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A B S T R A C T 

T h i s r e p o r t d e s c r i b e s t h e d e t a i l e d d e s i g n of a p r o t o ­
type " p a c k a g e d " n u c l e a r p o w e r p lan t c o n s t r u c t e d a t NRTS, 
Idaho, d u r i n g the p e r i o d Ju ly , 1957 to Ju ly , 1958. The fac i l i ty 
w a s t r a n s f e r r e d to a p l a n t - o p e r a t i n g c o n t r a c t o r on F e b r u ­
a r y 5, 1959. The p u r p o s e of the p l an t i s to a l l e v i a t e fuel oil 
l o g i s t i c s and s t o r a g e p r o b l e m s posed by r e m o t e a u x i l i a r y 
DEW Line r a d a r s t a t i o n s n o r t h of the A r c t i c C i r c l e . The 
A L P R ( r e d e s i g n a t e d S L - l ) i s a 3-Mwt, h e t e r o g e n e o u s , highly 
e n r i c h e d u ran iuna - fue l ed , n a t u r a l - c i r c u l a t i o n boi l ing w a t e r 
r e a c t o r , cooled and m o d e r a t e d wi th l ight w a t e r . S t e a m at 
300 p s i g , d r y and s a t u r a t e d (421°F) is p a s s e d d i r e c t l y f r o m 
the r e a c t o r to a conven t iona l t u r b i n e - g e n e r a t o r to p r o d u c e 
e l e c t r i c p o w e r (300 kw nomina l ) and s p a c e - h e a t i n g (400 kw) 
r e q u i r e m e n t s c o n s i s t e n t w i th r i g i d m e c h a n i c a l and s t r u c t u r a l 
s p e c i f i c a t i o n s p r e s c r i b e d by the m i l i t a r y , and d i c t a t e d by the 
e x t r e m e g e o p h y s i c s p r e v a i l i n g a t the u l t i m a t e s i t e . The ove r -
a l l d e s i g n c r i t e r i a e m p h a s i z e : s i m p l i c i t y and r e l i a b i l i t y of 
o p e r a t i o n and m a i n t e n a n c e , wi th m i n i m u m s u p e r v i s i o n ; m i n i ­
m u m o n - s i t e c o n s t r u c t i o n ; m a x i m u m u s e of s t a n d a r d c o m ­
p o n e n t s ; l i m i t e d w a t e r supply; u t i l i z a t i on of l oca l g r a v e l for 
b i o l o g i c a l sh i e ld ing ; t r a n s p o r t a b i l i t y by a i r lift; and nomina l 
3 - y e a r fuel o p e r a t i n g l i f e t ime p e r c o r e loading . The " p a c k ­
aged" concep t i s i n c o r p o r a t e d for the i n i t i a l e r e c t i o n . The 
p lan t i s not d e s i g n e d for r e l o c a t i o n . 

The d e s i g n c r i t e r i a for the p r o t o t y p e n e c e s s i t a t e s p e ­
c i a l f e a t u r e s . The fuel p l a t e s a r e c lad wi th a newly deve loped 
a l u m i n u m - n i c k e l a l loy (X 800 l ) . B u r n a b l e - p o i s o n (B^°) s t r i p s 
a r e m e c h a n i c a l l y a t t a c h e d to the fuel a s s e m b l i e s to c o m p e n ­
s a t e the e x c e s s r e a c t i v i t y r e q u i r e d for a n o m i n a l 3 - y e a r c o r e 
o p e r a t i n g l i f e t i m e . The c o n t r o l r o d s a r e a c t u a t e d by r a c k -
a n d - p i n i o n d r i v e e x t e n s i o n s w h i c h i n c o r p o r a t e r o t a r y s e a l s . 
F u e l e x c h a n g e i s a c c o m p l i s h e d wi thout the r e m o v a l of the 
p r e s s u r e v e s s e l head . The e l e c t r i c a l p o w e r g e n e r a t e d i s 
u s e d to o p e r a t e p l an t a u x i l i a r i e s ; the "net e l e c t r i c p o w e r " i s 
d i s s i p a t e d by r e s i s t o r s . The hot w a t e r for s p a c e hea t ing i s 
h e a t e d in a hea t e x c h a n g e r by 2 0 - p s i g s t e a m , u s e be ing m a d e 
of the l a t en t h e a t of v a p o r i z a t i o n , and a l l the h e a t is d i s s i p a t e d 
by a f i n n e d - t u b e , a i r - c o o l e d h e a t e x c h a n g e r . 

Devoid of f e a t u r e s p e c u l i a r to the i m m e d i a t e a p p l i c a ­
t ion, A L P R i s a d a p t a b l e for u s e in r e m o t e , l inai ted a c c e s s 
a r e a s w h e r e n a t u r a l fuels a r e a v a i l a b l e only a t a v e r y h igh 
cos t . 



o
 



DESIGN OF THE ARGONNE LOW POWER REACTOR (ALPR) 

by 

E b e r h a r d E. H a m e r et a l . 

I. INTRODUCTION* 

In 1954, the A r m y R e a c t o r s B r a n c h , D iv i s ion of R e a c t o r D e v e l o p ­
m e n t , A E C , w a s a p p r i s e d of a r e q u i r e m e n t for n u c l e a r power p l a n t s to r e ­
p l a c e d i e s e l g e n e r a t o r s and b o i l e r s a s the p r i m a r y s o u r c e of e l e c t r i c a l 
power and s p a c e h e a t at r e m o t e a u x i l i a r y DEW Line r a d a r s t a t i o n s n o r t h of 
the A r c t i c C i r c l e . D e s i g n s for l o w - p o w e r n u c l e a r p l an t s w e r e s o l i c i t e d by 
the A r m y R e a c t o r s B r a n c h , to wh ich the L a b o r a t o r y r e s p o n d e d . ( I J ^ ) 

In l a te 1955, the L a b o r a t o r y w a s a u t h o r i z e d to de s ign , c o n s t r u c t , 
and t e s t t he p r o t o t y p e A r g o n n e Low P o w e r R e a c t o r ( 3 ) 6 , 7j a s an u l t i m a t e 
m e m b e r of a f ami ly of n u c l e a r p o w e r p l a n t s to p r o d u c e e l e c t r i c power and 
hea t a t r e m o t e m i l i t a r y b a s e s . The p r o t o t y p e d e s i g n w a s to i n c o r p o r a t e 
da ta and e x p e r i e n c e g a i n e d f r o m the s e r i e s of BORAX e x p e r i m e n t s at NRTS, 
Idaho, and to be c o n s i s t e n t wi th a s s o c i a t e d p r o b l e m s of a r c t i c c o n s t r u c t i o n , 
o p e r a t i o n s , m a i n t e n a n c e , e c o n o m i c s , and l o g i s t i c s . The i s s u e d s p e c i f i c a ­
t i o n s , wi th a m e n d m e n t s , a r e r e p r o d u c e d a s Appendix V. In brief , the m a j o r 
d e s i g n o b j e c t i v e s w e r e : 

(1) T r a n s p o r t by a i r l i f t . The r e a c t o r c o m p o n e n t s w e r e l i m i t e d to 
" p a c k a g e s " m e a s u r i n g 7.5 x 9 x 20 ft, and weighing 20,000 lb . 

(2) M a x i i n u m u s e of s t a n d a r d c o m p o n e n t s . 

(3) M i n i m u m o n - s i t e c o n s t r u c t i o n . 

(4) C o n s t r u c t i o n on p e r m a f r o s t ( tundra) t e r r a i n . 

(5) N o n i n t e r f e r e n c e wi th r a d a r s i g n a l s . 

(6) Use of l o c a l g r a v e l for b i o l o g i c a l sh ie ld ing . 

(7) MinimuiTi quant i ty of p l an t m a k e u p w a t e r . 

(8) S imp l i c i t y and r e l i a b i l i t y of p l an t o p e r a t i o n and m a i n t e n a n c e , 
w i th m i n i m u m s u p e r v i s i o n . 

(9) N o m i n a l 3 - y e a r fuel o p e r a t i n g l i f e t ime p e r c o r e load ing . 

The p r o t o t y p e d e s i g n evolved ( F i g . 1) is a 3-Mwt, h ighly e n r i c h e d 
u r a n i u m - f u e l e d , d i r e c t c y c l e , n a t u r a l - c i r c u l a t i o n boi l ing w a t e r r e a c t o r , 
cooled and m o d e r a t e d wi th l ight w a t e r . S t e a m a t 300 p s i g , d r y and s a t u r a t e d 
(421°F) i s p a s s e d f r o m the r e a c t o r to a conven t iona l t u r b i n e - g e n e r a t o r to 
p r o d u c e e l e c t r i c p o w e r (300 kw n o m i n a l ) and s p a c e hea t ing (400 kw) r e q u i r e d 
a t t he s m a l l e r a u x i l i a r y DEW l ine r a d a r s t a t i o n s . The p e r t i n e n t d e s i g n 
c h a r a c t e r i s t i c s a r e s u m m a r i z e d in T a b l e s 1 ( s e e p . 39) and 2 ( s e e p. 43). 

*M. T r e s h o w 
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F I G . 1 

SCHEMATIC OF AR60NNE LOW POWER REACTOR (ALPR) PLANT 

F i g u r e 2 i s a p h o t o g r a p h of a m a i n DEW l ine r a d a r s t a t ion . It i s 
the l a r g e s t s t a t i on in the DEW l ine n e t w o r k and r e q u i r e s m o r e p o w e r ou t ­
put t han i s g e n e r a t e d by an A L P R - t y p e p o w e r p lan t . The i n s e t shows the 
r e l a t i v e pos i t i on of a p r o p o s e d A L P R - t y p e p lan t i n s t a l l a t i o n a t a t y p i c a l 
a u x i l i a r y r a d a r s t a t i o n . 

The e l e c t r i c p o w e r r e q u i r e m e n t s of an a u x i l i a r y s t a t i on a r e c u r ­
r e n t l y supp l i ed by d i e s e l - g e n e r a t o r u n i t s . The h e a t r e q u i r e m e n t s a r e 
s u p p l i e d by hot w a t e r h e a t e d by t h e d i e s e l eng ine e x h a u s t g a s e s and by 
b o i l e r s . The n u c l e a r p l an t w i l l not r e p l a c e the ex i s t i ng e l e c t r i c a l power 
and s p a c e - h e a t i n g p l a n t s , s i n c e s o m e s t andby c a p a c i t y m u s t be m a i n t a i n e d ; 
h o w e v e r , i t w i l l a l l e v i a t e the fuel o i l l o g i s t i c p r o b l e m . 

In o r d e r not to l i m i t fu tu re p l an t i n s t a l l a t i o n s to one g e o g r a p h i c 
l oca t ion , t he s p e c i f i c a t i o n s for the p r o t o t y p e p l an t e n c o m p a s s the m o s t 
s t r i n g e n t cond i t ions i m p o s e d on the r a d a r s t a t i o n s for w h i c h n u c l e a r power 
i s i n t ended . 
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1, Arct ic Construction 

The most adve r se t e r r a i n in the a rc t ic is permafros t (tundra), 
which prec ludes excavation, but on which pile construction has been proved 
acceptable. The prototype is constructed on concrete p ie r s to simulate 
pi les . In other locations, the plant can be set on rock or in an excavated 
a rea . 

Owing to the wind veloci t ies (up to 125 mph), the power plant 
building shell is c i rcu la r and separa te from the in ternal s t ruc ture . This 
type of construct ion el iminates shell bracing and allows the building to 
"float" on the foundation p i e r s . The condenser a i r -d is t r ibut ion inlet and 
exhaust ducts a r e located on the same side of the building and perpendic­
ular to the prevai l ing winds. This orientation avoids any differential 
p r e s s u r e s in the a i r -d i s t r ibu t ion sys t em due to outside dis turbances . 



The range of ambient a i r t e m p e r a t u r e for design m the a r c t i c 
is -60°F to +60'^F. The t e m p e r a t u r e range causes l a rge l inear expansion of 
the building shell . The "floating" cha rac t e r i s t i c of the shell allows for 
ve r t i ca l expansion, and the anchoring of the shell to the center foundation 
p i e r s allows for rad ia l expansion. The severe cold a lso p resen t s a problena 
with r e s p e c t to plant component and fluid freezing. Therefore , all cold a i r 
drawn into the building by the condenser a i r -d i s t r ibu t ion and building ven­
ti lation sys tems is mixed with r ec i r cu l a t ed w a r m a i r to maintain operating 
a i r t e m p e r a t u r e s at 40°F5 or higher . 

2. Isolation of Reactor P lant f rom Radar Operat ions 

The specified noninterference with r ada r operat ions resu l ted 
in the design of an a l l -welded s tee l building with a height l imited to 50 ft 
above grade (corresponding to the bottom of the r a d a r antenna). Grid 
s c r eens a r e ins ta l led in the inlet and exhaust a i r ducts to complete the 
isolat ion of the plant frora the r a d a r beam. 

The r a d a r equipment r e q u i r e s a power supply with high-quali ty 
frequency and voltage control . Accordingly, r ada r e l ec t r i ca l power is sup­
plied by a sepa ra t e sys tem isola ted f rom any t r ans i en t s induced by mo to r -
s tar t ing cu r r en t s or equivalent. In addition, the turbine speed is controlled 
by a sens i t ive , fas t - load r e sponse , governor unit of the type used with 
ca lendar d r ives in paper mi l l s . 

3. Reactor Shielding 

The ALPR fea tures the use of locally avai lable grave l for the 
bulk biological shielding. (Gravel of the type used in the prototype is found 
near the r ada r s tat ions.) This fea ture s e r v e s to reduce the need for t r a n s ­
porting weighty shielding const i tuents (e.g., cement) and is consis tent with 
the p r e s c r i b e d air l i f t concept of plant mobili ty. 

The grave l is conveniently contained within the c i r cu la r build­
ing shel l and s e r v e s to shield other a^xxiliary components , i .e . , spent fuel 
s to rage wel ls , r e s in columns, and s torage tanks . 

4. Steam Plant Condenser System 

Cooling by r ive r or sea water was a s sumed to be unavailable. 
Therefore , var ia t ions of two a l te rna t ive condenser sy s t ems were studied: 
an a i r - g l y c o l - s t e a m sys tem, and an a i r - s t e a m sys t em (hereaf ter r e f e r r e d 
to as the a i r - coo led condenser sys tem) . The select ion of the a i r - coo led 
condenser sys tem was based on engineering cons idera t ions , since cost 
e s t ima tes of each systera did not differ significantly. The disadvantages 
assoc ia ted with the a i r -g lyco l s y s t e m were : potential leakage of glycol 
into the r e a c t o r systera , use of spec ia l l o w - t e m p e r a t u r e m a t e r i a l s , con­
s t ruct ion of a l a rge r plant, and higher s t eam condenser back p r e s s u r e 
during the s u m m e r months. 



It was recognized that the operat ing c ha ra c t e r i s t i c s of an a i r -
cooled condenser were unknown; however , the potentiality of a m o r e com­
pact and efficient plant could not be d i s regarded . 

5. Reactor Plant Control System 

A re l iable automatic control sys tem was devised, consis tent 
with the p r e s c r i b e d minimum plant supervis ion and maintenance. A change 
in the plant power demand affects the s team p r e s s u r e . P r e s s u r e deviations 
f rom a set point and outside of a dead band a re sensed by an ins t rument 
which then t r a n s m i t s a signal to init iate inser t ion or withdrawal of r eac to r 
control rods . Steam bypass control is not used for normal plant operat ion. 

6. Special F e a t u r e s 

The prototype plant includes cer ta in features designed to in­
c r e a s e i ts uti l i ty: 

a. The fuel e lements a r e clad with an a luminum-nickel alloy 
(X8001) or iginal ly developed by the Labora tory . 

b. Burnable-poison (boron-10) s t r ips a r e mechanical ly 
at tached to the fuel a s semb l i e s to compensate the excess react iv i ty r e ­
quired to ensure a co re opera t ing l i fet ime of ~3 yr . 

The National Reactor Test ing Station, near Idaho F a l l s , Idaho, was 
se lec ted as the si te for the prototype plant. Construct ion of the site and 
plant s t a r t ed in July, 1957. Cer ta in s t ruc tu ra l deviations were allowed in 
view of the c l imat ic differences between the Idaho site and the ul t imate 
a rc t i c s i te . F o r example, the quality of the s t ruc tu ra l steel was down­
graded, and the th ickness of the insulat ion was reduced. Also, the a rc t i c 
building t r a in "module" was s imulated, in pa r t : the Site Support Fac i l i t i e s 
Building is posi t ioned re la t ive to the power plant and the control room 
posit ion is confined to the space equivalent in a t r a in "naodule." 

The Labora to ry acknowledged custody of the facility on July 3, 1958. 
A p r o g r a m involving r eac to r - componen t instal lat ion, initial tes t ing, ope ra ­
tion, and t ra in ing of mi l i t a ry cadre was init iated. On August 11, the r e a c t o r 
achieved cr i t i ca l i ty with a min imum unpoisoned fuel loading. E lec t r i ca l 
power and space heat was genera ted on October 24. The p rogranawas com­
pleted and the facility t r a n s f e r r e d to a plant operat ing cont rac tor on 
F e b r u a r y 5, 1959-

The final cons t ruct ion cost was $1,716,919-24, of which $1,242,125.43 
is chargeable to the nuclear power plant , and $464,793.81 for the supporting 
faci l i t ies . 
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The b road scope of the ALPR Pro jec t makes it difficult to acknowl­
edge the names and specific contributions r e n d e r e d by al l personnel en­
gaged during the var ious s tages of design, development, construction, and 
ini t ial operat ion of the ALPR. The Reactor Engineering Division of the 
Labora tory was ass igned p r i m a r y responsibi l i ty for the project . Support 
was r e n d e r e d by other Labora tory Divisions. The following Labora tory 
Staff pe rsonne l par t i c ipa ted in the denoted a r e a s of design, r e a c t o r -
component development, and /o r fabricat ion or p rocu remen t phases , con­
struct ion, and operat ion. Also specific respons ib i l i t i es in the p repara t ion 
of this r e p o r t a r e indicated by the authorship footnoted at the beginning of 
the var ious sect ions and appendices . 

B . I . Spinrad 

A . H. B a r n e s ^ 

J . M. West^ 

Reactor Engineering Division 

Division Direc tor 

Division Direc tor 

Assoc ia te Division Direc tor 

R . E . Bailey 

C . R . Braun'= 

C . R . Breden 

C . F . BuUingerd 

A . P . Gavin 

N . R . Grant 

E . E . Hamer 

J . M. H a r r e r 

A . H i r sch 

H. H . Hooker 

G. L . Jo rgensen 

W. J . Kann 

Reactor water chemis t ry 

Ass i s tan t Division Director ; Construct ion and 
Operat ions P ro j ec t Engineer 

Reactor water chemis t ry and co r ros ion test ing 

Reactor control rods and dr ives 

Reactor water chemis t ry 

Corros ion tes t ing 

Eng inee r - i n -Cha rge of mechan ica l design, construct ion, 
and operat ion; Resident F ie ld Engineer ; Chief Loader; 
Al te rna te Chief Opera tor . 

Nuclear ins t rumenta t ion and r e a c t o r control sys t ems 

Reactor control sys t ems ; Operat ions Engineering 

Eng inee r - i n - c ha rge of ins t rumenta t ion and e lec t r i ca l 
design, construct ion, and operat ion; Resident F ie ld 
Engineer ; Al te rna te Operat ions Coordinator; Al terna te 
Chief Opera tor . 

P lant s t r u c t u r a l engineer 

Reactor control rods and dr ives ; Operat ions Engi­
neer ing Staff 

a-Deceased 
t>Currently with Combusion Engineer ing, Inc. 
•^Currently with A U i s - C h a l m e r s Mfg. Co. 
^Curren t ly with Advance Technology Labora to r i e s , Division of 
A m e r i c a n Standard 
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W. C . Lipinski 

A. L . London^-

P . A . Lottes 

F . H . Mar tens 

G. C . Milak 

H. P e a r l m a n b 

R . L . Ramp 

A . D . Rossin 

D. H . Shaftman 

A . Smaardyk 

M. Treshow^ 

F . Verber 

R. J . Weatherhead 

Reactor control sys t ems ; Operat ions Coordinator; 
Al ternate Chief Operator ; Operations Engineering 
Staff 

Reactor heat t r ans fe r 

Reactor heat t r ans fe r 

Operat ions Phys ics Staff; Al ternate Operations 
Coordinator 

Reactor core ; Operat ions Engineering Staff 

Fuel e lement design and cor ros ion studies 

Nuclear ins t rumenta t ion 

Reactor shielding; Al terna te Chief Phys ic i s t 

Chief Phys ic i s t 

Special plant components; Operat ions Engineering Staff 

Design P ro jec t Engineer 

Power generat ion and distr ibution 

Reactor heat t r ans fe r 

In addition, Design Draftsman F, J. Simanonis, Chief Draftsman 
J. J. Shimkus, and other me inbe r s of the division Drafting Department con­
tr ibuted significantly to the project . P e r s o n n e l in the division Scheduling 
Section and the Sec re t a r i a l Section were par t i cu la r ly helpful in expediting the 
work. 

M. Novick 

F . W. Thalgott 

J . D . Cerchione 

E . D . Graham 

C . Miles 

A . M. Solbrig, J r . 

P . Stoddart 

R. W. Thiel 

IDAHO DIVISION 

Division Direc tor 

Associa te Division Director 

Al te rna te Chief Opera tor ; Al terna te Chief Loader; 
Operat ions Engineering Staff 

Operat ions Health Phys ics 

Operat ions Chemist 

Operat ions Phys ics Staff 

Operat ions Health Phys ics 

Al te rna te Chief Operator ; Al ternate Chief Loader; 
Operat ions Engineering Staff 

^On loan f rom Stanford Universi ty 
"On loan from Atomics Internat ional , Division of North Amer ican 

Aviation, Inc. 
^Current ly with Genera l Atomics Division, Genera l Dynamics Corp. 



W. R. Wallin Chief Operator ; Alternate Operat ions Coordinator; 

Operat ions Engineering Staff 

Metal lurgy Division 

F . G. Foote Division Director 
J . F . Schumar^ Associa te Division Director 

W. N . Beck Non-des t ruc t ive test ing of fuel plate 

W. R . Bur t Alloy core and fuel plate roll ing 

J . E . Draley Aluminum-nickel alloy development 

W. J . McGonnagle Non-des t ruc t ive test ing of fuel pla te 

R. A. Noland Fuel plate design and fabrication 

W. E . Ruther Aluminum-nicke l alloy development 

R . L . Salley Alloy core and fuel plate roll ing 

D. E . Walker Fuel plate design and fabrication 

Cent ra l Shops 

H. V . R o s s " Superintendent 

G. M, Lobell Planning Engineer 

L . E . Wright^ Planning Engineer Supervisor 

C . T . Zymko Welding Special ist 

Cont rac tors 

Under the direct ion of the Chicago Operat ions Office, AEC; the 
Idaho Operat ions Office, AEC; or the Argonne National Laboratory , severa l 
pr iva te companies contr ibuted substant ial ly to the design and construct ion of 
the ALPR facility. Some of these a r e as follows: 

P ioneer Service & Engineer ing Company Arch i t ec t -Eng ineer 
Chicago, Illinois 

Fegles Construct ion Company, Inc. General Construct ion Contractor 
Minneapolis, Minnesota 

Current ly with Genera l Atomics Division, Genera l Dynamics Corp. 
"Cur ren t ly with Combustion Engineering, Inc. 
*^Currently with Genera l Atomics Division, Genera l Dynamics Corp. 
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Alco P roduc t s , Inc. 
Schenectady, New York 

Bogue E l e c t r i c Manufacturing Company 
Pa t t e r son , New J e r s e y 

Chicago Bridge & Iron Company 
Chicago, Illinois 

Illinois Water Trea tment Company 
Rockford, Illinois 

Inger so i l -Rand Company 
Chicago, Illinois 

Lasker Boiler & Engineering Corporat ion 
Chicago, Illinois 

Leeds and Northrup Company 
Philadelphia, Pennsylvania 

Modine Manufacturing Company 
Racine, Wisconsin 

Nelson E l e c t r i c Company 
Tulsa, Oklahoma 

Worthington Corporat ion 
Wellsvi l le , New York 

Control Rod Drives 

Emergency Power Supply 

Reactor Building Shell and 
Structura l Steel 

Reactor Water Purif icat ion 
System 

Feed-wate r Pumps 

P r e s s u r e Vesse l and Support 
Cylinder 

P r o c e s s and Neutron 
Instrumentat ion 

Air -cooled Condensers 

Meta l -Enclosed Low-Voltage 
Switchgear 

Turb ine-Genera tor Unit 

Many other organizat ions contr ibuted to the project as suppl iers of 
equipment, or as subcon t rac to r s , to one or more of the aforementioned 
companies . 

Atomic Energy Commiss ion 

The close cooperat ion of the Army Reac tors Branch, Division of 
Reactor Development, for whom the plant was designed and constructed; 
the Chicago Operat ions Office, who admin i s t e red the design phase of the 
project ; and the Idaho Operat ions Office, who adra in is tered the cons t ruc ­
tion cont rac t s , was a major factor in at tainment of the p r o g r a m objectives. 



11. SITE AND BUILDINGS* 

A. Site 

The prototype ALPR facility is located at the National Reactor 
Test ing Station, Idaho (see Fig. 3). The geological s t ruc tu re at the r e a c t o r 
site cons is t s of lava rock covered with a few feet of sed imentary rock and 
clay overburden. No l a rge c racks or voids were found in the lava rock dur­
ing p r e l i m i n a r y soil t es t s (core dri l l ings) or subsequent excavation. No majo 
drainage or c lear ing p rob lems were encountered; however , the lava rock 
did cause ex t ra effort during both excavation and t renching of pipe and 
conduit runs . 

B. Buildings 

The prototype ALPR facility occupies an a r e a approximately 350 ft 
square surrounded by site secur i ty fencing (see Fig . 4). The facility is 
se l f -suppor t ing and is l imi ted to plant operat ion, exper imentat ion, and 
routine maintenance. 

The s t r u c t u r e s include a pump house, a 50,000-gal . water s to rage 
tank, a water and sewage chlor inat ion house, a guard house , a support 
faci l i t ies building (containing the r eac to r control room), and the power 
plant building which houses the r e a c t o r and power -genera t ing plant. 

1. Power Plant Building 

a. Foundation 

The Power Plant Building is the only s t r uc tu r e designed 
to s imulate const ruct ion in an Arc t i c "pe rmaf ros t region. "'•'•"/ As shown 
in Fig. 5(a), the building is supported 2 ft above grade level on short con­
cre te p i e r s embedded in a re inforced concrete s lab. The air space between 
the building bottom and grade level s e r v e s to: (1) reduce heat t r ans fe r to 
the ground, which would cause deep thawing of the pe rmaf ros t ; and (2) a l l e ­
viate the p rob lem of snow drif ts . 

The cen t ra l nine p i e r s a r e capped and welded to the bottom 
of the building shel l . The outer p i e r s a r e capped with graphi ted-bronze 
bear ing p la tes to p e r m i t radia l movement of the building induced by t e m p e r ­
a ture changes . 

In a pe rmaf ros t a r e a the concre te p i e r s would be rep laced 
by wood pi les set in the p e r m a f r o s t [see Fig. 5(b)]. The bear ing p la tes 
would be rep laced with caps welded to the building shel l , allowing the p i les 
to compensate for radia l movement of the building. 

*G. L. Jo rgensen 
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WATER TANK 

^^-SEPTIC DRY WELL 

FIG. 4 
ARGONNE LOW POWER REACTOR SITE 
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b. Building Shell 

The building shell is a S t ruc tura l Grade A-283-D s tee l 
tank (38 ft 7 in. in dia and 48 ft high), with a conical roof and a flat bottom. 
The d iamete r of the building r e p r e s e n t s the min imum size compatible with 
cost , r eac to r shielding, and operat ing f loor-equipment space to reduce 
thawing of the p e r m a f r o s t and drifting of the snow. 

The top of the tank is 50 ft above g rade , on a plane c o r ­
responding to the bottom of a r ada r stat ion antenna floor. The roof is 
fabr icated of-^j-in. s tee l plate and is re inforced with s t ruc tu ra l s teel 
angles . The tank walls a r e —-in. p l a t e s , and a r e inc reased to a th ickness 
of j r in. at a point 8 ft above the tank bottom. The bottom plate is -|- in. 
thick. 

All joints between plates a r e continuous welded to prevent 
r ada r signal in te r fe rence that might be incu r red by gaps in the tank wal l s , 
or by in ternal e l ec t r i c a l equipment exposed to the r ada r beam at the paren t 
s i te . 

Site conditions and economy w e r e the c r i t e r i a for select ion 
of S t ruc tura l Grade A-283-D s tee l plate for the prototype Power Plant 
Building. However, the conditions prevai l ing at u l t imate Arc t ic s i tes ( tem­
p e r a t u r e : +60°F to -60°F; wind speed: 125 mph) may necess i t a t e the use of 
a h i g h - s t r e s s s tee l , i . e . , Car i l loy T - 1 , ^ for ce r t a in por t ions of the s tee l 
tank. One por t ion, in p a r t i c u l a r , is the lower tank wall around the grave l 
shield. The continuous sett l ing of the g rave l during per iods of max imum 
expansion of the tank, and the r e s i s t ance of the grave l to subsequent con­
t rac t ion of the tank may p romote s t r e s s e s in exces s of specified values for 
Grade A-238-D s tee l at -60°F. One solution designed to reduce the s t r e s s 
buildup would be to insulate the ex te r io r of the tank wall in this a r e a . 

Exclusive of the a r e a surrounding the grave l shield, the 
s t ruc tu ra l design m e e t s the p r e s c r i b e d building specif icat ions. 

c. In te r io r S t ruc ture 

The building shell e n c i r c l e s , but is independent of, a bolted, 
s t ruc tu ra l s tee l f raraework. This f ramework suppor ts the main operat ing 
floor, the fan floor, and the power plant equipment. The bottom of the fraixie 
work c o m p r i s e s a network of s tee l beams welded to the tank bottom plate to 
dis t r ibute the loads over the foundation p i e r s . 

^U.S. Steel Corpora t ion 



The operat ing floor is at an elevation 21 ft 4 in. above 
grade. The floor is formed p r i m a r i l y by the concrete biological shielding 
above the r eac to r . The balance of the flooring is constructed of j - i n . 
s teel , checkered p la tes . 

The fan floor is at an elevation 34 ft above grade and is 
cons t ruc ted of meta l deck pane ls . 

All field connections a r e made with high-tensi le bolts . 

d. Pe r sonne l Access and Service Openings 

Two s t a i rways , one exposed and the other enclosed, p r o ­
vide personne l a cces s to the operat ing floor. Both s ta i rways a r e instal led 
outside the building shel l . The exposed stairway se rves as an emergency 
exit. The enclosed s ta i rway in terconnects the Power Plant and the Support 
Fac i l i t i e s Building containing the control room. 

