a r io u s  s ta tio n s  w ill  be reco rd ed  in the con tro l 
ro o m . E ach  o f the m o n ito r in g  ch an n els has a p r e se t  a la rm  point such  
that the op era to r  w ill  be w arned o f any abn orm al rad iation  le v e ls .  The 
tab le  below  p r e se n ts  the a r e a s  to  be m on itored  and the typ es o f c o n ­
tam in an ts to  be m on itored .
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CHANlffiL
I BF Test/Oper Linear D i s c r i m ­ ct/Rate Diff Period

Counter Switch Amp inator Amp Circuit Amp

HVPS ct/Rate
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Period
Meter

II BF^ Test/Oper
Counter Switch

HVPS

Linear Discrim­
Amp inator

ct/Rate
Amp

ct/Rate 
Meter

Diff
Circuit

Period
Amp

Period
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III

IV

VI

VII

CIO Test/Oper
Switch

Log N 
Amp

Diff
Circuit

HVPS Power

CIC

HVPS

Test/Oper Log N
Switch Amp

Power

Diff
Circuit

UCIC Linear
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HVPS Power

UCIC Linear
Amp Bistable

HVPS Power
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Linear
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Period
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Period
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Fig. III-9. Nuclear Instrumentation Block Diagram
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L ocation  C ontam inants

P r im a r y  S ystem  B u ild in g  Gam m a R adiation , A ir  M on itor,
Independent E vacuation  A larm

D econ tam in ation  B u ild in g  G am m a R adiation , A ir  M onitor

C ontrol Room  Gam m a R adiation , A ir  M onitor

P r im a r y  S y stem  E fflu en ts B eta  and Gam m a M onitors

2. R ea cto r  Safety  S ystem

(1) The r ea c to r  sa fe ty  s y s te m  u t il iz e s  s ig n a ls  from  the n u clear  
and p r im a ry  plant in stru m en ta tion  sy s te m s  to provide p rotec  - 
tion  for  th e p ow er plant a g a in st abn orm al or u n safe operating  
co n d itio n s . The s y s te m  em p lo y s a sc r a m  m ix e r  w hich  r e ­
c e iv e s  the fo llo w in g  s ig n a ls :

(1) High neutron  flux

(2) High p r im a ry  s y s te m  coo lan t tem p eratu re

(3) Low p r im a r y  s y s te m  coo lan t p r e ssu r e

(4) Low p r im a ry  sy s te m  coo lan t flow

(5) F a st r e a c to r  p er io d  during s ta r t-u p .

A ny one o f the above s ig n a ls  w ill  ca u se  a scr a m  by in terru p tin g  
the p ow er to  the co n tro l r o d s . A m anual scr a m  ca p a b ility  is  
a lso  p rovid ed  at the c o n s o le .

D uring s ta r t -u p , the lo w -p r e s su r e  sc r a m  s ig n a l i s  b y -p a sse d .

(2) T ab le  I I I - l l i s t s  the abn orm al sy s te m  con d ition s w hich r e su lt  
in  a la r m s  or  s c r a m s . W hen both an a la rm  and a sc r a m  a re  
in d ica ted , the a la rm  se t-p o in t  p r e c e d e s  the sc r a m  se t-p o in t  
by a m a rg in  su ffic ien t to  enab le the op erator  to take c o r r e c ­
tiv e  m e a su r e s  b efo re  sh ut-dow n o c c u r s .

3. P r im a r y  P lan t In stru m entation

B a sic  plant p a r a m e te rs  and o p era tin g  con d ition s req u ired  for sa fe  
and e ff ic ie n t  op eration  of the plant a re  m ea su red  by the p r im a ry  plant 
in stru m en ta tio n . The m o re  im p ortant m ea su red  p a ra m eters  and th e ir  
fvinctions a r e  d escr ib ed :

R ea cto r  In let T em p era tu re . - A r e s is ta n c e  tem p eratu re  d e tec to r  is  
used  to  m e a su r e  the tem p era tu re  o f the p r im a ry  coo lan t en ter in g  the  
r e a c to r  o v e r  a range o f 50° F to  550° F . The s ig n a l is  a lso  com bined  
w ith the r e a c to r  ou tlet tem p era tu re  s ig n a l to  obtain a rea c to r  avera g e  
tem p era tu re .
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TA BLE III -l

O perating  C onditions R esu ltin g  in  R ea cto r  S cram  or  A larm  

Item  O peratin g  C onditions A la rm  Sc ram

1 F a s t  P e r io d --C h a n n e l I x

2 F a s t  P e r io d --C h a n n e l II x

3 F a s t  P e r io d --C h a n n e l I and II x  x

4 F a s t  P e r io d --C h a n n e l III x

5 F a s t  P e r io d --C h a n n e l IV x

6 F a s t  P e r io d --C h a n n e l III and IV x x

7 H igh N eutron F lx ix --C h an n el V x

8 H igh N eutron  F lu x --C h a n n e l VI x

9 H igh N eutron  F lv ix --C h an n el VII x

10 H igh N eutron  F lu x --a n y  2 out o f  3 (7 -8 -9 )  x  x

11 A ctiv a tio n  o f M anual S cra m  x

12 R ea cto r  ou tlet tem p era tu re  (high) x  x

13 R ea cto r  C oolant F low  (low) x  x

14 P r e s s u r iz e r  p r e s s u r e  (high) x

15 P r e s s u r iz e r  p r e s s u r e  (low) x x

16 P r e s s u r iz e r  le v e l  (high) x

17 P r e s s u r iz e r  le v e l  (low) x

18 P r im a r y  coo lan t piimp co o lin g  tem p era tu re
(high) X

19 Sh ield  w a ter  tank le v e l  (low) x
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R ea cto r  O utlet T em p era tu re . - The p r im a ry  coolant tem p eratu re  
upon lea v in g  the r e a c to r  is  m ea su red  in the sa m e m anner a s  that o f the  
coo lan t en ter in g  the r e a c to r . The s ig n a l from  the d e tec to r  in d ica tes  a 
range o f fro m  50° F to 550° F . B oth a h ig h -tem p era tu re  a la rm  and 
h ig h -tem p era tu re  s c r a m  a re  p rov id ed .

Loop F lo w . - The p r im a ry  coo lan t flow  is  m ea su red  by tak ing the 
d iffe re n tia l p r e s s u r e  a c r o s s  a ven tu ri dow n stream  from  the r ea c to r . 
T his s ig n a l i s  fed to  a sq u a r e -r o o t e x tr a c to r  and a m p lif ie r  and i s  used  
to in d ica te  lo w -flo w  a la rm  and lo w -flo w  s c r a m .

P r e s s u r iz e r  P r e s s u r e . - A  p r e s s u r e  tr a n sm itte r , m ounted at the 
p r e s s u r iz e r ,  m e a su r e s  the s y s te m  p r e s s u r e  o v er  a range o f 0 to  2000 
p s ig . The a m p lified  s ig n a l i s  u sed  fo r  p r e s s u r e  in d ica tio n , p r e s s u r iz e r  
h ea ter  o p era tio n , sp r a y  v a lv e  a c tu a tio n , lo w -p r e s su r e  a la r m , h ig h -  
p r e s s u r e  a la r m , and lo w -p r e s su r e  s c r a m .

P r e s s u r iz e r  L e v e l. - A d iffe re n tia l p r e s s u r e  a m p lif ie r  i s  u sed  to 
d etec t w a ter  le v e l  in  the p r e s s u r iz e r .  The a m p lifie r  output s ig n a l i s  
u sed  for  in d ica tio n , lo w - le v e l  a la r m , h ig h -le v e l a la r m , and h ea ter  
c u t-o ff  p ro tec tio n .

4. S econ d ary  S y stem  P lan t Instru m en tation

The seco n d a ry  s y s te m  c o n tr o ls  and in stru m en tation  sy s te m  are  
e s s e n t ia l ly  th e standard  s y s te m  for a s m a ll  s tea m  pow er p lant. The 
u se  o f an a l l - e le c t r ic  sy s te m  is  b e in g  sp e c if ie d .
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IV. SHIELDING

A . GENERAL

A  c o n ser v a tiv e  app roach  has been  taken  throughout the d es ig n  of the 
PM -1 n u c lea r  rad ia tion  s h ie ld s .  In a ll  c a s e s ,  adequate sh ie ld in g  is  
p rovided  to m ain ta in  the ra d ia tio n  d o se s  r e c e iv e d  by plant p erso n n e l 
w e ll below  the m axim u m  p e r m is s ib le  d o se s  sp e c if ie d  in  the F e d e r a l  
R egu lation  T itle  10, P a r t 20, S p ec ia l W ork P e r m it con tro l w ill  be req u ired  
w hen p e r so n n e l w ork  in  c er ta in  a r e a s , su ch  as  the p r im a ry  sy s te m  bu ild­
in g s , T h is co n tro l w ill  be d ir e c t ly  govern ed  by the plant H ealth P h y s ic is t ,

B , SHIELDING DURING NORMAL OPERATION

The m ajor fe a tu r e s  of the sh ie ld in g  of the PM -1 a re  illu stra ted  in  
F ig , IV -1, The sh ie ld in g  of the r e a c to r  and p r im a ry  sy s te m  is  by m eans  
of an earth  m ound. The earth  m ound is  com p osed  of lo c a l aggregate  
fro m  the W arren  P ea k  a r e a . The sh ie ld in g  aggregate  w ill  be s e le c te d  to 
in su re  that it d oes not contain  tr a c e  e lem en ts  w hich w ill be s tro n g ly  
a ctiv a ted . The ea rth  m ound w ill  extend  to a m in im um  height o f 22 fe e t  
above the b ase  of the p r im a ry  s y s te m  p a ck a g es . Sh ield ing w ater  w ith ­
in the r ea c to r  p ackage w ill  co v er  the r ea c to r  to a height of 13 fe e t  above  
the r e a c to r  p r e s s u r e  v e s s e l  h ead . The v e r t ic a l  s tea m  g en era to r , in  
the s te a m  g en era to r  p ack age, p ro v id es  s e lf -s h ie ld in g  o v er  the tubes  
contain ing the rad ia tin g  p r im a ry  coo lan t w ater, in  the fo rm  of the sec o n d ­
ary  w ater  and the s t e e l  head . L o ca l sh ie ld in g  for  the p r im a ry  pip ing in  
the s te a m  g en era to r  package w ill  be provided  w h ere n e c e s s a r y .

D o se  r a te s  in the sh e lte r  a r ea  above the p r im a ry  p ack ages w ill  not 
ex ceed  350 m illir o e n tg e n s  p er  hour during fu ll-p o w er  op eration . The 
m axim um  d o se  e x is t s  at the sh e lte r  f lo o r  le v e l  on the rea c to r  v e s s e l  a x is ,  
A su m m a ry  of to ta l d o se  r a te s  fro m  neutron s and gam m as during f i i l l -  
pow er o p era tion  at v a r io u s  p o in ts o f in te r e s t  dep icted  in F ig , IV-1 is  
g iv e n  in  T able IV -1, F o r  th is  a n a ly s is  the earth  sh ie ld  w as a ssu m ed  to 
have a d en sity  of 100 pounds p er  cu b ic  fo o t. T his com p a res  v e r y  w e ll  
w ith  actu a l b a ck fill m a te r ia l a v a ila b le  near W arren P eak ,

S ign ifican t rad ia tio n  s o u r c e s , during operation , a re  the rea c to r  v e s s e l ,  
in tern a l com p on en ts, and the p r im a ry  loop  coo lan t. P r im a ry  coolant 
in tr in s ic  a c tiv ity  w a s a lso  in clu d ed . Buildup fa c to r s  used  in com puting  
gam m a d o se  r a te s  w e re  ch o sen  co n serv a tiv e ly : i . e . ,  w henever sh ie ld s  
of two or m o re  m a te r ia ls  w ere  en cou ntered , the buildup fa cto r  for  the
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TABLE IV -1 

F u ll P ow er  O peration  D o se  R ates

iz:
DI

00
CJ1
03

r. (a) D o se
Point

(t>)C oord inates D o se  R ate (M illiroentg en s p er  hour)
X

(F eet)
Z

(F eet)
S team  G en erator  

and P r im a r y  P ip in g
R eactor
V e s s e l T otal

1 -1 6 .3 5 2 1 .6 5 200 200

2 -1 6 .3 5 2 4 .4 5 140 140

3 -1 6 .3 5 32. 2 26 26

4 -1 0 .1  to -1 8 .7 5 32. 2 26 26

5 -1 3 .0 21. 65 70 70

6 -1 8 .7 5 1 6 .4 1 .8x10^ 1.8x10®

7 -2 4 .7 5 1 2 .2 5 2 2

8 -1 0 .1 2 1 .6 5 130 132

9 - 1 .8 2 3 .7 150 174 324

10 0 18. 35 300 300

11 2 .6 5 1 6 .1 1 .23x10^ 1.23x10®

12 -  4 .7 32. 2 30 30

13 -  6 .1  to 2 .5 5 32. 2 90 90

14 0 32. 2 90 90

15 -1 7 .6 9 .5 2.2x10^ 2 .2 x 1 0 ^

16 5 .6 0 5.0x10® 5.0x10®

17 2 .5 0 2.5x10® 2.5x10®

18 5. 65 32. 2 305 305

05

(a) D o se  poin ts a re  a s show n on F ig . IV-1
(b) C oord in ates of d ose  p o in ts a re  r e la t iv e  to the cen ter  o f the co re
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m a te r ia l w hich , when ap p lied  o ver  the to ta l num ber o f m ean fr e e  paths 
fro m  s o u r c e  to d o se  po in t, would g iv e  the h ig h est va lu e  of the d ose  ra te  
w as ch o sen .