Pe r sonne l a c c e s s f rom the operating floor to the fan floor 
is by means of a ladder through a hatch and a personnel a i r lock. 

Additional openings include: (1) a cargo door that opens 
onto the operat ing floor; (2) a cargo hatch in the fan floor to facili tate 
t r ans fe r of equipment f rom the operat ing floor; and (3) a la rge opening in 
the sidewall of the fan floor to supply and exhaust a i r for the main conden­
se r sys tem. 

E l ec t r i c a l t roughs and conduit between the Power Plant 
and the Support Fac i l i t i e s Buildings pa s s through the wall of the building 
shell and the interconnect ing passageway. 

e. Equipment 

The Power Plant Building (Fig. 1) is filled with gravel to 
a point 1 7 ft above the bottom plate . Emibedded in the gravel a r e the r e a c ­
tor complex, th ree fue l - s torage we l l s , two was t e - s to r age tanks, a r eac to r 
water -pur i f ica t ion sys tem vault (containing the r e s in columns and heat 
exchanger) , a contamina ted-water retent ion tank, four r e a c t o r - i n s t r u m e n t 
wel l s , misce l l aneous piping, and venti lat ion ducts . The gravel is covered 
with a nonflammable pitch emuls ion to contain radioact ive gas or dust. 

The equipment ins ta l led on the operating floor is shown in 
Fig . 6. The t u rb ine -gene ra to r set is mounted on an isolated concre te pad 
which is supported by s tee l columins that a re welded to the tank bottomi plate . 
The balance of the equipment is supported by s teel floor beams that t r a n s ­
fer mos t of the loading to six s tee l columns centra l ly located around the 
r eac to r . 



32 
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FIG. 6 

OPERATING FLOOR PLAN 
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T h e o p e r a t i n g f l o o r i s s e r v i c e d b y t h r e e c r a n e s : a 1 0 - t o n 
b r i d g e c r a n e o v e r t h e t u r b i n e - r e a c t o r - s t o r a g e w e l l a r e a , a 1 0 - t o n m o n o r a i l 
h o i s t o v e r t h e c a r g o d o o r , a n d a 1 - t o n j i b c r a n e in t h e r e a c t o r w a t e r -
p u r i f i c a t i o n s y s t e m w o r k a r e a . 

T h e f a n f l o o r ( F i g . 7) h o u s e s t h e m a i n a i r - c o o l e d c o n d e n s e r 
s y s t e m , s e v e r a l s m a l l a i r - c o o l e d c o n d e n s e r s y s t e m s , b u i l d i n g v e n t i l a t i o n 
e q u i p m e n t , a n d t h e p e r s o n n e l a i r l o c k ( F i g . 8 ) . D u r i n g o p e r a t i o n t h e f a n 
f l o o r i s a t a n e g a t i v e p r e s s u r e of - 2 i n . H j O . T h e m a i n c o n d e n s e r s y s t e m 
c o m p r i s e s a n a i r - m i x i n g c h a i n b e r , a f i n n e d - t u b e c o n d e n s e r w i t h a n i n t e g r a l 
p r e c o o l e r , a f a n , a n d t h e n e c e s s a r y d a m p e r s a n d d u c t w o r k . 

0 3 6 
LUMiMJ 

SCALE, f t 

1 . AIR OUTLET-UPPER DUCT 7 . 
AIR l i L E T - L O i E R DUCT 8» 

2 . AIR MiXINQ C M A i B E l 9 . 
3. FUEL STORAQE VEMT COiDEMSER 10. 
<4. AIR EJECTOR AFTER COMOENSER 1 1 . 
5 . HOT WELL CONDENSER 
6 . T U R I I N E O I L COOLER 1 2 . 

AiR»COOLED COMDElSEt 
CONDENSER FAN 
PERSONIEL AIR LOCK 
DAMPERS 
SHIELD AMD liSTRUMENT 
EXHAUST FAM 
BUILDIMfl VEMTILATIOi FAN 

FIG. 7 

FAN FLOOR PLAN 



MK LOCK OPERATION 

DOOR 'A' 

AIR LOCK 

4-HATCH TO OPERATING FLOOR 

THREE-WAY VALVE 

AIR LOCK PLAN 

F I G . 8 

FAN FLOOR PERSONNEL AIR LOCK 

f. Lighting, Heating, Ventilating, and Insulation 

The inner surface of tank walls above the gravel fill, and 
the under surface of the roof a re insulated with a 2-in. layer of spray-
type asbes tos . The insulation is coated v/ith a nonflammable pitch emulsion 
to provide a surface rigid enough to withstand a scrub- type decontamina­
tion. This type of insulation is not amenable to instal lat ion in the field. 
Extensive reworking and patching was required before an acceptable appli­
cation was achieved. 

Although adequate for the prototype s i te , additional insula­
tion would be required at ul t imate s i tes with a specified teiTiperature of 
-60°F. During plant operation, enough heat is generated in the building to 
maintain above-freezing t e m p e r a t u r e s ; however, during per iods of plant 
shutdown the condensers and other water-containing components must be 
protected from freezing. Space l imitat ions within the building necess i ta te 
an outside application, e.g. , a r igid-type block insulation proper ly secured 
and covered. The application of insulation around the gravel-containing 
port ion of the building shell "would also serve to reduce s t r e s s e s in the 
steel wal l s , as mentioned previously. 



The building venti lat ion (Fig. 9) compr i se s five s y s t e m s , 
four of which a r e interconnected. The four interconnected sys tems function 
as follows: 

(1) The r e a c t o r shield enclosure ventilation systera draws 
a i r from the operat ing floor a r e a through the joints in the top shielding 
blocks, c i r cu la t e s the a i r around the control rod d r ives , past the p r e s s u r e 
ves se l head and top flange, and into a c i r cu la r plenum around the p r e s s u r e 
ves se l , at an elevation jus t below the p r e s s u r e ves se l flange. F r o m this 
plenum the a i r is c i rcu la ted through nar row slots between the two ho r i ­
zontal, s teel shielding p la tes , into a second c i r cu la r plenum, and then to 
an exhaust fan that is common to the other th ree s y s t e m s . 

(2) The r e a c t o r ins t rument well ventilation sys tem draws 
a i r from the operat ing floor a r e a through a r eg i s t e r beneath the nuclear 
ins t rument p reampl i f i e r panel , and d is t r ibu tes it into the bottom of each 
ins t rument well . The a i r is then c i rcu la ted up through each well (past the 
ins t rument) into an exhaust duct. The duct d i scharges to the exhaust fan. 
The air flow is regulated by a damper and balanced with the a i r flow from 
the r eac to r shield c losure venti lat ion sys tem. 

(3) The g rave l exhaust sys tem draws a i r from the gravel 
shield to mainta in a negative p r e s s u r e that prevents radioactive contamina­
tion of the a r e a s above. The a i r is exhausted through a per fora ted pipe e m ­
bedded in the grave l , and is f i l t e red before enter ing the exhaust fan. 

(4) The g rave l a i r space exhaust sys tem draws a i r from 
between the operat ing floor and the mas t i c seal on top of the gravel . This 
a i r is exhausted into the g rave l shield exhaust duct through a ba rome t r i c 
damper . Although no change has been made , it appears that this sys tem is 
unnecessa ry . 

The four sys t ems uti l ize the same exhaust fan, located on 
the fan floor, which d i scha rges to the a tmosphe re . 

The fifth building venti lat ion sys t em provides an independent 
source of f r e sh a i r to the operat ing floor a rea . During plant operat ion, a i r 
is drawn through the ma in condenser ducts , mixed to the p roper t empe ra tu r e 
by a the rmos ta t i ca l ly cont ro l led mixing chamber , and supplied by a fan to 
the operat ing floor a r e a through two r e g i s t e r s . The air is d ischarged to the 
a tmosphere by the exhaust fan. During plant shutdown, the a i r is exhausted 
through a floor r e g i s t e r leading to the main condenser exhaust duct. 

Auxil iary heating of the building is provided by four unit 
h e a t e r s , two on each floor. The h e a t e r s a r e supplied with hot water f rom 
a boi ler in the Support Fac i l i t i e s Building. Auxil iary heating at a future 
location would depend on faci l i t ies available at the pa r t i cu la r s i te . 
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Incandescent lighting is used throughout the building to 
l e s sen ins t rument in ter ference . Power receptacles of 208 volts, 3-phase, 
and receptac les of 120 vol ts , s ingle-phase , a re located conveniently on 
each floor. Individual emergency ba t te ry-opera ted lights are located at 
c r i t i ca l points in the building. 

2. Support Fac i l i t ies Building 

The Support Fac i l i t ies Building is located adjacent, with 
a c c e s s , to the Power Plant Building. The building is a prefabricated 
meta l s t ruc ture (40 ft x 100 ft) with ample window a rea , and six doors for 
personnel and equipment acces s . The inter ior is insulated and features 
panelled walls and ceiling. Space heating is supplied by a forced hot -a i r 
sys tem. The building is also lighted with incandescent f ixtures , and has 
208-volt, 3-phase power recep tac les , and 120-volt, s ingle-phase 
recep tac les . 

The Support Fac i l i t ies Building houses the control room for 
r eac to r operat ion (Fig. 10). An equivalent a rea would be required at any 
future si te . The balance of the s t ruc ture and the facili t ies contained there 
in is designed to satisfy the prototype site requi rements ra ther than to 
simulate prototype instal lat ion. In addition to the control room, the Sup­
por t Faci l i t ies Building contains labora tor ies for chemical analyses and 
low-level activity decontamination, simulated heat and power load equip­
ment , diesel genera tor , furnace room, maintenance shops, offices, and 
personnel faci l i t ies . 
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C. Util i t ies 

The si te is supplied with 13.8-kv e lec t r i c power from the Idaho 
Power Company. Ennergency power is supplied by a d i e se l -gene ra to r 
unit and ba t t e r i e s on the s i te . 

Telephone se rv ice is in terconnected with the local NRTS systeiTi. 

Water for domest ic use , plant s e r v i c e , and f i re protect ion is ob­
tained f rom a deep well on the s i te , and is s tored in a 50,000-gal tank 
at grade level . The s tored water can be c i rcu la ted to prevent freezing 
during cold wea ther . 

The r equ i r ed water is d is t r ibuted from the pump house. Plant 
water (unchlorinated) is pumped through a 1 2'-in. line (at a ra te of 15 gpm 
and at a pump d ischarge head of 60 ft) to the overhead s torage tank 
(1000 gal) in the power plant building. The water is deminera l ized p r i o r 
to entry into the r eac to r sys tem. 

Water for f ire pro tec t ion and domest ic use in pumped independently 
through 6-in. l ines leading to two f ire hydrants and the chlorinat ion house. 
The t r e a t e d wa te r is supplied through a 2r--in. line to the support faci l i t ies 
l abora tory s inks , l ava to r i e s , f ire hose cabinet , and boi ler . 

Two w a s t e - d i s p o s a l sys t ems a r e provided. Noncontaminated was tes 
dra in to a septic tank, through a chlor inat ion tank, and into a dry well . Con­
taminated was t e s dra in to a sepa ra t e re tent ion tank. The contents a r e pump 
out per iodica l ly for u l t imate d isposa l off the s i te . 
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III. DESIGN SUMMARY* 

The design c r i t e r i a and c h a r a c t e r i s t i c s of the ALPR a re summar i zed 
in Table 1. The approximate weights and costs of major plant components 
are l i s ted in Table 2. 

Table 1 

SUMMARY OF ALPR DESIGN CRITERIA AND 
OPERATING CHARACTERISTICS 

Genera] 

Reactor Core Power Rating 
Steam Product ion Rating 
Operat ing P r e s s u r e 
Operating T e m p e r a t u r e 
Feedwater T e m p e r a t u r e 

Reac to r 
Condenser Hot Well 

Core Life (design) 
Average Power Density in Core Coolant 
Average Heat Flux 
Turbine - Genera tor 

Power Rating 
Frequency^ 
Voltage^ 
Phase (4-wire) 
Power Fac to r 

Plant Fac to r 
Standby Power Equipment Capacity 

(d iese l -e lec t r i c ) 
Domest ic Heat Load Capacity (hot water) 
Elevation at Prototype Site (above sea levelj 
Ambient T e m p e r a t u r e (design") 
Maximum Wind Speed (design) 
Maximum Building Height (above grade) 
Site Surface Condition (assumed bas i s for 

construct ion) 
Site Mate r i a l s for Construct ion 
Transpor tab i l i ty of Components 

3 Mwt (nominal) 
9,020 Ib /h r (nominal) 
300 psig 
421°F 

175°F 
134°F 
3 yr (nominal) 
17.5 kw/ l i t e r 
21,500 Btu/(hr)(ft^) 

300 kw 
60 cps 
120/208 volts 
3 
0.80 
0.70 

60 kwe 
400 kwt 
5,000 ft 
-60°F to + 60°F 
125 mph 
50 ft 

P e r m a f r o s t 
Local Gravel 
Airlift 

* H. H. Hooker 

^ See Appendix V; Operat ional Requi rements - section 5. 

° Not incorpora ted in building shell or insulation design. 



Table 1 (Cont'd.) 

Core 

Maximum Horizontal C ros s Section 

Fuel Loading, Uranium 
40-assembly , U^ (minimum, poisoned) 
59-assembly , U (maximum, poisoned) 

Overa l l Meta l - to -Wate r Ratio 
Loading of Burnable Poison (40-fuel-

a s sembly core) 
Number of 0 .021-in.- thick s t r ips 
Number of 0 .026-in.- thick s t r ips 

Fuel Ass embly 

Overal l Dimensions 
Weight of U^^^ 
Number of P l a t e s 
Average Water Channel Gap 

Fuel P la te 

Overa l l Dimensions 
"Meat" Dimensions 

Cladding Thickness 
Cladding and "Meat" Diluent 
"Meat" Volume 
Weight of Al-Ni Alloy "Meat" Diluent 
Weight of U^̂ 5 
Weight of Uranium (-93 w/o U^^ )̂ 
Uranium in the "Meat" 
Uranium in the "Meat" 

Burnable Poison Str ips 

Overa l l Dimensions (full length) 

,10 Weight B'" per Str ip 
0.021-in. th ickness 
0.026-in. th ickness 

B^^'in s t r ip 

^ 3 5 in. x35 in. (corners 
removed) 

14.00 k g 
20.65 k g 
0.5 

16 half- length 
40 full-length 

3g- in. X 3g- in. x 34^ in. 
350 gm 
9 
0.310 in. 

13 
16 m . 0.120 in. x 3 | | in. x27 

0 .050 in .x3 .500 in . x 
25.800 in. 

0.035 in. 
Aluminum-nickel alloy 
74 cm^ 
•^igS gm 
38.9 gm 
41.7 gm 
•-^17.60 w/o 
"^2.21 a /o 

7 13 

3-g-in. X 25 jg-in. in thick­
n e s s e s of 0.021 in. or 
0.026 in. 

0.4 gm 
0.5 gm 
~0.43 w/o 

Nuclear Data for 40- fue l -assembly Reference Core at 3 Mwt 

Average The rma l Flux in Fuel 
(fresh r e a c t o r ) 

•-'6.2 X 10i2(n)(cm)/ 
(cm )(sec) 



Table 1 (Cont'd.) 

Max/Avg Flux Ratio inHot F r e s h Re­
ac tor ( no s team voids) 

Radial (gross) 
Control Cell 
Axial (control rods out) 
Axial (control rods halfway in) 
Reac to r (control rods out) 
Reac tor (control rods halfway in) 

React ivi ty Changes (approximate) , dol­
l a r s (1 dollar = 0.7%) 

Calculated 

1.6 
1.3 
1.3 
1.7 
2.7 
3.5 

Me asured 

. 

-
-
-
-
„ 

T e m p e r a t u r e (cold-^ operat ing) , 
f resh reac to r 

Xenon + Samar ium 

Steam Voids (dependent on rod 
posit ions) 

Xenon Over r ide 

Neutron Lifetime 

-2.2 to -2.9 

-3.7 (fresh 
reac tor ) 
-4.3 (depleted 
r eac to r ) 

-1 .9 to -2.9 

-3 .3(+0.5)( rods 
banke d at «'2 1 in.) 

3.5a 

-3 .3 ( to .6 ) (es t i . 
mated) 
.-^-0.3 -0.4 (fresh 

reac tor ) 
- 1 . 4 t o - 2 . 1 
(depleted r e ­
actor) 

4 X 10-5 sgc to 8 X lO '^sec 
(over range of core conditions) 

Heat Trans fe r and Fluid Flow for 40 -Fue l Assembly Reference Core at 3 Mwt 

Average Power Density in Core Coolant 
Steam Flow 
Average Steam Void in Fuel Assembly Channel 
Average Steam Void in Modera tor of Core 
Exit Steam Quality 
Water Reci rcula t ion Ratio (lb water per 

lb s t e a m ) 
Feedwate r Inlet Tempera tu re 
Subcooling of Water at Core Inlet 

17.5 kw/l i te] 
9,020 Ib /h r 
- 9 % 
- 7 % 
-0 .7% 
130 

175°F 
1.5°F to 2°F 

Equi l ibr ium xenon i nea s u re d worth •'^2.3 dol lars (1.6% at ^^2.6 Mwt; esti­
ma te is -^2.5 dol lars (1.7%) at 3 Mwt. Equil ibr ium s a m a r i u m computed 
worth ^'1 dollar (-'0.7%). 



Table 1 (Cont'd.) 

Average Boiling Length 
Total Heat Transfe r Area 
Average Heat Flux 
Maximum Heat Flux 
Average T e m p e r a t u r e at Center Line of 

Fue l Pla te 
Maximum Tempera tu re at Center Line 

of Fue l P la te 
Average T e m p e r a t u r e at Surface of Fuel 

P la te Cladding 
Maximum T e m p e r a t u r e at Surface of Fue l 

P la te Cladding 

20 in. 
475 ft^ 
21,500 Btu/(hr)(ft^) 
75,000 Btu/(hr)(ft2) 

450°F 

470°F 

440°F 

460°F 

Control Rods 

Number of C ros s - t ype Rods 
Additional Spaces for Tee- type Rods 

Spacing 
Length of Cadmium Section 
Thickness 

Cadmium ("meat") 
Aluminum-Nickel Alloy (clad) 

Total Mete red Trave l 
Scram Time (30 in. of rod t r ave l , from r e s t ) 
Withdrawal Rate ^ 

Weight of Control Rod 
Cross - type Rod No. 9 
C r o s s - t y p e Rod No. 1, 3, 5 or 7 
Tee- type Rod 

4 (no tusedon re fe renc 
core) 

8-l|- in. (square 
34 in. 

0.060 in. 
0.080 in. 
30 in. 
2 sec 
F ina l : 

la t t ice) 

Rod No. 9:: 1.8 i n . / m i n 
Rods No. 1, 3, 5 and 
7:: 2.85 i n . / m i n 

48 lb 
42 lb 
37 lb 

P r e s s u r e Vesse l 

D iame te r , Outside 
Wall Thickness 

Base Mate r i a l 
Stainless Steel Clad 

4.5 ft 

3 . 
4" m . 

^ m . 

^Adjustable to mee t c r i t e r ion of max imum ra te of reac t iv i ty addition 
('*̂  0.01%/sec); se t init ial ly at 3 in . / inin . At 1.8 i n . / m i n . , the maximum 
ra t e of reac t iv i ty addition by the cen te r rod in the cold f resh r eac to r is 
^^0.02 d o l l a r / s e c (-vO.Ol (5) %/ sec ) . 



Table 1 (Cont'd.) 

Height (less head) 
Design P r e s s u r e 
Thermal Shield 
P r e s s u r e Relief Settings 

F i r s t Stage (to Condenser) 
Second Stage (to Atmosphere) 

Level of Water above Core 
Total Weight (empty) 
Average Volume of Steam Dome 
Total Weight of Contained Water (Operating) 
Maximum The rma l S t r e s s e s due to Gamma 

Heat in Vesse l 
Maximum Therma l S t r e s s e s due to Gamma 

Heat in Cover 
Type of Head Closure 

14™ ft 
400 psig 
•5- -in. s ta inles s teel 

350 psig 
385 psig 
4 ft 4 in. 
^^26,000 lb 
A'80 cu ft 
^^8000 lb 
750 psi 

600 ps i 

Double gasketed with 
leakoff 

Table 2 

APPROXIMATE WEIGHT AND COST OF MAJOR PLANT COMPONENTS 

Reactor P r e s s u r e Vesse l (empty) 
Water Purif icat ion System Complex 
Turb ine -Genera to r 
P r e s s u r e Vesse l Support Cylinder and Thermal Shield 
Pe rmanen t Concrete Shielding 
Removable Concrete Shielding 

Heavies t Segment 
Total 

Pe rmanen t Steel Shielding 
Condenser Fan 
E lec t r i ca l Switchgear 
Condenser and Vapor P r e - c o o l e r 
P r o c e s s Ins t rumentat ion and Panel 
Nuclear Instrunaentation and Panel 
Control Rod Drive Assembl i e s (10) 
Feed-wa te r Pumps (2) 
Emergency Power Supply 
Pe rmanen t Gravel Shielding 
Power Plant Building 

Shell 
S t ruc tura l Steel 

Weight 
lb 

26,000 
24,000 
21,000 
15,000 
80,000 

15,000 
75,000 
42,000 
13,000 
11,500 
10,500 

5,000 
5,000 
4,000 
3,000 
2,000 

2,000,000 

108,000 
110,000 

Cost 
$ 

39,000 
51,000 
47,000 
20,000 

-

„ 

-
-

16,000 
33,000 
24,500 
32,500 
38,500 
91,000 

8,500 
6,000 

17,000 

76,000 
94,000 
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A. P l a n t O p e r a t i o n 

D u r i n g n o r m a l p l an t o p e r a t i o n , s a t u r a t e d s t e a m a t 300 ps ig and 
421°F i s g e n e r a t e d wi th in the c o r e . A s shown in the flow d i a g r a m (Fig . 11), 
the m a j o r p o r t i o n of the s t e a m flows f r o m the r e a c t o r p r e s s u r e v e s s e l d i ­
r e c t l y to the t u r b i n e and then to the a i r - c o o l e d c o n d e n s e r . A s m a l l a m o u n t 
of s t e a m is u s e d to o p e r a t e the p l an t a i r e j e c t o r s and the t u r b i n e g land 
s e a l s y s t e m . The b a l a n c e of the s t e a m flows t h r o u g h the b y p a s s r e g u l a t i n g 
va lve and p r i m a r y s t e a m - b y p a s s l ine to the s p a c e - h e a t i n g h e a t e x c h a n g e r , 
and to a s e c o n d a r y b y p a s s l ine a r o u n d th i s hea t e x c h a n g e r . The s t e a m 
flow to the h e a t e x c h a n g e r is r e g u l a t e d by a t h e r m o s t a t i c va lve hav ing a 
t e m p e r a t u r e - s e n s i n g e l e m e n t in the s e c o n d a r y w a t e r c i r c u i t . C o n d e n s a t e 
f o r m e d in the h e a t e x c h a n g e r i s f l a s h e d to the m a i n s t e a m c o n d e n s e r and 
the ho t we l l by way of the f l ash t ank . S t e a m in e x c e s s of the s p a c e - h e a t i n g 
r e q u i r e m e n t s is b y p a s s e d d i r e c t l y to the c o n d e n s e r t h r o u g h a back 
p r e s s u r e - r e g u l a t i n g va lve in the s e c o n d a r y b y p a s s l ine . 

AIR PREOOOUER 
R&DWTOR 

REACTOR 

PURIFICATION WATER 
HOUD-UP TANK 

K'WLIR 'FLS«-r-+^^n--^S™L LEVEL 

FEED WATER FLOW 

FIG. II 
FLOW DIAGRAM 

The p o w e r l e v e l of the r e a c t o r m a y be c o n t r o l l e d e i t he r m a n u a l l y 
o r a u t o m a t i c a l l y . M a n u a l c o n t r o l of r e a c t o r p o w e r is u s e d in conjunc t ion 
with a u t o m a t i c a d j u s t m e n t of the b y p a s s r e g u l a t i n g v a l v e . The va lve 
o p e r a t e s to m a i n t a i n a r e l a t i v e l y c o n s t a n t s t e a m p r e s s u r e by c o m p e n s a t i n g 
for m i n o r c h a n g e s in t u r b i n e s t e a m flow. 

When a u t o m a t i c c o n t r o l of r e a c t o r p o w e r i s e m p l o y e d , the s t e a m 
p r e s s u r e - r e g u l a t i n g funct ion of the b y p a s s r e g u l a t i n g va lve is not r e ­
q u i r e d . The va lve is a d j u s t e d naanual ly to supply only the s t e a m r e q u i r e d 
for the s i m u l a t e d s p a c e - h e a t i n g s y s t e m . 



In the prototype plant, the heat t r a n s f e r r e d to the secondary (water) 
c i rcui t of the s imulated space-heat ing sys tem is diss ipated to the a t m o s ­
phere by means of an a i r - coo led heat exchanger . 

All exhaust s team is passed to the main a i r -coo led condenser on the 
fan floor. Cooling a i r is drawn through the condenser by a mo to r -d r iven 
centrifugal fan. During freezing weather , the t empera tu re of the condenser 
inlet a i r is r a i s ed by mixing the incoming s t r eam of outside a i r with an 
automatical ly control led fraction of the condenser exhaust a i r . The speed 
of the condenser fan and, hence , the flow of cooling a i r , is reduced auto­
mat ica l ly during per iods when maximum condenser capacity is not requi red . 
An a i r - e j e c t o r sys tem continuously removes the noncondensible gases from 
the sys tem. 

Condensate flows by gravity from the condenser to the hot well. F r o m 
the hot well it is pumped by one of two feed pumps through the reac to r wa te r -
pur i f ica t ion-sys tem cooler and f i l ter , to the r eac to r vesse l where it is d i s ­
charged through the feed-water spray r ing. In the event of failure of the 
operating feed-water pump, the standby pump is s ta r ted automatical ly. 

A r eac to r water -pur i f ica t ion sys tem is provided to mainta in water 
puri ty. Water is pumped at approximate ly 3 gpm, and up to 5 gpm, from 
the r e a c t o r vesse l through a heat exchanger (where it is cooled by the in­
coming feed water) to ion exchange beds. It then flows to the feed-water 
line where it is mixed with the feed water and re tu rned to the r eac to r . 

A port ion of the condensate from the hot well is pumped through 
an auxi l iary sys tem where it is ut i l ized as a coolant for the shield-cooling 
sys tem, gland a i r - e j e c t o r p recoo le r , and a i r - e j e c t o r af tercondenser , and 
as feed pump gland sealing water . 

Excess ive r eac to r s t eam p r e s s u r e is re l ieved through two p r e s s u r e -
actuated va lves . The f i r s t exhausts to the condenser . The second, which 
is set at a higher p r e s s u r e , exhausts to the a tmosphere outside the building. 
Excess ive condenser p r e s s u r e is re l ieved through a p r e s s u r e - a c t u a t e d 
valve which a lso exhausts to the outside. 

B. Reac tor Core 

In effect, the shroud s t r uc tu r e for the r eac to r core divides the core 
into sixteen compar t inen t s , twelve designed to accommodate a 2 x 2 a r r a y 
of a s s e m b l i e s , and four co rne r compar tmen t s contoured to contain three 
a s semb l i e s each (Fig. 12). Thus , the core capacity is fifty-nine fuel a s ­
sembl i e s , plus one source assembly . The sides of the compar tments form 
shrouds for "J" -in.-thick water channels in which the reference sys tem of 
five c r o s s - s h a p e d control rods andthe sys tem of four t ee -shaped rods move. 
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V E S S E L SUPPORT C Y L I N D E R 

PRESSURE V E S S E L 

ADD I T I O N & L SPACE FOR 

T - T V P E CONTROL ROD 

C R O S S - T Y P E CONTROL ROD 

M a O N E S K I N S U L A T I O N 

Dl'MMY FUEL ASSEMBLY 

A D D I T I O N A L ( F U E L ) ASSEMBLY SPACE REFERENCE DESIGN FUEL LOADING 

TNERMAl S H I E L D FEEDWATER SPRA1 RING 

F ia . 12 
REFERENCE 40-FUEL-ASSEMBLY CORE L0ADIN6 FOR 3 Mwt OPERATION 
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_ , 3 
The core s t ruc tu re is supported on eight brackets welded to a "J - in . - th ick 
s ta in less s teel cyl indr ical annulus acting as the (radial) t he rma l shield. In 
turn, the the rma l shield is supported on lugs welded to the p r e s s u r e vesse l . 
The ent i re core s t ruc tu re is fabr icated of an alloy of aluminum with 
'^l w/o nickel (type XBOOl) . 

The re ference core loading for 3-Mwt operation, shown in Fig. 12, 
includes forty fuel a s semb l i e s and one source assembly . Ten dummy fuel 
a s sembl i e s a r e used to fill out compar tments and thus to provide la te ra l 
support for the other a s s e m b l i e s . Each assembly is Sg- in. square and 
3 4 Y in. long. The fuel a s sembly contains nine flanged fuel plates which 
a r e welded to two side p la tes . The fuel plate consis ts of a 25.8- in.- long, 
0.050-in.- thick core of u ran ium, enr iched to 93 w/o U^ , in an alloy with 
aluminum plus 2 w/o nickel , clad with 0.035 in. of XBOOl. Each fuel plate 
contains ~39 gm U^ . Fuel plates a r e separa ted by 0.031-in.- thick water 
coolant channels . 

To a s s i s t in control of the excess react ivi ty r equ i r ed for the nomi­
nal core life of th ree y e a r s , thin burnable-poison s t r i p s , extruded from a 
mix tu re of a luminum-nicke l powder and a powder highly enr iched in B^ , 
a r e tack-welded to one or both side plates of fuel a s s e m b l i e s . In the 
re fe rence 40-as sembly co re , one full-length (25.8 in.) s t r ip containing 
"^0.5 gm B^ is welded to a side plate of each fuel assembly , within the 
active core region. In addition, one half- length s t r ip containing ~ 0 . 2 g m B 
is welded to the other side plate of each of the cen t ra l sixteen fuel a s s e m ­
bl ies , in the bottom half of the active co re . 

The control rods consis t of a cadmium absorber section, 0.060 in. 
thick and 34 in. long, confined between two 0.080-in.- thick sheets of XBOOl 
alloy. The c r o s s - s h a p e d rods have an absorbing span of 14 in,; the portion 
of the t ee - shaped rod pointing toward the center of the core has an active 
length of 7 in. and the other span has a total active length of 11 i" in. (The 
tee rods a r e not used in the 40 -a s sembly reference core . ) Control rods a r e 
driven by rack-and-p in ion m e c h a n i s m s through combination magnet ic and 
over - running mechan ica l clutches (see Fig. 13). When the clutches a r e de-
energized, the rods fall by gravity through the full 30 in. of m e t e r e d t ravel 
within two seconds . If the rod should stick during its free fall, the rod 
dr ive over - running clutch will engage and the rod will be driven past the 
region of r e s i s t a n c e . The cen t ra l c r o s s control rod (No=. 9) is moved by its 
rod drive at the r a t e of 1.8 i n . /min , corresponding to a maximum ra te of 
change of react iv i ty of ~ 0.02 d o l l a r / s e c [~ 0.01 (5)%/sec}] in the cold fresh 
r eac to r . The remain ing four c r o s s control rods a r e driven at a ra te of 
2.85 in . /min , since each is cons iderably l ess effective than rod No. 9. 



LEGEND 
1 LAMINATED TOP SHIELD 

2 CONCRETE SHIELD 
3. CONTROL ROD DRIVE 
4. DRY SHIELD M I X T U R E 
5. INSTRUMENT W E L L 
6. CONTROL ROD DRIVE MOTOR 

7 GRAVEL 
8 STEAM OUTLET 7 
9. BORON SPRAY RING 
10. PURIFICATION PURGE LINE 
11. SUPPORT CYLINDER 
12 CONTROL ROD 
13. CORE STRUCTURE 
14. PRESSURE VESSEL ( 4 ' - 6 " O.D.) 
15. FEED WATER 

a BORON SPRAY RING 
16. INSULATION 
17 AIR SPACE 
18. LEAD THERMAL SHIELD 

a COOLING COILS 
19. THERMAL SHIELD 
20.B0RAL SHIELD 
2I .SPARE 

GRADE LEVEL 

FIG. 13 
REACTOR INSTALLATION, VERTICAL SECTION 

C. Reactor P r e s s u r e Vesse l 

The r eac to r vesse l (see Fig 13) is fabricated of SA-212, Grade B 
Firebox Quality s tee l and m e a s u r e s 4 ft 6 in. in outside diameter by 
14 ft 6 in. in length. The upper end is flanged and machined to accommo­
date a flat cover plate which is bolted against two concentr ic gaskets to 
effect a p r e s s u r e - t i g h t c losure . Any outleakage of s team a c r o s s the inner 
gasket is collected in an annulus between the gaskets and re tu rned to the 
systemi. The inside surface of the vesse l and the cover plate is clad with 
Type 304 s ta in less s tee l . 

All openings a r e l imited to the cover plate and the upper sidewalls 
of the vesse l p rope r . The openings in the cover plate include nine 6-in. 
flanged nozzles for the control rod d r ives , and one 4-in. nozzle and one 
2.5-in. nozzle for l iquid-level inst rumentat ion. The openings in the vesse l 



wall include nozzles for the s team outlet (4-in.), feed-water inlet (l4--in.), 
shutdown cooling water inlet (l—-in.), purification sys tem water outlet ( l- in,) , 
and a spa re ( l - in.) . 

The outer surface of the vesse l is covered with a layer of magnes ia 
insulation (3 in. thick) which is re ta ined by a s teel jacket (x" '^ - thick). 

D. P r e s s u r e Vesse l Support Cylinder 

The r eac to r vesse l is suspended from its upper flange, which r e s t s 
on the support cylinder (see F i g s . 12 and 13). This cylinder is fabricated of 
carbon s tee l (y in. thick) and cons is t s of two flanged hal f -cyl inders that a r e 
bolted together . The as sembly r e s t s on a s teel plate (1 in. thick) which, in 
turn, is supported by building s t r u c t u r a l s tee l . 

The support cylinder a lso const i tutes a substant ial par t of the t h e r m a l 
shielding. The outer surface is covered with a layer of lead (I'J" in. thick) 
which is re ta ined by a s tee l jacket (4- in. thick). At core level , the thickness 
of the s teel jacket is i nc r ea sed to 1-j- in. In the a r e a adjacent to three nu­
c lear ins t rument wel ls , the l4"-in. s t ee l band is replaced with an additional 
3 in. belt of lead. A l4--in. l ayer of lead is also insta l led above the l - in . 
s tee l plate that supports the cyl inder . 

Heat genera ted within, or conducted to, the support cyl inder , outer 
t h e r m a l shield, and bottom t h e r m a l shield is removed by cooling water that 
is c i rcu la ted through copper cooling coils embedded in the lead. 

E. Shielding 

The bulk of the biological shielding is local gravel (see Fig . 13), 
which extends upward from the bottom s tee l plates of the building shell to 
a level approximate ly 18 in. below the operat ing floor. In addition to 
shielding the r e a c t o r , the gravel s e r v e s as a convenient shielding medium 
for radioact ive sys tem components , i .e . , ion exchange beds , spent fuel 
s torage tanks , and contaminated water (retention) tank. 

Beneath the r eac to r ve s se l , the lead the rma l shield is augmented 
by a Bora l sheet for t h e r m a l neut ron cap ture , and a bed of mixed s tee l 
punchings, bor ic oxide, and sand. 

The space surrounding the r e a c t o r vesse l cover nozzles is a lso 
filled with a mix tu re of s tee l punchings, bor ic oxide, and sand. The m i x ­
tu re extends upward from the v e s s e l cover to slightly below the nozzle 
f langes, and is re ta ined by a s tee l jacket . 



The top biological shield consis ts p r i m a r i l y of s teel plates and 
concre te . A ring of concre te , flush with the operat ing floor level , s u r ­
rounds the top of the ve s se l . Above this r ing, and res t ing on it a r e five 
p ie -shaped blocks of concrete poured in s t ruc tu r a l s tee l f r ames . The 
contiguous sur faces of the blocks a r e stepped to reduce radiat ion 
s t r eaming . 

The shielding di rect ly above the control rod dr ives is compr i sed 
of a l t e rna te l aye r s of Masonite ha rdboa rd and s tee l . The s teel affords 
gamma shielding, and the hydrogenous Masonite provides neutron 
attenuation. 



IV. OPERATIONAL CHARACTERISTICS* 

A Plant Pe r fo rmance Testv^) consisting of 500 continuous operating 
hours for the complete plant at max imum power was the miost comprehen­
sive operat ional tes t per formed by the Laboratory . F igure 14 r ep re sen t s a 
typical plant heat balance for the tes t . 

A. Power Plant 

The m a s t e r flow d iagram of the power plant and the valve des igna­
tions and descr ip t ions , a r e i l lus t ra ted in F igs . 15 and 16, respect ively . In 
Table 3 a r e tabulated the design v e r s u s operating cha rac t e r i s t i c s at ra ted 
plant power. Deviations from the design calculations a r e noted and d i s ­
cussed. The power plant was access ib l e at a l l t imes to personnel . Time 
l imitat ions imposed in some a r e a s were due to radiat ion levels above to l e r ­
ance ( A E C ) and a r e d i scussed in section VII. 

1. Steam Systems 

The main s team sys t em (see Fig. 17) consis ts of the piping, 
valves , and ins t rumenta t ion n e c e s s a r y to supply 300-psig, dry and sa tu­
ra ted ( 4 2 1 ° F ) , r eac to r steam, d i rec t ly to the tu rb ine-genera to r unit, turbine 
gland sea l s , a i r e jec to rs , and indi rec t ly to the s imulated heat - load heat 
exchanger (space-heat ing sys tem). 

The main s t eam line was original ly designed to incorpora te a 
s t eam sepa ra to r and a p r e s s u r e - r e g u l a t i n g valve at the exit of the r eac to r 
p r e s s u r e ve s se l . Exper iments with BORAX indicated that the value of the 
s team sepa ra to r was doubtful and that a reac to r p re s su re - r egu la t i ng valve 
was unnecessa ry . Subsequent ALPR plant operation verif ied the r e su l t s of 
the BORAX expe r imen t s . Operating p r e s s u r e s a r e higher than the design 
p r e s s u r e because the p r e s s u r e drops induced by the separa to r and valve 
were el iminated. 

The bypass s t eam sys tem (see Fig. 1?) supplies s team to the 
s imula ted hea t - load heat exchanger at a p r e s s u r e of 40 psig. Steam 
genera ted in excess of that r equ i r ed by the tu rb ine -genera to r unit, turbine 
gland sea l s , a i r e j ec to r s , and space-heat ing sys tem is routed to the main 
a i r - coo led s team condenser by discharging into the turbine exhaust piping. 
The sys tem capaci ty is such that upon turbine throt t le t r ip the full steam, 
load can be re jec ted to the s team condenser . 

Originally, the au tomat ic -demand control feature of the plant 
necess i t a t ed the incorpora t ion of an automatic bypass steain flow regu la t ­
ing valve (0-3000 Ib /h r ) for changes in plant load. The valve is positioned 
in r e sponse to the deviation of r eac to r s t eam p r e s s u r e from a set point. 

*E. E. Hamer 
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MAIN STEAM SYSTEM SHIELD COOLING SYSTEM REACTOR WATER AND CONTAfAINATED WATER (RETENTION) SYSTEM (CONTD.) 

SYMBOLS DESCRIPTION 

MS-1 REACTOR SHUTOFF 

MS-2 TURBINE TRIP-THROTTLE 

MS-3 STEAM BYPASS REGULATING 0-3000 L3/HR ( 1 " VALVE) 

MS-4 STEAM BYPASS REGULATING 0-10,000 LB/HR {V/i" VALVE) 

MS-5 STEAM BYPASS BACK PRESSURE REGULATING (40 PSIG) 

MS-6 STEAM BYPASS PRESSURE RELIEF (50 PSIG) 

MS-7 REACTOR PRESSURE RELIEF TO CONDENSER (350 PSIG) 

MS-8 REACTOR PRESSURE SAFETY TO ATMOSPHERE (385 PSIG) 

MS-9 TURBINE EXHAUST SAFETY TO ATMOSPHERE (5 PSIG) 

AUXILIARY STEAM SYSTEM 

AS-1 AIR EJECTORS STEAM LINE SHUTOFF 

AS-2 CONDENSER AIR EJECTOR STEAM SHUTOFF 

AS-3 GLAND AIR EJECTOR STEAM SHUTOFF 

AS-4 TURBINE GLAND STEAM SHUTOFF 

AS-5 SPACE HEATING STEAM SHUTOFF 

AS-6 SPACE HEATING STEAM REGULATING 

AS-7 SPACE HEATING STEAM SUPPLY LINE DRAIN 

AS-8 SPACE HEATING HEAT EXCHANGER VENT 

AS-9 SPACE HEATING HEAT EXCHANGER VENT AND CONDENSATE DRAIN AT 
FLASH TANK SHUTOFF 

AS-10 COiOENSATE FROM L.P. CONOEiSATE TAMK 

FEEDWATER SYSTEM 

FW-1 FEEDWATER PUMP #1 INLET SHUTOFF 

FW-2 FEEDWATER PUMP #1 OUTLET CHECK 

FW-3 FEEDWATER PUMP # 1 OUTLET SHUTOFF 

FW-4 FEEDWATER PUMP »2 INLET SHUTOFF 

FW-5 FEEDWATER PUMP #2 OUTLET CHECK 

FW-.6 FEEDWATER PUMP # 2 OUTLET SHUTOFF 

FW-7 FEEDWATER REGULATING (MOTOR OPERATED) 

FW-8 FEEDWATER LINE DRAIN 

FW-9 CONTROL ROD DRIVE COOLING WATER REGULATING 

COOLING WATER SYSTEMS (CONDENSATE) 

CW-1 CONDENSATE CIRCULATING PUMP INLET SHUTOFF 

CW-2 CONDENSATE CIRCULATING PUMP DISCHARGE SHUTOFF 

CW-3 CONDENSATE CIRCULATING LINE TO SHIELD COOLER DRAIN 

CW-4 CONDENSATE CIRCULATING LINE FROM SHIELD COOLER TO FLASH 
TANK SHUTOFF 

CW-5 CONDENSATE CIRCULATING LINE FROM AIR EJECTOR PRECOOLER TO 
FLASH TANK SHUTOFF 

SYMBOLS 

SC-1 

SC-2 

SC-3 

SC-4 

SC-S 

SC-6 

SC-7 

SC-8 

SC-9 

SC-10 

SC-11 

MW-1 

MW-2 

MW-3 

MW-4 

MW-5 

MW-6 

MW-7 

MW-8 

MW-9 

MW-10 

RP-1 

RP-2 

RP-3 

RP-4 

RP-S 

RP-6 

RP-7 

RP-8 

RP-9 

RP-10 

RP-11 

RP-12 

RP-13 

RP-14 

RP-15 

RP-16 

DESCRIPTION 

SHIELD COOLER PUMP INLET SHUTOFF 

SHIELD COOLER PUMP AND TANK DRAIN 

SHIELD COOLER PUMP DISCHARGE SHUTOFF 

SHIELD COOLER PUMP CHECK TO AUXILIARY COOLER 

SHIELD COOLING COIL #1 THROTTLING AND SHUTOFF 

SHIELD COOLING COIL #2 THROTTLING AND SHUTOFF 

SYSTEM DRAIN (MANUAL) 

SYSTEM BYPASS AND DRAIN (SOLENOID) 

SYSTEM PRESSURE RELIEF 

SYSTEM EXPANSION TANK CHECK TO SHIELD COOLER 

SHIELD COOLER PUMP AND SYSTEM FILTER BYPASS CHECK 

MAKE-UP WATER SYSTEM 

RAW WATER DEMINERALIZER SOLENOID VALVE BYPASS 

RAW WATER DEMINERALIZER TANK INLET SHUTOFF 

RAW WATER DEMINERALIZER TANK BYPASS 

RAW WATER DEMINERALIZER OUTLET SHUTOFF 

RAW WATER DEMINERALIZER DRAIN 

RAW WATER DEMINERALIZER TANK VENT 

RAW WATER DEMINERALIZER INLET SHUTOFF (SOLENOID) 

RAW WATER DEMINERALIZER INLET SHUTOFF (MANUAL) 

WATER STORAGE TANK TO CONDENSER HOTWELL SHUTOFF 

WATER STORAGE TANK TO SHIELD COOLING EXPANSION TANK SHUTOFF 

REACTOR WATER AND CONTAMINATcD WATER (RETENTION) SYSTEM 

FEEDWATER SYSTEM SHUTOFF 

FEEDWATER FILTER INLET SHUTOFF 

FEEDWATER FILTER BYPASS SHUTOFF 

PURIFICATION SYSTEM INLET SHUTOFF 

MIXED BED DEMINERALIZER OUTLET REGULATING 

FEEDWATER FILTER OUTLET SHUTOFF 

PURIFICATION SYSTEM OUTLET SHUTOFF 

MIXED BED DEMINERALIZER INLET SHUTOFF 

CATION BED DEMINERALIZER INLET SHUTOFF 

CONTAMINATED WATER (RETENTION) TANK-CATION BED DEMINERALIZER INLET SHUTOFF 

CATION BED DEMINERALIZER OUTLET SHUTOFF 

CONTAMINATED WATER (RETENTION) TANK-MIXED BED DEMINERALIZER INLET SHUTOFF 

PURIFICATION SYSTEM PUMP BYPASS SHUTOFF 

CATION BED DEMINERALIZER OUTLET TO CONTAMINATED WATER (RETENTION) TANK SHUTOFF 

CATION BED DEMINERALIZER FLOWMETER INLET REGULATING 

MIXED BED DEMINERALIZER BYPASS SHUTOFF 

SYMBOLS DESCRIPTION 

RP-17 MIXED BED DEMINERALIZER OUTLET TO CONTA^ilNATED WATER 

(RETENTION) TANK SHUTOFF 

RP-18 DEMINERALIZERS OUTLET TO CONTAMINATED WATER (RETENTION) 

TANK HOSE CONNECTION SHUTOFF 

RP-19 CONTAMINATED WATER (RETENTION) TANK PUMP DISCHARGE HOSE 

CONNECTION SHUTOFF 

RP-20 FEEDWATER FILTER VENT SHUTOFF 

RP-21 FEEDWATER FILTER DRAIN SHUTOFF 

RP-22 PURIFICATION SYSTB/t FILTER VENT SHUTOFF 

RP-23 PURIFICATION SYSTEM FILTER INLET DRAIN SHUTOFF 

RP-24 PURIFICATION SYSTEM FILTER DRAIN SHUTOFF 

RP-25 CONTAMINATED WATER (RETENTION) TANK PUMP INLET HOSE 

CONNECTION SHUTOFF 

RP-26 CONTAMINATED WATER (RETENTION) TANK PUMP INLET SHUTOFF 

RP-27 CONTAMINATED WATER (RETENTION) TANK PUMP DISCHARGE FOR 

PURIFICATION SYSTEM PUMP PRIMING SHUTOFF 

RP-28 CONTAMINATED WATER (RETENTION) TANK PUMP DISCHARGE SHUTOFF 

RP_29 CONTAMINATED WATER (RETENTION) TANK PUMP DISCHARGE HOSE 

CONNECTION SHUTOFF 

RP-30 FEEDWATER LOWER SPRAY RING SHUTOFF 

RP-31 FEEDWATER UPPER SPRAY RING SHUTOFF 
RP-32 EDUCTOR VALVE 

BORON PUMP SYSTEM 

BP-1 BORON TANK DRAIN SHUTOFF 

BP-2 BORON TANK DRAIN HOSE CONNECTION SHUTOFF 

BP-3 BORON PUMP BYPASS HOSE CONNECTION SHUTOFF 

BP-4 BORON PUMP DISCHARGE SHUTOFF 

BP-5 BORON PUMP SYSTEM CHECK 

BP-6 BORON PUMP SYSTEM LOWER SPRAY RING SHUTOFF 

BP-7 BORON PUMP SYSTEM UPPER SPRAY RING SHUTOFF 

FIG. 16 

VALVE DESIGNATIONS AND DESCRIPTIONS 

FEEDWATER PUMPS GLAND SEAL VALVES CARRY NO SEPARATE DESIGNATION 



Table 3 

DESIGN VERSUS OPERATING CHARACTERISTICS 

(300 kwe and 400 kwt) 

Item 

1. 

2. 

3 . 

4. 

5. 

6. 

7. 

8. 

9. 

Descript ion 

Reactor Main Steam 
a. Flow ra te , Ib/hr^^^ 
b. P r e s s u r e , psig 
c. Tempera tu re , °F 

Turbine Thrott le Steam 
a. Flow ra te , Ib/hr^^^ 
b. P r e s s u r e , psigfr) 
c. Tempera tu re , °F(b) 

Turbine Exhaust Steam 
a. Flow ra te , Ib/hr^^-) 
b. P r e s s u r e , in. Hg absA*^^ 
c. Tempera tu re , °F 

Turbine Gland Seal Steam 
a. Flow ra te , I b / h r W 
b. P r e s s u r e , psig(t>) 
c. Tempera tu re , "F*- •' 

Bypass Steam 
a. Flow ra te , Ib /hr 
b. P r e s s u r e 

1. Regulating valve inlet, psig^ ' 
Z. Regulating valve outlet, psig 

c. Tempera tu re 
1. Regulating valve inlet, "F^'^) 
2. Regulating valve outlet, °F 

Space Heat Steam 
a. Flow ra te , Ib /hr 
b. Heat exchanger p r e s s u r e , psig*.*^^ 
c. Heat exchanger t empera tu re , °F 

d. Condensate 
1. Flow ra te , Ib/hr 
Z. Tempera tu re , °F(*^) 

Bypass Steam Excess 
a. Flow ra te , Ib/hr '^) 
b. Pressure ,ps ig ' -S ' 
c. Tempera tu re , °F 

Main Steam Condenser 
a. Condensing ra te , Ib/hr^^>" 
b. P r e s s u r e , in. Hg abs.'-'^' 
c. Tempera tu re , "F^*^' 

F lash Tank Condensate 
a. Flow ra te , Ib/hr(J^) 
b. P r e s s u r e , in. Hg abs.''^^ 
c. Tempera tu re , °F'<^) 

Design Data 

9020 
300 
421 

7500 
Z80 
415 

7500 
5 

135 

30 
280 
415 

1400 

280 
40 

415 
338 

(50°S.H.) 

1400 
15 

328 
(76''S.H.) 

1400 
240 

zero 
40 

338 
(50°S.H.) 

7500 
5 

135 

1550 
5 

135 

Operation Data 

8220 
305 
422 

6600 
295 
419 

6600 
10 

161 

50 
295 

419 

1450 

295 
45 

419 
339 

(50°S.H.) 

1380 
19 

328 
(76°S.H.) 

1380 
252 

70 
45 

339 
(50°S.H.) 

6670 
10 

161 

1550 
10 

161 



Table 3 (Cont'd.) 

Item 

10. 

11 . 

12. 

13. 

14. 

15. 

Descript ion 

Hot Well 
a. Flow ra te , lb /hr( i ) 
b. P r e s s u r e , in. Hg a b s . \ ^ ' 
c. Tempera tu re , °F^^) 

Rod Drive Seal "Water Flow 
Rate (5 dr ives) , Ib /hr 

Feedwater 
a. Flow ra te , Ib/hr(^) 
b. Tempera tu re 

1. F r o m hot well, "F^^) ... 
2. To reac tor (after regenera t ive heating), "F •' 

H. P. Condensate System 
a. Flow ra te , , 

1. Vent, Ib/hr ̂ '̂ ^ 
2. Liquid, Ib /hr W 

b. P r e s s u r e , in. Hg bar. ' ' ' 
c. Tempera tu re , °F 

Air Ejector System 
a. Steam flow ra te 

1. H.P. condensate sys tem, Ib /hr 
2. Condenser sys tem, Ib /hr 

b. Steam p r e s s u r e , p s i g W 
c. Steam t empera tu re , "F^'^' 
d. Vapor flow ra te 

1. H.P. condensate sys tem, Ib /hr 
2. Condenser system, Ib /hr 

e. Vapor p r e s s u r e 
1. H.P. condensate sys tem, in. Hg bar.*'®' 
2. Condenser sys tem, in. Hg abs . (c) 

f. Vapor t empera tu re 
1. H.P. condensate sys tem, ®F 
2. Condenser sys tem, "F 

g. Aftercondenser water t empera tu re 
1. Inlet, ^F(C) 
2. Outlet, "F 

h. P recoo le r water t empe ra tu re 
1. Inlet, °F 
2. Outlet, °F(^) 

i. Drains to precooler , Ib/hr 
j . Condensate flow ra t e 

1. Aftercondenser , Ib /hr 
2, P recoo le r , Ib /hr 

k. Condensate t empera tu re 
1. Aftercondenser, "F 
2. P recoo le r , °F 

Reactor Water Purification System 
a. Reactor water flow ra te , Ib /hr^" ' 
b. Reactor water t empera tu re 

1. Cooler influent, "F . 
2. Cooler effluent, "F^"^' 

Design Data 

9020 
5 

130 
(5" sub-cooled) 

400 

9020 

130 
175 

ze ro 
215 

- 3 
206 

20 
100 
280 
415 

80 
160 

- 3 
5 

145 
110 

130 
156 

156 
162 
150 

145 
70 

206 
206 

5 

421 
170 

Operation Data 

8220 
10 

154 
(7* sub-cooled) 

400 

8220 

154 
173 

45 
170 

-4.5 
206 

20 
100 
295 
419 

80 
160 

-4 .5 
10 

145 
110 

154 
175 

175 
174 
150 

145 
70 

206 
206 

1.7 

422 
152 



Table 3 (Cont'd.) 

Item 

16. 

17. 

Descript ion 

Reactor Shield Cooling System 
a. Coolant flow ra te , lb_,'hr 
b. Coolant t empe ra tu re s 

1. Cooler inlet, ° F ( ° ' 
2. Cooler outlet, °F 

Space Heat Load Water Svs tem'P ' 
a. Flow rate , gpm 
b. Tempera tu re s 

1. Heat exchanger inlet, °F 
2. Heat exchanger outlet, °F 

c. Heat load, kw 

Design Data 

5000 

190 
150 

135 

150 
170 
400 

Operation Data 

5000 

165 
157 

128 

167 
192 
397 

KOTE.S: (a) The ra te of s team flow in the operational reactor is less than that 
designed because the actual overall ra te of flow of s team through the turbine is 
22 lb/(kw)(hr) as compared with the predicted value of 27.33 lb/(kw)(hr). The 
20 psig inc rease in s team p r e s s u r e over the rated p r e s su re of 275 psig accounts 
for approximately 0.8"u dec rease in the s team ra te . Also, the t empera ture in­
c r e a s e of 8°F over the rated t empera tu re accounts for appro.ximately 0.6% de­
c r e a s e in the s team ra t e . The dec rease in the main steani condenser vacuum 
from the design of 5 m. Hg abs to 10 in. Hg abs accounts for approximately a 10"o 
inc rease in the turbine s team ra te . This agrees closely with the turbine perform­
ance guarantee of 20.b5 Ib̂  (kw)(hr) and an overdesign of approximately 
7 lb/(kw)(hr). 

(b) The operat ional turbine thrott le p re s su re is higher than the design 
p r e s s u r e because of the deletion of a s team separa tor and a reactor p r e s s u r e -
regulating valve. The t empera tu re change corresponds to a change in the 
saturat ion t empera tu re . 

(c) The operat ional turbine exhaust vacuum is higher than the design 
because the main s team condenser efficiency is lower than predicted. The 
saturat ion t empera tu re also changes to correspond to the operating vacuum. 

(d) The operat ional turbine gland seal s team flow rate is g rea te r than 
the design value because the vacuum to which the turbine gland seals discharge 
is operating at -4.5 in. Hg bar instead of the predicted -3 in. Ilg bar . This is due 
to the higher efficiency ot the a i r ejector. 

(e) The s team p r e s s u r e of the operational space-heatmg heat exchanger 
is higher than design because the 400-kw heat load could not be maintained at a 
l e s se r p r e s s u r e . 

(f) The operat ional bypass s team excess is for control convenience. 

(g) The operat ional bypass s team p r e s s u r e is 45 psig instead of 40 psig 
because of p r e s s u r e fluctuations and the possibili ty of decreasing the s team p r e s ­
sure to the space-heat ing sys tem during a turbine load increase . 

(h) The flash tank condensate flow rate is defined here as the differ­
ence between the reac tor main s team flow and the condensing rate in the main 
s team condenser . Systems such as the condensate circulating sys tem to the 
a i r - e j ec to r af tercondenser , precooler , and reactor shield-cooling system a r e 
construed as closed loops with the flash tank as an in termediary and a re 
d i s regarded . 
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(i) The hot well flow rate is defined as the reac tor main s team flow. 
The condensate circulat ing sys tem is construed as a closed loop and is d i s ­
regarded. The rod dr ive seal water system is a lso a closed loop for one-half 
of the flow ra te . The other half of the flow rate enters the reac tor at the 
control rod d r ives . Plant makeup water is added to the hot well. 

(j) The operational feedwater flow regenera t ive t empera tu re va r ies 
di rect ly with the ra te of flow of water in the reactor purification sys tem. 

(k) The H.P. condensate sys tem flow rate through the vent was con­
strued as a closed loop for all intent and purpose. The effluent from the rod 
drive cooling sys tem is d i s regarded . 

(l) The operational H.P. condensate sys tem vacuum is lower than 
the design value because of a m o r e efficient a i r ejector. 

(m) The operat ional precooler t empera tu re outlet is cooler than the 
inlet due to the entering low t empera tu re drain water . 

(n) The operational reac tor water purification system flow ra te was 
set at the minimum ra te conbistent with efficient water cleanup. The cooler 
outlet water is dependent upon flow ra t e s up to the shutoff setting of the t em­
pera tu re regulating valve. 

(o) The operat ional shield cooling sys tem cooler inlet t empera tu re 
is lower than the design value due to the inclusion of conservat ive shield 
radiation heating calculat ions. 

(p) The operat ional space-heat ing load water t empera tu re s a r e 
dependent upon the flow rate'.vhich v/as selected as a ma t t e r of convenience. 

Experimentat ion resul t ing in a sys tem which does not utilize the regulating 
valve during load changes is descr ibed in section X I - B - l - c . The valve is 
present ly used to regulate the supply of s team to the simulated heat - load 
heat exchanger. A second valve (0-10,000 Ib /hr ) functions as a manually 
operated pres su re - r e l i e f valve during a turbine throt t le t r ip incident or 
when full-power reac to r operation is des i red without the use of the 
tu rb ine-genera tor unit. With the 0-10,000- lb/hr valve closed, the 
0-3000-lb/hr valve functions to compensate for changes in plant load when 
the reac tor power is being controlled manually. 

The turbine exhaust s team is condensed in the main a i r -coo led 
s team condenser . The d isagreement between design and operating condi­
tions is believed to be at t r ibutable to the condenser and is d iscussed in 
section IX-B. The piping (see Fig. 17) a lso provides a means to d ischarge 
steami to the condenser from the bypass s team system, flash tank, and 
p r e s s u r e - r e l i e f valves . 

The turbine gland seal sys tem, air e jectors , and space-heat ing 
sys tem (see Fig. 1?) a r e d iscussed in section IX. 

Z. Condensate Systems 

The condensate resul t ing from the condensing of the steain and 
vapors from var ious sys tems is collected in the plant hot well (see Fig. 18) 
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FIG. 17 
STEAM SYSTEMS AND SPACE HEATING FLOW DIAGRAM 
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HOTWELL VENT 
CONDENS.R 

CONDENSER AND 
A 111 PRECOOLER 
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FIG. 18 
FEED WATER, COOLING WATER (CONDENSATE). AIR 
EJECTORS. CONDENSER. ROD DRIVE COOLING AND 
DRAINS SYSTEMS FLOW DIAGRAM 



The t e m p e r a t u r e of the c o n d e n s a t e in the hot wel l i s dependen t upon the 
m a i n s t e a m c o n d e n s e r v a c u u m . One of the two feedwate r pumps r e t u r n s 
the c o n d e n s a t e to the r e a c t o r a s f e e d w a t e r (see sec t ion IX-C) . Befo re 
e n t e r i n g the r e a c t o r , the f e e d w a t e r is f i l t e r e d and p r e h e a t e d to a p p r o x i ­
m a t e l y 175°F, which, when m i x e d wi th the r e a c t o r d o w n c o m e r w a t e r a t 
421°F, r e s u l t s in a subcool ing of a p p r o x i m a t e l y 2°F a t the e n t r a n c e of the 
fuel c h a n n e l s . The p r e h e a t i n g i s a c c o m p l i s h e d by hea t exchange with the 
r e a c t o r p u r i f i c a t i o n w a t e r f r o m the r e a c t o r (see s ec t i on VI -A) . Ano the r 
funct ion of the f e e d w a t e r and p u m p is to p r o v i d e a s i d e s t r e a m flow of 
w a t e r coo lan t to coo l and f lush the r o t a t i n g b r e a k - d o w n s e a l of the con ­
t r o l r o d d r i v e s . 

A s e c o n d a r y s y s t e m ( s e e F i g . 18) using c o n d e n s a t e p r o v i d e s 
the coo lan t for the a i r - e j e c t o r a f t e r c o n d e n s e r , p r e c o o l e r , and the r e a c ­
to r s h i e l d - c o o l i n g s y s t e i n ( see F i g . 19). The a i r - e j e c t o r a f t e r c o n d e n s e r 
and p r e c o o l e r a r e d i s c u s s e d in s e c t i o n I X - B . The o p e r a t i o n of the 
s h i e l d - c o o l i n g s y s t e m to da te h a s i n d i c a t e d tha t f o r c e d - c o o l a n t c i r c u l a ­
t ion i s not n e c e s s a r y and tha t n a t u r a l c i r c u l a t i o n cools the e x t e r n a l 
t h e r m a l s h i e l d suf f ic ien t ly . (9) A c a n n e d - r o t o r pump is u s e d to c i r c u l a t e 
the c o n d e n s a t e . The coo lan t i s r e t u r n e d to the hot wel l by way of the 
f l a sh tank . A n o t h e r function of the s y s t e m is to p rov ide a w a t e r s e a l 
and coo lan t to the f e e d w a t e r p u m p g l and s e a l s ( see F i g . 18). This w a t e r 
is not r e c o v e r e d . 