C . A FTER-SH UTDO W N SHIELDING

A fter  r ea c to r  shutdown, sh ie ld in g  fo r  p erso n n e l in  the v ic in ity  of the 
s te a m  g en era to r  is  p rov id ed  by the p r im a ry  sh ie ld  w ater in the r ea c to r  
p ack age and the earth  betw een  the p a ck a g es . F o r  s te a m  gen era to r  m a in ­
tenan ce o p era tio n s , ap p ro x im a te ly  e igh t hours is  req u ired  fo r  p r im a ry  
s y s te m  cooldow n and d ra in a g e . M axim um  d ose  r a te s  in  the s tea m  g e n e r ­
ator p ack age e igh t hou rs a fter  shutdow n w ill  be l e s s  than 10 m illiro en tg en s  
p er  h ou r. T able IV -2 l i s t s  d o se  r a te s  at s p e c if ic  po in ts of in te r e s t  L 6 7  
m in u tes and 8 h ou rs a fter  r e a c to r  shutdow n. P r im a r y  coolant w ill  be 
d ra in ed  into the w a ste  s to r a g e  tank during s te a m  g en era tor  m ain tenance, 
thus e lim in a tin g  c irc u la tin g  co rro sio n -p ro d u c t a c tiv ity  a s  a so u r ce  of 
rad ia tion  to m ain ten ance p e r so n n e l. Extended op eration  of o th er p r e s s u r ­
ized  w ater  r e a c to r s  has r e su lte d  in  a buildup of co rro sio n -p ro d u ct a c tiv ity  
on the s u r fa c e s  ex p o sed  to the p r im a r y  coolan t. T his buildup is  expected  
to occu r  in  the PM -1 p r im a r y  coolan t s y s te m . It is  not exp ected  that 
d ep osited  a c tiv ity  in  the s te a m  g en era to r  and p r im a ry  p ip ing w ill  be a 
m ajor p ro b lem  during m ain ten an ce o p era tio n s . H ow ever, a fter  extended  
p er io d s  of r e a c to r  op era tion , it m ay be d e s ira b le  to decontam inate the 
p r im a r y  s y s te m  p r io r  to p erfo rm in g  m ain tenance o p era tio n s.

TABLE rV-2

A fter  Shutdown D o se  R ates -  U ncontained V e rs io n

(a)

/U\
C oord in ates D o se  R ate (M illiro en tg en s p er  hour)

D o se  X  Z 1 ,67  m in u tes 8 hours a fter
P oin t (F eet) (F eet) A fter  Shutdown Shutdown

19 -10  1 .7  187 6

20 -10  0 3 .5  0 .1

(a) D o se  P o in ts  a r e  as show n in F ig . IV-1
(b) C oord in ates o f D o se  P o in ts  a re  r e la t iv e  to the cen ter  of the c o re .

A fter  shutdow n, d ose  r a te s  at the su r fa c e  of the sh ie ld  w ater  in the 
r e a c to r  p ackage w ill  not e x ce e d  2 m illiro e n tg en s  p er  hour when a ll  p r im ary  
s y s te m  com pon en ts are in th e ir  r e sp e c t iv e  n orm al op eratin g  p o s it io n s .
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Fig. IV-1. Primary System Arrangement
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N o rm a l m ain ten an ce o p era tio n s and re fu e lin g  in the rea c to r  package w ill  be 
p erfo rm ed  r e m o te ly  fro m  the su r fa c e  of the sh ie ld  w ater . L oca l lead  
sh ie ld in g  m ay  be n e c e s s a r y  fo r  spent co re  and a ctiva ted  d em in era lizer  
r em o v a l a s  d is c u s se d  in the fo llo w in g  s e c t io n s  of th is rep o rt.

D . SPE N T  F U E L  REMOVAL, STORAGE AND SHIPMENT

Spent fu e l rem o v a l p ro ced u res  w ill  invo lve  rem o te  handling of the 
r ea c to r  co re  w ith in  the sh ie ld  w ater  ap p rox im ately  e ight hours a fter  
r ea c to r  shutdow n. A fter  rem o v a l of the rea c to r  v e s s e l  head, the dose  
rate  fro m  f is s io n  produ ct a c tiv ity  at the su r fa ce  of the sh ie ld  w ater  on the 
c o re  a x is  w ill be l e s s  than 2 m illiro e n tg en s  p er  hour. D o se  r a te s  at th is  
point r e p r e se n t a m axim um  d o se  ra te  that p erso n n e l in the op eration s a rea  
above the sh ie ld  w ater  would r e c e iv e .  Unloading the spent co re  and p lacing  
it into a s to r a g e  ca sk  w ill  n e c e s s ita te  r a is in g  it fro m  the rea c to r  v e s s e l  
to a height su ch  that the top of the a c tiv e  p ortion  of the co re  is  w ithin 65 
in ch es of the sh ie ld  w ater  su r fa c e . F o r  loading of co re  bundles into the 
sto ra g e  c a sk s , the co re  w ill  f ir s t  be r a ise d  fro m  its  operating  p o s itio n  
to a rack  above the r e a c to r  v e s s e l .  The r e la t iv e  p o s itio n  of the r ea c to r  
v e s s e l ,  s to r a g e  ca sk  and v a r io u s co re  and bundle p o sitio n s  are show n in 
F ig . IV -2 .

D o se  r a te s  on the a x is  of the co re  and fu el bundle have been com puted  
fo r  the co re  and bundle a s  a fu nction  of w ater th ick n ess above the so u rce  
at e ight h ou rs a fter  shutdow n. F ro m  F ig . IV -3 , d ose  r a te s  at the su rface  
of the sh ie ld  w ater  for  co re  and bundle in v a r io u s  p o s itio n s  m ay be d e te r ­
m in ed . A bundle c o n s is t s  of a p p rox im ate ly  o n e -s ix th  of the en tire  c o re . 
The co re  m ay be broken down into s ix  equal bundles, each  contain ing a 
con tro l rod and c o n s is t in g  of a s ix ty -d e g r e e  se c to r  of the c o re , and a 
sm a lle r  c en tra l bundle o f fu e l tu b es . In the u se  o f F ig . IV -3  to d eterm in e  
d o se  r a te s  at the su r fa c e  of the sh ie ld  w a ter , the d o se  r a te s  fro m  the co re  
and fro m  a bundle rem o v ed  to another p o s it io n  m u st be sum m ed to d e te r ­
m in e  to ta l d o se  r a te . The a ssu m p tio n  that the co re  w ith  bundle rem oved  
i s  s t i l l  a fu ll  co re  w ill  g iv e  a s lig h t ly  m o r e  c o n serv a tiv e  e s t im a te  of the 
d o se  ra te  of the su r fa c e  o f the w a ter . Other activated  com ponents of the 
p r im a r y  s y s te m  in  the r e a c to r  p ack age, su ch  as the p r e s s u r e  v e s s e l ,  
th erm a l sh ie ld , p r im a r y  p ip ing and h ig h -p r e ssu r e  d e m in er a liz e r  w ill  
not contribute s ig n if ic a n tly  to the sh ie ld  w ater sxirface d ose  ra te  8 hours 
a fter  shutdow n. A su m m a ry  of the sh ie ld  w ater  su r fa c e  d ose  r a te s  for  
v a r io u s  co re  and bundle p o s it io n s  is  g iv en  in  T able IV -3 .
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T A BLE rV-3

M axim um  D o se  R ates at the S u rface  o f  the Sh ield  W ater  
E ight H ours A fte r  Shutdown

D o se  Rate
C onfiguration  (M illiro en tg en s /  hour)

1. C ore in op era tin g  p o sitio n , r ea c to r
v e s s e l  head rem o v ed  «  2

2. C ore on ra ck  above r e a c to r  v e s s e l  56

3. E n tire  c o re  r a ise d  to h ig h est p o s it io n  ^
during c a sk  loading op era tion  8x10

4. C ore on rack  above r e a c to r  v e s s e l ,
bundle r a ise d  to h ig h est p o s itio n  o o in^
during ca sk  load ing  ‘ ^

5 . C ore on rack , bundle in uncapped
sto r a g e  c a sk  56

6. E n tire  co re  in uncapped s to r a g e  ca sk  200

E x c e s s iv e  d ose  r a te s  w ill  occu r  in the p e r so n n e l operatin g  a r ea  w hen  
r a is in g  the co re  or bundle to the height req u ired  for  load ing  into sto ra g e  
c a sk s . An e s t im a te d  fiv e  in ch es  o f lead  o v er  the fu ll co re  in  the ram ed  
p o s itio n  w ill  d e c r e a s e  the sh ie ld  w ater  su r fa c e  d o se  ra te  fro m  8x10 to  
100 m illiro e n tg en s  p er  hour. The corresp on d in g  lea d  th ick n ess  fo r  a 
r a ise d  bundle is  four in c h e s . An a ltern a te  app roach  would be to r a is e  the 
sh ie ld  w ater  le v e l  during th e se  o p era tio n s.

L ead  ca sk s  a re  d esig n ed  fo r  sh ipm en t of sp en t fu e l a fter  a 9 0 -d ay  
co o lin g  p er io d . Two c a sk  d e s ig n s  a r e  p resen ted , one fo r  the en tire  co re  
(ca sk  A) and one for  a fu e l bundle (ca sk  B ). Both c a sk s  con form  w ith  ICC 
sh ipp ing  reg u la tio n s  w hich  req u ire;

(1) R adiation  not g r e a te r  than 200 m illiro e n tg en s  p e r  hour at any  
p la ce  on the o u tsid e  of the c a r r ie r .

(2) R adiation  not g r e a te r  than 10 m illiro e n tg en s  p er  hour at one  
m eter  d is ta n ce  fro m  the c a r r ie r .

(3) R adiation  not g r e a te r  than 1 1 -1 /2  m illiro e n tg en s  fo r  any 24-h our  
p eriod  at a 1 5 -fo o t d ista n ce  fro m  the c a r r ie r .
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TABLE IV -4

D im en sio n s  and D o se  R ates on 
Spent F u e l Shipping and Storage C asks

O verall O verall T im e Lead D ose Rates
D iam eter Height A fter Thickness Surface 1 M eter 5 M eters 10 M eters

Inches Inches Shutdown Inches M r/hr M r/hr M r/hr M r/hr

DI

00oi
CO

Cask A 

Entire Core

Cask B 

Core Btindle

A =43.2 B=54. 2

33 .0 53 .5

8 hours 

90 days

8 hours 

90 days

T = 9 .1  

9 .1

8 .75

8 .75

2500

65

2350

65

314

8 . 2

183

5 .2

24.5  

0 . 6

12.5  

0 .3

6 . 8 

0 . 2

3 .4

0.1
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P r e lim in a r y  d e s ig n s  of co re  and bundle ca sk s  a re  show n in F ig s .  IV -4  
and IV -5 . M axim um  su r fa c e  d ose  r a te s  and lead  th ick n ess  fo r  th ese  ca sk s  
a re  lis te d  in  T able IV -4 . L ead  c a sk  th ick n e sse s  w ere  obtained from  
com putations of d o se  r a te s  in  a c y lin d r ic a l lead  sh ie ld  around the co re  and 
bundle. D o se  r a te s  through the lead  fro m  the dry  c o re  and bundle fo r  8 
hours and 90 days a fter  shutdown a re  show n in F ig . IV -6 .

F o r  com putation  of d o se  r a te s , f i s s io n  products w ere  a ssu m ed  un iform ly  
d istr ib u ted  throughout the c o r e . In r e a lity , a h igh er  con cen tra tion  of 
f is s io n  p rodu cts n ear  the cen ter  of the co re  is  p red ic ted  by n on -u n iform  
burnout s tu d ie s . T hus, com puted d o se  r a te s  through lead  and w ater a re  
som ew h at c o n se r v a tiv e .

F o r  atten uation  c a lcu la tio n s , the IBM -704  c y lin d r ica l vo lu m e so u rce  
cod e w as u sed . T his code com p u tes gam m a flu x  fro m  c y lin d r ica l or 
c y lin d r ic a l annulus so u r c e s  through co n cen tr ic  c y lin d r ic a l sh ie ld  reg io n s  
by in tegratin g  o v er  the vo lu m e of the s o u r c e . A s in g le  buildup fa cto r  in  
expon en tia l r ep re sen ta tio n  is  app lied  along the to ta l num ber of m ean  fr e e  
paths from  so u r c e  to d o se  poin t. F o r  com putation of dose r a te s  along the 
a x is  of the co re  in w a ter , the d ose  buildup fa c to r  fo r  a point iso to p ic  
so u r c e in  w ater  w as u sed . F o r  d o se  r a te s  in lead , the corresp on d in g  lead  
buildup fa c to r  w as u sed .