The c o n d e n s a t e - r e t u r n s y s t e m s ( see F i g s . 18 and 20) a r e 
the c o l l e c t i o n s y s t e m s for the p lan t . The L P ( l o w - p r e s s u r e ) s y s t e m 
s e r v i c e s the t u r b i n e d r a i n s and e x h a u s t piping only. The r e c e i v e r tank 
is open to the t u r b i n e e x h a u s t l ine to which it can f l a sh s t e a m . A 
c a n n e d - r o t o r p u m p p u m p s the l iquid to the f lash tank. 

The H P ( h i g h - p r e s s u r e ) s y s t e m for c o n d e n s a t e r e t u r n 
r e c e i v e s the d r a i n a g e f r o m the p r e s s u r e v e s s e l vapor leak-off g a s k e t 
g r o o v e , t u r b i n e g land s e a l s , c o n t r o l r o d d r i v e s e a l s , a i r - e j e c t o r a f t e r ­
c o n d e n s e r , and v a p o r p r e c o o l e r . The r e c e i v e r tank i s sub jec t to 
e v a c u a t i o n by the a i r e j e c t o r wi th the p r e c o o l e r as i n t e r m e d i a r y . The 
l iqu id c o n d e n s a t e i s d i s c h a r g e d to the l o w e r - p r e s s u r e f l a s h t a n k b y m e a n s 
of a s t e a m t r a p . C o n d e n s a t e in e x c e s s of the s t e a m t r a p c a p a c i t y is 
p u m p e d to the f l a sh t ank by a c a n n e d - r o t o r pump. 

3. A u x i l i a r y S y s t e m s 

The following s y s t e m s in F ig . 19 a r e d i s c u s s e d e l s e w h e r e 
a s no ted : B o r i c Ac id In jec t ion S y s t e m - s ec t i on VI -B ; t u r b i n e l u b r i c a t i n g 
oi l s y s t e m - s e c t i o n IX-A ( T u r b i n e - G e n e r a t o r Unit); P r i m a r y Wate r 
M a k e u p S y s t e m - s e c t i o n IX-D; and S p a c e - h e a t i n g S y s t e m - s ec t i on I X - E . 
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FIG. 19 
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4. P r e s s u r e Re l i e f and Safety V a l v e s 

The m a i n s t e a m l ine ( see F i g . 2 l ) i n c o r p o r a t e s a p r e s s u r e -
r e l i e f va lve ( th ro t t l i ng ) and a sa fe ty v a l v e (popping) . The f o r m e r is s e t 
to open a t 350 ps ig and d i s c h a r g e s to the t u r b i n e e x h a u s t l i ne . The 
sa fe ty v a l v e i s s e t to open a t 385 ps ig and d i s c h a r g e s to a t m o s p h e r e . 
The t u r b i n e e x h a u s t l ine i n c o r p o r a t e s a c o n d e n s e r p r e s s u r e - r e l i e f va lve 
which i s s e t to open a t 5 ps ig and a l s o d i s c h a r g e s to the a t m o s p h e r e . 

B. P l a n t S t a r t u p and Shutdown!^"^^ 18) 

No a t t e m p t i s m a d e to p r e h e a t the r e a c t o r for s t a r t u p p u r p o s e s . 
Hea t ing of the r e a c t o r i s a c c o m p l i s h e d wi th r e a c t o r power whi le l im i t i ng 
the p e r i o d to no t l e s s t han 30 s e c and a hea t ing r a t e of not m o r e than 
3 ° F / m i n . When a t a s t e a d y hea t i ng power (^^10% full p o w e r ) , the p e r i o d 
m e t e r i s b y p a s s e d . A u x i l i a r y e q u i p m e n t and s y s t e m s a r e s t a r t e d a s 
n e e d e d . 

Af ter the o p e r a t i n g p r e s s u r e (300 ps ig) is r e a c h e d , r e a c t o r 
power i s i n c r e a s e d to y i e ld a s t e a d y - s t a t e s t e a m p r o d u c t i o n of 1500 to 
2000 I b / h r t h r o u g h the b y p a s s s t e a m s y s t e m , wi th the 0 - 3 0 0 0 - l b / h r 
r e g u l a t i n g v a l v e on " a u t o m a t i c " o p e r a t i o n and the 0 - 1 0 , 0 0 0 - l b / h r va lve 
c l o s e d . The t u r b i n e is t hen s t a r t e d and b r o u g h t to s p e e d . Dur ing th i s 
p r o c e d u r e , the r e a c t o r power is i n c r e a s e d by m a n u a l w i t h d r a w a l of the 
c o n t r o l r o d s in o r d e r to m a i n t a i n 1500 I b / h r of b y p a s s s t e a m . The 
t u rb ine g o v e r n o r a c t s to c o n t r o l the t u r b i n e speed . 

When a t s t e a d y - s t a t e p o w e r , the r a t e of f e e d w a t e r i s r e g u l a t e d to 
c o r r e s p o n d wi th the r a t e of m a i n s t e a m flow. The f e e d w a t e r - r e g u l a t i n g 
va lve is then p l a c e d on " a u t o m a t i c . " With the e n t i r e p lant o p e r a t i n g 
s a t i s f a c t o r i l y , the b y p a s s s t e a m - r e g u l a t i n g v a l v e i s p l a c e d on " m a n u a l " 
and the r e a c t o r i s put on " a u t o m a t i c d e m a n d c o n t r o l . " 

FoUov/ing th i s s e q u e n c e , the e l e c t r i c a l and s p a c e - h e a t loads m a y 
be added . 

Rou t ine p lan t shutdown i s a c c o m p l i s h e d by f i r s t r e m o v i n g the e l e c ­
t r i c a l a n d s p a c e - h e a t l o a d s . Dur ing th i s p r o c e d u r e , the r e a c t o r power i s 
r e d u c e d a u t o m a t i c a l l y to m a i n t a i n the p r e s e t p r e s s u r e of 300 p s i g . 
When a t s t e a d y - s t a t e power and a t a condi t ion of n o - l o a d , the b y p a s s 
s t e a m v a l v e c o n t r o l i s s w i t c h e d to " a u t o m a t i c " and the r e a c t o r c o n t r o l 
to " m a n u a l " o p e r a t i o n . R e a c t o r power is then r e d u c e d to a power l e v e l 
c o r r e s p o n d i n g to a b y p a s s s t e a m flow r a t e of 500 I b / h r . B e f o r e p lac ing 
the f e e d w a t e r - r e g u l a t i n g v a l v e in " m a n u a l " o p e r a t i o n , the r a t e of feed-
w a t e r flow shou ld c o r r e s p o n d to the r a t e of m a i n s t e a m flow a t a r e a c t o r 
w a t e r l e v e l of z e r o in. (the d a t u m l ine) . (This w a t e r l e v e l i s m a i n t a i n e d 
dur ing p lant shu tdown and the l e v e l is g r a d u a l l y i n c r e a s e d to +12 in. du r ing 
the t i m e the r e a c t o r i s being d e p r e s s u r i z e d . ) 
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With the b y p a s s s t e a m flow r a t e a t 500 I b / h r , the t u r b i n e i s s e c u r e d . 
Shutdown of the r e a c t o r is effected by d ropp ing a l l r o d s wi th the r e a c t o r 
" shu tdown button.^ ' The r e a c t o r is then d e p r e s s u r i z e d by blowing s t e a m to 
the c o n d e n s e r a t a r a t e which p r o d u c e s a w a t e r t e m p e r a t u r e d r o p of 3 ° F / m i n . 
Other i t e m s of e q u i p m e n t a r e then s e c u r e d a t t i m e s d i c t a t e d by t h e i r o p e r a ­
t ion func t ions . 

In the event of a r e a c t o r s c r a m , p lan t pov/er f r o m the t u r b i n e -
g e n e r a t o r uni t is l o s t a n d the e m e r g e n c y power s y s t e m a u t o m a t i c a l l y 
s w i t c h e s to b a t t e r y p o w e r . The s t e a m b y p a s s a n d f e e d w a t e r v a l v e s c l o s e 
a u t o m a t i c a l l y to p r e v e n t r a p i d l o s s of r e a c t o r p r e s s u r e . The p lant power 
is r e s t o r e d b y swi tch ing to the d i e s e l - e l e c t r i c or the N R T S d i s t r i b u t i o n 
s y s t e m . The p lan t i s r e s t a r t e d a s p r e v i o u s l y d i s c u s s e d excep t for the 
p r e s s u r i z i n g of the r e a c t o r , s i n c e only the m a s s s t e a m flow was l o s t in the 
i nc iden t . 



V. REACTOR COMPONENTS 

A. Core* 

In the light of favorable exper imenta l work with BORAX I, II, and 
III, it was decided to use aluminum pla te- type fuel e lements , assembled 
into approximate ly 4 x 4- in . compar tmen t s , for the ALPR. The "ineat" of 
the fuel plate is s i m i l a r to that of the BORAX plate, that i s , an alloy of 
aluminum with highly enr iched uran ium (-^93 w/o U^ ). One ve ry signifi­
cant difference is that 2 w/o nickel has been added to the aluminum to 
i nc rease the r e s i s t ance of the alloy to cor ros ion by the boiling water . 

Ea r ly exper imenta l r e su l t s indicated that the addition of 1 w/o nickel 
to aluminum inc reased the co r ros ion r e s i s t ance (see Appendix IV). The 
choice of this a luminum-nicke l alloy (type X8001) for the fuel plate cladding 
was substant iated by additional co r ros ion r e s e a r c h , l ^ l ) much of it with 
water at higher t e m p e r a t u r e s and p r e s s u r e s than the ALPR condit ions. 
Since a nominal co re life of th ree yea r s is expected, a cladding thickness 
of 0.035 in. was se lec ted . The alloy was also used for the core components 
because it is inexpensive, adequately s t rong, easy to fabr ica te , and appears 
to have excellent r e s i s t ance to c o r r o s i o n . In addition, the nuclear p rope r t i e s 
compare favorably with other feasible s t ruc tu ra l m a t e r i a l s . 

The X8001 a luminum-nicke l ( former ly designated M-388) alloy 
composit ion was developed by the Labora to ry and is given in Table 4. 

Table 4 

X8001 ALUMINUM-NICKEL ALLOY COMPOSITION 

Element 

Ni 

Cu 

Si 

F e 

Mn 

Mg 

Zn 

Ce 

Weight 
P e r cent 

0.9-1.1 

0.00-0.15 

0.00-0.15 

0.4-0.6 

0.02 max . 

0.02 m a x . 

0.02 m a x . 

0.01 max . 

Element 

Ti 

Pb 

Sn 

B 

Li 

Cd 

Co 

Weight 
P e r cent 

0.01-0.02 

0.01 max . 

0.01 max . 

0.001 max . 

0.001 max . 

0,Oai max . 

0.001 max . 

*G. C. Milak 



The ent i re core is fabricated of a luminum-nickel alloy with the 
exception of cer ta in minor i t ems , such as the fuel a ssembly gr ipper pin, 
core hold-down bol ts , and spacer spr ings , which a r e made of s ta in less 
s teel . F igure 22 is a plan view of the core and Fig . 23 r ep re sen t s the 
core ver t ica l sect ion. Design data for the core loading, fuel assembly , 
and fuel plate a r e noted in Table 5. 

FIG. 2 2 
CORE PLAN,SECTION 

1. Fuel Assembly* 

The nuclear and mechanical design of the fuel assembly^^*^) for 
the nominal t h r e e - y e a r operating core lifetime resul ted in a core s t r u c ­
ture consisting of sixteen compar tments (fuel assembly cells) containing 
a maximum loading of fifty-nine fuel a s sembl ies plus one source assembly . 

•G. C. Milak 
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Table 5 

CORE DESIGN DATA 

Core 
Length of Active Core 
Maximum Horizontal C r o s s Section 

Fue l Loading of Uranium 
40-assembly , U^̂ ^ 

(minimum, poisoned) 
59-assembly , U^̂ ^ 

(maximum, poisoned) 
Overa l l Meta l - to -wa te r Ratio 
Core Heat Trans fe r Area 

(40-fuel a s sembl i e s ) 
Loading of Burnable-poison 

(40- fue l -assembly core) 
Number of 0 .021-in . - th ick s t r ips 
Number of 0 ,026-in . - thick s t r i p s 

25.800 in. 
^ 5 in. X 35 in. ( co rne r s 

removed) 

14.00 kg 

20.65 kg 

0.5 

/^475 ft^ 

16 half- length 
40 full-length 

Fuel Assembly 
Overa l l Dimensions 
Weight of U^̂ ^ 
Number of P l a t e s 
Average Water Channel Gap 

3^ in. X 3^ in. x 342-in. 
350 gm 
9 
0.310 in. 

Fuel Pla te 
Overa l l Dimensions 
"Meat" Dimensions 

Cladding Thickness 
Cladding and "Meat" Diluent 
"Meat" Volume 
Weight of Al-Ni Alloy "Meat" 

Diluent 
Weight of U"^ 
Weight of Uranium ( 93 w/o U^^ )̂ 
Weight-per cent Uranium in the "Meat" 
Atom-per cent Uranium in the "Meat" 

0.120 in. X 3-||-in. x 27-||-in. 
0.050 in. X 3.500 in, x 

25.800 in. 
0.035 in. 
Aluminuin-nickel alloy 
74 cm^ 

^^195 gm 
38.9 gm 
41.7 gm 
-'17.60 
^^2.21 

Burnable-poison Str ips 
Overa l l Dimensions (full length) 

Weight B^° per s t r ip 
0.021-in. th ickness 
0.026-in. th ickness 

Weight-per cent B^° in s t r i p 

3-|-in. X 25-}^ in. with th icknesses 
of 0.021 in, or 0.026 in. 

0.4 gm 
0.5 gm 
^^0.43 



E a c h fuel a s s e m b l y ( s ee F i g . 24), 34 j in . long and 3-8-in. s q u a r e , 
con t a in s -^350 gm U^^^. An a s s e m b l y i s connposed of a l ower end ( lo­
ca t ing) f i t t ing , n ine f langed fuel p l a t e s , two s ide p l a t e s , and a top end f i t t ing 
equ ipped with a s t a i n l e s s s t e e l g r i p p e r p i n . The f langed edges s e c u r e 
c o r r e c t spac ing of the p l a t e s . The fuel p l a t e i nc ludes a 0 . 0 5 0 - i n . - t h i c k 
c e n t e r p o r t i o n ( " m e a t " ) of an a l loy of u r a n i u m , e n r i c h e d to -•'93 w / o U , 
with a l u m i n u m con ta in ing 2 w / o n i c k e l ; the " m e a t " i s c lad with 0 . 0 3 5 - i n . -
t h i c k a l u m i n u m con ta in ing 1 w / o n i c k e l (type X8001) . The " m e a t " i s 
3.500 in . wide and 25.800 in . long . The f in i shed c lad p la t e width is 
3.710 in . wide ( exc lu s ive of the f l anges ) and 27 J| in . long. The top end 
f i t t ing h a s four r e c t a n g u l a r s l o t s t h r o u g h e a c h of which i s f i t ted a f l a t -
type s t a i n l e s s s t e e l s p r i n g i n s e r t . T h e s e s p r i n g s p r o v i d e p r o p e r fuel 
a s s e m b l y s p a c i n g and v e r t i c a l a l i g n m e n t in the c o r e . 

•» 3,610 SQ.-<» F I G . 2H 

FUEL ASSEMBLY 



Thin s t r i p s of an extruded aggregate of powders of a luminum, 
type X8001, and of boron, highly enr iched in B^°, a r e fusion welded to the 
edges of one or both side plates of the fuel a s sembly . Each s t r ip is 25-||-in. 
long, the approximate length of the active core ("nneat"), and 3^-in. wide, 
which is the width of the fuel a s s e m b l y side pla te . One full-length s t r ip , 
containing nominal ly 0.5 gm B' '" , i s welded to a side plate of each fuel 
a s sembly of the re fe rence co re ; one half-length s t r ip (containing 
"^0.2 gm B^°) is welded to the bottom half of the other side plate of each of 
the cen t r a l s ixteen fuel a s s e m b l i e s . 

Dummy fuel a.ssemblies a r e made from a one-p iece , hollow, 
recta,ngular extruded sect ion of X8001. Both ends a r e machined to the 
geomet ry of the fuel a s s e m b l y and a r e equipped with a s ta in less s tee l 
gr ipper pin. The dummy a s s e m b l i e s a r e placed in the vacant fuel a s s e m ­
bly posi t ions of pa r t i a l ly filled a s sembly cel ls to provide l a t e r a l support 
for the a s s e m b l i e s . F igure 12 shows the 40- fue l -assembly core loading 
for the re fe rence design, dummy as sembly posi t ions , and the ex t ra fuel 
a s sembly pos i t ions . 

2. Core Support Lat t ice* 

Since the r e a c t o r was designed to opera te with na tu ra l convec­
tion of the water coolant, the core support la t t ice and shroud were con­
s t ruc ted so as to offer a min imum of r e s t r i c t i on to the rec i rcu la t ion of the 
coolant. The s t r uc tu r e of the core support is of an inter locking and welded 
bar const ruct ion, consis t ing of four 42- in . lengths of a luminum-nicke l 
extruded ba r stock alloy, 3 in. wide and- f in . thick (see F ig . 25). The b a r s 
a r e slot machined to in te r lock on a 90-degree c r i s s c r o s s a r r angemen t , 
after which all junctions a r e welded. An additional ba r is welded a c r o s s 
the four p a i r s of open ends in the la t t ice to supply additional r ig idi ty and 
load-bear ing s t rength , 

A sys tem of four c r o s s - s h a p e d and eight t ee - shaped stanchions 
provide the shroud suppor t . The c r o s s - s h a p e d stanchions a r e s lo t -
machined to fit d i r ec t ly over the in ter locking junction of the l a t t i ce . The 
eight t ee - shaped stanchions a r e welded to the la t t ice . This construct ion 
provides the main s t r u c t u r a l skeleton for the core support and shroud. 
The eight c o r n e r s of the lat t ice a r e then welded to eight blocks , or sup­
port pads3 in which holes have been dr i l led to accommodate six hold-down 
bolts and two al ignment p ins . The la t t ice pads se rve the purpose of a t tach­
ing the en t i re core shroud to the support b racke t s of the p r e s s u r e ves se l 
t h e r m a l shield (see F ig . 23). 

*G. C. Milak 



FIG. 25 
QUADRANT SECTION CORE SUPPORT AND SHROUD 

3. Core Shroud* 

The core shroud consis ts p r imar i l y of-^jT'iii'-thick aluminum-
nickel alloy (type X8001) sheet stock, 62 in. in length and 16 in. in width. 
The sheet stock is p r e s s - b r a k e formed in length-wise angles. Equally 
spaced holes of 2 in. d iameter a re punched in each section of the inner 
shroud to provide a more efficient water -c i rcu la t ion system within the 
shroud. Each hole is slightly chamfered to eliminate sharp edges which 
might cause "hangup" of the control rods or fuel a s sembl i e s . The (four) 
outer shell plates of the enclosure a re not perforated, and thereby produce 
a "chimney" effect beneficial to na tura l c irculat ion. The use of angle 
shapes provides for an easi ly assembled s t ruc ture which is divided into 
cells for fuel a s s e m b l i e s . The individual cells a re formed by flush-
riveting the angles to the ver t ica l c ro s s and tee stanchions. Riveting was 
used in lieu of welding to el iminate pos t - a s sembly cleanup other than de -
greas ing and to el iminate the t he rma l s t r e s s e s and warping associated 
with welding. The upper section, above the active core region, requi red 

*G. C. Milak 
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the welding of thin s t r i p s to define this port ion of the control rod sh rouds . 
Each of the t^velve cel ls thus formed is of square c r o s s section to accom­
modate four fuel asse inb l ies each, and the four co rne r cel ls a r e contoured 
to contain th ree fuel a s semb l i e s each. At the saine t ime , the sides of these 
cel ls s e rve as shroud for the lower sect ion of the control rod channel. There 
a re five c r o s s - t y p e control rod channels and four tee- type control rod 
channels . 

Welded at the bottom and on the inside of each fuel a s sembly 
cell is an e g g - c r a t e - s h a p e d fuel a s sembly support consist ing of an i n t e r ­
lock and welded c r o s s around which a r ec t angu la r - fo rmed band is welded. 
These units have been designed to contain and act as a support for the bot­
tom end fitting of a fuel a s sembly . 

The core support and shroud is inse r ted into the ves se l with 
a s imple four-point s l ing. The component r e s t s on and is fastened to, an 
a r r a n g e m e n t of eight s y m m e t r i c a l l y located s t a in less s tee l support b r a c k ­
ets welded to the t h e r m a l shield. Each of six of these support b r acke t s 
has been dr i l led and tapped to take a 17-4 PH s ta in less steel,-g—in. d i am­
eter hold-down bolt . These bol ts a r e in se r t ed through the core support 
pads and a r e fastened to the support b r a c k e t s . The remaining two b r a c k e t s 
a r e dr i l led and tapped for two specia l t ape red al ignment pins which fit 
through the support pads . The pins provide p roper al ignment and o r i en ta ­
tion of the core support and shroud. 

Space l imi ta t ions between the t h e r m a l shield and the shroud 
s t r uc tu r e necess i t a t ed the use of a specia l hold-down bolt and bolt tool 
(see F ig . 26). The tool (a tee-handle socket wrench) cons is t s of a tube, 
with a t e e - shaped handle, through which a rod (bolt r e t a ine r ) , th readed on 
one end, is i n se r t ed . The other end of the bolt r e t a i ne r has a winged nut. 
The bolt head is i n se r t ed into the socket of the wrench and is engaged by 
the bolt r e t a i n e r . The wrench with the bolt is lowered into the v e s s e l and 
a few th reads of the bolt a r e engaged with the t h e r m a l shield support b racke t 
The bolt r e t a ine r is then detached from the bolt head and the bolt is then 
tightened with the socket wrench . The wrench is then removed. Another 
bolt is then at tached within the wrench socket and the p rocedure is repea ted 
until al l six hold-down bolts have been inse r t ed and t ightened. 

The core support la t t ice and shroud, and the fuel-handling 
equipment (coffin, g r ipper m e c h a n i s m , v i ewer s , etc.) were cons t ruc ted in 
the Cent ra l Shops Fac i l i ty of the Labora to ry , 

The use of extruded c r o s s and t e e - shaped ve r t i ca l s tanchions 
r e p r e s e n t e d a ve ry significant savings in de l ivery t ime and overa l l f abr ica ­
tion c o s t s . Since the alloy X8001 was not available in "finished" form 
(shee ts , ba r stock, e tc . ) , b i l le ts were purchased and the n e c e s s a r y dies 



procured . The machining and welding that would have been required if bar 
stock had been used in the fabrication of the c r o s s e s and tees was almost 
completely el iminated because the extrusion to lerances were held closely. 
The use of these extrusions also resu l ted in a negligible amount of overal l 
twist in the ve r t i ca l shroud sec t ions . As a resul t , the core shroud and 
support was kept s t ra ight within j ^ in. in a length of 60 in. 

BOLT RETAINER 

TEE-HANDLE 
SOCKET WRENCH 

CORE 
HOLD-DOWN 

BOLT 

FIG. 26 
CORE HOLD-DOWN BOLT AND BOLT TOOL 

4. Control Rods* 

Two different control rod shapes a re included in the core 
configuration (see F ig . 12). During par t of the cr i t ica l experimentation, 
both the five c ro s s and four t ee -shaped control rods were used. 

F igure 27 i l lus t ra tes a typical c ross - shaped rod. The five 
c r o s s rods a r e 14-|-in. wide ac ros s the blade edges, with approximately 
14 in. of cadmium absorbe r . The four tee-shaped rods a re 12 in. wide 
with a perpendicular leg that is 7 - ^ in; the cadmium absorber is approxi-
i^nately ll-j- in. by 7 in. The center c ro s s rod, an off-center c ross rod, 
and a tee rod weigh approximately 48, 42 and 37 lb, respect ively . 

*W. J. Kann 
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FIG. 2 7 
CROSS-TYPE CONTROL ROD 

A sandwich-type construct ion was used to fabricate all rods . 
No special j igs , f ixtures , or p r o c e s s e s were neces sa ry . Only s tandard 
commerc ia l machine shop techniques of forming, welding, e tc . , were 
used during manufacture . 

For each c r o s s rod, four sheets of 0.080-in.- thick type X8001 
aluminum-nickel alloy were formed into angles . The active portion of 
each rod, a 0,060-in.- thick by 34-in. long cadmium sheet, was inser ted 
between the aluminum side p la tes . F i l l e r pieces of 0.060-in.- thick alu­
minum were used at the upper and lower ends of the rod. Alternate side 
plates were dimpled (in the cadmium area) and holes for nnating were 
dri l led in the cadmium. This assembly was then edge-welded and 



s p o t - w e l d e d t o g e t h e r . A 3 - in . c r o s s - s h a p e d e x t e n s i o n w a s a t t a c h e d to the 
u p p e r end of the r o d . The e x t e n s i o n was f a b r i c a t e d f rom four •g--in. b a r s 
fo r ined into a n g l e s and s p o t - w e l d e d t o g e t h e r . A b a l l jo in t end fit t ing of 
Type 304 s t a i n l e s s s t e e l w a s r i v e t e d to the top of the c r o s s ex t ens i on to 
p r o v i d e a m e a n s of s i m p l e d i s c o n n e c t i o n f r o m t h e d r i v e m e c h a n i s m . With 
the d r i v e m e c h a n i s m d i s e n g a g e d f r o m the rod , the b o t t o m end of the f i t t ing 
a c t s a s a p o s i t i v e s top for the c o n t r o l r o d as it a l lows the rod to r e s t 
a g a i n s t t he top of the c o r e s h r o u d . 

F a b r i c a t i o n of the t e e r o d s w a s , for the m o s t p a r t , the s a m e 
a s for the c r o s s r o d s . 

I n s t a l l a t i o n of the r o d s did not r e q u i r e any s p e c i a l hand l ing 
t o o l s . The r o d s w e r e i n s e r t e d into the s h r o u d gu ides by hand p r i o r to the 
i n s t a l l a t i o n of the p r e s s u r e v e s s e l h e a d . 

C r i t i c a l e x p e r i m e n t s w e r e conduc ted us ing a l l n ine r o d s a s 
p r e v i o u s l y m e n t i o n e d . H o w e v e r , t he five c r o s s r o d s w e r e adequa t e for 
c o n t r o l of the 4 0 - a s s e i n b l y r e f e r e n c e d e s i g n c o r e and the four t e e r o d s 
w e r e e v e n t u a l l y r e m o v e d . 

The c r i t i c a l p o s i t i o n of the f i v e - r o d bank (in the cold , f r e s h , 
4 0 - a s s e m b l y c o r e ) w a s a p p r o x i m a t e l y 12.6 in . As the c o r e cyc le p r o ­
g r e s s e s , t he r e a c t o r h o l d - d o w n p o s i t i o n of the rod bank wil l e x c e e d 10 in . 
L e s s t h a n half of the effect ive c a d m i u m (Cd ) at t ha t pos i t i on i s b u r n e d 
up in s ix y e a r s of o p e r a t i o n at a v e r a g e p o w e r . T h e r e f o r e , it is c o n s e r v a ­
t ive to conc lude tha t t he b u r n u p - l i f e of the c o n t r o l r o d s is at l e a s t two c o r e 
c y c l e s wi th r e s p e c t to the effects of n e u t r o n a b s o r p t i o n . Th i s i s equ iva len t 
to at l e a s t e l e v e n i n e g a w a t t y e a r s of r e a c t o r o p e r a t i o n . C o n t r o l rod d e s i g n 
d a t a a r e t a b u l a t e d in T a b l e 6. 

Table 6 

CONTROL ROD DATA 

Number of Cross Rods 

Additional Spaces for Tee Rods 

Spacing 

Length of Caomiun Section 

Tliiciiness 

Cadmium ("meat") 
Aiuminum-Nicl^ei Ailoy iciadi 

Totai f M e r e d Travei 

Scram Time i30 i n . of rod travel from resti 

Withdrawal Rate'^l 

Rod No. 9 
Rodsto. 1, 3 . 5 a n d 7 

Weight of Control Rod 

Cross Rod (off-center) 
Cross Rod(center) 
Tee Rod 

5 

4 (not used on reference core) 

8-13/16 in. (square lattice' 

34 m. 

0.1*0 in. 
0.080 in . 

30 in. 

<2sec 

1.8 in. /mm 
2.S5 mJm'm 

421b 
481b 
37 1b 

'siAdjustable to meet the criterion of maximum rate of reactivity addition 
(~0.01«sec); set initially at 3 in.'min. At 1.8 in./min, the maximum rate 
of reactivity addition by the center rod m the cold fresh reactor is 
-0.02 dollar/sec [-0.01 6)?'./sec]. 



5. Neutron Source 

The s ta r tup neutron source mus t be of sufficient intensi ty that 
the neutron ins t rumenta t ion can detect the power level of the mult ipl ied 
source neutrons in the subcr i t i ca l r e a c t o r . Due to the uncer ta in ty in the 
calculat ion of the neut ron spec t rum in the ins t rument region, a generous 
safety factor was allowed in the design of the sou rce . 

In the prototype plant, neutron counters a r e used to give 
indication of power level at s t a r tup . The sensi t iv i ty of the Westinghouse 
BF3 propor t iona l counters used is given as 4.5 coun t s / sec per unit t h e r ­
ma l neutron flux. However, it was de s i r ed that the source s t rength be 
high enough to be able to use the compensated ion chamber to check the 
approach to c r i t i ca l i ty . The min imum flux observable by the chamber is 
l imited by the g a m m a - r a y background from fission p roduc t s . 

At a t ime 2-^hours after shutdown, the f ission product gamma 
rays yield 0.7 x 10" ' amp from the uncompensated ion chamber . A neutron 
flux of 2 X 10^ n/(cm^)(sec) is r equ i red to yield a cu r r en t of 0.1 x 10 amp. 
With the compensated chamber , an addit ional two decades of sensi t iv i ty 
a r e avai lable ; thus a flux of 20 n/(cin^)(sec} was requ i red . 