G am m a and beta e n erg y  r e le a s e  fro m  f is s io n  p rod u cts w ill  produce  
s ig n ifica n t h eatin g . A fter  extended  co re  op eration , a p p rox im ate ly  fiv e  p er  
cent of the to ta l op eratin g  pow er is  fro m  fis s io n -p r o d u c t d eca y . T able lV -5  
p r e se n ts  beta, gam m a, and total en erg y  r e le a s e  fr o m  fis s io n -p r o d u c t  
d ecay  at v a r io u s  tim es  a fter  shutdow n fo r  the PM -1 co re  a fter  two y e a r s '  
fu ll p ow er op era tion . B ec a u se  of the r e la t iv e ly  sh o rt range of beta p a r t ic le s ,  
e s s e n t ia l ly  a ll  of the beta en erg y  w il l  be r e le a s e d  w ith in  the fu e l e le m e n ts . 
G am m a en erg y  r e le a s e  w ill  be in  the co re  and surrou ndin g ab sorb in g  m ed ia . 
W hen the fu e l is  p la ced  in  any of the s to r a g e  and sh ipp ing c a sk s  d escr ib ed  
above, e s s e n t ia l ly  a ll  o f the gam m a en erg y  w ill  be ab sorb ed  by the fu e l e l e ­
m en ts and c a sk . A dequate coo lin g  o f th e se  c a sk s  w il l  be p rovid ed  through  
an a ir  or  liq u id  h eat r em o v a l s y s te m .

E . HIGH PRESSURE DEM INERALIZER CARTRIDGE SHIELDING

Buildup of c ircu la tin g  c o r r o s io n  product and in tr in s ic  coolant a c tiv ity  
w ith in  the h ig h -p r e ssu r e  d e m in e r a liz e r  r e s in  o v er  a o n e -y e a r  p er iod  of 
r e a c to r  o p era tion  at fu ll p ow er n e c e s s ita te s  the u se  of a rem o v a l and s to ra g e  
ca sk  fo r  the h ig h -p r e ssu r e  d e m in er a liz e r  r e s in  c a r tr id g e . A p r e lim in a ry  
d es ig n  of a lead  c a sk  has been  based  on com puted r e s in  a c tiv ity  resu ltin g  
from  the rem o v a l of p r im a r y  loop c ircu la tin g  a c tiv ity .
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The r e s in  c a r tr id g e  rem o v a l p ro ced u re  w ill  in vo lve  rem o te  handling of 
the d e m in e r a liz e r  ca rtr id g e  under the sh ie ld  w ater  a fter  an 8 -hour coo lin g  
p er io d . A fter  rem o v a l o f the d e m in e r a liz e r  head, the d o se  ra te  fr o m  the 
ca rtr id g e  a c tiv ity  at the su r fa c e  of the sh ie ld  w ater  on it s  a x is  w ill  be l e s s  
than 2. 0 m illiro e n tg en s  p e r  hour. L oading of the ca rtr id g e  into a c a sk  w ill  
n e c e s s ita te  r a is in g  the ca rtr id g e  fro m  the d e m in er a liz e r  con ta in er to a 
height su ch  that the top of the ca rtr id g e  is  w ith in  ap p rox im ate ly  one foot 
of the sh ie ld  w ater  s u r fa c e . The co rresp o n d in g  d o se  ra te  at the sh ie ld

3
w ater  su r fa c e  w ith  the ca rtr id g e  in  its  h ig h est p o s it io n  is  4 . 8x10 m i l l i ­
roen tg en s p er  hour, e igh t hours a fte r  shutdow n. The r e la t iv e  p o s it io n s  of 
the rea c to r  v e s s e l  ca r tr id g e  ca sk , d e m in e r a liz e r  and v a r io u s  ca rtr id g e  
p o s itio n s  a re  show n in  F ig . IV -? . D iiring  the unloading op eration , the above  
d o se  r a te s  a re  the h ig h est r e c e iv e d  by m ain ten an ce p e r so n n e l on the o p e r a ­
ting p la tfo rm . O ther s o u r c e s  o f ra d ia tio n  a re  co m p a ra tiv e ly  in s ig n ifica n t  
during th is o p era tio n . A n e st im a te d  3. 0 in ch es of lea d  o v er  the ca r tr id g e , 
in the fo rm  of a cap, w ill  d e c r e a s e  the sh ie ld  w ater  su r fa c e  d ose  r a te  fro m

3
4. 8x10 to l e s s  than 100 m illir o e n tg e n s  p er  hour, or  the le v e l  of the sh ie ld  
w ater  can be r a ise d  to p rov id e  adequate sh ie ld in g .

A lead  sh ipp ing ca sk  (F ig . IV -7 ) w as d esig n ed  to fa c il ita te  both rem o v a l, 
a fter  an e igh t hour coo lin g  p er io d , and sh ip m en t, a fter  90 days of d ecay .
The c a sk  d e s ig n  w ill  con form  w ith  the ICC sh ipp ing r eg u la tio n s . L ead  ca sk  
th ick n ess  w as obtained fro m  com pu tation s of d o se  r a te s  in a c y lin d r ic a l  
lea d  sh ie ld  around the c a r tr id g e . D o se  r a te s  through the lea d  fro m  the  
a c tiv e  ca rtr id g e  fo r  sa tu ra tion , e ig h t h ou rs, and 90 days a fter  rem o v a l a re  
show n in  F ig . IV -8 . F o r  com putation  o f d o se  r a te s , the a c tiv ity  fr o m  
c o r r o s io n  p rod u cts and o th er  im p u r itie s  ex cep t f is s io n  p rod u cts w e r e  a ssu m ed  
u n ifo rm ly  d istr ib u ted  in the iq)per e ig h t-ten th s  o f the d e m in e r a liz e r  ca rtr id g e  
v o lu m e. The s t e e l  s h e l l  of the c a sk  is  a ssu m ed  to have a h a lf -v a lu e -th ic k ­
n e s s  sh ie ld in g  v a lu e .

F .  RADIATION LEV ELS A T  THE CONTROL ROOM

R adiation  le v e l s  have been  eva lu ated  at the p ro p o sed  con tro l room  
loca tion , w hich  is  at a h o r izo n ta l d is ta n ce  of a p p ro x im a te ly  42 fe e t  from  
the a x is  of the r e a c to r  v e s s e l  and at a fin ish ed  f lo o r  le v e l  5 fe e t  above the 
f lo o r  le v e l  of the hou sin g  o v er  the r ea c to r  p a ck a g es . T h is con figu ration  is  
show n in F ig . I - l .  A t te n  m eg a w a tts  (th erm al) op eration , the d o se  ra te  at 
the n e a r e s t  point o f the co n tro l ro o m  to the r e a c to r  p ack age w ill  be in s ig n i-

-3
fica n t ( le s s  than 2x10 m illiro e n tg en s  p e r  hour).
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Fig. IV-7. Lead Cask for Expended Demineralizer Cartridge
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V. PM -1 NUCLEAR POWER PLANT STANDARD  

OPERATING PROCEDURES

A . BASIC OPERATING CRITERIA

The p o s s ib il ity  of o p era to r  e r r o r  cau sin g  an a cc id en t h a s been m in i­
m ized  by e s ta b lish in g  the fo llo w in g  b a s ic  operating  c r iter ia :

(1) A ll op era tin g , te s t , and em erg en cy  p ro ced u res  w ill have been  
p rep ared  in d e ta il and rev iew ed  in  advance fo r  c o r r e c tn e s s  
and plant sa fe ty .

(2) B efo re  the P M -1 plant w ill  be p laced  into n orm al s e r v ic e , an 
e x te n s iv e  te s t  p rogram  w ill be conducted, including p r e - s ta r t ­
up te s tin g  to check  the in sta lla tio n  of m a ter ia l and equipm ent, 
in it ia l c r it ic a l  te s t in g , lo w - and ra ted -p o w er  operation , and a 
six -m o n th  p er fo rm a n ce  te s t in g  p eriod  to d eterm in e  the adequacy  
of the approved  o p era tin g  p ro ced u res  and to check the operation  
of s y s te m s  and equipm ent.

(3) A ll op era tin g  p erso n n e l w ill have r e c e iv ed  an ex ten siv e  tra in ­
ing p rogram  and each  ind iv idu al w ill have to qualify  for  h is  
a ss ig n e d  r e sp o n s ib ility .

(4) S tart-u p , n orm al shutdown, and oth er rep etitiv e  op eration s  
w ill be p erform ed  in  a cco rd a n ce  w ith sp e c if ic  check l i s t s .

(5) The co n tro l room  w ill be m anned at a ll  t im e s  by a qualified  
o p era to r .

(6) O peration  and co n tro l of the r ea c to r  and m o st of the p r o c e s s  
equipm ent w ill  be c e n tr a liz e d  in the con tro l room .

(7) W hile m o st of the o p era tin g  and con tro l fu n ction s a re  in itia ted  
fro m  the con tro l room , o p era to rs  m ay p erfo rm  som e functions  
in the equipm ent a rea  at the d irectio n  of the con tro l room  
su p e r v iso r  o r  with h is  p r io r  know ledge.

(8) M aintenance w ill  be c a r r ie d  out in a ccord an ce  with sp ec if ic  
p ro ced u res  and in a cco rd a n ce  with e sta b lish ed , sa fe  p r a c tic e .

(9) C h eck -ou t t e s t s  o r  routine m aintenance o f p ro tective  d e v ic e s  
and c r it ic a l  op era tin g  equipm ent w ill  be done in accord an ce  
with p r e sc r ib e d  sch ed u le s .

(10) R adiation  m on itorin g  by fix ed  and portab le in stru m en tation  
w ill be provided  fo r  a l l  rad iation  zo n es.
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(11) P e r so n n e l lea v in g  a contam inated  radiation  zone and equip­
m ent bein g  rem oved  from  such zo n es  w ill  be ap p rop ria tely  
su rv ey ed  by a H ealth  P h y s ic is t .

(12) Irrad ia ted  fu el i s  to  be changed by s e m i-r e m o te  m ethods  
under w ater  by m ea n s of g ra p p les  and an o p e ra to r -co n tro lled  
h o is t .

(13) A ll un exp ected  in c id en ts , un safe a c ts , or  in c id en ts  of e x c e s ­
s iv e  exp o su re  to rad iation  w ill be thoroughly in v estig a ted  and 
rep o rted , in o rd er  to e ffe c t  p ro ced u res  to p reven t r ec u r r en ce .

(14) The PM -1 plant i s  so  p ro tected  by autom atic sa fe ty  d e v ic e s  
that no s in g le  o p era to r  e r r o r  or rea so n a b ly  co n ceiv a b le  co m ­
bination  of op era to r  e r r o r s  could cau se  a s e v e r e  a cc id en t.

B . INITIAL TEST PROGRAM

The in it ia l te s t  p rogram  w ill  be d ivided  into four te s t  p h a se s . T h ese  
are:

1. P r e -s ta r t -u p  T estin g

It i s  the o b jectiv e  of th is  p rogram  to d em on stra te  that the plant h as  
been  b u ilt a cco rd in g  to sp e c if ic a t io n s  and that it i s  read y  for  co re  lo a d ­
ing and in it ia l s ta r t-u p . T h is p rogram  w ill c o v er  a ll  t e s t s  during the 
con stru ction  p er io d  p r io r  to p lant op eration .

The p rogram  w ill  inclu de ch eck in g , adjusting , and the operation  
n e c e s s a r y  to a s su r e  that in it ia l load ing  and su bsequent op eration  can  
be sa fe ly  undertaken. E ach sy s te m  i s  to be te s te d  fu n ction a lly  with  
sp e c ia l em p h a sis  on s y s te m s  im p ortant to the sa fe ty  and o p era b ility  
of the plant. The sy s te m  t e s t s  w ill in c lu d e , a s  ap p rop ria te , h yd ro sta tic  
and leak  t e s t s ,  c le a n lin e s s  ch eck s, in s ta lla tio n  c h e ck s , r e sp o n se  and 
s e n s it iv ity  m e a su r em e n ts , w ir in g  ch eck s, equipm ent tu rn over, and 
v ib ration  c h e ck s .

The fo llow in g  i s  a su m m ary  of the p r e -s ta r t -u p  te s ts :

C heckout of a ll  p r o c e s s  sy s te m s

(1) In sp ect and te s t  a l l  fie ld  co n n ectio n s.

(2) H y d ro sta tic  t e s t s  o f the p r im a ry  and seco n d a ry  s y s te m s .
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(3) A ll p lant co n ta in ers  w ill  be check ed  for  in teg r ity . They w ill 
be p n eu m a tica lly  te s ted  to 5 to 10 p s ig  with a m ixture of 
F reo n  and a ir . F reo n  d e te c to r s  w ill be u sed  for  a gen era l 
su r v e y  and a soap -b u b b le te s t  w ill be u sed  to d eterm ine the 
e x a c t lo ca tio n  of any le a k s .

(4) F lu sh  the p r im a ry  and seco n d a ry  s y s te m s .

(5) The v a r io u s  s y s te m s  w ill  be charged  with th e ir  r e sp e c tiv e  
w orking flu id s .

(6) The ro ta tin g  equipm ent and plant com pon en ts w ill be operated  
in d iv id u a lly .

(7) The v a r io u s  flu id  s y s te m s  w ill  undergo a p erform an ce te s t  by 
the p r e lim in a ry  op eration  of a ll  sy s te m s  at p r e ssu r e  and te m ­
p era tu re . The s y s te m s  w ill be checked  fo r  le a k s . A s each  
flu id  sy s te m  i s  put into s e r v ic e ,  the a s so c ia te d  a la r m s , con ­
tr o ls ,  r e l ie f  s e tt in g s , and in te r lo c k s  w ill  be check ed . A ll  
in d ica tin g  lig h ts  and annunciator sy s te m  w ill  be ch eck ed .

(8) The v a r io u s  g a seo u s  s y s te m s  w ill be check ed  to a s su r e  s a t is ­
fa c to r y  op eratin g  of the sy s te m  and to check  the perform an ce  
of the ind iv idu al com p on en ts. In itia lly  a pneum atic te s t  w ill 
be m ad e. O peration  o f a ll  v a lv e s , co n tro ls , in stru m en ts  and 
p r o tec tiv e  d e v ic e s  w ill be ch eck ed .

C heckout o f n u c lea r  in stru m en ta tion

S im u lated  s ig n a ls  w ill  be in trod ucted  to the rea c to r  n u clear  
in stru m en ta tion  to d eterm in e  that the sy s te m  and individual 
com pon en ts p er fo rm  s a t is fa c to r ily . A ll p u lse  chann els w ill 
be ch eck ed  with a p u lse  g en era to r  a fter  in sta lla tio n . The 
io n iza tio n  cham b er ch an n els  w ill be check ed  with a cu rren t  
s o u r c e . A la rm  and tr ip  s ig n a l chann els w ill  be s e t  at d e s ig ­
nated le v e l s .  The d e te c to rs  w ill be connected  and the o v e r ­
a l l  sy s te m  w ill  be ch eck ed  fo r  op eration  with a portab le  
so u r c e .

The ra d ia tio n -m o n ito r in g  sy s te m  w ill  be checked  for  sa tis fa c to ry  
op eration  of a l l  ch an n els , in clu d in g  the operation  of a l l  a la r m s  and 
tr ip  s ig n a ls . The p e r m a n e n tly -in s ta lled  ch ann els in the plant w ill be 
check ed  a fte r  in s ta lla tio n  with a p ortab le  so u rce .

To prove the sa tis fa c to r y  op eration  of the r ea c to r  shutdown sy ste m  
b efo re  o p era tion  with a c o re , a ll  the input s ig n a ls  cau sin g  a scra m  w ill 
be in d iv id u a lly  in itia ted  o r  s im u la ted  and the sy s te m  w ill be checked  
fo r  p ro p er  op eration .
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To in su re  that the p r im a ry  sy s te m  i s  in  a condition  of c le a n lin e ss  
su itab le  for  c r it ic a l  op eration , the p r im a ry  sy s te m  f il te r  w ill be r e ­
m oved , and any fo re ig n  m a ter ia l c o lle c te d  w ill be ex tra c ted .

2. In itia l C r it ic a l T estin g

The in it ia l c r it ic a l  t e s t s  w ill  provide in form ation  req u ired  for  
p rop er op eration  of the r e a c to r  c o re  and con tro l s y s te m s . D uring the 
in it ia l c r it ic a l  te s t  p rogram , the r e a c to r  pow er develop ed  w ill be r e ­
s tr ic te d  to low  pow er not req u ir in g  the seco n d a ry  plant fo r  h eat d i s s i ­
pation .

The in it ia l c r it ic a lity  t e s t s  w ill c o n s is t  of op era tion a l t e s t s  of the 
con tro l rod m e ch a n ism s, in it ia l ca lib ra tio n  of n u c lea r  in stru m en tation , 
com p lete  ch eck -o u t of the r e a c to r  co n tro l co n so le , approach to c r i t i ­
c a lity , ca lib ra tio n  of con tro l rod w orth d eterm in ation  of r e a c tiv ity  
c o e ff ic ie n ts , and rep eated  a p p ro a ch es to c r it ic a lity  and m anual lo w -  
pow er op era tion . The r e s u lt s  of th ese  t e s t s  w ill be com p ared  with the 
p red ic ted  r e s u lt s .  The o b jectiv e  of th e se  t e s t s  i s  to in su re  safe  o p era ­
tion o f the r e a c to r  co re  and to p rovide  data n e c e s s a r y  for  in it ia l ev a lu a ­
tion  of the c o re  p er fo rm a n ce .

The p rogram  w ill be seq u en ced  a s  fo llow s:

(1) A fter  the fu el i s  load ed  in  the p r e ssu r e  v e s s e l ,  the charging  
pump w ill be u sed  to  f i l l  the r ea c to r  s lo w ly . The neutron  
le v e l  w ill be con tin u a lly  o b serv ed  during the op eration  to  
avoid  any p o ss ib le  n u c le a r  h azard .

(2) O peration al t e s t s  w ill  be m ade o f the con tro l rod m e ch a n ism s. 
The sc r a m  c ir c u its  w ill  be te s te d  and the sc r a m  t im e s  d e te r ­
m ined to a s su r e  p ro p er  op era tion  of the con tro l rod d r ive  
m e ch a n ism s, sc r a m  r e lia b ility  and p rop er  la tch in g  of the 
m e c h a n ism s a fter  in sta lla tio n  and p r io r  to in it ia l plant s ta r t-u p .

(3) W ith the r ea c to r  f i l le d  w ith w ater  at a tm o sp h er ic  p r e ssu r e  and 
am b ien t tem p era tu re , ind iv idu al con tro l rod s sh a ll be w ithdraw n  
s lo w ly  and ca u tio u sly  a s  a l / m  curve i s  p lotted  a s  a function  of 
con tro l rod p o s itio n . C r it ic a lity  w ill be a cco m p lish ed  sa fe ly , 
and the con tro l rod con figu ration  for  co ld  c r it ic a l ity  w ill  be 
d eterm in ed . A ca lib ra tio n  of the con tro l rod w orth w ill  be 
m ade a s  w e ll a s  the d eterm in ation  of the v a r io u s  r ea c tiv ity  
c o e ff ic ie n ts .

D eta iled  p ro ced u res  w ill be w r itten  p r io r  to the s ta r t of any te s tin g .
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3. L ow - and R a ted -P o w er  O peration

The p lant w ill  be op era ted  in it ia lly  at low  pow er in tegra tin g  in the 
seco n d a ry  s y s te m . The r e a c to r  p ow er w ill be in c r ea se d  in  s te p s  a s  
the turb ine g en era to r  i s  load ed  down to fu ll pow er. The intent o f th is  
seq u en ce  of t e s t s  i s  to d em o n stra te  the a b ility  of the o v e r a ll plant to 
m eet the op era tio n a l d es ig n  s p e c if ic a t io n s . In addition , an in te r ­
ca lib ra tio n  o f the n u c lea r  in stru m en ta tio n  w ill be m ade to  check the 
o v er la p  of the so u r ce , in term ed ia te  and pow er range of the in stru m en ts . 
S e v e r a l rad ia tion  su r v ey s  w ill  be m ade to a s su r e  the adequacy of the 
sh ie ld in g  d es ig n .

4 . S ix-M onth  P er fo rm a n ce  T e s t

A s ix -m o n th  te s t in g  p ro g ra m  w ill be iindertaken at the com p letion  
of the low  and rated  pow er t e s t s .  T h is  p er iod  w ill a ls o  se r v e  a s  a fin a l 
tra in in g  and ch eck -o u t o f c u s to m e r  op eratin g  p erso n n e l. T h ese  t e s t s  
w ill  in v e s t ig a te  both s te a d y -s ta te  and n o rm al pow erplant tra n sien t  
op era tion  to p rov id e  p er fo rm a n ce  data. F in a l operatin g  p ro ced u res  and 
m ain tenance p ro g ra m s w ill  be form tila ted . A ll equipm ent and sy s te m s  
w ill  be te s te d  to  a s su r e  that th ey  m ee t the intended d esig n  req u irem en ts . 
The fo llo w in g  a r e  ty p ica l o f the type t e s t s  that w ill be conducted.

(1) P lan t s ta r t-u p  t e s t s  to d eterm in e  op eratin g  c h a r a c te r is t ic s  
under va ry in g  s ta r t-u p  con d ition s to com p are w ith sp ec if ied  
d e s ig n  req u irem en ts .

(2) T ra n sien t t e s t s  to  d e term in e  the a b ility  o f the plant to handle 
v a r io u s  rate  o f change o f load  dem and.

(3) S tea d y -sta te  t e s t s  to  d e term in e  that the plan can m eet fu ll 
d e s ig n  pow er r eq u ir em en ts .

(4) F iv e  h u n d red -h ou r continuous op eration  to d em on strate  the 
r e lia b ility  of continuous plant op eration .

(5) Shutdown t e s t s  to d e term in e  op erating  c h a r a c te r is t ic s  \m der  
v a ry in g  shutdown co n d ition s to com pare w ith d esig n  r e q u ir e ­
m en ts .

(6) P er fo rm a n ce  t e s t s  on the v a r io u s  plant com ponen ts to a s su r e  
sa t is fa c to r y  op eration , to d eterm in e  h eat ra te  and h eat b a lan ce, 
to d eterm in e  the a b ility  to m aintain  d esig n  con d ition s.

(7) P e r io d ic  con tro l rod c a lib ra tio n s  and con tro l rod p o sition  for  
c r it ic a l ity  to d e term in e  the rod configuration  fo r  c r it ic a lity  
at co ld  and hot op era tin g  con d ition s o v er  the life t im e  of the 
c o r e .
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(8) P r e s s u r e , tem p era tu re  and flow  c o e ffic ien t m ea su rem en ts  
of r e a c tiv ity .

(9) X enon tra n sien t t e s t s  to d eterm in e  the r e a c tiv ity  change  
a s  a function o f tim e  due to the bu ild -up  and d ecay  of xenon  
a fte r  shutdown fo llow in g  extended  op eration  at fu ll p ow er. 
A ls o , d eterm in e  the a b ility  of the rea c to r  to o v err id e  the 
xenon  tra n sien t at v a r io u s  s ta g e s  of co re  burn up.

C . NORMAL PLANT ST A R T -U P  AND POWER OPERATION

The n o rm a l plant s ta r t-u p  and pow er o p era tion a l p ro ced u res  w ill  
be fin a lized  -by the e x p er ien ce  attended  during the s ix  month p e r fo r m ­
ance te s t in g . B y the com p letion  of the s ix  month te s t  p rogram  the  
o p era tin g  c h a r a c te r is t ic s  o f the p lant, and the plant c a p a b ilit ie s  and  
lim ita tio n s  w ill  be thoroughly  u n derstood .

The fo llow in g  a r e  the b a s ic  s te p s  of plant s ta r t-u p . D eta iled  s ta r t­
up and o p era tin g  p ro ced u res  w ill  be e sta b lish e d  b e fo re  the in it ia l s ta r t­
up.

(1) To a s su r e  the plant sa fegu ard  fe a tu r e s  a re  fim ctioning prop­
e r ly , and that a l l  equip m ent i s  in  prop er condition  for  op era tion .

(1) C om plete the in stru m en ta tio n  check  l i s t  to a s c e r ta in  that 
a ll  sa fe ty  c ir c u itr y  and in te r lo c k s  a re  op erab le  and c a l i ­
brated .

(2) C om plete the v a lv e  c h e c k -o ff  l i s t  to a s su r e  the v a r io u s  
s y s te m s  a re  a lig n ed  p ro p er ly .

(3) C heck that adequate m ak e-u p  and r e s e r v e  feed  w a ter  is  
a v a ila b le .

(4) C lea r  the r e a c to r  a rea  of a l l  p erso n n e l.

(2) S tart the p r im a ry  sy s te m  pum p.

(3) E sta b lish  sy s te m  o v e r -p r e s s u r e  with the p r e s s u r iz e r .

(4) W ith g r e a te r  than 2 c o u n ts /s e c .  on the s ta r t-u p  co u n ters  
s ta r t  w ithdraw al of the co n tro l rod s until c r it ic a lity  i s  
e sta b lish e d . A contin uous check i s  to be m ade of the m u lti­
p lica tio n  w hile the r e a c to r  i s  su b c r it ic a l and of the r ea c to r  
p eriod  a fter  c r it ic a l ity  i s  e s ta b lish e d .
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(5) In crea s in g  r e a c to r  pow er w ill  not be p e r m is s ib le  if  th ere  i s  
not at le a s t  one decade o v er la p  betw een  the sta r t-u p  cou n ters  
and the L o g N  in d ica tion .