The at tenuation of neut rons from the core to the in s t rumen t s 
was es t imated by using remova l theory , and the r e s u l t s of the rough ca l ­
culations were compared with the r e su l t s of an experimentV^-^) pe r fo rmed 
in the L a b o r a t o r y ' s shielding tank facility.v^**) It was concluded that the 
fast flux at the in s t rumen t would be 1.2 x 10"^ t i ines the fast flux at the 
r eac to r core sur face , and that the effective thernnal neutron flux level 
would be about one- tenth as high. The fast flux at the r eac to r sur face , 
with the r e a c t o r 10% subcr i t i ca l , was calculated to be 4 x l O " ^ n / ( c m )(sec) 
per neutron born at the core cen te r . Then a factor of one-s ix th was a p ­
plied because the source is at one co rne r of the c o r e . Thus it was ca l ­
culated that a source of lO' n / s e c would yield a count ra te of about 
20 coun t s / s ec and a c u r r e n t approaching 10" ' amp from the i n s t r u m e n t s . 

The design of the source is shown in F ig . 28. The antiinony 
rod, 12 in, long and —in. in d i ame te r , is canned in a luminum-nicke l alloy 
(type X8OOI). An aluminum extension rod is th readed to a stub on the top 
of the can. At the top of the extension rod is a s tandard t ip to accomimodate 
the fuel-handling gr ipper , and the bottom has a sma l l grooved tip which 
p r e s s e s against a spr ing clip to prevent rod movement . The bery l l ium 
block is 3-|-in. square by 14 in, long and has a 1 . lOO-in. -diameter hole to 
accommodate an a luminum-n icke l -a l loy l iner tube and the ant imony rod. 
The bery l l ium block is canned and mounted in a dummy fuel a s sembly . 

*A. D. Ross in 
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H o w e v e r , the a n t i m o n y rod g r i p p e r p in ex tends above the a s s e m b l y 
g r i p p e r pin, m a k i n g it i m p o s s i b l e to a t t a c h the g r i p p e r to the b lock a s s e m ­
b ly with the rod in i t . T h i s e l i m i n a t e s the p o s s i b i l i t y of w i thd rawing the 
n e u t r o n - r a d i a t i n g s o u r c e a s a whole f rom the c o r e . T h e r e is no r e s i d u a l 
a c t i v i t y in the b e r y l l i u m and it can be hand led once the 2 . 3 - m i n a l u m i n u m 
a c t i v i t y d e c a y s . H o w e v e r , t h e r e wil l be s o m e l o n g - l i v e d Co and Co^^ 
a c t i v i t i e s . The a c t i v a t e d a n t i m o n y rod can be hand led with the fuel -
hand l ing coffin p r o v i d e d tha t it is s e p a r a t e d f rom the b e r y l l i u m b lock . 

G a m m a r a y s e m i t t e d by the a c t i v a t e d a n t i m o n y rod g e n e r a t e 
p h o t o n e u t r o n s by ('< ,n) r e a c t i o n with the b e r y l l i u m a t o m s of the b lock . 
The a n t i m o n y rod was i r r a d i a t e d i n i t i a l l y in the MTR; i t s a c t i v i t y d e c a y s 
wi th a 6 0 - d a y half l i fe . Dur ing A L P R o p e r a t i o n , h o w e v e r , the a n t i m o n y 
wi l l be u n d e r i r r a d i a t i o n and i t s a c t i v i t y wil l be r e g e n e r a t e d . C a l c u l a t i o n s 
i n d i c a t e d tha t , in the c o r e , the an t i inony rod would r e c e i v e an a v e r a g e 
t h e r m a l flux of about 10^^ n / ( c m ^ ) ( s e c ) . The yie ld was c a l c u l a t e d d i r e c t l y 
u s i n g t a b u l a t e d c r o s s s e c t i o n s , and aga in by e x t r a p o l a t i o n f r o m the 
W a t t e n b e r g Source.^'^^) The two m e t h o d s i nd i ca t ed tha t a y ie ld of about 
10^ n / s e c could be e x p e c t e d . In o r d e r to have an a m p l e s o u r c e of n e u t r o n s , 
in v iew of d e c a y l o s s e s a f t e r i r r a d i a t i o n and u n c e r t a i n t i e s in the a n a l y s i s , 
u s e was m a d e of an i r r a d i a t i o n fac i l i ty in MTR which d e l i v e r e d an un ­
p e r t u r b e d t h e r m a l flux of 6-7 x 10^^ n / ( c m ^ ) ( s e c ) . The f i r s t a n t i m o n y rod 
(which was d a m a g e d and t h e r e f o r e not u sed ) was i r r a d i a t e d for s ix weeks 
and the a c t i v i t y (about 1700 c u r i e s ) on w i t h d r a w a l was c a l c u l a t e d to be 



twen ty t i m e s tha t e x p e c t e d a f t e r l o n g - t e r m i r r a d i a t i o n in the A L P R . The 
p e r m a n e n t s o u r c e r o d was e s t i m a t e d to be about 1000 c u r i e s on w i t h d r a w a l 
f r o m the M T R . 

The s o u r c e p r o v e d a m p l e for a p p r o a c h e s to c r i t i c a l . To 
d e t e r m i n e a t r u e c r i t i c a l , the an t i i nony rod was w i t h d r a w n a p p r o x i m a t e l y 
4 ft above the b e r y l l i u m b l o c k . When the i n s t r u m e n t s w e r e p l a c e d in 
t h e i r p e r m a n e n t l o c a t i o n s , it w a s ev iden t t ha t the s o u r c e was s t r o n g 
enough to p r o v i d e an a d e q u a t e count ing r a t e . The ion c h a m b e r s , h o w e v e r , 
wi l l not d e t e c t s o u r c e p o w e r o v e r b a c k g r o u n d . 

It i s a p p a r e n t t ha t t h e s o u r c e a s d e s i g n e d d e l i v e r e d at l e a s t 
i t s a n t i c i p a t e d y i e ld . It does not a p p e a r e c o n o m i c a l to i n c r e a s e the s o u r c e 
y ie ld to the l e v e l w h e r e i t c a n be d e t e c t e d by the ion c h a m b e r s b e f o r e 
s t a r t u p ; h e n c e , it should be p o s s i b l e to r e d u c e the c o s t of the s o u r c e . Two 
r e c o m m e n d a t i o n s , t h e r e f o r e , a r e a s fo l lows : 

(1) The b e r y l l i u m b l o c k r e p r e s e n t s the b i g g e s t i t e m of 
f a b r i c a t i o n c o s t . It could be d e s i g n e d a s a r e c t a n g u l a r b lock ly ing e n t i r e l y 
b e t w e e n the a n t i m o n y rod and the c o r e , t h e r e b y e l i m i n a t i n g at l e a s t half 
the quan t i ty of b e r y l l i u m r e q u i r e d . A l s o , t he m a c h i n i n g of the an t i i nony 
rod hole i s e l i m i n a t e d . 

(2) A r e a c t o r with a l o w e r flux and i r r a d i a t i o n p r i c e r a t e 
than the M T R would be suff ic ient for a c t i v a t i o n of the a n t i m o n y r o d . 

B . C o n t r o l Rod D r i v e M e c h a n i s m * 

The c o n t r o l rod d r i v e is a r a c k - a n d - p i n i o n type m e c h a n i s m . It i s 
d e s i g n e d to m e e t the cond i t ions ou t l ined in Tab le 7. 

Table 7 

CONTROL ROD MECHANISM DATA 

Reactor Operating Pressure 

Reactor Operating Temperature 

Design Pressure 

Design Temperature 

Number of Control Rods 

Cross-type 
Tee-type (not used in reference core) 

Control Rod Spacing 

Control Rod and Extension Rod Weight 

Control Rod Travei 

Withdrawal and Insertion Rate (Driven) 

Center Rod (No. 9) 
Off-center Rod (Nos. 1, 3, 5, 

Scram Time 

Scram Velocity (maximum) 

Dashpot Travel 

Seal Water Coolant Temperature 

and?) 

300 psig 

4210F 

400 psig 

4440F 

5 
4 

8-13/16 in. (square lattice) 

-100 lb 

30 in. 

1.8 in./min 
2.85 in./min 

<2sec 

~4fttsec 

3 in. 

1350F 

*W. J . Kann 



Figure 29 i l l u s t r a t e s the a r r angemen t of the control rod dr ive 
components that a r e pa r t of, and d i rec t ly in contact with, the r eac to r . The 
rack and pinion, the pinion support bea r ings , and the rack back-up ro l le r 
opera te in an a tmosphere of sa tura ted s team and water above the r eac to r 
ves se l . 

The rack and i ts extension shaft a r e connected to the control rod 
by means of a bal l and socket- type joint. The control rod is provided with 
a spher ica l end fitting. The cyl indr ical extension shaft socket is split in 
half to produce the gr ipper j aws . These jaws a re pinned to the extension 
shaft. The jaws a r e held in place by a s leeve extending over the outside 
d i ame te r . For d i sas sembly , a bui l t - in threaded shaft and nut-pul ler lifts 
the s leeve to pe rmi t the jaws to open. 

The s te l l i te bushing in the bottom of the shield plug and the rack 
back-up ro l l e r a r e the guide points for the rack and the extension shaft. 

The rack and the extension shaft a r e fabricated from Armco- type 
17-4 PH s ta in less s tee l and a r e fully hardened . The rack tee th a r e chrome 
plated for additional wear r e s i s t a n c e . The extension shaft is also chrome 
plated over the length in contact with the s te l l i te bushing, 

A 20-degree stub tooth involute pinion (12 d iamet ra l pitch and 
22 teeth) is mated with the r ack . It is fabr icated from the saine nnaterial 
as the rack , and the tee th a r e a.lso chrome plated. 

The pinion is supported by two bal l bear ings with s tel l i te balls and 
r ace s and with s ta in less s tee l r e t a i n e r s . An Oldham-type coupling is used 
between the pinion and the pinion dr ive shaft. 

A seal is used where the pinion dr ive shaft pene t ra tes the p r e s s u r e 
ves se l . The sea l a s s e m b l y cons is t s of a s te l l i te guide bushing and a 
5-e lement labyr inth- type p r e s s u r e breakdown sea l . This sea l has 5 s t a ­
t ionary and 5 floating r ings made of s te l l i t e . The guide bushing is fluted 
to allow the passage of water that is introduced between it and the seal 
e l emen t s . Water for the sea l is supplied by the feedwater pump. The 
water provides cooling for the sea l and dr ive components , and the use of 
feedwater a s s u r e s that c lean water is used to flush the seal and keep d i r t 
pa r t i c l e s to a min imum. Leakage through the sea l is collected in a lantern 
ring and re tu rned to the h i g h - p r e s s u r e condensate re tu rn tank, A g a r t e r -
type shaft sea l is used to reduce leakage to the a tmosphere . During tes t ing 
leakage was approximate ly 1 gallon per hour . 

The t r a n s m i s s i o n and posi t ion- indicator a s sembly (see Fig . 30) is 
located outside the 3-ft-thick biological shield (see F igs , 31 and il). 
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To connect the pinion dr ive shaft and the t r ansmiss ion , a universa l 
coupling and shaft is used. 

The t r ansmis s ion is p r imar i l y an assembly of 2 clutches and 2 
spr ings . An electromagnet ic clutch is used to drive the rod in ei ther 
direct ion. However, should it fail, the cam clutch, which is unidirect ional , 
will allow the rod to be dr iven down. The "Neg' a tor" springs l imit the 
velocity of rod drop during s c r a m to approximately 4 f t / s ec . Scramming of 
the rod is accomplished by de-energiz ing the e lec t r ic clutch. A pair of 
Inconel spr ings , mounted above the pinion support bear ings and concentric 
about the rack, serve as the dashpot. Dashpot t rave l is 3 in. Rod inser t ion 
time ineasured during s ta r t up was 1.2 to 1.5 sec . 

A gear on the "Neg 'a tor" spring drum dr ives a gear t r a in that is 
coupled d i rec t ly to the posi t ion-indicator synch ro - t r ansmi t t e r . This a r ­
rangement a s s u r e s the reac tor operator of positive rod-posi t ion indication 
at the rece iver in the control room at all t imes during plant operat ion. 



The l imit swi tches , also coupled direct ly , a re used for actuating 
upper and lower l imit motor switches and control panel board indicating 
l ights . 

A- j -hp , - | - - rpm, 208-volt, 3-phase , 60-cycle gearmotor supplies 
the motivat ion requ i red for the d r ive . It is equipped with a magnetic disc 
brake that stops the motor a r m a t u r e in about 200 m s e c . This provides 
the opera tor with "no coas t" control and pe rmi t s accura te positioning 
of the control rod. 

Fabr ica t ion of the dr ive components did not r equ i re any special 
tooling; s tandard machine shop p r ac t i c e s were used. The rack-and-pin ion 
housing and the pinion support m e m b e r s a r e of AISI-Type 304 s ta in less 
s tee l . The t r a n s m i s s i o n , except for "off the shelf" i tems and all other 
p a r t s ex te rna l to the p r i m a r y r e a c t o r sys tem, a r e fabricated from conven­
tional m a t e r i a l s such as carbon s tee l and b r a s s , 

A tes t r ig (see F ig . 33), designed to s imulate r eac to r conditions, 
was used to t es t a prototype m e c h a n i s m . The test ing es tabl ished that 
AISI-Type 440 C s ta in less s tee l was not acceptable for the rack or pinion, 
Micar ta bal l bear ing r e t a i n e r s were found not acceptable . A pinion shaft 
guide bushing of nylon also proved unsa t i s fac tory . Various cooling schemes 
were t r i ed to e l iminate the introduction of water into the seal , but none 
proved p r ac t i c a l . Fo r posi t ion indication, a mul t i turn potent iometer t r a n s ­
mi t t e r was used ini t ial ly, but the vol t ineter scale of the r ece ive r was not 
accura te or 100% l inea r . 

The chrome plating on the extension shaft, the rack-and-pin ion 
teeth, and the pinion dr ive shaft has proved very sa t i s fac tory . Very l i t t le 
wear was evident after m o r e than 10,000 cycles of tes t opera t ion. Where 
the sea l floating r ings rode on the pinion dr ive shaft, definite burnishing 
was vis ib le . The rack-and-p in ion teeth showed a pitch line burnish pat ­
t e r n . The extension shaft showed some sc ra t ches which did not penet ra te 
the plat ing. In no case has any spall ing, pitting, or fai lure of the plating 
been exper ienced . 

Installation on the r eac to r (see F ig . 34) did not requ i re any unusual 
tools or t echniques . A specia l gr id s t r uc tu r e for mounting the dr ives was 
used during the "cold" c r i t i ca l e xpe r ime n t s . F ina l instal la t ion on the r e a c ­
tor head resu l t ed in removing a "Neg 'a tor" spr ing from the t r a n s m i s s i o n . 
This was n e c e s s a r y to fulfill s c r a m r e q u i r e m e n t s . It was assumed that 
ce r t a in i naccu rac i e s of al ignment between the core shroud and the vesse l 
head nozzles tended to move rods to one side or the other in the guide 
channel. This resu l ted in a slight re ta rd ing force . 
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"HOT" CRITICALS 
FOR 

C. P r e s s u r e Vessel and Support Cylinder* 

The p r e s s u r e vesse l with i ts appurtenances is supported by the 
support cylinder to form a reac tor coinplex that incorporates radiation 
t he rma l shielding and facil i t ies for the reac tor core , control rods and 
d r ives , and ins t rumentat ion (see F i g s . 35, 36, and 37). In this manner , 
p r e a s s e m b l y before shipment is poss ib le . Also, support is provided by 
a s imple s tee l beam s t ruc tu re on the building bottom plate, and the addi­
tional biological shielding gravel is poured in contact with the support 
cylinder component (see F ig . 13). 

*E. E. Hamer 
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The control rod d r ives a r e top-mounted as the resul t of precluding 
excavation for the building, together with limiting the height of the building 
to 50 ft. However,, the p r e s s u r e vesse l head need not be removed for fuel 
exchange. Fue l exchange is accomplished through the rod drive nozzles 
whose openings a re flush with the operat ing floor (see Fig, 49 p . 126). 

The complex also mee t s the design requireixients on t ranspor tab i l i ty 
by airl if t (see Appendix V), The p r e s s u r e vesse l consis ts of two major 
components : the vesse l , and the head. The support cylinder is composed of 
two s imi l a r ha lves . Each component, when cra ted for shipment, is less than 
74-ft x 9 ft X 20 ft and weighs l e s s than 20,000 lb. 

The s ize of the p r e s s u r e vesse l , and therefore also the size of the 
support cylinder, was dictated, in par t j by the size of the reac tor co re . 
The core was designed to accommodate as miany as 59 fuel a s sembl i e s , 
providing added flexibility for power production. Also, a large s team dome 
volume was deemed n e c e s s a r y to reduce water ca r ryover and to el iminate 
the necess i ty of the inclusion of expensive s team-dry ing equipment. The 
s team dome also provides a s team "buffer" volume, s imi la r to an accumu­
lator tank, thereby decreas ing the potential ly adverse effects normal to a 
'"solid" sy s t em. The length of the vesse l and the location of the core a re 
such that filling the vesse l with water provides adequate water shielding 
during reloading of the r eac to r core (see section VIII-A), 

1. P r e s s u r e Vessel 

A s u m m a r y of the p r e s s u r e vesse l design requirements! '^") is 
r ep re sen ted in Table 8. The operat ing posit ion is ve r t i ca l . The vesse l is 
supported on the unders ide of the top flange by the support cylinder. The 
reac tor core is supported by the vesse l in ternal t he rma l shield which, in 
tu rn , is supported by lugs welded to the ve s se l . By this construction, only 
a few obstruct ions a r e in the coclant path to the fuel assembly inlet channels 

The reac to r control rods a r e inounted on the 6-iri, ves se l head 
nozz les . Nine locations a r e available corresponding to the core configura­
tion (see F ig . 12). Two additional nozzles , a 4 in, and a 2-|-in., a re provided 
for the liquid leve l - sens ing i n s t rumen t s . 

The vesse l wall penetra t ions a r e near the vesse l support loca­
tion to reduce the effects of t h e r m a l expansion. The penetrat ions a re five 
pipes that perforin the following function: 

(1) A 4-in, , Sch. 160 s team outlet . 

(2) A l-f--in., Sch. 40 lower spray ring welded to a 2-in. , 
Sch, 80 t h e r m a l s leeve, a construct ion which reduces the 
s t r e s s e s resul t ing from cold feedwater injection. The line 
is also connected to the bor ic acid-injection sys t em. 



(3) A 14- in . , Sch. 40 upper spray ring welded to a 2- in . 
Sch. 80 t h e r m a l s leeve, a construct ion which reduces the 
s t r e s s e s resul t ing from cold bor ic acid injection. The 
line is also connected to the feedwater sys tem. 

(4) A 1-in., Sch. 40 pipe to supply reac to r water to the water-
purification sys t em. 

(5) A 1-in., Sch. 40 pipe that is a s p a r e . 

Design Pressure 

Design Temperature 

Water and Steam 
Metal 

Operating Pressure 

Ooerating Temperature 

Water and Steam 
Metal 

Outside Diameter 

PRESSURE VESSEL DATA 

Length (face of flange to inside of bottom head) 

Wall and Bottom Head Thickness 

Base 
Clad 

Top Head Thickness 

Base 
Clad 

m psig 

45OT 
SOOOP 

300 psig 

421°F 
470''F 

4 f t -6 in . 

14ft-6in. 

3/4 in. 
3(16 in. 

Sin. 
3116 in. 

Materials of Construction 

Base 

Clad 
Bond 

Internal components 

Code 

Penetrations 

Carbon steel type SA-212 Grade B Firebox, 
weldneck flange type SA-181 Grade H 

Stainless steel Type 304 
Roll-bond, plug welded sheet, and submerged 

arc weld 
Stainless steel Type 304 

ASME Unfired Pressure Vessel, Section 2 m 

Vessel wall 

Top head 

Design Loads 

Weight of Vessel 

Weight of Top Head and Bolting 

Weight of Water (full) 

Weight of Water (operatingi 

Operating Height of Water (coldl 

Volume of Steam Dome 

Pressure-relief Valves 

To condenser 
To atmospheric 

Top Head Closure 

Bolting 

Material of Studs 

Material of Nuts 

Radiograph 

Hydrostatic Test 

Helium Leak Test (vessel and head tested separately! 

(11 - 4 in., Sch. 160 
(2) - 2 in.. Sen. 80 thermal sleeve for the l- l '4. in. 

Sch. 40 pipe 
(21-1 in., Sch, 40 
(9) - 6 in., Sen. 80 
( l ! - 4 i n . , Sch. 80 
(11 - 2-1/2 in., Sch. 80 

Static load of 27,000 lb on any one 6-in, head 
nozzle when vessel is at atmospheric pressure 

-17,000 lb 

-9,000 lb 

-13,500 lb 

-8.000 lb 

9 ft 

~80ft3 

350 psig 
385 psig 

Double gasket with leakoff 

(481 - 1-3/4-in. diameter 

ASTI\l SA-W3, B14 

ASTM, SA-m Class 2H 

All welds 

600 psig for 2 hr in a siirulated vertical position 

300 psig for 48 hr with maxlmup allowable 

Cleaning 

leakage of 1.5 cc'day 

Aluminum oxide blast Mitric acid passivation 



The vesse l is the rmal ly insulated by 3 m of 85% magnesia 
block that has a conducti^-ity of -^0 48 Btu/(hr)(ft^)(°F) at operat ing t em­
p e r a t u r e . The blocks a re stapled together and banded c i rcumferent ia l ly . 
The insulation is jacketed by T-m, - th i ck carbon s teel which will r e s t r a i n 
and confine any physical breakdown that may occur . The jacket also a l ­
lows the vesse l to be free standing, 

a. Steam Baffle 

The configuration for the s team baffle was selected as the 
s imples t and mos t inexpensive, yet effective, design to reduce water c a r r y ­
over . The normal s t eam-gene ra t ion velocity over the a r e a of the p r e s s u r e 
vesse l is approximate ly ^ f t / sec m the f i r s t stage of s t eam-wa te r s e p a r a ­
tion. The second stage occurs at the unders ide of the vesse l head before entering 
the s team baffle. Upon enter ing the baffle, the change of direct ion var ies 
from 90 to 180 d e g r e e s , and the v-elocity inc reased by a factor of 100, The 
thi rd stage is within the baffled volume, where a dec rease in s team velocity 
by a factor of 2 occu r s together with a 90° change m direct ion. The exit 
s team quality as de te rmined by the thrott l ing ca lo r imete r method, has 
been ixieasured above 99,5% with operat ion at the normal water level . 

b. Spray Rings 

Two sp ray r ings a r e available for use by the feedwater 
sys tem and the bor ic acid-inject ion sys t em. Normally, the lower spray 
ring is used for the feedwater and the upper spray ring is for the in t ro ­
duction of the bor ic acid if r eac to r shutdown is n e c e s s a r y by this method. 

The lower sp ray ring has forty eight f - i n . - d i a m e t e r holes 
through which feedwater is ejected at an angle of 30° with the ver t i ca l . 
This angle of ent ry into the downcomer provides for effective xnixmg and 
collapsing of the entra ined voids c a r r i e d oi 'er by the water rec i rcu la t ion . 
The elevation of the sp ray ring cor responds with the top of the fuel a s s e m ­
bl ies and the bottom of the core shroud cut-out through which a pa r t of the 
water rec i rcu la t ion takes place (see F i g s , 23 and 25). 

The upper sp ray ring has twenty f ive- | -- in,-diameter holes 
through which boric acid is ejected at an angle of 45° with the ver t i ca l . 
This angle of en t ry p laces the r eac to r poison m the downcomer a r e a for 
quick t r an spo r t to the fuel a s sembly channel. Alternatively feedwater 
may be valved so as to be introduced through this spray ring, which p r o ­
duces a sp ray pa t te rn over the ent i re core because of the higher pumping 
r a t e . 
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c. The rma l Shield 

The p r e s s u r e vesse l in ternal thermial shield is in the 
region of the core (see F ig . 35) and se rves to reduce the p r e s s u r e vesse l 
wall s t r e s s e s due to the high t he rma l neutron fluxes and core gainma 
radiat ion. The shield is also effective in introducing a t ime lag in the 
heating of the external lead the rma l shield should the shield-cooling s y s ­
tem fail (see section VII-C). Other functions a re to prevent t he rma l 
shock to the p r e s s u r e vesse l wall by the introduction of cold feedwater, 
and to provide a reac tor core support . 

The t he rma l shield conforms with the p r e s s u r e vesse l 
curvature and is fabricated from-^--in.-thick s ta in less s teel plate . A 1-in. 
gap exis ts between the shield and vesse l to allow for cooling of the vesse l 
wall by circulat ion of the water . 

d. Vesse l Gaskets 

The vesse l gasket design was based upon the continuing 
work performed on the EBWR p r e s s u r e vesse l . The ALPR and EBWR 
gasket configuration a re alike except in s ize . Two spiral-wound gaskets , 
with a leak-off groove between them, a r e used (see F ig . 38). The gaskets 

a r e compressed in the gasket groove 
by the flat underface of the vesse l 

"̂̂  head. The dimensions a re as follows: 

-STUD GAGE P'N 

• NUT 

-THRUST WASHER PAIR 

PRESSURE VESSEL 
HEAD 

GASKETS 

PRESSURE VESSEL 

FIG. 38 

PRESSURE VESSEL HEAD BOLTING 

Inner - 53^ in. x 54|' in. x 0.175 in. 

Outer - 5 5 f i n . x 5 7 i i n . x 0.1 75 in. 

The gaskets a re zinc-plated C.R.S. 
(cold rolled steel) with Teflon or a s ­
bes tos f i l ler , whichever per formed 
inore efficiently. To date, it appears 
that the asbes tos f i l ler- type gasket is 
more effective. 

e. Vessel Head 

The use of a flat head instead 
of a dome head, considering the number 
of nozzles (9 for control rod dr ives and 
2 for instrumentat ion) , reduced the over­
all cost ma te r i a l ly . The gasket shear 
based upon reac tor p r e s s u r e and t e m ­
pe ra tu r e has been compensated in the 
design of the gasket and groove (see 
section d above). Zero leakage as m e a s ­
ured from the leak-off groove confirmed 
the select ion of the head design. 



The head th ickness is de te rmined p r i m a r i l y by m a t e r i a l 
select ion, p r e s s u r e load, gasket load, and head perforat ions (ligament 
efficiency). Dis regard ing the s ta in less s tee l clad (by submerged -a r c 
deposition) as a s t rength mater ia ls the calculated head thickness is 
7.750 in. This is based upon the following for design conditions: 

(1) Mater ia l - 17,500 psi allowable working s t r e s s , 

(2) P r e s s u r e load - 96.0 x 10* lb 

(3) Gasket load - 21.2 x 10^ lb 

(4) Ligament efficiency of perforat ions - 0.47, 

The imipact load (from the fuel a ssembly coffin) is non­
existent during operat ion and is l e s s than the p r e s s u r e load when applied 
at a tmospher ic condit ions. A s t r e s s of approximately 600 psi due to gam-
ixia heating is additive during r eac to r operat ion. 

The nozzles for the control rod dr ives and wate r - l eve l 
ins t ruments a r e fabricated from Type 304 s ta in less s teel pipe and include 
specia l f langes. Each of the nozzles is stepped on the outside d iameter to 
absorb some of the impact shock when in a cold condition (see F ig . 35). 
The s t rength weld is p r i m a r i l y Type 308 s ta in less s teel with the carbon 
s tee l head "but tered" with Type 310 s ta in less s tee l in the "J" groove. 
Assuming an overa l l joint efficiency of 50% and an allowable shear s t r e s s 
of 10,500 ps i , and d i s regard ing the effect of the p r e s s fit. the allowable 
load on the weld of the 6-in, nozzle is approximately 103,000 lb. Using 
design values , the p r e s s u r e load is approximately 9,000 lb, and at a t m o s ­
pher ic p r e s s u r e the impact load is approximately 27,000 lb. The 4-in. and 
2 2 - i n , nozzles have a l e s s e r p r e s s u r e load; therefore the impact load also 
governs The allowable nozzle loads on the welds is approximately 
77,000 lb and 45,000 lb, respec t ive ly . It should be noted that the use of the 
6-j-ton fuel a s sembly coffin is intended with the 6-in, nozzles only. 

The s t r e s s in the nozzles due to the differences in the 
coefficients of expansion of the s ta in less s teel nozzle and carbon s tee l head 
is difficult to es t imate because the head is par t ia l ly insulated by shielding 
above. The shielding is also a heat source because of i ts function. F u r t h e r , 
the head is insulated by fiber g lass on the ends, and each nozzle contains a 
shielding plug that is close fitting. The rod dr ives have an in tegral plug, 
and solid plugs a r e inse r ted in the vacant nozz les . Assuming a pess imis t i c 
t e m p e r a t u r e differential of SOO^F, the s t r e s s in the nozzle is approximately 
17,000 ps i . Of the 17s000 ps i , the ini t ial p r e s s u r e fit contributes 8100 psi , 
the t e m p e r a t u r e s t r e s s is 8400 ps i , and the p r e s s u r e s t r e s s is 500 ps i . 

Impact on a 6-in, nozzle by the fuel assembly coffin can 
occur at t h ree c r i t i ca l a r e a s . The downward force along the center l ine 



has been d i scussed . The other two forces induce a bending s t r e s s m 
addition to the compress ion and shear s t r e s s previously mentioned. One 
force is applied downward and off center to a point on the outer d iamete r 
of the nozzte flange. This force induces a tota l s t r e s s of approximate ly 
21,000 ps i . The other force is applied hor izonta l and at the top edge of 
the nozzle flange. Assuming a p e s s i m i s t i c value for the force as equal to 
the weight of the coffin, the s t r e s s induced is approximately 27,000 p s i . 
It should be noted that these values a r e based upon conditions of room 
t e m p e r a t u r e and a tmospher ic r e a c t o r p r e s s u r e . 

The impact load on the nozzles is more seve re than on 
the head. The calculated maximum s t r e s s in the head due to a 27,000-lb 
load on any one nozzle at a tmospher ic p r e s s u r e is 875 ps i . 

f. Bolting 

The p r e s s u r e v e s s e l head bolting cons is t s of for ty-eight 
1 ̂ - i n . - d i a m e t e r s tuds , nuts , and double washe r s on a 5 ft 2 in. bolt c i r c l e 
(see F ig . 38). The stud m a t e r i a l is ASTM SA-193 B14. The nut m a t e r i a l 
is ASTM SA-194 Class 2H. The washe r s a r e SAE-1040, heat t r ea t ed to 
R^ 35-37, and machined in p a i r s . The adjacent surfaces a r e ground and 
then lubr ica ted with graphi te at a s sembly . 

The studs and nuts a r e a c lass 2 fit and 8 t hds / i n . Each 
stud shank is undercut to a d iamete r equal to the th read minor d i a m e t e r . 
Also, each stud contains a gauge hole,-^ in. in d iamete r and 13j-in, deep, 
for the purpose of measu r ing the stud elongation with a depth gauge during 
the bolting procedure . (^^ / 

The calculated bolting load is 117.2 x 10^ lb . Of th i s , 
96.0 X 10* lb is a t t r ibuted to the p r e s s u r e load and 21.2 x 10* lb is the gasket 
load. These cor respond to bolt s t r e s s e s of 10,200 psi and 2300 ps i , r e s p e c ­
tively, for a total s t r e s s of 12,500 ps i . The stud elongation represen t ing 
this s t r e s s is approximate ly 0.006 in. Each stud has an a r e a of 1.96 in.^ 
and the reby a s s u m e s a load of 24,500 lb. 