(6) To avoid  d eve lop in g  th erm a l s t r e s s e s  the p r im a ry  coolant 
tem p era tu re  r is e  ra te  w ill  be r e s tr ic te d .

(7) M aintain a r e a c to r  p ow er le v e l  which w ill p erm it a con tro lled  
w arm up of the p r im a r y  sy s te m .

(8) M aintain a su ffic ie n t sy s te m  o v e r p r e ssu r e  w ith the p r e s s u r iz e r  
to p reven t b o ilin g  at a l l  s ta g e s  of w arm up.

(9) The r e a c to r  w ill  be c a re fu lly  brought to 10 -  15% rated  pow er  
and op eratin g  s te a m  p r e s s u r e  w ill be e sta b lish ed  in the seco n d ­
a r y  s tea m  drum . The seco n d a ry  s tea m  lin e s  w ill then be w arm ed  
fo r  at le a s t  30 m in u tes .

(10) The tu rb in e -g en era to r  w ill  be brought up to sp eed  at no load and 
the turb ine o v er  sp eed  tr ip  checked .

(11) The turbine g en era to r  w ill be syn ch ron ized  and loaded  a s  the 
r e a c to r  i s  in c r e a se d  in  pow er s im u lta n eo u sly .

(12) When the sy s te m  e le c tr ic a l  req u irem en ts  a re  m et stead y  sta te  
con d ition s w ill  be e s ta b lish e d .

The m ain  fim ction s of the op era tin g  p erso n n e l during norm al pow er  
op era tio n s are:

(1) S u rv e illa n ce  o f plant equipm ent for  prop er fxm ctioning and 
m aking the n e c e s s a r y  ad ju stm en ts and r e p a ir s . T h ese  in ­
clude:

(1) R outine p rev en tiv e  and overh au l m ain ten an ce.

(2) P r o c e s s  s te a m  and w ater  sam p lin g .

(3) O b serv in g  and reco rd in g  in form ation  from  the plant 
in stru m en ta tion .

(4) R outine ch eck s  o f con tro l rod functioning.

(5) P e r io d ic  t e s t s  of au tom atic , r em o te -co n tr o lle d  and sa fe ty  
v a lv e s .

(2) M anual co n tro l o f the r e a c to r  pow er by m anipiilation  of the 
con tro l ro d s .
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(3) E valu ation  of abnorm al con d ition s and taking of em erg en cy  
a ctio n  a s  req u ired .

(4) C onfining any ra d io a c tiv e  contam ination  to the sm a lle s t  
p o ss ib le  area; and p reven tin g  contam ination  of p erso n n e l 
and en v iro n s  above m axim um  p e r m is s ib le  le v e l s .

(5) P rep a ra tio n  and handling of irra d ia ted  fu el fo r  o f f - s i te  
sh ip m en t.

D . PLA N T SHUTDOWN

T h ere a r e  two ty p es  of plant shutdown, n orm al shutdown and e m e r ­
g en cy  shutdown.

1. N orm al Shutdown

A n o rm al shutdown i s  co n s id ered  one that i s  planned in advance and 
d oes not r e su lt  in  a th erm a l shock of the p r im a ry  plant equipm ent. The 
n orm al plant shutdown i s  a cco m p lish ed  by the fo llow in g  s te p s .

(1) The turbine and r e a c to r  pow er a re  reduced  and the g en era to r  
i s  sep a ra ted  from  the d istr ib u tion  sy s te m .

(2) The r e a c to r  coo lan t tem p era tu re  i s  red u ced  at a con tro lled  
ra te  so  a s  not to th er m a lly  s t r e s s  p r im a ry  sy s te m  equipm ent.

(3) The fin a l p o sitio n  o f the con tro l rod s i s  " a ll in."

2. E m e rg e n c y  Shutdown

An em e rg e n c y  shutdown is  u su a lly  c o n sid ered  to be a sc r a m -in it ia te d  
shutdown, w h eth er  the sc r a m  i s  ca u sed  by one of the sa fe ty  s ig n a ls  or  by  
m anually  pu sh ing the sc r a m  button.

In a ll in s ta n c e s  of em e rg e n c y  shutdown, a check  i s  m ade to m ake 
cer ta in  that the ex p ected  seq u en ce  of ev en ts  a c tu a lly  h a s  o ccu rred  and 
that the plant h a s  been  sa fe ly  shut down. Then actio n  i s  d irected  tow ard  
lo ca tin g  and c o rr e c tin g  the con d ition s that req u ired  the shutdown.

E . REFUELING

The b a s ic  p r in c ip le s  by w hich the PM -1 r e a c to r  w ill  be refu e led  a re  
a s  fo llo w s:
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(1) R efu elin g  w ill  be conducted  through the top of the rea c to r  
a fte r  p r e s s u r e  v e s s e l  head rem o v a l.

(2) The in se r tio n  and rem o v a l o f fu el w ill be done under w ater  
by m ea n s of g ra p p le s  and h o is t  con tro lled  by o p era to rs . The 
w ater  p ro v id es  both sh ie ld in g  and coolant,

(3) The re fu e lin g  op eration  w ill  be conducted with the con tro l 
ro d s d isco n n ec ted  and in the c o re .

(4) The rad iation  exp o su re  of the refu e lin g  o p era to rs  w ill be 
co n tro lled  by handling the irra d ia ted  fu el under w ater, and 
by m on itor in g  the m ovem en t of a ll  irra d ia ted  fu el by portable  
in stru m en ta tio n .

(5) Irrad ia ted  fu el w ill  be s to red  in approp riate ca sk s  until 
su ffic ie n t co o l down w ill  a llo w  sh ipm ent.

(6) U n irrad ia ted  fu e l w ill  be s to red  in a ir  in the fu el vau lt.

(7) A d e ta iled  re fu e lin g  p roced u re  w ill be w ritten  and approved  
b efo re  re fu e lin g  o p era tio n s  a r e  in itia ted .

F . WASTE DISPOSAL OF SOLIDS, LIQUIDS AND GASES

The b a s ic  o b jectiv e  o f the w a ste  d isp o sa l sy s te m  i s  the routine  
d isp o sa l of ra d io a c tiv e  w a s te s  that m u st not resvilt in the exp osu re  of 
p e r so n n e l on or  off the PM -1 plant p r e m is e s  in e x c e s s  of the p e r m is s i­
b le  l im it s .  S u ffic ien t c o n se r v a tism  i s  included in the d esig n  and 
op era tion a l p ro ced u res  to a s s u r e  that the a v era g e  o f f - s i t e  ex p o su res  
w ill  be a s ig n ifica n t fa c to r  b elow  the p e r m is s ib le  l im its .

G. MAINTENANCE

P rev en tiv e  m ain tenance w ill  be conducted in the sam e w ay a s  is  
p ra c ticed  in con ven tion a l p lan ts w ith the excep tion  of the rad iation  -  
con tam in ation  p rob lem . The b a s ic  p r in c ip le s  by w hich m aintenance  
w ill be p erfo rm ed  are:

(1) To m in im ize  the p o s s ib il ity  o f e r r o r  or dam age to equipm ent, 
a ll  m aintanance w ill  be done in accord an ce  with a sp e c if ic  
ch eck  l i s t .

(2) E quipm ent and sy s te m  m ain tenance r ec o r d s  w ill be kept to 
fa c ilita te  sch ed u lin g  and com p letion  of a ll  n e c e s s a r y  m ain ­
ten a n ce . T h ese  r e c o r d s  w ill  include equipm ent h is to r y  and 
overh au l r ep o r ts .
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(3) R a d i a t i o n  m o n i t o r i n g  wil l  be p r o v id e d  d u r in g  the  in i t i a l  
a p p r o a c h  to the  e q u ip m e n t  and p e r i o d i c a l l y  d u r in g  d i s ­
a s s e m b l y .

(4) The  e q u ip m e n t  wi l l  be d e c o n t a m i n a t e d  a s  n e c e s s a r y  p r i o r  
to the  p e r f o r m a n c e  of m a i n t e n a n c e .

(5) P e r s o n n e l  r a d i a t i o n  e x p o s u r e  r e c o r d s  and  l i m i t a t i o n s  wil l  
be a d h e r e d  to in a s s i g n i n g  t i m e  l i m i t a t i o n s  on jo b s  in r a d i a ­
t ion  f i e ld s .  C h e c k s  on w o r k  a r e a  e x p o s u r e  r a t e s  wi l l  be  m ad e  
by  p o r t a b l e  and  p e r s o n n e l  m o n i to r in g  d e v i c e s .  A l l  such  w ork  
w i l l  be done with the a d v a n c e d  c o g n iza n c e  and  a p p r o v a l  of 
both  the  h e a l t h  p h y s i c s  r e p r e s e n t a t i v e  and  the  sh i f t  s u p e r v i s o r .

(6) P r o t e c t i v e  c lo th in g  wi l l  be  w o r n  and  o t h e r  m e a s u r e s  o b s e r v e d  
a s  n e c e s s a r y  to av o id  s p r e a d  of r a d i o a c t i v e  m a t e r i a l s .

(7) W hen  the  p o s s i b i l i t y  of r a d i o a c t i v e  a i r b o r n e  p a r t i c l e s  e x i s t s ,  
f r e s h  a i r  b r e a t h i n g  e q u ip m e n t  w i l l  be u s e d .

(8) A l l  m a i n t e n a n c e  o r  r e p a i r  to the  i n t e r n a l  p a r t s  of the  r e a c t o r  
w i l l  be i m d e r  the  d i r e c t  s u p e r v i s i o n  of a qua l i f i ed  ind iv idua l .

(9) No m a i n t e n a n c e  p e r s o n n e l  w i l l  be  a l lo w ed  n e a r  the  r e a c t o r  
d u r i n g  c r i t i c a l  e x p e r i m e n t s  o r  p o w e r  i n c r e a s e s .

(10) M a in t e n a n c e  w o rk  i s  p e r m i t t e d  d u r in g  n o r m a l  s t e a d y  s ta t e  
o p e r a t i o n .

(11) No m a i n t e n a n c e  i s  to be p e r f o r m e d  w i thout  p r i o r  a p p r o v a l  of 
the  sh i f t  s u p e r v i s o r .

(12) M a j o r  o v e r h a u l  p e r i o d s  r e q u i r i n g  c o m p le t e  p lan t  shutdown 
w i l l  be s c h e d u le d  a s  r e q u i r e d ,  c o m m e n s u r a t e  with sa fe  p lan t  
o p e r a t io n .

H, INVESTIGATION O F  UNUSUAL OR U N E X P E C T E D  INCIDENTS

U n u su a l  o r  u n e x p ec te d  i n c id e n t s  th a t  r e s u l t  in  o c c u r r e n c e  beyond  the 
n o r m a l  e x p e r i e n c e  of o p e r a t i o n  invo lv ing  e i t h e r  e x c e s s i v e  r a d i a t i o n  e x ­
p o s u r e  of p e r s o n n e l ,  i n c i d e n t s  r e s u l t i n g  in s e r i o u s  i n ju r y ,  so c a l l e d  
" c l o s e  c a l l s , "  o r  u n sa f e  w o rk in g  p r a c t i c e s  wil l  be  p r o m p t l y  r e p o r t e d  to 
s u p e r v i s i o n .

In o r d e r  to p r e v e n t  m o r e  a d v e r s e  c o n s e q u e n c e s  fo l lowing such  i n c i ­
d en ts  i t  will  be  s t a n d a r d  p r o c e d u r e  to:
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(1) Make a thorough in v estig a tio n  of a ll  such in c id en ts.

(2) R eport a ll  such  in c id en ts  in w ritten  d eta il.

(3) If the sa fe ty  of any op eration  i s  qu estion ab le  the operation  
w ill be suspended  u ntil the question ab le  portion  i s  r e so lv ed .

(4) E sta b lish  and en fo rce  r u le s  or  p ro ced u res  n e c e s s a r y  to 
p rev en t r ec u r r en ce  of the incid en t.

I. PROTECTION AGAINST OPERATIONAL ERRORS

Thorough tra in in g  of the op era tin g  sta ff, work con d itions such a s , 
a ir  cond ition in g, c o lo r  com b in ation s, and ligh ting  conducive to attention  
to d u ties, and sy s te m a tic a lly  planned op eratin g  and m aintenance p ro ­
c ed u res  w ill m in im ize  the p o s s ib il ity  of op era tor  e r r o r . Safety fea tu res  
in corp ora ted  in the plant a re  d esig n ed  to p ro tect a g a in st a cc id en ts  in the 
even t of op era to r  e r r o r  that m ight o ccu r .

The fo llow in g  m e a su r e s  w ill be taken to p ro tec t aga in st op era tor  e r r o r .

(1) E ach  op era tin g  p o s itio n  w ill have i t s  d u ties and r e sp o n s ib ilit ie s  
c le a r ly  e s ta b lish e d .

(2) A ll p erso n n e l m u st q u alify  fo r  th e ir  p o sitio n  (ora l and w ritten  
ex a m in a tio n s).

(3) D efin ition  w ill  be m ade a s  to the d e c is io n  m aking authority  for  
the v a r io u s  p o s itio n  le v e l s .

(4) P er fo rm a n ce  stan d ard s, both op eration a l and m aintenance w ill 
be e s ta b lish e d ,

(5) A ll r ep e tit iv e  o p era tio n s such a s  s ta r t-u p , shutdown, and 
m ain tenance w ill be c a r r ie d  out accord in g  to check l i s t s .

(6) The op era tin g  p erso n n e l w ill  be tra ined  in  the appropriate  
c o r r e c t iv e  a ction  to a ll  of the s ig n ifica n t e r r o r  situ ation s  
that can be p red eterm in ed .

(7) M ost s itu a tio n s  req u ir in g  fa s t  action  to p reven t se r io u s  and 
a d v e r se  con d ition s a r e  d esign ed  with autom atic  tr ip  or scra m  
p ro tectio n .

(8) The con tro l panel i s  hum an en g in eered  to:

(1) M in im ize con stan t atten tion  to co n tro ls  to reduce op erator  
fa tigu e.
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(2) C le a r ly  id en tify  c o n tro ls  and in stru m en ts .

(3) C a refu lly  group c o n tr o ls  and in stru m en ts  to m in im ize  
the p rob ab ility  of op eratin g  the w rong con tro l.

(9) The m ore c r it ic a l  seq u en tia l o p era tio n s have been  in te r ­
lo ck ed  a n d /o r  ann uciated .

J . EM ERGENCY PROCEDURES

The action  planned fo r  an e m e rg e n c y  that m ay endanger the sa fe ty  of 
the p lant or p erso n n e l by continued op eration  is  a s  fo llow s:

(1) Shutdown the r ea c to r  a s  qu ick ly  a s  the s itu ation  dem ands.

(2) Take actio n  a s  m ay be app rop riate  to p ro tec t p erso n n e l, 
equipm ent or  en v iro n s .

(3) E m e rg e n c y  p ro c ed u r es  w ill  be e sta b lish e d  fo r  the m ore  
p la u sib le  s itu a tio n s  such a s  f ir e , lo s s  of pow er, e tc .
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VI. HAZARDS EVALUATION

A. GENERAL

In eva lu a tin g  the p o ten tia l h a zard s a s so c ia te d  w ith the P M -1 , a hypo­
th e t ic a l accid en t w as stu d ied  w hich em bod ied  fa ilu r e s  b e liev ed  to  be b e ­
yond the rea lm  of c r e d ib ility . An a n a ly s is  w as m ade of the r e su lts  of 
th is  h y p oth etica l a ccid en t in  te r m s  o f the p o ten tia l danger to  the popu­
la tio n  in  the a r ea  of W arren P eak . The p a r ticu la r  population group co n ­
s id e r e d  is  the town o f Sundance, W yom ing. A il p erso n n e l at the radar  
sta tio n  w ill  be under d ir e c t  co n tro l o f the m ilita r y  com m an der and, 
th e r e fo r e , th e ir  in vo lvem en t in  any accid en t can be govern ed  by e m e r ­
g en cy  p r o c ed u r es .

The a ccid en t m o d el a s su m e s  that th e p r im a ry  coolant sy s te m  is  
ruptured as a r e su lt  o f a n u c lea r  e x cu rs io n  w hile op eratin g  at fu ll 
p o w er . The n u c lea r  e x cu rs io n  w as a ssu m ed  to be the r e su lt  of the in ­
trod u ction  of a 2% step  in c r e a s e  in  r e a c tiv ity . The a n a ly s is  show ed  
that th is  e x cu rs io n  r e le a s e d  a g r e a te r  en erg y  than a sim iFar accid en t 
at co ld  co n d itio n s . F u rth er , the a ccid en t m od el a s s iim e s  that the  
p r im a ry  sy s te m  ru p tu res in  the s te a m  g en era to r  p ack a g e , w h ere , unlike  
the r e a c to r  p a ck a g e , no sh ie ld  w a ter  i s  a v a ila b le  to  quench the fla sh in g  
s te a m .

The seq u en ce  o f ev en ts  fo llo w in g  the rupture o f the p r im a ry  sy s te m  
a ssu m ed  that the r e a c to r  c o r e  m e lted  r e le a s in g  22% of the contained  
f is s io n  p rod u cts r e su lt in g  fro m  two y e a r s  o f fu ll pow er op eration . T his 
i s  again  e x tr e m e ly  p e s s im is t ic .  The e x cu rs io n  a n a ly s is  has shown that 
th e  c en te r  o f the fu e l tube w all d oes not rea ch  the m eltin g  tem p eratu re  
o f s ta in le s s  s t e e l  (1400° C ). The c lad d in g  tem p era tu re  w ould , o f c o u r se ,  
be co n s id era b ly  lo w er  than the c en te r  fu e l tem p era tu re . T hus, the r e ­
le a s e  o f any o f the contained  f is s io n  p rod u cts i s  v e r y  q u estion ab le .

It w as a ssu m ed  that th e s te a m  cloud form ed  upon rupture, f il le d  the  
p r im a r y  s y s te m  s h e lte r  a r ea  ca u sin g  th e  b u ild in g to  fa il . T his r e le a s e s  
th e  c loud  to th e a tm o sp h ere .

The r e le a s e d  c lou d  w as a ssu m ed  not to  r i s e  but ra th er  to  m ove  
downwind in  a h o r izo n ta l lin e  fro m  th e point of r e le a s e .  T h is i s  again  
a v e r y  p e s s im is t ic  a ssu m p tio n . The s te a m  cloud at the point of r e le a s e  
w ill be at a tem p era tu re  of ap p ro x im a te ly  200° F  (T g at 6600 fe e t) . T h is

c lou d  under la p se  co n d ition s w ill r i s e  s ig n ifica n tly .

It i s  th e r e fo r e  b e lie v e d  that the h y p oth etica l accid en t analyzed  is  
e x tr e m e ly  p e s s im is t ic  and cou ld  not be ach iev ed  excep t p o ss ib ly  through  
planned sa b o ta g e .
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B. NUCLEAR EXCURSION

T he e x cu rs io n  a n a ly s is , p erfo rm ed  qn an IB M -704 b a sed  upon a p ro ­
gram  p rep ared  by The M artin C om pany, p rovid ed  the r e su lts  ind icated  
on T able V l-1  below . The p ro g ra m  u tiliz e d , a s su m e s  that a ll th erm a l
e ffe c ts  w hich a c t to  shut down the e x cu rs io n  can be lum ped into two 
e ffe c ts :

(1) F u e l tube tem p era tu re  r is e

(2) Steam  form ation  w ith in  the m o d era to r  ( i .e . ,  void  form ation ).

TA BLE V l-1  

P M -1 E x cu rsio n  Data 

Step -  O perating P ow er (9 .35 MW)

R ea ctiv ity A sym p totic  
P er io d  (MS)

E n ergy
(M W -Sec)

F u e l

0 .010  Step 14 38 532®
0.015 Step 1.8 97 987
0 .020  Step 1.0 148 1296

— 6S te p --Z e r o  P ow er (10 m w )

0 .010  Step 19 39 185
0 .015 Step 1.8 100 796
0 .020  Step 1.1 155 1045

R a m p --O p era tin g  P ow er

0 .0050  K e x /s e c 1030 Max. 23 341
0 .0075  K e x /s e c 598 Max. 23 342
0 .0100  K e x /s e c 385 Max. 23 343

Z e r o  P ow er

0 .0050  K e x /s e c 431 Max. 27 136
0 .0075  K e x /s e c 317 Max. 30 166
0 .0100  K e x /s e c I l l  Max. 33 191
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In addition , the fo lio w in g  a ssu m p tio n s a re  m ade:

(1) H eat tr a n s fe r  through both fu e l and m od erator  is  condu ctive.

(2) The th erm a l d if fu s iv it ie s  of the fu e l e lem en t w ail and m o d er­
ator a re  constsint.

(3) Steam  form ation  b eg in s  when the fu e l tube su r fa ce  tem p eratu re  
r ea c h e s  the m o d era to r  sa tu ra tio n  tem p era tu re .

(4) The s te a m  fo rm a tio n  ra te  is  p rop ortion a l to the heat cu rren t  
en ter in g  the m o d era to r .

The com pu ter  p rogram  c o n s is t s  o f a tra n sien t th erm a l subroutine  
em bod ying th e above a ssu m p tio n s coupled  to a n u c lea r  k in etic  routine. 
T he n u c lea r  k in etic  routine p ro v id es  the heat r e le a s e  ra tes  fo r  the 
th er m a l subroutine w hich in  turn fe e d s  back the r ea c tiv ity  lo s s e s .

The fo llow in g  p a r a m e te rs  w ere  u sed  in  the ex cu rs io n  a n a ly s is :

O perating p o w e r - -9 . 35 Mw

Initia l coo lan t tem p era tu re  = 2 2 5 .2 “ C 
Saturation  tem p era tu re  = 28 8 .9 “ C

Z ero  p o w e r --1 watt

In itia l coo lan t tem p era tu re  = 20“ C

Saturation  tem p era tu re  = 100“ C
_5

N eutron  l i f e t im e - -1 .4  x  10 s e c  

D elayed  neutron  fra c tio n  (lS )--0 .0075
_5

T em p eratu re  c o e ffic ien t of r e a c t iv ity - -3 .9 5  x  10 / “ C

V oid c o e ff ic ie n t  o f r e a c t iv i t y - -0 .3 7  Kex/% c o r e  vo id  fra ctio n

C. RUPTURE OF THE PRIMARY COOLANT SYSTEM

In th e accid en t an a lyzed , it  w as a ssu m ed  the p r im a ry  coolant s y s ­
te m  w as ruptured in  the s te a m  g en era to r  p ackage. The rupture of th is  
s y s te m  p rod u ces a s te a m  clou d  in  the P r im a r y  S ystem  S h elter . The 
am ount o f s te a m  r e le a s e d  b e c o m e s  unim portant when the assu m p tion  
i s  m ade that the s h e lte r  fa i ls  ^ releasing  the cloud. Any ste a m  o v e r ­
p r e s s u r e  in the s h e lte r  in e x c e s s  o f  that p r e s s u r e  req u ired  to fa il the
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b u ild in g  w ill tend to  p rod u ce a la r g e r  cloud  vo lu m e and thus red u ce  the  
s p e c if ic  a c t iv ity  of the r e le a s e d  c loud . In the a ccid en t a n a ly s is . It w as  
a ssu m ed  that the c loud  vo lu m e w as ex a c tly  equ iva len t to  the sh e lte r  
v o lu m e (136 cu b ic  m e te r s ) .

D . RADIONUCLIDE INVENTORY

The f i s s io n  product in ven tory  of the P M -1 a fter  two y e a r s  o f op era tion
6

at fu ll p ow er is  29. 7 x 10 c u r ie s .  T h is i s  m ade up o f the fo llow ing:
0

H alogens 2 .7  x  10 c u r ie s

6
N oble G a se s  2 . 2 x 1 0  c u r ie s

0
S o lid s  24 , 8 X 10 c u r ie s

6
T ota l 29. 7 X  10 c u r ie s

The f i s s io n  p rod u cts r e su lt in g  fro m  the n u c lea r  e x cu rs io n  can be 
n eg lec ted  a s  th ey  r e p r e se n t only about 4% of the s to r ed  f is s io n  p ro d u cts. 
L ik e w ise , the p r im a ry  coolan t a c tiv a tio n  p rod u cts can  be n eg lec ted  b ecau se  
of th e ir  low  co n cen tra tio n s  and in  the c a se  of the ra d io n itro g en s the sh o r t  
half l i f e .

E ven  though the e x c u r s io n  a n a ly s is  ind icated  that the fu e l tubes would  
not m e lt , the fo llo w in g  f is s io n  produ ct r e le a s e  w as a ssu m ed  in the a cc id en t  
ev a lu ation . T he p e r ce n ta g es  being taken fro m  r e fe r e n c e  2.

0
H alogens ( 70% of th o se  contained) 1 . 8 9 x 1 0  c u r ie s

0
N oble G a se s  (100% of th o se  contained) 2. 20 x  10 c u r ie s

0
S o lid s  ( 10% of th o se  contained) 2 .4 8  x 10 c u r ie s

0
T ota l 6 . 5 7  x  10 c u r ie s

The 6 . 5 7  m e g a c u r ie s  r e p r e se n t 22% of the to ta l contained  f is s io n  p rod u cts.

E . METEOROLOGICAL PARAM ETERS

F o r  the a cc id en t eva lu ation  it w as a ssu m ed  that the ra d io a c tiv e  cloud  
did not r i s e  but ra th er  that the cloud  cen te r  m oved  h o r izo n ta lly  fro m  the
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point of r e le a s e .  C a lcu la tion s in d ica te  that the cloud would r is e  a p p ro x i­
m a te ly  1700 fe e t  under a v era g e  co n d itio n s.