The calculated bolt loading is construed as min imum and 
is below the allowable bolting s t r e s s of 20,000 psi for the m a t e r i a l . The 
allowable s t r e s s co r re sponds to a stud elongation of approximately 
0.010 in. and is p re sen t ly used . 

g. Vesse l 

The v e s s e l (see F ig . 35) is fabr icated from s tee l plate 
and includes an el l ipsoidal head, ra t io 2 :1 , at the bottom end and a weld-
neck flange at the top end. The ves se l wall and el l ipsoidal head m a t e r i a l 
is carbon s tee l plate type SA-212 Grade B F i rebox and clad with 
Type 304 s t a in less s tee l by the Lukens ' ro l l -bond method. The weldneck 



flange m a t e r i a l is carbon s tee l forging type SA-181 Grade II and clad with 
Type 304 s ta in less s tee l . The inside d iameter surface is clad by s ta in less 
s tee l sheet plug-welded to the carbon s tee l , and the gasket a r ea is clad by 
the s u b m e r g e d - a r c method. 

The ves se l wall and bottom head thickness is f- in., carbon 
s tee l clad with -^ - in . s ta in less s tee l . The calculated design s t r e s s devel­
oped is 14,000 ps i . At the operat ing p r e s s u r e of 300 psig the calculated 
s t r e s s is 10,500 ps i . In addition to th is , a s t r e s s of 750 psi is induced at 
the core centerplane by gamma heating. Also, at the design conditions, no 
s t r e s s e s a re induced in the vesse l wall by the difference in the coefficient 
of expansion between the carbon s tee l and s ta in less s teel cladding m a t e r i a l 

The vesse l flange configuration and calculations a r e 
i l lus t ra ted in F ig . 39. 

The ves se l s team outlet nozzle is 4-in. , Sch. 160 pipe 
requir ing no reinforcing at the vesse l wall due to the pipe wall th ickness . 
This is also t rue for the two 2-in. , Sch. 80 the rma l s leeves through which 
the I-5—in. cold water pipes pass (see F ig . 37). The 1-in., Sch. 40 pipes 
need no such provis ion . 

h. Hydrostat ic Test 

The vesse l and head were tes ted independently in the 
fabrication shop and in tegra l in the field after instal lat ion. The shop t es t s 
were witnessed by the Hartford Insurance Co. inspector who also issued 
the code s tamp indicating compliance with the ASME Unfired P r e s s u r e 
Vesse l Code, section VIII. The field t e s t s were performed as the resul t 
of the check on connecting piping. 

The vesse l head was hydrosta t ica l ly tested at bOO psig for 
2 hours with no loss in p r e s s u r e . 

The ves se l was hydros ta t ica l ly tes ted in a ver t ica l ly 
suspended posit ion. A blind head was provided and the requi red 600 psig 
was applied. During the t ime for the t es t , the inspector closely examined 
the vesse l including the application of a hammer impact t e s t . The vesse l 
was code s tamped the rea f te r . 

i. Helium Leak Test 

The hel ium leak tes t is not a requi rement for ASME 
code acceptance . The conductance of this t es t followed the procedure for 
the EBWR vesse l . 
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FIG. 39 
PRESSURE VESSEL FLANGE 

CONFIGURATION AND CALCULATIONS 
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The v e s s e l was "bagged" in Pliofilm, all welds were 
isolated, and the ves se l was divided into zones so that a detected leak 
could be isolated. These zones were as follows: 

Zone 1 - The ent i re vesse l "bagged" from the flange 
downward except for the nozzle a r e a (steam 
outlet, feedwater inlet, purification sys tem 
outlet, upper sp r ay ring inlet, and spa re ) . 

Zone Z - The nozzle a r e a . 

Zone 3 - The top hor izontal weld a r ea , the weld between 
the flange and upper vesse l p la te . 

Zone 4 - The middle hor izonta l weld a rea , the weld b e ­
tween the upper and lower vesse l p la t e s . 

Zone 5 - The bottom hor izonta l weld a rea , the weld b e ­
tween the bottom el l ipsoidal head and the lower 
v e s s e l p la te . 

Zone 6 - The upper ve r t i ca l weld a r ea , the weld seam of 
the upper ve s se l plate between the vesse l flange 
and lower vesse l p la te . 

Zone 7 - The lower ve r t i ca l weld a rea , the weld seam of 
the lower ves se l plate between the vesse l bottom 
el l ipsoidal head and upper vesse l p la te . 

The preceding zoning resu l ted in a checker -board design 
whereby zone 1 is compr i sed of many isolated a r ea s over the plate m a t e r i a l . 

The tes t was conducted at a helium tes t p r e s s u r e of 300 psig 
with a maximum leakage allowable of 1.5 cc /day . The sensi t ivi ty of the m a s s 
spec t rome te r was 10"'' c c / s e c or 0.518 cc /day . No leakage from the ves se l 
was found. 

It should be noted that, although the gaskets were not under 
t e s t , t h e r e was a leakage r a t e of 16.8 ft^/hr S .T.P. at the 300-psig tes t 
p r e s s u r e . The leakage was through the inner gasket, and the helium was 
c a r r i e d away in o rde r to keep the tes t environment at a zero background 
level . Obviously, it was never intended that the gaskets confine helium 
under the tes t condit ions. 

2. Support Cylinder 

The p r e s s u r e vesse l support cylinder locates and supports 
the p r e s s u r e vesse l and i ts appur tenances (see F i g s . 13 and 35). 
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An externa l radia t ion t h e r m a l shield is made conveniently a pa r t of the 
support cyl inder . The unit is compr i sed of two s imi la r halves to adhere 
to the t r an spo r t ^veight r equ i r emen t . Radially, the support cylinder is 
compr i sed of the following: 

(1) A-g--in.-thick carbon s tee l cylinder for the support of the 
p r e s s u r e v e s s e l at the top flange. 

(2) A 1-5—in.-thick layer of lead to a height of 10 ft. 

(3) Cooling coi l s , of •|--in. OD s e a m l e s s copper tubing, c lamped 
to the carbon s tee l cylinder and embedded in the lead. 

(4) A-5--in . - thick carbon s tee l jacket to prevent the loss of 
the lead in the event of mel t ing . 

(5) A 1-J--in.-thick carbon s tee l r ing in lieu of the -j—in.-thick 
s t ee l jacket at the r e a c t o r core centerp lane . The r ing is 
4 ft high. 

(6) A 5•5--in.-thick "bay window" of lead (thickness £roTn the 
s tee l support cyl inder) at the core centerp lane , and 
2 ft 6 in. high by 47-2-degrees wide. This lead "window" 
has a 4--in.-thick s t ee l jacket and p ro t rudes through the 
s t ee l r ing in the a r e a of t h r ee r eac to r ins t rument tubes , 
after ins ta l la t ion. 

(7) Bora l , - | - in . thick by 16 in. high, c i rcumvents the base of 
the s t r u c t u r e . 

(8) Two thermocouple wells (each half) for t e m p e r a t u r e 
m e a s u r e m e n t of the lead by the rmocoup les . 

The bottom of the support cylinder is compr i sed of the following: 

(1) Bora l , - ^ in . thick. 

(2) A l-f--in.-thick carbon s tee l p la te . 

(3) A 1-|--in.-thick layer of lead. 

(4) Cooling co i l s , of-|--in. OD s e a mle s s copper tubing, embedded 
in the lead. 

(5) A 1-in,-thick s tee l base p la te . 



Each cylinder half was fabricated separa te ly . The halves were 
then bolted together and the top machined. Construction requi rements (^°) 
provided that the support cylinder be concentr ic with the p r e s s u r e ves se l . 
The supporting s tee l plate of each half is fabricated from a single plate in 
such a manner that no s t rength welds a r e p r e sen t . The g- in . - th ick carbon 
s tee l support cylinder is overdesigned for the support of the 50,000-lb 
load, since the lead is free standing when in the solid s ta te . In the event 
that the lead m e l t s , the-|—in- s tee l jacket and support cylinder (with its 
excess strength) will confine the lead. The steel cylinder has a p r e s s u r e 
vesse l support a r e a of 173 in.^ and a s l enderness rat io of 4. Trea ted as a 
short column, the p r e s s u r e vesse l component (with 100% contact) induces 
a compres s ive s t r e s s of approximate ly 300 ps i . In addition to the lead and 
p r e s s u r e ves se l component, it is a s sumed that the gravel exer ts a p r e s s u r e 
of approximate ly 25, 000 lb. The fiber s t r e s s near the top of the support 
cylinder is 9,000 psi due to the cooling of the support shield by the cooling 
coil ings, located -^16 in. from the top, and the heating by the p r e s s u r e ves ­
se l flange in addition to the flange expansion at the top. 

The lead and s tee l ( thermal shield) at tenuates the core gamma 
radiat ion which o therwise would be converted into heat in the biological 
gravel shield (see sect ion VII). To diss ipate the resul tant heat in the t h e r ­
ma l shield, cooling coils a re imbedded in the lead portion of the shield. 
Water is used as coolant. Each half cylinder has two independent cooling-
coil c i r cu i t s . Although both c i rcu i t s a r e normal ly in use , one circui t can 
c a r r y the heat load if the other fa i ls . The lead was placed between the 
tubing in sheets and contact was made by "wiping" the lead around the 
tubing at a t e m p e r a t u r e l ess than 850°F to prevent the amalgamation of the 
lead and copper . The coils and all the s tee l used as shielding were "tinned" 
to insure good bonding. 

The 5-j-in.-thick lead "bay window" shadow shields th ree of 
the four r eac to r ins t rument tubes . This was done del ibera te ly to provide 
one ins t rument location not shielded by a la rge thickness of lead for use 
with an uncompensated ion chamber . In this way the re la t ive m e r i t s of a 
high and low-gamma background at the uncompensated ion chambers could 
be evaluated. The re la t ive differences in ins t rument response t ime for 
s i in i lar ins t ruments appears to be smal l , and the value of the added lead 
shield is questionable when considered in t e r m s of operating experiencei^^) 
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Mater ia l s of construct ion a r e as follows: 

Carbon s tee l plate and sheet ASTM SA-212 Grade B 

F i rebox 

Bolts ASTM SA-193 Grade B7 

Nuts ASTM SA-I94 Grade 4 

Lead ASTM B-29-55 , Chemical 
Grade (Melting point '^6l8°F) 

Cooling Coils ASTM B-75-55 , Seamless 
copper tubing Type DHP 
soft annealed and tinned 
on the outside surface , 
size-f-in. OD x 0.049-in. 
wall 

Bora l 35% B4C in cast aluminum 
clad on both s ides by 0.041 in. 

The cooling coils were hydros ta t ica l ly tes ted at 500 psig and 
flow tes ted for 4 gpm per coil at a supply p r e s s u r e of 30 ps ig . The lead 
c losure was pneumat ical ly tes ted at 5 psig with all welds soaped at the 
fabricat ion plant and after p lacement in the field. 
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VI. R E A C T O R P L A N T AUXILIARIES* 

A. R e a c t o r W a t e r P u r i f i c a t i o n S y s t e m 

1. S y s t e m D e s c r i p t i o n 

W a t e r i s p u m p e d f r o m the r e a c t o r t h r o u g h the p u r i f i c a t i o n s y s ­
t e m and r e t u r n e d into the f e e d w a t e r l i n e , ahead of the f e e d w a t e r f i l t e r ( see 
F i g . 40). 

The in take to the p u r i f i c a t i o n s y s t e m is l o c a t e d in the d o w n c o m e r 
r e g i o n n e a r the c e n t e r p l a n e of the r e a c t o r c o r e (see F i g . 35). Unde r n o r ­
m a l o p e r a t i n g c o n d i t i o n s , the w a t e r in t h i s v ic in i ty is s l igh t ly subcoo led by 
1-Z°F. A p o r t i o n of th i s w a t e r e n t e r s the p u r g e l ine and p a s s e s s u c c e s s i v e l y 
t h r o u g h the e d u c t o r , p u r i f i c a t i o n holdup tank , pu r i f i c a t i on s y s t e m c o o l e r , 
p u r i f i c a t i o n s y s t e m p u m p , t e m p e r a t u r e c o n t r o l v a l v e , flow m e t e r p u r i f i c a ­
t ion s y s t e m f i l t e r , ion e x c h a n g e r ( s ) , f e e d w a t e r l ine , and f e e d w a t e r f i l t e r , 
and i s then r e t u r n e d to the r e a c t o r . 

A d e s c r i p t i o n of the ina jo r i t e m s in the s y s t e m fo l lows : 

a. E d u c t o r 

The e d u c t o r i s needed for the o p e r a t i o n of the pu r i f i c a t i on s y s t e m 
when s i m u l t a n e o u s l y the r e a c t o r is at a t m o s p h e r i c p r e s s u r e , the t e m p e r a ­
t u r e of the r e a c t o r w a t e r i s above 170' 'F, and t h e r e is no f e e d w a t e r flow to 
the p u r i f i c a t i o n c o o l e r . The e d u c t o r i s u s e d to lift the r e a c t o r w a t e r to the 
r e a c t o r p u r i f i c a t i o n s y s t e m p u m p , t hus r a i s i n g the p u m p in le t p r e s s u r e and 
p r e v e n t i n g f lash ing wi th s u b s e q u e n t l o s s of p u m p suct ion . The m o t i v e fluid 
for the o p e r a t i o n of the e d u c t o r i s supp l i ed f rom the d i s c h a r g e of the p u r i f i ­
c a t i on p u m p t h r o u g h va lve R P - 3 2 ( see F i g . 40). The educ to r p e r f o r m a n c e 
i s shown in F i g . 4 1 . 

b . P u r i f i c a t i o n Holdup T a n k 

The w a t e r c o m i n g froixi the r e a c t o r p a s s e s t h r o u g h a 5-gal 
p u r g e w a t e r holdup tank which i s l o c a t e d in a sh i e lded r eg ion . H e r e the 
s h o r t - l i v e d N ac t iv i ty is r e d u c e d to t o l e r a b l e l eve l s dur ing the one to two 
m i n u t e s t ha t it t a k e s the w a t e r to p a s s t h r o u g h the tank. 

c. P u r i f i c a t i o n S y s t e m C o o l e r 

Af ter l eav ing the p u r i f i c a t i o n holdup tank, the w a t e r f lows 
t h r o u g h the she l l s ide of the p u r i f i c a t i o n s y s t e m c o o l e r . H e r e the t e m p e r a ­
t u r e is r e d u c e d by r e g e n e r a t i v e h e a t exchange to the f e e d w a t e r p a s s i n g 
t h r o u g h the tube s ide of the c o o l e r on i t s way back to the r e a c t o r . Under 
n o r m a l c o n d i t i o n s , o p e r a t i n g the r e a c t o r at 3 Mw r e s u l t s in a f e e d w a t e r 
flow of 1 8 gpin t h r o u g h the tube s ide of the c o o l e r , suff icient to cool 3 gpm 
of p u r g e w a t e r to 170°F. 

*A. S m a a r d y k . 
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d. P u r i f i c a t i o n S y s t e m P u m p 

The w a t e r is c i r c u l a t e d t h r o u g h the pu r i f i c a t i on s y s t e m at 
the r a t e of a p p r o x i m a t e l y 3 gpm, and up to 5 gpm, by the p u r i f i c a t i o n w a t e r 
pu inp . The p u m p i s c o m p l e t e l y e n c l o s e d , with b e a r i n g s and r o t o r s u b ­
m e r g e d in the c a n n e d s e c t i o n of the p u m p , to p r e v e n t l e a k a g e of w a t e r . A 
sixiall p o r t i o n of p u r i f i c a t i o n w a t e r is b l e d f rom a point be tween the d i s ­
c h a r g e of the p u m p and the t e m p e r a t u r e - c o n t r o l va lve . Th i s flow p r e v e n t s 
o v e r h e a t i n g of the p u m p if r u n with the t e m p e r a t u r e - c o n t r o l va lve c l o s e d 
and p e r m i t s the va lve to r e o p e n a f te r h igh p u r g e w a t e r t e m p e r a t u r e c a u s e s 
coiTiplete s t oppage of flow. The p u m p p e r f o r m a n c e c u r v e i s shown in 
F i g . 42. 

e. T e m i p e r a t u r e - c o n t r o l Valve 

The t e m p e r a t u r e of the p u r g e w a t e r is c o n t r o l l e d a u t o ­
m a t i c a l l y by a t e m p e r a t u r e - s e n s i n g Spence c o n t r o l va lve l o c a t e d in the 
d i s c h a r g e l ine of the p u r i f i c a t i o n s y s t e m p u m p . The va lve is m e r c u r y 
a c t u a t e d by a s e n s i n g bulb in the d i s c h a r g e l ine of the p u r i f i c a t i o n s y s t e m 



cooler . It regulates the flow of purge water so that the t empe ra tu r e of the 
cooled water leaving the shell side of the cooler does not exceed 170°F. 
The water t empera tu re can be adjusted by changing the valve set point. 
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FIG. 4 2 
ACTUAL FLOW PERFORMANCE 

Flow Meter 

Water flow through the purification sys tem is indicated by 
a totally enclosed float-type flowmeter. An external indicator sleeve is 
operated by a magnet on the internal ly located float. The range of the 
flowmeter is 0 to 5 gpm. 

g- Purif icat ion F i l t e r 

The purification fil ter is a single disposable ca r t r idge of 
woven cotton ma te r i a l . It s e rves to remove par t icula te ma t te r down to 
5 mic rons in size. Since this par t icu la te ma t te r has been i r r ad ia ted in 
the r eac to r vesse l , the accumulat ion is radioact ive. If a cladding fai lure 
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should occur , the f i l ter would se rve to prevent highly activated pa r t i c l e s 
from entering the r e s in columns. Because it is readi ly replaceable and 
ra the r inexpensive, the fi l ter provides a s imple means for extending the 
life of the costly r e s i n s . The fi l ter ca r t r idge is housed within a shielded 
container having a flanged and bolted removable head for easy rep lacement 
of the f i l ter ca r t r i dge . 

h. Ion Exchangers 

Two columns a r e insta l led, each consist ing of 6-in. d iam­
e ter , schedule 40 pipe, 9 ft long, and containing ion exchange res in . At a 
max imum flow ra te of 5 gpm through one column, the specific flow through 
the r e s in bed is approximate ly 25 gal/ft^'. The r e s in charge in each column 
is approximate ly l-j- cu ft. Thus the r e s i n depth is roughly 7-|- ft. The r e s i n 
is supported on a 50 -mesh sc reen , and another 50-mesh sc reen above the 
bed preven ts r e s i n ca r ryove r through the sys tem, pa r t i cu la r ly during the 
r e s in changing cycle. 

i. Shielding 

The purif icat ion water cooler and ion exchange columns a r e 
located in a comimon vault below the surface of the gravel shielding in o rde r 
to p ro tec t operat ing personne l against radiat ion froiia radioact ive ma t t e r 
accumulated in these units. The vault is a ver t i ca l cyl indrical tank with a r e ­
movable shielded cover . This removable cover faci l i tates removal of com­
ponents for r epa i r or rep lacement should such be neces sa ry . 

The purif icat ion sys tem f i l ter , a 5 -micron disposable 
ca r t r i dge type, is expected to accumulate radioact ive ma t t e r and is shielded 
with a 2-in. th ickness of lead on the sides and top. Because the unit is in­
stal led close to the floor, the bottom is left unshielded. All other pur i f ica­
tion equipment a r e unshielded above the floor and a r e readi ly access ib le . 
A smal l amount of nickel , 2 w /o , has been added to the r eac to r fuel core 
alloy to i n c r e a s e co r ros ion r e s i s t a n c e . F o r this r eason and because the fuel 
core alloy contains only 17.7 w/o u ran ium, the re is l i t t le likelihood that a 
local ized clad fai lure would resu l t in a rapid escape of l a rge amounts of 
solid fission products to be picked up by the res in . 

2. Operat ion of the Pur i f icat ion Systemi 

Normal ly , at power levels c lose to 3 Mw, flow through the s y s ­
t em is thro t t led manual ly to a r a t e between 2 and 3 gpm.. At reduced feed-
water flow, the r a t e of flow of purge water is throt t led further by the Spence 
t e m p e r a t u r e - c o n t r o l valve. The purge water mus t be lifted from the down-
comer region of the r eac to r to the eductor and to the operat ing floor, and 
then down into the cooler and up to the purif icat ion sys tem pumip. The total 
suction head in the line from the downcomer a r e a to the pump is 16 ft water . 
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Since 1°F of subcooling effectively i nc rea se s the net posit ive 
suction head by 7 ft at operating p r e s s u r e and t empera tu re (see Fig. 43), 
roughly 2-3''F of subcooling should prevent flashing at the pump inlet. 
Normal ly , 1.5°F of subcooling is provided in the reac tor downcomer by the 
incoming feedwater. This is sufficient to prevent flashing at the eductor 
inlet, located 2.75 ft above the normal r eac to r level , but is not sufficient 
to prevent flashing far ther up in the l ine. Only a slight opening of the 
eductor valve should be n e c e s s a r y to further subcool the water a few 
degrees to a s s u r e sat isfactory operation. 
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FIG. 4 3 
EFFECT OF SUBCOOLING ON PUMP SUCTION LIFT 

As shown in Fig. 43, a dec rease in p r e s s u r e necess i t a tes more 
subcooling. Approximately 12°F of subcooling is needed at a tmospher ic 
p r e s s u r e . When the reac tor p r e s s u r e is decreased , and before a tmos ­
pher ic p r e s s u r e is reached, the eductor valve should be opened fully in 
o rde r to provide a posit ive suction head on the inlet of the purification 
sys tem pump. At t empe ra tu r e s between the boiling point at the existing 
a tmospher ic ,p ressure and 170''F, the eductor should st i l l be used. It should 
be emphasized that it is not possible to pump water through the purification 
sys tem unless the purge water can be cooled by the feedwater as called for 
by the setting of the t empera tu re regula tor . 
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Water quality is mieasured both before and after ion exchange 
by means of conductivity cel ls and is continually indicated on the ins t rument 
panel in the control room. Sample taps a r e provided before and after the 
r e s in columns to check res i s t iv i ty and pH by means of por table in s t rumen t s . 

By appropr ia te manipulat ion of valves, t h ree different modes of 
flow through the r e s i n beds can be accomplished. Fo r control of pH, pa ra l l e l 
flow through the two ion exchange columns was made possible . Al ternat ively , 
the purge water may be pumped in s e r i e s through the two columns, or through 
one column only. In the la t te r c a se , the other column is on standby. 

3. Replacement of Ion Exchange Resins 

Valves a r e provided to p e r m i t isolation of the purif ication s y s ­
tem from the h i g h - p r e s s u r e por t ion of the plant. After isolation, the res in 
can be removed hydraul ica l ly by means of the contaminated (retention) water 
pump. The r e s i n is removed fromi the bottom of the deminera l i ze r r e s in 
chamber by pumping water from the contaminated (retention) w a t e r - s t o r a g e 
tank in a r e v e r s e direct ion. Por t ab le hoses a r e connected temiporarily dur­
ing the p r o c e s s of r e s in rep lacement . In this way, the res in is forced out of 
the vesse l through pipes and temiporary hose s , and is t r a n s f e r r e d to a 
screened-off r e s in disposal container which is placed in one of two was te -
s torage sumips (see Fig . 6). The r e s in disposal container is removed la te r 
from the w a s t e - s t o r a g e sump and after the r e s in activity has reached a 
sufficiently low level . The equipment has been designed so that a 55-gal 
s torage drum can be lowered into a s to rage sump. The 55-gal d rum can be 
used to contain the r e s i n disposal tank and provides an annular space for 
gravel shielding in the event that exper ience dictates this p rocedure . It has 
been es t imated that for a dose r a t e of 100 i n r / h r at the drum wall , the dose 
r a t e at the center of the waste can would be 1.1 r / h r . This would c o r r e s ­
pond to a source s t rength of 1.23 x lO' Mev/(sec)(ft^) of res in , or approxi­
mately 1.6 X lO"*^ t imes the total accumula ted fission product activity of the 
r eac to r co re . 

F r e s h r e s i n is added through a top connection on each res in 
column. 

4. Res in C h a r a c t e r i s t i c s 

At nornaal purge r a t e s of 2 to 3 gpm, the maxinaum feedwater 
flow of 1 8 gpm cannot cool the purge water below 170°F. The s t rong-ca t ion 
type of r e s in s a r e capable of operat ing at t e m p e r a t u r e s up to 250°F. The 
s t rong-anion type r e s i n s should be opera ted at tennperatures below 140°F. 
The weak-anion type of r e s i n s , however, can withstand t e m p e r a t u r e s as 
high as 212°F. F o r these r e a s o n s , a mixed bed containing equal p a r t s of 
weak-anion and s t rong-ca t ion r e s i n s was initially specified for control of 
r eac to r water quality. 



Actual operat ion indicated that this mixed bed did not remove 
weak acids of organic origin. It was found that sa t i s fac tory r eac to r water 
quality could be maintained only by the use of a single ion exchange column 
containing a mix tu re of s t rong-anion and s t rong-ca t ion r e s i n s . The l imi ta ­
tion of 140°F set for the s t rong-anion r e s in is based on the usage of this 
r e s i n under c i r cums tances of frequent regenera t ion . Because the ALPR 
r e s i n s a r e not r egenera ted , the reduct ion in life of the r e s i n a r i s ing from 
operat ion at h igher t e m p e r a t u r e s should not be s e r ious . Regenera t ion of 
the ALPR r e s i n is not advised because of the accumulated activity in the 
r e s in and because of shor t water supply at an a rc t i c s i te . Acce le ra ted 
l abora to ry tests(^"^z in which s t rong-anion r e s in s of the ALPR type were 
refluxed at t e m p e r a t u r e s up to 200°F have indicated bas ic i ty loss (test for 
de termining capacity of anion exchange r e s i n s to remove anion of weak 
acids) of approximate ly 1 6% at the end of 750 hr . 

Wirth^^^) s imi l a r ly shows a curve der ived f rom labora tory 
studies in which the bas ic i ty loss is roughly 13% after 6 months of ope ra ­
tion at 200°F for the type of r e s in s imi l a r to the ALPR res in . Although 
the r e su l t s of the acce l e r a t ed labora tory t e s t s a r e not n e c e s s a r i l y d i rect ly 
applicable to ALPR operat ion, the t e s t s do suggest the poss ib i l i ty of s a t i s ­
factory operat ion at higher t e m p e r a t u r e s between 170 and 200°F for the 
s t rong-anion- type mixed bed. 

F o r these r e a s o n s , the ion exchange sys t em that was finally 
r ecommended consis ts of a single mixed bed made up of equal p a r t s of 
s t rong-anion and s t rong-ca t ion r e s i n s . The specif icat ions for these nuclear 
grade r e s in s a r e as follows: 

(1) Strongly ac idic , sulfonic cation exchange r e s in with a 
min imum exchange capaci ty of 4.7 mi l l iequivalents pe r 
dry g ram of r e s in in the hydrogen forin. 

(2) Strongly bas i c , qua te rna ry ammonium anion exchange 
r e s in with a min imum exchange capacity of 3.5 nailliequiv-
alents p e r dry g r a m of r e s i n in the hydroxide form. 

B. Bor ic Acid-inject ion System 

A bor ic acid- inject ion sys tem (see Fig . 44) has been incorpora ted 
in the plant for the purpose of adding bor ic acid solution to the r eac to r , 
ei ther at a tmospher ic or at opera t ing p r e s s u r e . It is cons ide red a back-up 
shutdown sys tem, which can be used at the d iscre t ion of the Chief Operator 
as a means of reducing reac t iv i ty , e.g., if control rods should be inoperable 

If the r eac to r is at a tmospher i c p r e s s u r e , the bor ic acid can be in­
t roduced into the r e a c t o r by way of the upper sp ray ring by gravi ty feed 



through a portable bypass hose. At higher p r e s s u r e s , boric acid is in t ro ­
duced by means of a manually operated hydraulic plunger- type pump, 
through ei ther the lower spray ring or upper spray ring. 
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The sys tem includes a bor ic acid s torage tank containing 120 gal 
of bor ic acid solution. With a concentrat ion of 100 grams H3BO3 per gallon 
of water , the s torage tank contains enough poison to control —20% react ivi ty 
( — 29 dollars) in the cold fresh r eac to r , if there a re —900 gal water in the 
reac tor ves se l . The bor ic acid controls —2.5 do l la r s / (gm H3B03/gal 
r eac to r water) [ l .7%/(gm HsBOs/gal r eac to r water)] in the cold sys tem, 
and an es t imated 2.3 do l l a r s / (gm HsBOs/gal core fluid) [l .6%/(gm H3B03/gal 
core fluid)] in the operating sys tem. 

Table 9 gives the pert inent tank data. 

Table 9 

BORIC ACID STORAGE TANK DATA 

Diameter 
Height 
Total Volume 
Gallons per inch 

30 in. ID 
41 in. 
125.8 gal 
3 



The manually opera ted pump has a capacity depending on the number 
of hand s t rokes per unit timie. Tes t s have been run up to 65 s t rokes per min. 
At only 25 s t rokes per min i ts capacity is approximately 50 ga l /h r . 

Table 10 gives actual sys t em tes t data. 

Table 10 

BORIC ACID-INJECTION SYSTEM TEST DATA 

Number of hand s t rokes applied pe r minute 
Capacity pe r minute at 65 s t rokes 
Gravity flow through pump 
Gravity flow through bypass hose 
Time for boron fluid to r each upper 

spray ring with pump 
Time for gravi ty flow through pump 
Time for gravi ty flow through hose 

65 1 
2.3 gal 
1.5 ga l /min 
4.6 ga l /min 

15 sec 
60 sec 
12 sec 

The bor ic acid- inject ion systemi has been used to add bor ic acid to 
the r eac to r at a tmospher ic p r e s s u r e and p r e s s u r e s up to 300 psig during 
the initial c r i t i ca l i ty exper iments when it was n e c e s s a r y to de te rmine r e ­
activity p a r a m e t e r s for control . It was also used to p r e s s u r i z e the r eac to r 
sys tem at p r e s s u r e s up to 600 psig to check the t ightness of reac to r vesse l 
head gasket and control mechan i sm housings. 



VIL SHIELDING* 

A. Design 

The primiary considerat ion in the design of the prototype shielding 
was to min imize the weight of m a t e r i a l to be t r anspor t ed to a remote s i te . 
Gravel was cons idered to be available at a proposed r emote si te , so the 
maxi inum use was to be made of the locally available ma te r i a l . Thus, the 
bulk of the r eac to r biological shield is gravel , which sur rounds the r eac to r 
p r e s s u r e vesse l cylinder and fills the ent i re lower third of the plant build­
ing (see Fig. 1), The fuel s to rage wel ls , ion exchange beds, and 1000-gal 
contaminated w a t e r - ( r e t e n t i o n ) - s t o r a g e tank a r e imbedded in the gravel , 
and s t eam pipes a r e in t roughs near the surface. 

The ex terna l cyl indr ica l t h e r m a l shield (see Fig. 35) is composed 
of a l-|--in. layer of lead sandwiched between the y - in , - t h i ck p r e s s u r e v e s ­
sel support cylinder and a 1 | . - in . - th ick cyl indrical s teel plate at the r e ­
actor core level . The bottom t h e r m a l shield is composed of a 1 — - in. layer 
of lead between the 1 i - i n . - t h i c k p r e s s u r e vesse l support cylinder bottom 
and a 1-in.-thick s tee l base plate . The shield cooling coils a r e embedded 
in this l .y-in. lead l ayer . 

Direc t ly below the r e a c t o r (see Fig 13) is a 6-| ft x 6|-ft x 17 in. 
deep layer of s tee l punchings in addition to the wate r -coo led t he rma l 
shield, and outside of this is a 4- in. layer of s tee l punchings extending to 
a 6 ft 6 in, r ad ius , al l supported by 4- in . - th ick wooden planks. Sand is 
mixed with the s tee l punchings to fill the voids. The |—in. s tee l plate build­
ing bottom under l ies al l the bot tom shielding. A |—in. Boral sheet is used 
below the r e a c t o r v e s s e l to capture t h e r m a l neutrons and thus to reduce 
the poss ibi l i ty of t h e r m a l neutron activation of a i r and a i rborne dust below 
the r eac to r building. During r eac to r operat ion, the a i r space below the r e ­
actor is inaccess ib le because of rad ia t ions ; however, hazardous activation 
of argon or dust by neut rons is not a p rob lem. 

Local grave l is a lso used as the aggregate for all concre te employed 
in the r e a c t o r shield. The top shield is made from movable blocks which 
fit together to form a c i r cu l a r wall around the control rod dr ive a rea . The 
la rge blocks a r e keyed with smiall rec tangula r blocks in an effort to e l imi ­
nate s t r eaming of s ca t t e r ed radiat ion (see Fig. 31). The blocks a r e form.ed 
with angle i ron at a l l edges to provide protect ion against chipping. P ipes 
provide acces s for the control rod dr ive nnotor shafts. Also, a 2-ft annulus 
of concre te forms the operat ing floor. 

Direc t ly above the r eac to r v e s s e l head is a region, 15 in. high, 
through which the mounting flanges for the control rods p a s s . The remiain-
ing volume of this region is packed with a mixture of shielding m a t e r i a l . 

*A. D. Ross in 
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each cubic foot containing 100 lb of s teel punchings and 30 lb of bor ic 
oxide, the balance being sand. The cavity formed by the concre te blocks 
and occupied by the rod d r ives is then covered with a s tack of a l te rna te 
Masonite and steel p la tes (see Fig. 45). The Masonite provides moderat ing 
naaterial to slow down neutrons which leak through the region below, and 
the s teel at tenuates the remaining gamma radiat ion. By bolting a Masonite 
sheet to a s teel plate , a unit is obtained which can be handled by the crane . 
Also, since the calculat ions involved a r e quite conservat ive , an opportunity 
was crea ted to d e c r e a s e the thickness and weight of this top shielding if 
operating experience so w a r r a n t s (see section E-1) . 

FIG. 4 5 
REMOVABLE TOP SHIELD PLATE ARRANGEMENT 

B. Calculations 

The re su l t s of the shielding calculations a r e shown in Table 11. 
The original shielding calculations (see Appendix III) were made using 
conventional r emova l theory. The re su l t s were considered applicable in 
the regions of the ref lector and the rma l shield, and served as a s tar t ing 
point for considering flux levels in the gravel . Removal theoryl^9,30) de ­
t e rmines a distr ibution of the effective fast neutron flux. Where sufficient 
moderat ing m a t e r i a l is present , the distr ibution of r emova l s from the fast 
group has been shown to de te rmine an effective source distr ibution for 
the rmal neutrons . The t h e r m a l flux is then calculated by diffusion theory, 
and the source dis t r ibut ion for capture gamma rays can be obtained. 

In regions where no modera tor is p resen t or adjacent, the theory 
fails. In a medium like gravel , neutrons may be sca t te red away from the 
source many t imes without appreciable energy loss . In an effort to 
approximate the resu l tan t t ransfer dis tance between the point of removal 
from the fast group and thermal iza t ion, a spatial shift of r/X (Fe rmi age 
divided by mean free path for fast neutrons) was applied to the the rma l 
flux as calculated by remova l and diffusion theory. 
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Table 11 
CALCULATED RADIATION FLUX LEVELS AT 3 MEGAWATTS 

Location 

Radial lat ieve! of midpiane of core) 
Core outside surface 
Inside surface 

Internal thermal shield 
Pressure Vessel 
External thermal shield (support cylinder) 
Gravel 

One foot into gravel 

Twelve feet into gravel 

Outside of instrument shield 

Axial Up (along core vertical centerline) 

Underside of vessel lid 

Floor level 

Above top shield plates 

Axial Down (in air gap under reactor building) 

Nominal 
Distance from 

Centerline 

41.5 cm 

62.86 cm 
66.35 cm 
79.4 cm 
85.4 cm 

115.9 cm 

4.5 m (14.8 ft! 

93 cm 

3.35 m (11 ft) 

3.96 m (13 ft) 

6.1 mi20ft) 

Neutron Flux 
[n/(cm2)(sBc] 

Fast 

8.28 X 10l2 

1.1 X lOlO 
6.5 X 109 
2.4 X 109 

l x l 0 9 

l x l 0 8 

10 

lOS 

Thermal 

1 x 10l3 

3.5 X lOl l 
1.8 X l o l l 

9 X lOlO 
3x109 

2x l09 

l x l 0 3 

9 x # \ 5x10? 

2x103 

80 

4x104 

3x l05 

l x l 0 3 

8x l05 

Gamma-rai, 

Mev;(cir2|(sec) 

5 X 1013 
2.3x1013 
6.2 X 1012 
2.7 X lOl l 

4 X IfllO 

1.4 X 109 

2 X 1012 

Flux 

r/hr 

1.6 X 106 

0.001 

4 x l 0 3 

750 

0.10 

100 

Such a te 
a method 

chnique has some theore t ica l justification and was attempted as 
of predict ing the rma l fluxes in the gravel . The resu l t s a re com­

pared in Fig. 46 for the f i rs t few feet 
of gravel . The analysis was used to 
show that the thickness of gravel 
specified would be grea ter than that 
actually required. The thickness of 
gravel is determined by the size of the 
building needed to provide adequate 
space on the operating floor. Axially 
above the reac tor , where steel was the 
major constituent, the uncertainty was 
covered by the use of large concrete 
blocks and the laminated s teel-Masoni te 
top shield plug. 

C. Radiation Heating and Thermal 
Shielding 

• 

; \ 

FA-
NEUT 

FL l 

r 

1 1 

w-
\ '̂" 

3 T / \ 
RON \ 
JX \ 

1 
THERMAL N 

CORY 1 , 

V I / 

^ 

\ 

\ 
: \ 

i GR^ 
1 

\ 

\ 

WEL 

i 1 

\ \ 

\ \ 
\ \ 

V 

^ 

EUTRON 

7 

HIFT 

^LUX 

\ 
1 , 

4 0 60 80 100 120 
INCHES FROM REACTOR CENTERLINE 

140 

Calculations were naade of the 
radiat ion heating in the p r e s s u r e v e s ­
sel wall and head and in the support 
cylinder. The resu l t s showed that ex­
cess ive the rmal s t r e s s e s would not 
resu l t . The lead and steel of the support 
cylinder and outer the rmal shield at ten­
uate core gamma radiation which would 
otherwise be converted to heat out in the 

gravel . Calculated r a t e s of radiat ion heating in the biological gravel a re 
re la t ively low. However, the the rma l conductivity of the gravel is poor. 
Accordingly, the p rob lem concerned with the t empera tu re of the gravel was 
considered. 

FIG. 4 6 
CALCULATED NEUTRON FLUXES IN GRAVEL 



In calculat ing the t e m p e r a t u r e dis t r ibut ion, a t h e r m a l conductivity 
of 0.35 Btu/(hr)(ft^)(°F) for gravel was used. This was es t imated from hand­
book values and checked by a s imple and rough exper iment , in which a s a m ­
ple was heated and the resu l tan t equi l ibr ium t e m p e r a t u r e s were m e a s u r e d 
at var ious points . The grave l supported l a rge t e m p e r a t u r e gradients , and 
a "k" of about 0,39 Btu/(hr)(ft^)(°F) was obtained. 

As a f i r s t approximiation, the grave l was a s sumed to be an infinite 
cyl indr ical insula tor with no heat d iss ipat ion f rom i ts outer wall and al l 
heat r emova l occur r ing at the inner sur face . The resu l t ing asymptot ic 
t e m p e r a t u r e s were above 8G0°F. When a conservat ive r a t e of heat t r a n s ­
fer is a s sumed at the outer surface , the peak t e m p e r a t u r e is l e s s and 
occurs one to two feet f rom the inner wall. Since these pes s imis t i c ca lcu­
lations indicated that no components would be subjected to dangerous t e m ­
p e r a t u r e s , further calculat ions in g r e a t e r detai l we re not at tempted. Heat 
is d iss ipated through the top and bot tom of the biological g rave l and through 
the var ious p ieces of equipment imbedded in the shield, i .e . , the purif ication 
vault containing the r e s i n bed columns and heat exchanger , a i r - coo led in ­
s t rument tubes, d ra in pipe, etc . Thus, the t e m p e r a t u r e s m e a s u r e d in the 
gravel dur ing the P lan t P e r f o r m a n c e Tes t \^) we re far below the predic ted 
maxima in Table 12. 

Table IZ 

TEMPERATURES IN THE SHIELD 

Thermocouple 

No. 1 

No. 2 

No. 3 

No. 4 

Storage Wells 

Concre te F loor 

Ins t rument Wells 

Dis tance into Gravel 

9 in. 

1 ft 5 in. 

3 ft 1 in. 

6 ft 

- 8 ft 

-

-

T e m p e r a t u r e 
during Plant 
P e r f o r m a n c e 

Tes t (°F) 

103 (max) 

87 (max) 

74 (max) 

60 (max) 

90 (max) and 
60 (nominal) 

120 (nominal) 

80 (nominal) 

The shield-cool ing sys t em is designed to handle 40 t he rma l ki lowatts , 
thereby providing sufficient capaci ty to c a r r y away the heat equivalent of al l 
of the rad ian t and t h e r m a l energy escaping the r e a c t o r p r e s s u r e ve s se l . The 



1 

sys t em cons is t s of a set of s e a m l e s s copper tubes imbedded in a layer of 
lead on the outside of the p r e s s u r e v e s s e l support cylinder. The shield 
cooling water is c i rcula ted through the coils at the r a t e of approximiately 
15 gpm by an Aurora APCO s ing le - s tage turbine- type pump. The shield 
coolant d i s s ipa tes i ts heat to the r e a c t o r condensate (condensate c i rcu la t ­
ing sys tem) in a Ross she l l - tube- type heat exchanger. As designed, the 
sys t em will continue to function adequately by na tura l circulat ion even if 
the pump should fail to operate.(9) However, an a l a r m is indicated in the 
control r o o m if the t e m p e r a t u r e of the shield cooling water or lead t h e r m a l 
shield exceeds set l imi t s . The upper lirait is set at 185°F. During the 
Plant P e r f o r m a n c e Test , the effluent f rom the shield cooling coils was 
usually between 155 and ISO^'F. 

The t e m p e r a t u r e of the lead never exceeded 195°F. The sys tem was 
tes ted on na tura l c i rcula t ion with the shield cooling pump bypassed. Cool­
ant t e m p e r a t u r e s s tabi l ized in the samie t empe ra tu r e range observed during 
the Plant P e r f o r m a n c e Tes t . 

Calculat ions were made of a hypothetical accident situation in which 
shield cooling is lost and no action taken. The r e su l t s indicated that the 
lead around the cooling tubes could mel t in a few minutes . Since this leaded 
region is completely inaccess ib le , a t h e r m a l shield was designed to fit in­
side the p r e s s u r e ves se l . This ^ - i n . s ta in less s teel cylinder a t tenuates much 
of the lower -energy core gamma radiat ion, and despite the fact that some 
h igh-energy secondary g a m m a s a r e born in it, the net effect is an i nc rease 
in t ime before possible melt ing of the lead to one-half hour after the accident . 
In addition, the t h e r m a l shield p ro t ec t s the v e s s e l f rom high t he rma l neutron 
fluxes and also is used to support the core s t ruc tu r e . 

D, Genera l Shield P e r f o r m a n c e 

The design r e q u i r e m e n t s (see Appendix V) l imited the dose to be 
accumulated by an individual to 50 m r for a seven-day work week. Pe r sonne l 
do not normal ly spend long per iods of t ime in the plant during operation; 
hence the re is no need to design to l - m r / h r levels . The shield was designed 
to keep the operat ing floor and regions outside the r eac to r building below 
7.5 m r / h r (the s tandard se t by the AEC to pe rmi t 300 m r / w k for a 40-hr 
continuous exposure work week). It was believed that a dose r a t e as high as 
100 m r / h r could exist d i rec t ly above the r eac to r top shield; this was no p rob ­
lem, since this region is a cces s ib l e only with difficulty and the re is no 
anticipated r eason for pe r sonne l to be the re during operat ion. An attenuation 
factor of —10 was allowed for radia t ion sca t t e red back to the operat ing floor 
f rom the ceiling and var ious p ieces of equipment. 

Although calculat ions were made at an ear ly date of the minimum 
rad ia l th ickness of biological g rave l requ i red , space considerat ions on the 
operat ing floor soon fixed the d i ame te r of the building and hence the rad ia l 



shield th ickness . Since the design guaranteed more thickness than the min­
imum requi red , further calculations were not p ressed . However, due to the 
uncer ta int ies in the prelimiinary calculation, severa l feet of gravel would 
have been specified as a safety factor. In actual construction, gravel of 
about 15% less density than that originally assumed was used. Thus the 
shield th ickness , as constructed, was believed to be adequate, but not g r o s s ­
ly overdesigned. 

No shielding was believed to be requi red for any of the components 
or pipes which were not to be imbedded in the gravel . BORAX experience 
indicated that radiat ion levels at contact on the main s team pipe would be 
g rea te r than 7 j m r / h r but well within to lerance at a foot or more from the 
pipe. The turbine was not expected to be a radiation hazard. In general , 
it was believed that should an unexpected "hot spot" be found, steps could 
be taken to reduce the level, based on operating experience. 

Table 13 gives activity levels at 21 different locations throughout 
the plant. 

Table 13 

ROUTINE HEALTH PHYSICS SURVEY 

Location 

Control room, r e a r of panel 
Lower landing, by pla te on s ta i rway 
Between lower and middle landing 
Middle landing 
Doorway, operat ing floor level 
Doorway, chest height 
Average around r e a c t o r top shield 
Feedwater pump No. 1 
Feedwater pump No. 2 
Top, sinnulated heat load heat exchanger 
NE end, s imula ted heat load heat exchanger 
Bypass s t eam line 
Main s t e am line 
Middle, turbine control panel 
Turbine casing 
Main s t eam line, overhead by emergency door exit light 
Pur i f icat ion s y s t e m panel 
Feedwater fi l ter 
Main s t eam line, behind purification s y s t e m panel 
Air ejector flow me te r 
Reactor , on top and center of shielding 

m r / h r of Gamnaa Radiation 

at Ful l Power 
(3 Mwt) 

0.11 
0.09 
0.05 
0.03 
0.8 
0.8 
2 to 8 
1.0 
1.0 
300 (max) 
1.0 
8 
7 
5 
4 
5 
8 
13 
13 
4 
1 

at 1 hr after 
Shutdown 

0.005 
0.004 
0.004 
0.004 
0.05 
0.05 
0.10 to 1.0 
0.13 
0.13 
1.2 
0.13 
1.5 
1.2 
0.37 
1.2 
0.1 
1.8 
1.7 
1.1 
0.25 
0.05 
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These levels should be r ega rded as typical for s imi la r conditions of power 
level and bypass s t eam flow r a t e after the r eac to r has been operating s tead­
ily. The pa r t i cu la r data p resen ted a r e based on a survey taken shortly b e ­
fore the end of the P lan t Pe r fo rmance Tes t with the r eac to r at 8000- lb /hr main 
s t eam flow, and 1500- lb /hr bypass steami flow r a t e s , and again one hour 
after r e a c t o r shutdown at the end of the Tes t . All readings a r e tabulated in 
mi l l i roentgens per hour of gammia radiat ion. Those values above 1 m r / h r 
were taken with a JUNO survey mieter, and those below 1 m r / h r were taken 
with a scint i l la t ion detector having a min imum sensit ivi ty of 0.001 m r / h r . 
The genera l a r ea background p r io r to r eac to r operat ion was 0.003 to 
0.004 m r / h r . Activity levels on the fan floor averaged severa l m r / h r during 
operat ion. 

The "hot spot" at the top of the s imulated heat load heat exchanger 
is d i scussed in sect ion E-4 . Another location of high activity level to be 
cons idered is the floor region above the purification sys tem vault, which 
indicated levels of 40 to 60 m r / h r after s eve ra l days of operation. This 
radiat ion leakage contr ibutes to the high activity levels at the purification 
panel . The purif icat ion sys tem vault is not r e f e r r ed to in Table 13 but is 
d i scussed in sect ion E - 3 . 

E. Specific Design and Operating Considera t ions 

1. Top Shield 

The top shield consis ts of s eve ra l l aye r s of s teel and Masonite. 
The fo rmer provides shielding for p r i m a r y and secondary gamma rays 
above the v e s s e l head and control rod d r ives , and the la t ter helps to make 
up for the lack of moderat ing m a t e r i a l in the axial di rect ion above the r e ­
ac to r . The lowest plate is Masonite with holes to accommodate the tops of 
the rod dr ive housings. The deta i ls of this and the reraaining l ayers a r e 
shown in Fig. 45. The stack can be taken apar t in four segments . Radiation 
m e a s u r e m e n t s w e r e taken with the r eac to r at a nominal full power of 
8000- lb /hr s t eam flow r a t e . The r e s u l t s a r e given in Table 14. 

Upon examination of the data, it becomes c lear that it is safe 
to reduce the amount of top shielding. An a r r a y made up of the la rge 
Masonite segment and one of the thinner sets of s tee l -Masoni te segments 
should be adequate. The ant icipated dose r a t e s at 3-Mwt reac to r operat ion 
would be roughly 16 m r / h r gamma and 3-8 m r e m / h r neutron above the top 
shield, and 3 mir /hr on the operat ing floor. The resu l t is a saving of 9 in. 
of s teel p la tes and 2 in. of Masonite p la tes , the total weight of which is 
8000 lb. The cost of fabricat ion of these plates is also saved, and the 
lowering of the height of the stack p e r m i t s handling of the remaining 
pla tes by a s tandard hook and chain a t tachment to the crane , r a the r than 
the s tee l beam a r r a n g e m e n t which was actually employed. 



Table 14 

RADIATION LEVELS WITH VARIOUS TOP SHIELD ARRANGEMENTS 

Configuration 
(Bottom to Top) 

No top shields 

7 in. Masoni te + 1 in. 
s tee l 

As above d i rec t ly above 
3-in. hole in 7-in. 
Masoni te block 

7-in. Masoni te + 1-in. 
s tee l 
4- in. Steel 
2-in. Masoni te 

7-in. Masoni te + 1-in. 
s tee l 
4- in. Steel 
2-in. Masoni te 
4- in . Steel 
2-in. Masoni te 

Ful l Shield 

Dosage above Top Shield 

Gamma (JUNO) 
( m r / h r ) 

200 

100 

40 

16 

3 

1-2 

N e u t r o n s / ( c m )(sec) 

F a s t 

5500 

150 

130 

40 

15 

10 

T h e r m a l 

1700 

170 

60 

15 

8 

2 

On Operat ing 
Floor 

Gamma ( m r / h r ) 

10 

5 

3 

3 

3 

Segment(^) 
No. 

-

1 

1 

1 
2 
2 

1 
2 
2 
3 
3 

1,2, 3, 4 W 

Segment n u m b e r s r e fe r to F ig .45 . 

' 'Segment No. 4 is compr i s ed of 5 in. of s tee l . 

Although it is not feasible to do so on the prototype plant, it is 
recommended that in a subsequent design the outer radius of the concrete 
blocks could be reduced by 8 in. Valuable floor space could be saved. On 
the bas i s of shielding considerat ions only, it would be feasible to reduce 
the height of the outer pa r t of the blocks by about a foot. However, this in­
c r ea se s the complexity of the forms requ i red for fabricating the blocks and 
does not save any floor space. Blocks with squared-off outer sides could 
also be used, saving some forming cost, but requir ing some additional 
floor space. 

2. Instrument F i l te r Shield 

It is nece s sa ry that, at all t imes during reac to r operation, the 
nuclear ins t rumentat ion give a positive indication of reac to r power level. 
During low-power c r i t i ca l exper iments , t empora ry ins t rument tubes were 
placed at conveneient locations in the vesse l . The permanent instruraent 
tubes a r e located in the gravel jus t outside the p r e s s u r e vesse l support cyl­
inder and external the rmal shield (see Fig. 13). Since there is no good moder 
ating m a t e r i a l p resen t in this region, there was a question concerning an 
adequate flux of neutrons to provide sufficient cu r ren t in an uncompensated 
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ion chamber to act ivate a r eac to r s c r a m signal at 150% of full power with­
out amplification, and to m e a s u r e multiplied neutrons from the source be ­
fore s tar t ing to withdraw control rods . The la t ter condition is most difficult 
to attain during the per iod short ly after r eac to r shutdown, when gamma 
activity f rom fission products in the core c rea t e s a high background cur ren t 
in the ion chamber . The range is effectively extended downward another 
decade or two by the use of a compensated ion chamiber; however, some 
response at the high end mus t be forfeited. 

It was decided to add a lead filter to one portion of the outer 
the rmal shield between the support shell and the instrumient tubes ( s eeF ig . 35). 
The 1-^-in. s teel belt is r ep laced by 4 in. of lead, making a lead section 
5-7--in. thick. The net effect of this change is to reduce the g a m m a - r a y level 
at the ins t rument by a factor of 7 to 8 during operation, and by a factor of 
a lmost 40 at a t ime 2 y h r after shutdown following long reac to r operation. 
Replacement of s tee l by lead may r a i s e the neutron flux level somewhat, but 
no quantitative calculation was made. The lead filter covers ins t rument 
tubes Nos. 1, 2 and 3 reading clockwise around the r eac to r top (see Fig. 31), 
leaving the fourth tube as covered by the or iginal a r r angemen t of m a t e r i a l s . 
When comparing the ins t rument r e sponses between the f i l tered and unfiltered 
tubes in actual operat ion, very lit t le difference was observed with s imi la r 
in s t rument s . Thus, the value of the lead is questionable, since observed 
ins t rument r e sponses eas i ly exceed the minimum requi red for safe and de ­
pendable operat ion. It is not recommended that such a filter shield be spec i ­
fied in a future design. 

3. Reactor Water Puri f icat ion System Activi t ies 

Although considera t ion was given to anticipated act ivi t ies in the 
purification sy s t em r e s i n columns, no quantitative predic t ions were made. 
Many var iab les a r e involved, such as type and magnitude of corros ion , i m ­
pur i t ies , pH of the wa te r , and entra inment . It was known from EBWR and 
BORAX exper ience that radioact ive crud does build up in the r e s in and that 
noticeable activity levels r e su l t . Sodium activity (half-life of 15 hr) is in­
evitable due to the Al^'''(n, a)Na^* fast neutron react ion. The design called for 
burying the r e s in beds below floor level and making use of gravel shielding 
where avai lable . 

After s eve ra l days of continuous operation, the activity above 
the r e s i n beds was observed to be 40 to 90 m r / h r . Most of this is due to 
Na ^ and will decay to safe levels within a few days after shutdown. Residual 
act ivi t ies consis t of t r a c e s of i ron, cobalt, and other m a t e r i a l s . To reduce 
the activity levels on the operat ing floor, additional gravel was placed in 
the region around the vault which contains the r e s in beds . It will be n e c e s ­
sary to monitor the resu l t an t levels after a long per iod of operation to 
evaluate the effectiveness of this additional shielding. If excess ive levels 
a r e observed, additional shielding mus t be added. 



If the radioact ive r e s in is pumped out of a bed and into s torage , 
the line carrying this m a t e r i a l will be an intense source of radiat ion. Such 
operat ions should be conducted with ex t reme caution and under d i rec t 
monitoring by the health physics represen ta t ive . 

4. Simulated Heat Load Heat Exchanger 

The f i rs t radiat ion survey of the operating reac tor and plant 
disclosed the p resence of a "hot spot" on the upper surface of the s imulated 
heat load heat exchanger near i ts southeast end (neares t the building wall). 
On contact, a Juno survey mete r indicated levels as high as 300 m r / h r at 
the point marked "X" in Fig. 47. At other points on the heat exchanger 
shell the levels m e a s u r e d from 5 to 50 m r / h r . At a distance of two feet, 
where a man stands to read the turbine control panel, the levels were 
15 to 20 m r / h r . 

CONDENSER BYPASS 
STEAM 

CONDENSER 

* BrPASS LINE 
4 VENT VALVE 

TO 
SIMULATED 
HEAT LOAD 

a 

CONDENSATE 
I X 

(HOT SPOT 

HEAT EXCHANGER 

FROM 
SIMULATED 
HEAT LOAD 

STEAM TRAP 

FI6. 4 7 
SIMULATED HEAT LOAD HEAT EXCHANGER 

When s team flow through the bypass s t eam sys tem is stopped, 
the level drops rapidly, indicating that the activity is ca r r i ed in the s team, 
and that whatever activity is accumulated near the "hot spot" has a short 
half-life. Although no quantitative measu remen t of the half-life was ob­
tained, the logical isotope is c lear ly N , formed from the fast neutron 
react ion O^ (n, p)N^ , which decays with a 7 ,4-sec. half-life and is always 
observed in water sys t ems of r e a c t o r s . The ni t rogen is ca r r i ed with the 
steam, but as the s t eam is condensed in the shell, the nitrogen collects at 
the top near the exit end resul t ing in a localized "hot spot." Some rough 
data was taken to determiine the behavior of this activity level as a function 
of main s team and bypass s team flow r a t e s . The exper imental conditions 



were not well stabilized, and m e a s u r e m e n t s were taken hurr iedly as flow 
ra t e s were being changed. Although the data points showed appreciable 
sca t te r , a set of curves were fitted by eye and a r e shown in Fig. 48. The 
sol id- l ine curves show a p r i m a r y dependency of the level on the ra te of 
bypass steami flow (which tends to level off above the 1500-lb/hr capacity 
of the simulated heat load heat exchanger) . A secondary dependency is 
observed on the main steana flow r a t e . This can be at tr ibuted to the in­
c r e a s e in t rans i t t ime from reac to r core to heat exchanger for a unit mass 
of s t eam and N as the r a t e of main s team flow is decreased . The holdup 
t ime in the s team dome inc rea se s and velocit ies in the s team pipe dec rease . 
Thus more N decay takes place before the heat exchanger is reached, and 
the "hot spot" is reduced accordingly. Quantitative interpretat ion of these 
curves was not deemed advisable, so a repeat of the experiment was 
at tempted. 

MAIN STEAM 
FLOW RATE, Ib/hr 

400 800 1200 ISOO 

BYPASS STEAM FLOW RATE, I b / h r 

FIG. 48 
HOT SPOT ACTIVITY AT HEAT EXCHANGER 

Although the "hot spot" did not resu l t in higher activity levels 
at any point in the plant which was access ib le to personnel (it apparently 
contributed little to the dose at the turbine control panel which varied 
little with changes in bypass s t eam flow rate) , an effort was made to 
el iminate it without the use of additional shielding. The ver t ica l vent pipe 
at the end of the heat exchanger exhausts direct ly to the condenser. If it 
were opened, gaseous consti tuents would be swept from the heat exchanger 
into the condenser . This effect was c lear ly observed in prac t ice when the 
valve on this pipe was opened. The r eco rd of the activity level is r e p r e ­
sented in Table 15. 

Since this tes t (January 29, 1959), the "hot spot" activity has 
never r i s en above 130 m r / h r . No explanation for this behavior has been 
proposed. Never theless , an at tempt was made to repeat the activity level 



v e r s u s s teain flow r a t e exper iments . The r e su l t s a r e shown as the dashed 
curve in Fig, 48. The data were so sca t t e r ed on runs at lower r a t e s of 
s teara that no curves could be drawn. 

Table 15 

SIMULATED HEAT LOAD HEAT EXCHANGER 
"HOT SPOT" RADIATION LEVELS VERSUS 

VENT VALVE POSITION (JANUARY 29, 1959) 

Valve Posi t ion 

Closed 

•J tu rn open 

Closed 

Y tu rn open 

-J. turn open 

Open 

Closed 

Closed (after one day operation) 

"Hot Spot" ( m r / h r ) 

240 

65 

140 

105 

50 

25 

115 

110 

Another obvious var iab le was evident in this exper iment . The 
activity level would hold for s eve ra l seconds and drop abruptly by 70 or 80% 
r e g a r d l e s s of the vent valve position, and then slowly r i s e and suddenly 
drop again without showing a reproducib le pa t te rn . These fluctuations a r e 
a t t r ibuted to the operat ion of the s t e a m t r ap which in termi t ten t ly p a s s e s con­
densate out of the heat exchanger sys tem. Apparently this action affects the 
accumulat ion of noncondensibles in the heat exchanger . 

To keep the "hot spot" activi ty level down, the valve on the vent 
line was set open i turn . After an hour, the activity level was observed to 
be between 30 and 50 m r / h r at 8000- lb /h r main s t eam flow and 1500-lb/hr 
bypass s t eam flow r a t e . A nominal amount of s t eam is lost through this 
line, but not enough to affect the operat ion of the simiulated space heat load 
sys tem. 



VIII. FUEL-HANDLING SYSTEM 

A. Fuel Handling* 

The procedure and equipment desc r ibed herewith a r e for the 
purpose of unloading a "hot" r eac to r core and loading with new ("cold") 
fuel assemiblies . The ini t ial core is ins ta l led by the use of a long rod 
to which a fuel a s sembly gr ipper mechan i sm has been attached, and the 
a s s e m b l y is lowered into position in the reac tor core . All of the core 
fuel cel ls can eas i ly be reached since the p r e s s u r e vesse l cover has not 
been instal led. The subsequent reloading of a r eac to r core is accom­
plished without removing the p r e s s u r e v e s s e l head, thereby leaving the 
gasketed sea l intact. Additional equipment for loading and unloading is 
r equ i r ed because the openings to the r eac to r core a r e l imited to the 
control rod dr ive nozz les . 