In ord er  to d eterm in e  wind v e lo c i t ie s  for  the hazards evaluation  it w as 
n e c e s s a r y  to r e ly  on the judgem ent of lo c a l o b se r v e r s  b ecau se  of the lack  of 
reco rd ed  data. T h ese  o b se r v e r s  e stim a ted  a m ean wind sp eed  of 15 m ile s  
p er  hour fo r  the su m m er m onths and 18 m ile s  p er  hour for  the w inter m onths. 
The m in im u m  reco rd ed  wind v e lo c ity  known for  W arren P eak  o v er  a p er iod  
of two su m m e r s  w as 5 m ile s  p er  hour. F o r  the hazards evaluation  the 
fo llo w in g  wind con d ition s w ere  em ployed:

P a ra m eter

Wind V e lo c ity

A v era g e  C ondition Stable C onditions

7 m e t e r s / s e c  (15 mph) 2 .3  m e t e r s /s e c  (5 mph)

Sutton's D iffu sion  
C o effic ien t

0. 30 m e te r s 0. 05 m e te r s

S ta b ility  P a r a m e te r  0 . 25 0 . 5 0

F . TOPOGRAPHICAL FACTORS

The top ograp hic fe a tu re s  of the s i t e  a rea  have a s ig n ifica n t in flu en ce upon 
the rad ia tion  d o se s  r e c e iv e d  by a downwind o b se r v e r . F ig u re  VI-1 show s  
a top ograp hic c r o s s - s e c t io n  through the PM -1 s i t e  and Sundance w ith s u p e r - 
im p o sit io n  o f cloud con figu ra tion s for  both a v era g e  and stab le  con d ition s.
The d is ta n ce s  fro m  the cen ter  of the cloud to ground a re  based  upon th is  
c r o s s - s e c t io n .  The s ig n if ic a n c e  of the topography of the s ite  a rea  is  that 
under s ta b le  cond itions the cloud w ill  not touch the ground at any point.
Under a v era g e  con d ition s the c loud  w ill  touch the ground throughout its  
p a ssa g e  downwind.
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G. HAZARDS EVALUATION

A h a zard s eva luation  b ased  upon the fo reg o in g  m od el i s  p resen ted .
The eva lu a tion  is  m ade both for  sta b le  and a v era g e  m e te o ro lo g ica l  
co n d itio n s . It in c lu d es th e d ir e c t ex tern a l rad iation  d o se s  from  the  
c lo u d , and in tern a l rad ia tion  d o se s  from  inhalation  of s ig n ifica n t  
ra d io n u clid es  in the c lo u d . F ig u r e s  V l-2  and V l-3  show  the su r fa ce  
path o f a ty p ica l cloud and F ig . V l-1  sh ow s a c r o s s - s e c t io n  through  
the cloud  path com bin ed  w ith the topographic c r o s s - s e c t io n .  F ig u r es  
V l-2  and V l-3  a lso  p r e se n t iso d o se  c u r v e s  a s  a function of ra d iu s .

1. A v era g e  M e teo r o lo g ic a l C onditions

T able V l-1  is  a su m m a ry  o f the ra d io b io lo g ica l co n seq u en ces  for  
the p o stu la ted  a cc id en t during a v era g e  co n d itio n s . In a ll  c a s e s ,  the 
in d iv id u al ex p osed  at v a r io u s  d is ta n ce s  from  the o r ig in  is  in  the sa m e  
v e r t ic a l  p lane a s  that con ta in in g  the lin e  rep re sen tin g  the m ovem en t of 
the cloud  c e n te r  above h im .

D ir ec t E x tern a l R adiation  D o s e s . - The ex tern a l gam m a d o se s  
r e su lt in g  from  d ir e c t rad ia tion  from  the cloud a s  it p a s s e s  overh ead  
v a ry  from  0 . 4 4  roen tgen  at 500 m e te r s  to  0. 27 m illiro e n tg en  at 9650 
m e te r s  (Sundance). In addition  to  th is  d ir e c t rad ia tion  from  the c lo u d , 
a p e r so n  w ould r e c e iv e  a s ig n ifica n t gam m a d ose  from  the fa llou t le ft  
behind by the c lo u d ’ s p a s sa g e . The fa llou t d o se s  b ased  upon a two  
day ex p o su re  p r io r  to  cleanup or  evacu ation  of the a rea  v a ry  from  177 
roen tgen  at 500 m e te r s  to  670 m illiro e n tg en  at 9650 m e te r s .

The e x te rn a l beta d o se s  (TID) v a ry  from  6 .5  roen tgen  at 500 m e te r s  
to 15 m illiro e n tg en  at 9600 m e te r s  b ased  upon d irec t rad iation  from  
the c loud  during it s  p a s sa g e . D o se s  from  beta rad ia tion  from  fa llou t  
a re  not tr e a ted  b eca u se  o f the r e la t iv e  e a s e  of p ro tec tin g  from  th em .
A p e r s o n ’ s c lo th in g  p ro v id es  s ig n ifica n t sh ie ld in g  w h ile  b ein g  in  a 
build ing or  m otor  v e h ic le  w ill  p rov id e  even  g r ea ter  p ro tec tio n .

In tern a l R adiation  D o se s  from  Inh alation . - The in tern a l exp o su re  
to  the th yro id  fro m  rad io iod in e (TID) v a r ie s  fro m  3.95 rem  at 500 m e te r s  
to 20. 66 m il l ir e m  at 9650 m e te r s . The in tern a l ex p o su re  to the bone  
from  ra d io stro n tiu m  v a r ie s  from  1 . 85  rem  at 500 m e te r s  to  9. 7 m i l l i ­
rem  at 9650 m e te r s . The in tern a l ex p o su re  from  C erium  144 and 
P ra seo d y m iu m  144 to  the bone v a r ie s  from  1. 86 rem  at 500 m e te r s  to  
9.7 m il l ir e m  at 9650 m e te r s . The C e s iu m -1 3 7  and B a riu m -1 3 7  ex p o su re  
to th e m u sc le  v a r ie s  fro m  48 m ill ir e m  at 500 m e te r s  to  0.25 m il l ir e m  
at 9650 m e te r s .

2. Stable M eteo r o lo g ic a l C pnditions

T able V l-3  is  a su m m a ry  o f the ra d io b io lo g ica l co n seq u en ces  fo r  
the a cc id en t p ostu la ted  during s ta b le  m e te o r o lo g ic a l co n d itio n s.

D ir ec t E x tern a l R adiation  D o s e s . -  The d ir e c t gam m a rad iation  
d o se s  r e c e iv e d  by in d iv id u a ls at v a r io u s  d is ta n ce s  from  the o r ig in  o f
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Fig. VI-2. External Dosages for Postulated Accident During Average 
Meteorological Conditions
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the a cc id en t from  the in cid en t cloud w ere  d e term in ed . The ex tern a l  
gam m a d o se s  (TID ), v a ry  from  2. 7 roen tgen  at 500 m e te r s  to  0 .2  
m illiro e n tg en  at 9650 m e te r s . The gam m a rad iation  d o se s  r e su lt in g  
from  fa llou t v a ry  from  1400 roen tgen  at 500 m e te r s  to  280 m i l l i ­
ro en tg en  at 9650 m e te r s  b a sed  upon tw o d a y 's  of in tegra ted  e x p o su r e s .  
The tw o day p er io d  would be adequate for  decontam ination  in  the o u t­
ly in g  a r e a s .  At the P M -1 s i t e  the tw o day p er iod  i s  ex tr em e ly  
p e s s im is t ic .  D econ tam in ation  a n d /o r  evacu ation  o f the m ilita r y  in ­
s ta lla tio n  w ith in  the 500 m e te r  c ir c le  cou ld  be a cco m p lish ed  in a 
m a tter  o f a few  hou rs w h ile  c lo s e ly  m on itor in g  the rad ia tion  d o se s  
b ein g  r e c e iv e d .

The ex tern a l beta  d o se s  v a ry  from  93 m illiro e n tg en  at 500 m e te r s  
to  an in f in ite s im a l d o se  at 9650 m e te r s  due to  d irec t c loud  rad ia tion . 
F allou t beta d o se s  w ere  not co n s id e re d  b eca u se  o f the r e la t iv e  e a se  o f  
p ro tec tin g  p e r so n s  from  th em .

In ternal R adiation  D o se s  F ro m  In h ala tion . - T h ere a re  no in tern a l 
rad ia tion  d o se s  from  in h alation  o f in cid en t ra d io n u clid es  from  the cloud  
in that the c loud  d oes not touch  the ground at any poin t. F ig u re  VI-1  
sh ow s th is  con d ition  g ra p h ica lly .

3. Su m m ary o f H azard s E valuation

The e x te rn a l rad ia tion  d o s e s ,  both beta and gam m a, p re se n t on ly  
m in im a l h a zard s to  the g en era l public n ea r  th e W arren  P eak  s i t e .  The  
to ta l ex tern a l gam m a d o se s  at Sundance v a ry  from  ap p rox im ate ly  1000  
m illiro e n tg en  w ith  a v era g e  m e te o r o lo g ic a l con d ition s to  a p p rox im ate ly  
300 m illiro e n tg en  w ith s ta b le  m e te o r o lo g ic a l con d ition s b ased  upon a 
tw o day to ta l in teg ra ted  d o se . In e ith er  c a s e ,  the to ta l d o se s  are  
su ffic ie n t ly  s m a ll  so  a s  to  p r e se n t no s e r io u s  co n seq u e n c es . The in ­
te r n a l rad ia tion  d o se s  at Sundance a r e  in  the m ill ir e m  range and aga in  
do not p r e se n t any s e r io u s  c o n seq u e n c es .

W ithin the 5 0 0 -m e te r  c ir c le  around the P M -1 p ow erp lan t, h igh er  
rad ia tion  d o se s  w ould be r e c e iv e d . H o w ev er , the p erso n n e l w ith in  th is  
a rea  w ill  be vmder d ir e c t co n tro l and w ould be prom p tly  n otified  in  an  
e m e rg e n c y . The tra in in g  o f the r e a c to r  o p era tin g  p erso n n e l would  
a llo w  th em  to  m ake a rapid  eva lu ation  o f the h a za rd s p r e se n t and ta k e  
any n e c e s s a r y  actio n  to  sa fegu ard  the rad ar s i t e .  E m erg en cy  equipm ent 
su ch  a s  rad ia tion  m o n ito r s , w ill  be a v a ila b le  for  im m ed ia te  u se .

The d o se s  d eterm in ed  in  th is  eva lu ation  a r e  a l l  b ased  upon the m o st  
p e s s im is t ic  a ssu m p tio n s . In o th er  w o r d s , th e se  d o se s  rep re sen t the  
Svorst c a s e ” , and th e r e fo r e , in  any le s s e r  a c c id e n t, o r  m o re  favorab le  

m e te o r o lo g ic a l con d ition s the d o se s  r e c e iv e d  would be g rea tly  red u ced  
o r  c o m p le te ly  e lim in a ted .
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TABLE VI-2 
Summary of Eadlologlcal Conseq,uences Postulated Accident 

Dioring Average Meteorological Conditions

101

1 (3) 2 (1) 3 (5) 5 6 (6) 7 (7) 8 9 10 (8) U  (9) 12 (10) 13 (11)

Distance (d) 
from release

Radioactive 
Cloud 
Volxime (V)

Cloxid
radius

Height of Cloud 
centerline above 
ground (h)

Time for Cloiid 
centerline to 
reach distance (d)

Dry
Deposition

Total Curies
in Cloxtd
(Dry Deposition)

Concentration
In Cloud
(Dry Deposition)

Time for Cloud 
to pass over 
point on ground

External B Dose 
on ground from 
airborne cloud

External f Dose 
on groiind from 
airborne Cloud

External 7 Dose 
Due to Surface 
Deposition

Internal E3Q>o8ure of Critical Or^us from Various 
Fissim Products Inhaled during Passage of Cloud 

Total BBf

meter feet -t«-3 meter meter seccxid curies/meter̂ curies microcuries/cc second Roentgens Roentgais
T.IJ). - 2 days 
Roentgens

1^51
Thyroid

ll3D
in^rold

1I33
Thyroid

1131
Thyroid

I®®5
nvyroid

3r®*
Bene

8r*°
Bene Bone

C.®®T . b.®®T
Miscle

0 0 136 3 .2 0 0 - 6 .5 7 X 10^
L

1*.83 X 10 0 .5 - - - 7 .5  X 10^ 1*2 1* X 10^ 38 10= 85 5 .5 X 10® 6 .5  X 10 1.6 X ID®

500 1.6li X 10^ 2 X 10^ 70 17 71 2 .7 1 X 10̂ 1 .3 6 22 6 .5 l*.l* X 10 "̂ 1 .7 7 X 10^ 2.2 1.3 X ID"^ i.a 1 .1  X 10"® 3 .1 X ID"®- 2.5 X ID"® 1.6 1.86 1.8 X ID"®

610 2 X lo3 3 X 10^ 90 21 07 2 .3 2 .5 9 X 10^ 8.6 X 10 "̂ 25 l*.l* 2 .9 X 10 "̂ 1.2 X 10^ 1.7 10-^ 9.2 X 10"^ 8.8 X 10"^ 2.1 X 10"® 1 .9  X ID"® 1.3 1 .5 3 .8  X  ID"®

1000 3 .2 8 X 10^ 9 X 10^ 130 3̂ lk3 9.1* X 10 "̂ 2 .3  X 10^ 2.6 X 10"^ 36 1 .7 9 .5 X 10"^ 1*9 8.3 X ID”*- 1.8 X 10 “̂ l*.l* X 10"̂ 1.2 X 10 "̂ 1.1 X  ID"® 9 .3  X  ID"® 6.1 X  ID"® 7 X  10"® 1.8 X  ID"®

3000 9.81» X  lo^ 1 .7 X  ID® 3̂ 5 102 k29 1,2 X 10"̂ 1.8 X 10̂ 1.1 X  10 "̂ 91* 2 X  10"̂ 6.2 X  10"^ 6 1 .1 6  X  10"*- 6.7 X  10"® 6 X 10"^ 5.9 X 10"® 1.6 X 10"® 1.3 X  ID"® 8.1 X  10"® 9 .7  X  ID"® 2.5 X  ID"®

3000 1.61* X 10** 7 X  10® 551 170 Tlk k,k X 10"̂ 1,6 X 10^ 2 .3  X  10"3 150 7 X 10"̂ 1 .9 X  10 "̂ 2.5 7 .3  X  10'^ 2.5 X  lo"® 2 .3  X 10 “̂ 2.2 X  lo"® 6 X  10'® 1.9 X  ID"® 3.2 X  10"® 3.6 X  ID"® 9.5 X  lO"*

6300 2 .1 3 I U) 1.6 X  10̂ 726 220 929 2 .7  X lO'̂ 1 ,5 X 10^ 9.1* X 10"̂ 200 1* X 10"^ 6 .9 X  10 “̂ 1.1* 2.6 X  10"̂ 1.5 X 10"® 1.1* X  10"^ 1.3 X ID"® 3.6 X 10"® 2.9 X ID"® 1.9 X  ID"®. 2.2 X ID"® 5.7 X  10"*

9650 3 .1 7 X 10** 1.2 X 10* 1000 550 1380 1 .3  X K)"̂ 1.1* X 10^ -1*
3 .3 X 10 ̂ 2l*0 1 .5 X 10"̂ J*2 .7 X 10 0 .6 7 1 .1 6  X 10"̂ 6 .7  X 10"** 6.2 X 10’^ 5.9 X  1 0 ^ 1.6 X  ID"® 1.3 X  ID"® 8.1 X  ID"® 9.7 X  10"® 2.5 X  10"*

Hotes and Paraaeters

Average nteteorloglcal condition was 
defined as a condition with the 
foUoving parameters:
(a) vlnd speed (u) = 7 meter/sec
(b) diffuslcQ coefficient (C) - 0.? meter 
(cj stability parameter (n) - 0.23
(d) isotropic txirbulence was assiimed.
The centerline of the cloud was assumed 
to move nonnal to the release above the 
grotind vlth no initial rise.
The distances taken in colximn 1 are 
arbitrary, the 1000 meter distance being 
Oovemaent controlled property and the 9^30 
meter distance Is the Swdance area.
Badloactlve Cloud Volume, Colum 2, vae 
calculated from the following eqiiatioa.
The term d̂  is a corrected distance equal
to d 4 d • Cie distance d is a point up o o
wind where the cloud voidd theoretically

be a point sova:ce. In the average-Con­
di ticsi, d B 18 meters.

(,̂ =Cd
3. Height of Cloud centerline above ground,

colimii was taken frcm an elevation cross- 
secticQ of the area through the reactor site 
and Sundance. Sundance is 1000 feet (350 
meters) below the reactor site.

6 . Ground deposition from dry fallout, column
6, was calculated from the following equation:

W. nQdry-man  --

Where Q was considered to be the number of 
curies in the original cloud that would fall 
out, this Q eliminates the source strength 
of the noble gasses which would not deposit 
out.
Column 7 is the total curie count in the

cloud corrected for fallout and decay. The 
original Inventcry of fissitm products in the 
core after two years of operation at 10 megawatt
power was taken as 2.97 ̂  curies, 2 .2 x 10^
(niries of noble gasses, 2.7 x 10^ curies of halogens,
and 2,U6 x 10*̂  curies of solid particles. Thfe 
release assxoaed for this analysis was 2 2.12^ of the 
total inventory with the following breakdown.
Noble gases 100^ - 2.2 x 10^ curies
Halogens TOf> - I.89 x 10^ curies
Solid particles lOjt - 2.18 x 10^ curies

Total released 6.37 x 10 curies
External S dosage, coluam 10, describes the total 
dosage during the passage of the cloud. It was 
calculated frcn the following equation.

- ( ^ )
D„ - «.1,1 X  10- ^
P __9-P-n

where was taken as 8 .0 0 x 10 *̂̂  mev/sec, 
the total beta soxirce strength,, and h was 
distance of the groxmd below the centerline 
of the cloud, was corrected for decay.

9< The external 7 dosage, Coluwi 11, was taken 
from Holland's Nomograms of cloud gamma 
dosage from power excursion products, 
Hetecnrology and Atomic Energy, July 1955*

10. External 7 Dose due to sxnrface deposition, 
Colxain 12, was calculated from equation:

: 3 X * e(t) dt

The fission prodticts were assumed to have 
been released from a reactor operating at a 
steady power of 10 megawatts for 2 years.

X.-0.2 with t^ » 0 and t^ = 2 days
,5 ,

(ct) = t

I>d - *0

Xq being the 7 d^ositlon factor

Total internal exposures of critical 
organs from fission prodxicts Inhaled 
during passage of cloud, Colxnei 13, 
was calculated from oxabers published 
by T. J. Burnett, in on article entitled 
"Reactors, Hasard vs Power Level", 
Nuclear Science and bglneerlng. Vol. 2, 
No. 3, May 1957.
Breathing rate was assumed to be 8.3 
cc/sec. The Inhalation iqrtate factor 
for the various isotopes was assumed to 
be as indicated below:

I - 0.15
ar - 0 .2 2
Ce-Pr - 0 .1
CS-Ba - 0.36
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TABLE VI-3
Sinnmary of Radiological Consequences for Postulated Accident 

During Stable Meteorological Conditions

1 15) 2 (4) 3 4 (5) 5 6 (6) 7 (7) 8 9 10 (8) 11 (8) 12 (9) 13 (9) l4

Distance (d) 
from release

Radioactive 
Cloud 
Volume (v)

Cloud
Radius

Height of Cloud 
Centerline above 
ground (h)

Time for Cloud 
Centerline to 
reach distance (d)

Dry
Deposition

Total Curies
in Cloud
(Dry Deposition)

Concentration 
in Cloud 
(Dry Deposition)

Time for Cloud 
to pass over 
point on ground

External ̂  Dose 
on ground from 
Airborne Cloud

External 7 Dose 
on ground from 
Airbcnme Cloud

Time for 
Ccnplete 
Deposition

External 7 Dose 
D\ie to Surface 
Deposition

Internal Exposure 
from inhaled fission 
products in the cloud

1‘iD - 2 days
meter feet meter^ meter meter second curles/meter^ curies microcuries/cc second Roentgens Roentgens Seconds Roentgens HEM

0 0 156 5.2 0 0 — 6 .5 7 X 10̂ 4 .8 X 10** 2 — — — —

500 l.ft X 10̂ 2 .3 X 10^ 8.2 17 217 86 2.11 X 10^ 9.2 X 10^ 7 9 .3 X 10’̂ 2*7 3.7 X 10** 1 .4 X 10^ See
610 2 X 10^ 3 X 10̂ 8 .95 21 265 61 2 X 10^ 6.7 X 10^ 8 1.9 X lO"^ 2 4.6 X 10** 8.1 X 10^ Note 10

1000 5 .2 8 X 10^ 7.5 X 10^ 12 .2 34 435 26 1.75 X 10̂ 2 .3 X 10^ 11 4 X lO'** 8.8 X 10"^ 7.4 X 10** 2 X 10^ Belov
3000 9.81» X 10̂ 45,2 X 10 22.2 102 1304 5.8 1.57 X 10^ 26 .3 19 1.3 X 10 '̂ 4 X 10 2 .2 X 10^ 10
5000 1,64 X 10*̂ 1 .5 X 10̂ 33 170 2174 1.5 1.22 X 10̂ 8.1 29 Negligible 1 X lo'^ 3.7 X 10̂ 2.4
6500

42.13 X 10 3 X 10̂ 41.5 220 2826 1 1.12 X 10̂ 3.7 36 Negligible 4 X 10 4.8 X 10̂ 1.1
9650. 3 .1 7 X 10*̂ 6 X 10̂ 5 2 .3 550 4196 4.9 X 10"^ 1.02 X 10^ 1.7 46 Negligible -42 X 10 1 .2 X 10^ .28

Notes and ParaiteterB
1« Stable meteorloglcal condition 

was defined as a condition with 
the following parameteirs:
(a) Wind speed (u) = 2*5 ®eter/ 

sec
(b) Diffusion coefficient (c)

-0^05 aieter*̂ ^̂
(c) Stability paraneter (n)

-0,50
(d) Isotropic turbulence was 

assumed*
2* The centerline of the cloud was 

assmed to move normal to the 
release above the ground with 
no initial rise. In this stable 
condition̂  the cloud never 
reaches the ground after it 
leaves the release point. This 
can be seen by ccmparing the 
cloud radius^ colimm 5 the 
ground level below the release 
pointy colimin and Fig, 71-1*

5* The distances ta]cen in column 1 
are arbitrary, the 1000 meter 
distance being Govenmient con­
trolled property and the 9^50 
meter distance is the Sundance 
area.

The radioactive Cloud Volume, Column
2, was calculated frcm the following
eq.uation. The term d Is a corrected c
distance equal to d + d . The dis- o
tance is a point upwind where the
cloud would theoretically be a point 
source. In the stable condition, 
d© = 500 meters*

V = Cd (2-n)/2)5

5. Height of the cloud centerline above 
ground, column 4, was taloen frcm an 
elevaticm cross-section of the area 
thru the reactor site nnd Sundance* 
Sundance is I8OO feet (550 meters) 
below the reactor site*
Ground deposition from dry fallout, 
column 6, was calculated from the 
following equation*

dry-max “”2 J"eiĉ  cd|2-n/2
Where Q was considered to be the 
niaiber of curies in the original 
cloud that would fallout* That is 
to s^, Q eliminates the source strength 
of the Noble gasses >rtiich would not 
deposit out*

7* Column 7 is the total curie count in 
the cloud corrected for fallout and 
decay* The original inventory of 
fission products in the core after 
two years of operation at 10 megawatt

7pcrwer was taken as 2*97 x 10 curies, 
2*2 X 10^ curies of noble gasses,
2,7 X 10^ curies of halogens, and

•72*if6 X 10 curies of solid particles. 
The release eissumed for this analysis 
was 22*12^ of the total inventory, 
with the following breakdown.
Noble gases - lOOjt -
Halogens - 70^ -
Solid particles - 10̂  -
Total release

2*2 X 10 cirries 
1*89 X 10^ curies 
2,48 X 10^ curies
6*57 X 10 curies

External ̂  and 7 dosage ffom the airborne 
cloud, columns 10 and 11 describe the 
total dosage during the passage of the 
cloud* These numbers, especially the  ̂
dosage, are very small; for the entire 
cloud remains meters above the ground as 
it moves downwind. The ^ dosage was cal­
culated from the equation given below 
and the 7 dosage was taken from Holland's 
Ncmograms of cloud ganma dosage frcm power

excursion products. Meteorology and 
Atomic Energy, July 1955*

D- := 9*41 X 10-12
2 2-n c d

- 2^2-nK u c d
9* External 7 dose due to surface

deposition column I5, was calculated 
from equation

= 5 X 10"^ f (t) dt

The fission products were assimied to 
have been released from a reactor curating 
at a steady power of 10 megawatts for 
2 years

f(t) = t'°-^
The numbers shown in the table have 
been corrected for fallout time* 
Because the fallout time for ccurplete 
deposition, column 12 is so large, 
it was assumed that only a portion 
of the ja:oducta falling from the cloud

would be deposited cm the ground. The 
assumed percent of the total fallout in 
each area was ^orated to the distance 
(h) to which it had to fall. These per­
centages are as follows:
Distance
from
Release
500
610
1000
5000
5000
6500
9650

Beter
meter
meter
meter
meter
meter
meter

Helfjit
17 meter 
21 meter 
jlj meter 
102 meter 
170 meter
220 meter 
550 meter

jt Fission
Products
Deposited

25it

I
10, Internal ê qjosures from inhaled fission 

products in the cloud would be zero for 
this stable condition. With the cloud 
moving normal to the release point, it 
is virtually impossible for anyone to 
cooie in direct contact with it, as 
shown in Fig* VI-1*
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