1. P r o c e d u r e 

It is ant ic ipated that the en t i re reac to r core will be replaced 
at one shutdown and at a t ime when the expected t h r ee -yea r core life has 
elapsed. Unloading of the spent fuel a s semb l i e s is accomplished with the 
p r e s s u r e v e s s e l head in place by using the control rod drive nozzles as 
passage ways (see Fig. 49). After depressur iz ing the reac tor to a t m o s ­
pher ic p r e s s u r e with the water at a corresponding t empera tu re , the t e m ­
pe ra tu r e is further reduced by filling the p r e s s u r e ves se l with deminera l ized 
cold water from the con tamina ted-wate r - ( re ten t ion) - s to rage tank (see 
Fig. 50). This a l so s e rves to at tenuate core radiat ion during the fuel-
unloading p rocedure . Water is taken from the d ischarge side of the 
contanri inated-(retention)-water pump through a hose to an ion exchange bed 
in the w a s t e - s t o r a g e sump (see Fig. 6). The water is then pumped through 
another hose to the hot well, where the feedwater sys tem pumps it to the 
r eac to r . The temiperature of the water in the r eac to r ve s se l can be adjusted 
by circulat ing the water through the purification system. Additional cold 
water is obtained from the 1000-gal plant makeup w a t e r - s t o r a g e tank. With 
a water height of 9 ft above the reac to r core , the dose ra te at the p r e s s u r e 
v e s s e l head is l e s s than 2 m r / h r at a t ime 2 hr after reac tor shutdown, 
except d i rec t ly in the nozzle openings, where a dose ra te of 140 m r / h r is 
calculated. After flooding of the core , the control rod dr ives a r e removed 
and the extension shafts detached from the control rods . This leaves an 
unobstructed region above the core , with the control rods remaining fully 
inse r ted . 

*G. C, Milak 
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FUEL ASSEMBLY COFFIN 

MANUAL 
HOIST COKTROL 

MANIPULATOR 

FUEL ASSEMBLIES 

CORE STRUCTURE 

FIG. 49 
FUEL ASSEMBLY TRANSFER SYSTEM 
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FIG. 50 
FEACTCF ShUTDCWN TEMPERATURES 

The fuel a s s e m b l y t r a n s f e r coffin ( see F ig . 5 l ) is l o w e r e d 
over the top of one of the c o n t r o l rod d r i v e n o z z l e s , while the o the r 
n o z z l e s a r e u s e d for the i n s e r t i o n of the fuel g r i p p e r m a n i p u l a t o r , v i e w e r s , 
and l ight ing e q u i p m e n t ( see F i g . 49). Caps , or p lugs , a r e p l aced on the 
n o z z l e s no t in u s e . 

Two v i e w e r s ( s ee F i g . 49) a r e u s e d to o b s e r v e the handl ing of 
the fuel a s s e m b l i e s t h r o u g h the n o z z l e open ings . They m a y be l oca t ed in 
any c o m b i n a t i o n of n o z z l e s which would p e r m i t suff ic ient v iew for both 
the m a n i p u l a t o r and h o i s t c o n t r o l o p e r a t o r s . The v i e w e r i s f i l led with 
w a t e r and i s d e s i g n e d so tha t the lower end of the v i e w e r i s i m m e r s e d a t 
l e a s t Z in. into the w a t e r . Th i s p r e v e n t s s t e a m i n g of the l ens a t the lower 
end of the v i e w e r and a t the s a m e t i m e c r e a t e s a so l id co lumn of w a t e r up 
to the top of the n o z z l e . The r a d i a t i o n a t the point of v iewing is a t t e n u a t e d 



by the co lumn of w a t e r wi th in the v i e w e r ( a p p r o x i m a t e l y 24 in.) so tha t the 
dose r a t e w i l l be l e s s than 7.5 m r / h r , even wi th a fuel a s s e m b l y 2 ft above 
the r e a c t o r c o r e . 

The h o i s t c o n t r o l o p e r a t o r e x t r a c t s a fuel a s s e m b l y f rom the 
c o r e by l o w e r i n g the coffin fuel a s s e m b l y g r i p p e r into the r e a c t o r p r e s s u r e 
v e s s e l by a m a n u a l l y o p e r a t e d h o i s t unt i l the g r i p p e r i s i m m e d i a t e l y above 
the c o r e s t r u c t u r e . 

SLING 

HOIST DRl/E ENCLOSURE 

GRIPPER RELEASE 

6 ' -8 " MAX 

HOIST CONTROL 

FIG. 51 
FUEL ASSEMBLY COFFIN 



The manipulator operator then takes hold of the coffin gr ipper mechanism 
(s imilar to that i l lus t ra ted in Fig. 52), guides it in the direction required 
until over the designated fuel assembly , and attaches it. As the assembly 
is r a i s ed slowly by the hoist opera tor , the manipulator operator maintains 
control of the fuel a ssembly and guides the coffin gripper and the attached 
a s sembly until it swings free of the core s t ruc ture . The manipulator is 
detached and the fuel a s sembly now r e s t s in d i rect line with the coffin 
opening. At this point in the procedure , the personnel stand back. The 
hoist control operator then begins to r a i s e the fuel assembly into the 
coffin. Indication that the fuel a ssembly is in the coffin is made by means 
of an indicator pin at the top of the coffin, which is forced up when the fuel 
gr ipper r eaches the top of the coffin. Pe rsonne l then re tu rn only after the 
coffin gate has been closed and locked in position. 

RELEASE CABLE 

LIFT CABLE 

r—irrii m 

HANGER 

SLEEVE-LOCK 

A 
MANIPULATOR YOKE 

MANIPULATOR ADAPTOR 

COMPRESSION SPRING 

BALL BEARINGS 

FUEL ASSEMBLY 
GRIPPER PIN 

F16. 52 
FUEL ASSEMBLY GRIPPER MECHANISM 



The coffin is then t r anspor t ed to the fuel -s torage well by means of the 
br idge c rane . The coffin is lowered slowly onto the top of the s torage 
well loading port . The gate of the coffin is opened and the fuel a s sembly 
is lowered slowly into the well. The coffin is then re tu rned to the r e a c ­
tor for another fuel a s sembly . The above procedure is repea ted until 
a l l the fuel a s s e m b l i e s designated for r emova l a r e in the s torage well. 

The loading of "cold" fuel a s semb l i e s is accompl ished by 
the above procedure but without the use of the coffin. (At this point 
" i n - c o r e " ins t rumenta t ion is needed in addition to the existing "out-of-
c o r e " instrumentat ion.(19)) The "cold" fuel a s sembly is a t tached to a 
fuel gr ipper mechan i sm (Fig. 52) fixed on the end of a long rod, the end 
th ree feet being flexible tubing. It is lowered slowly into the reac to r 
p r e s s u r e v e s s e l through one of the nozzles until it is immedia te ly above 
the core s t ruc tu re . The manipula tor opera tor then takes hold of the fuel 
a s s e m b l y gr ipper and guides the a s s e m b l y into the designated position. 
The a s s e m b l y gr ipper is r e l e a s e d and removed, and the p rocedure is 
repea ted for subsequent "cold" fuel a s s e m b l i e s . 

After reloading the core , the units d i sas sembled (shielding 
blocks, rod dr ive connectors , etc.) a r e r e a s s e m b l e d and the water level 
in the r eac to r p r e s s u r e v e s s e l is brought down to the n o r m a l operating 
level . 

2. Fuel-handling Equipment 

a. Viewer 

The viewer (see Fig 49) is flanged on one end and con­
s i s t s p r i m a r i l y of a l6-gauge Type 304 s ta in less s tee l sheet ro l led to 
5Y in- OD. It is s eam welded to be water tight and is approximate ly 27 in 
in length. The upper flanged end supports the unit and is designed to 
contain a plate g lass lens with a water t ight seal . On the bottom end, a 
slightly canted plate glass lens is water t ight sealed and fastened The 
ent i re tube is filled with dis t i l led water . "Weep" holes dr i l led into the 
tube wall d i rec t ly below the bottom lens provide for automatic bleed-off 
of a i r bubbles which may r i s e into the viewing a r e a . Each viewer is 
equipped with a handle a t tached to the flange and, although fitting closely 
in the nozzle , can be eas i ly moved. 

b. Fuel Assembly Gr ipper Mechanism 

The fuel a s s e m b l y gr ipper mechan i sm (see Fig. 52) 
consis ts of a hanger , s leeve, s leeve- lock, spring, and adaptor . The 
mechan i sm is fabricated from s ta in less s teel , with the exception of 
the spr ing, which is of InconeL 



In the open, or p in-receiving, position, the gr ipper s leeve 
is in a r a i s ed position, held in place by the s ta in less s tee l bal l bear ings 
which, in turn, a r e held in place by the s leeve- lock shoulder, since the 
s leeve- lock is in the down position with the compress ion spring re laxed. 
When the gr ipper mechan i sm is lowered over a fuel a s sembly gr ipper pin, 
the weight of the mechan i sm is sufficient to compress the spring. This 
pushes the s leeve- lock upward, and the bal l bear ings a r e permi t ted to fall 
in place, locking the fuel a s sembly gr ipper pin in position at the machined 
undercut . When the bal l bear ings fall into position, the sleeve drops and 
locks the bal l bear ings in place. The fuel a s sembly is now ready to be 
moved. 

Releasing the fuel a s s e m b l y can be accomplished only 
when the load is completely removed and when the gr ipper mechanism 
is in line with the fuel a s sembly . Any "cocking" will not pe rmi t the sea t ­
ing of the gr ipper mechan i sm which is n e c e s s a r y to g r a s p or r e l ease the 
fuel assemibly gr ipper pin With the fuel a s sembly in a fu l l - res t position 
and the g r ipper mechan i sm in ve r t i ca l al ignment, the sleeve is r a i s e d by 
means of the r e l e a s e cable. After the s leeve has been ra i sed to its max i ­
m u m position, the bal l bear ings fall into the machined r e c e s s of the sleeve, 
which then r e l e a s e s the fuel assemibly gr ipper pin. As the gr ipper m e c h a -
nismi is lifted, the s l eeve- lock is forced downward to hold the bal l bear ings 
in place and thereby re ta in the s leeve in position to rece ive another fuel 
a s s e m b l y gr ipper pin. 

c. Fuel Gr ipper Manipulator 

The dis tance from the top of the core to the opening of 
the control rod dr ive nozzles is such that an ex t remely long ret r ieving 
tool is r equ i r ed (see Fig. 49) However, since the overhead c learance of 
the operating floor is smal l , the p i s to l -g r ip mianipulator is designed as two 
sec t ions , each approximate ly 7 ft long. The lower half consis ts of a "Y"-
type yoke connected to a shor t section of flexible meta l tubing which, in 
turn, is s i l v e r - s o l d e r e d to a-|—in d iamete r s ta in less s teel tube (see 
Fig. 5Z). This section of the manipula tor is fastened to the p i s to l -g r ip 
section by means of a Ba-U-Lok pin button to form a semir ig id , 14-ft tool. 
A shor t sect ion of s m a l l safety chain is fastened between both sect ions to 
prevent the dropping of the lower sect ion into the vesse l . The "Y" yoke is 
designed to fit around and beneath an undercut slot on the fuel gr ipper 
mechan i sm. The flexible tubing pe rmi t s additional maneuverabi l i ty . 

d. Underwater Light 

The underwater light is approximate ly 1 4 Y in. long by 
5— in. in d iamete r and is designed to fit through the nozzle openings. The 
light is shock-sh ie lded by a s ta in less s tee l jacket and windowed by a Lucite 
lens . The jacket is perfora ted at the top and bottom to permiit water 



132 

circulat ion and cooling. The light socket can be used with either a specia l 
1000-watt wa te r -coo led bulb or a s tandard 150-watt outdoor re f lec tor - type 
spotlight. 

B. Fue l Transfe r Coffin 

1. Descr ip t ion* 

A cyl indr ical , l ead-sh ie lded coffin (see Fig. 5l) is used to 
t r ans fe r i r r ad i a t ed fuel a s s e m b l i e s , or the "hot" ant imony rod from a 
neutron source , between the r e a c t o r and the fuel s torage wells or the 
outside of the building The coffin is 27 in. in OD with a 6-in. ID s ta in less 
s tee l pipe at the center for the fuel a s sembly . The space between the 
outside wall (—-in.-thick steel) and the 6-in. pipe is filled with lead. The 
top of the pipe is capped by the fuel a s s e m b l y gr ipper a s sembly and the 
bottom is c losed by a movable lead-f i l led gate . 

The top-mounted g r ipper assemibly has a gr ipper s imi la r to 
that desc r ibed in sect ion A - 2 - b . The gr ipper is a t tached to cables that 
a r e run through a pulley t ra in and opera ted by a crank at the end of a 
flexible cable This allows the opera tor to stand back at a dis tance when 
the i r r a d i a t e d fuel assemibly pa s se s up and into the coffin, since the en­
t rance zone of the coffin is thinner in shielding than the main par t . An 
indicator pin r a i s e s and shows when the g r ipper is at the top. An audible 
indicator could eas i ly be ins ta l led if des i red . 

The bottom gate is a s tee l box that is s tepped and filled with 
lead. It is ro l l ed into place after the coffin contains the fuel a s sembly . 

The bottom of the coffin is equipped with a center ing ring to 
locate the coffin when res t ing it on a r e a c t o r rod dr ive nozzle or the fuel 
s torage well loading port . The coffin is lifted by a t r i - s l i ng fastened to 
th ree top-mounted lifting p la tes , or , where height is c r i t i ca l , it can be 
lifted d i rec t ly , in a sl ightly tipped posit ion, by one lifting plate. 

2. Shielding Efficiency** 

After fabricat ion, the coffin was checked for radiat ion stream.-
ing, voids or c r a c k s , and to es t imate the shielding effectiveness by mieans 
of a radioact ive source . The coffin is designed to l imit the dose from the 
mos t highly act ivated fuel assem.bly to 100 m r / h r at the outside surface at 
a t ime 1 day after r e a c t o r shutdown. A 5-in. long, gamma - em.itting (Na ) 

*G. L. Jo rgensen 

**A. D. Ross in 



source rod of approximate ly 300 cur ies was placed at the fuel a ssembly 
position in the coffin. This source cor responds to approximately one-fifth 
the calculated activi ty of the mos t act ive fuel a ssembly after 3 yr of opera­
tion at full power and after allowing 1 day of shutdown cooling. By moving 
the 300-cur ie Na^^ source axial ly in the coffin, the following dose values 
were observed: 

Average activi ty level at surface 30 m r / h r 

Maximum activity level at surface 60 m r / h r 

Gate (gate closed) 100 m r / h r 

A second check was possible during the t ransfer of the 
1000-curie , gamma-emi t t ing (Sb *̂) r eac to r s tar tup source rod from 
EBR- I s to rage to the ALPR reac tor . (32) The antimony rod is 12 in. long, 
and the center of the rod a s s u m e d a position in the coffin corresponding 
to the center of the fuel zone of an assembly . Dose values observed were: 

Beam through bottom (gate closed) 160 m r / h r 

Average at surface <1 m r / h r 

3. Fuel Assembly Heating* 

After the r eac to r is shutdown, energy will continue to be 
genera ted in fuel a s sembl i e s because of the decay of accumulated fission 
products . When the a s semb l i e s a r e removed from the reac tor p r e s s u r e 
v e s s e l for t ransfe r to the fuel s torage wel ls , there will be no water 
surrounding the spent fuel to c a r r y this heat away. The situation per ­
taining to a fuel a s sembly remaining in the t ransfer coffin was investigated 
by solving some simple l imiting s i tuat ions. 

(A) Problem.s 

(1) Time r equ i r ed for the fuel a ssembly to reach melting 
t e m p e r a t u r e , assuming no heat dissipat ion. 

(2) Tempera tu re r i s e in the coffin, assuming al l heat 
that is d i ss ipa ted from the fuel a s s e m b l y goes to the coffin for the length 
of t ime in i tem ( l ) . 

(3) Heat dissipat ion ra te and t empera tu re differential 
requi red , using t ime in i tem ( l ) . 

*A. D. Rossin 
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( B ) Conditions 

(1) One fuel a s s e m b l y in coffin 

(2) One day after r eac to r shutdown 

(3) In coffin indefinitely 

(C) Calculations 

Melting point of a luminum = 660°C 

Tempera tu re of fuel a s sembly at r emova l 
from reac to r = 100°C 

Allowable t e m p e r a t u r e r i s e = 560°C 

Mass, a luminum per a s sembly 

fuel plates 9 x 200 gm 

side plates 2 x 200 gm 

uranium 9 x 40 gm 

2560 gm (neglecting end fittings) 

Specific Heat (aluminum) = 0.215 cal/(gm)(°C). 

Assume specific heat of uran ium is the same as that 
of a luminum. 

(Al) Heat r equ i red to r e a c h melt ing t empe ra tu r e : 

2560 x 560 X 0.215 = 3.08 x 10^ gm cal = 358 watt hours 

Heat generat ion r a t e during operation: 

3 X 10^ 
40 

•= 75 X 10^ w a t t s / a s s e m b l y . 

At one day after shutdown, the r a t e of r e l e a s e of energy 
from the fission products is approximate ly 0.005 watt per watt of operating 
power, and this r a t e is not changing rapid ly over a per iod of a fe'w hours . 
The total r a t e of energy r e l e a s e per fuel a s s e m b l y is 

75 X 10^ X 0.005 = 375 wat ts . 



Thus, if no heat is d iss ipated and al l radiat ion is absorbed 
within the fuel assembly , melt ing t e m p e r a t u r e s would be at tained in 

358 , „ 
•X 60 = 57 mm. 375 

Actually, about 40% of the energy is se l f -absorbed and the 
balance is d iss ipated in the lead coffin; thus the es t imate of the t ime at 
which melt ing will occur can be extended to 2-7" hr . 

(A2) If a l l the heat were d iss ipated in the lead coffin for one 
hour, the resul t ing t empe ra tu r e r i s e would be computed as follows: 

Mass of lead = ~ 10,000 lb =~4,500 kg 

Specific Heat (lead) = 0.031 kcal/(kg)(°C) 

375 wat t -hours = 322 kca l 

322 
AT = 2.3''C 

4500x0.031 

Thus, the coffin will not get hot due to heat generat ion in 
the spent fuel assembly . 

(A3) With the above information, it is c lear that before melting 
t e m p e r a t u r e s could be r eached a t e m p e r a t u r e differential of severa l 
hundred degrees cent igrade would be developed between the a s sembly and 
the coffin. The condition of no heat diss ipat ion cannot exist. Assuming 
heat t r ans fe r by radiat ion alone and approximate ly 2 ft of effective heat 
t r ans fe r surface a rea , a t e m p e r a t u r e differential of 200°C is sufficient to 
d iss ipa te a l l of the heat by radiat ion to the coffin. Since this effectively 
l imits the max imum t e m p e r a t u r e r i s e of the fuel assembly , it can be 
predic ted that no melting of a luminum and result ing escape of fission 
products would take place if an a s s e m b l y were to be stuck in the coffin 
for an extended per iod of t ime . 

C. Fuel Storage Wells* 

1. Descr ipt ion 

Fuel a s semb l i e s a r e s to red in three identical fuel s torage 
wells located within the shielding g rave l at a point approximate ly 11 ft 
from the axis of the r eac to r (see F igs . 6 and 53). The wells a r e s ta inless 
s tee l cy l inders , 19"^ i^- -̂̂  by 15 ft 9 in. long, suspended from a flanged 
top and fitted into a s ta t ionary bot tom-expansion cylinder. Inside each 
well is a c lus te r of seven 6-in.—diameter tubes which se rve as containers 
for the fuel a s s e m b l i e s . In each tube th ree fuel assenablies may be stacked. 

*G. L. Jo rgensen and D. H. Shaftman 
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ACCESS PLUG 

FIG. 53 
FUEL ASSEMBLY STORAGE WELL 



one above the other, for a total capacity of 21 a s sembl ie s per well. The 
design of the s to rage well is such that under no c i rcumstances shall any 
tube contain m o r e than 3 fuel a s s e m b l i e s . 

In the region containing the fuel a s sembl ie s (the bottom 9 ft), 
the cen t ra l s torage tube and th ree a l t e rna te tubes around it a r e rol led 
f rom-^- in . - th i ck Boral . The remaining three tubes a r e rol led from 

-g—in.-thick (l 100-ser ies ) a luminum. This sys tem was designed to keep 
the s torage wel ls , filled to design capacity, safely below cri t ical i ty . 
Above the s torage zone^to a total height of 14 ft 9 in., al l the tubes a r e 
fabricated of a luminum. An a luminum-to-a luminum weld of the Boral 
tube to the a luminum extension tube was made possible by a special , 
p i c tu re - f r ame construct ion of the Bora l tube. (Ear l ie r a t tempts to weld 
the a luminum tube section d i rec t ly to the exposed edge of a Boral sheet 
proved to be unsat isfactory.) The tubes a r e extended to within lOyin. of 
the s torage well cover so as to act as guides for the inser t ion or remova l 
of fuel a s s e m b l i e s . 

The 12-in.- thick c i rcu la r well covers a r e made of s teel and 
concre te . Together with the water above the fuel a s sembly zone in the 
wel ls , these covers provide shielding. Neoprene gaskets a r e provided 
for both the cover and the plug to prevent the escape of water vapor from 
the well. The weight of the cover itself (approximately 1850 lb) provides 
a gasket p r e s s u r e of 9 psi . A -r-- in.-square bar forms a protecting ring 
for the gasket when the cover is placed on a surface other than the well 
flange. The cover has an eccen t r ica l ly located loading port which can 
be positioned over any outside tube by rotat ing the cover. This has been 
provided to l imit the amount of radiat ion to personnel during the loading 
and unloading procedure . To load fuel a s sembl i e s into the cen t ra l tube 
or to unload a s semb l i e s from that tube, the cover mus t be removed. The 
cen t ra l tubes a r e to be used only when m o r e than 54 fuel a s sembl ie s a r e 
to be s tored . If it should be n e c e s s a r y to use the cent ra l tubes, they 
should be loaded f i rs t and unloaded las t because of the reduced amount of 
shielding. 

The tube c lus ter is cen te red and held in place by an alumina 
s t ruc tu re supported by lava i n s u l a t o r - s e p a r a t o r s which provide paths 
around the s ides and at the bottom for the na tu ra l c i rculat ion of the water . 
Heated by decay heat froin the fuel a s s e mb l i e s , the water flows upward 
in the tubes, then out through a s e r i e s of 2-in. holes in the tubes above 
the 9-ft level., and downward on the outside of the tubes to the bottom, 
completing the na tu ra l -c i rcu la t ion cycle. The insulating sepa ra to r s act 
a l so to prevent galvanic cor ros ion between the aluminum components 
and the s ta in less s teel tank. 



Two thermocouples a r e used to m e a s u r e the coolant t empera ­
ture in the well, one at the bottom and the other at a point near the top, above 
the water level. Water evaporated in the cooling p rocess is condensed by 
one of three finned-tube rad ia to r s (one per s torage well) located in the 
coolant-air s t r e a m on the fan floor. The condensed water is then re tu rned 
to the same s torage well by gravi ty flow. Thirteen fuel a s sembl ie s , r e p r e ­
senting a c r o s s section of the 40-fuel-asseinbly core that has been operated 
at 3 Mwt to equil ibrium fission product heating, will evaporate '• 50 gal of 
water per day, initially. After 25 days of s torage, the ra te of evaporation 
of water will have decreased to -^20 ga l /day (see Fig. 54). 

AFTER SHUTDOWN, hours or days 

FIG. 54 

EVAPORATION FROM FUEL STORAGE WELL (1/3 OF AVERAGE REACTOR CORE OPERATED AT 3 Mwt 
TO EQUILIBRIUM FISSION PRODUCT HEATING 

The fuel s torage wells may be empty and dry or they may 
contain water with or without fuel a s s e m b l i e s . No measurab le heat is 
conducted into the fuel s torage wells from the gravel as the resu l t of 
radiation heating (see section VII-C). Therefore , any water remaining 
in a storage well not containing spent fuel a s sembl ies will be at approxi­
mately ambient t empera tu re . If the well contains fuel a s sembl ie s , the 
fission product heating probably will have r a i sed the t empera tu re of the 
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water to a value higher than ambient . Therefore , it is n e c e s s a r y to with­
draw approximate ly 25 gal of the hot water and replace it with cold water 
before inser t ing any additional fuel a s sembl i e s , so that no vapor will 
escape to the personnel a r e a during the fuel t rans fe r . If no fuel a s s e m ­
blies a r e in the s torage well, the water level should be 51 in. below the 
operating floor level when at room t e m p e r a t u r e . This allows for water 
expansion due to t e m p e r a t u r e r i s e and displacement by the maximum 
loading of 21 fuel a s s e m b l i e s in the well. 

2. React ivi ty of the Loaded Fuel Storage System 

The reac t iv i ty of a s torage well filled with fuel a s sembl ie s 
was es t imated as follows. The a r r angemen t of Boral is such that only 
a smal l a r e a of each of th ree a l te rna te outer tubes is not covered by a 
the rmal ly black abso rbe r . These a r e a s face a thin region of water and 
s teel and a r e separa ted from the next s torage well by at least l y ft of a 
poorly reflecting, poorly moderat ing medium of gravel . Reactivity in te r ­
action effects between s torage wells and with the reac to r a r e small . A 
cell calculation was made to de te rmine the fraction of the rmal neutrons 
available which a r e captured by the Boral and the water . Assuming that 
the fuel a s semb l i e s a r e undepleted (350 g r a m s U^ per assembly) and 
unpoisoned, and that the burnable-poison s t r ips a r e miss ing from all 
a s s emb l i e s , the calculation of the cold cel l showed that k^̂  < 0.9r that i s , 
even the mos t reac t ive infinite a r r a y of such tubes would be subcr i t ical . 
Es t imat ing the a luminum- to -wa te r ra t io to be at leas t 0.2 in the " c o r e , " 
using a rad ius of 23 cm (».9 in.) as an overes t imate of the effective 
"co re* size, and assuming a rad ia l ref lector savings of 8 cm, the neutron 
nonleakage factor is found to be smal le r than 0.8. Thus k rr < 0.7 is ob­
tained, which allows a l a rge marg in of e r r o r for uncer ta int ies of calculation 
and of possibly l a rge r future loadings of U in the individual fuel 
a s s e m b l i e s . 

The computed t empera tu re and void coefficients of react ivi ty 
a r e negative. If burnable-poison s t r ips a r e at tached to the side plates 
of the fuel a s s e m b l i e s , the r eac t iv i ty i s reduced by perhaps 10% to 12% 
(~14 dol lars to 17 do l la rs ) . Since Bora l par t ia l ly sur rounds the fuel, the 
ref lector savings is sma l l e r than the 8 cm assumed. Thus, hot or cold, 
and with or without burnable-poison s t r ips present , the fully loaded 
a r r a y of fuel a s s e m b l i e s in the three fuel s torage wells is well below 
cr i t ical i ty . 

A par t i a l confirmation of the computed subcr i t ica l i ty of the 
loaded fuel s torage wells was obtained exper imenta l ly when 14 fresh 
a s sembl i e s without burnable-poison s t r ips were loaded into the middle 
well, forming one complete layer of seven fuel a s sembl i e s , a second 



layer of six fuel assemiblies, and a fourteenth fuel a s sembly in a 3-mgh 
stack. (The second t ier of a s s e m b l i e s was complete except for one 
a s sembly in a pe r iphe ra l tube used to hold the source . ) The a r r a y of 
14 fuel a s semb l i e s in deminera l i zed water was observed to be highly 
subcr i t ica l , in view of the smal l var ia t ion in count r a t e during the 
loadings. 



IX. POWER PLANT COMPONENTS 

A. Turb ine -Genera to r Unit* 

The tu rb ine -gene ra to r unit (see F ig . 55) is ra ted at 300 kw and 
consis ts of a 4514-rpm, mul t i s tage inapulse turbine (see Fig . 56) coupled 
to a 1200-rpm synchronous genera tor through a reduction gear . The ex­
c i te r is d i rec t -connec ted to the genera to r . A summary of tu rb ine -genera to r 
data is p r e sen t ed in Table 16. 

The design requirementsl^* ') we re based upon a unit that would 
provide the max imum re l iabi l i ty consis tent with s team-consumpt ion econ­
omy. (Single-stage units compr i s e the c lass for highest re l iabi l i ty and 
s team-consumpt ion r a t e , and mul t i s tage units sacr i f ice some rel iabi l i ty 
to obtain improved s team-consumpt ion ra tes . ) For the nominal th ree yea r s 
of continuous operat ion, a n ine-s tage unit manufactured by the Worthington 
Corporat ion was se lected. The pe r fo rmance guarantee for the ra ted con­
ditions is p r e sen t ed in Table 17. 

Air inleakage at the turbine sea l s r e su l t s in a h ighe r - than -norma l 
plant water l o s s as a sa tu ra ted noncondensible gas through the a i r - e j ec to r 
sys tem. Because of the sma l l s ize of the unit, commerc ia l p rac t i ce r e ­
s t r i c ted the sea ls to carbon r ings . F igu re 57 i l lus t ra tes the s team seal ing 
sys tem used in conjunction with the carbon r ings . F igure 57 also i l lus t ra tes 
the Air Ejector Systemi which exhausts the inleakage and prevents rad io­
active s t eam from enter ing the personne l a r ea . 

In o rde r to mee t the e lec t r i ca l frequency and voltage r equ i rement s 
(see Appendix V), s eve ra l schemes were considered (see sect ion X-B-2) . 
The se lected scheme was p red ica ted on the bas is that the turbine governor 
could mainta in the tu rb ine -gene ra to r unit speed within the requ i red f r e ­
quency and voltage l im i t s . The governor se lec ted was the Woodward UG-8, 
di rect ly connected to the turbine shaft, but self-contained (see Fig . 5 8). The 
same model of governor is used on turbines that drive the calender rol ls 
in the paper industry . 

The unit is on a single base plate which simplifies field instal lat ion 
and alignment. Although the unit can be furnished with automatical ly or 
manual ly opera ted s teain nozzle valves , the valves were fixed in the full-
open position.. Thei r value l ies in i nc reased s team economy during var iab le 
power operat ion, although their use in the prototype was questionable with 
r e spec t to rel iabi l i tyj ease of main tenance , and avoidance of potential s t eam 
leakage out through the valve s t em packing glands. The sentinel valve on 
the turbine exhaust casing was also renaoved, since sufficient ins t rumenta ­
tion was available to detect o v e r p r e s s u r e . In addition, personnel safety con­
s idera t ions prohibi t the venting of radioact ive s team to operat ing a r e a s . 
Reclamat ion of such vented s t eam is economical ly imprac t ica l . 

*E. E. Hamer and H. H. Hooker. 
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Table 16 

TURBINE-GENERATOR DATA 

Turbine: 
Rating 
Capability 
Speed 
Staging 

Steam Conditions:*^' 
Throttle pressure 
Throttle temperature 
Exhaust pressure 

Steam Flow Rate at 300 kw'a> 

Governor 

300 kw 
375 kw 
4514 rpm 
1 Curtis - 8 rateau 

275 psig 
QOp superheat 
5 to 8 in. Hg abs 

7500 Ib/hr 

Woodward UG-8, direct-acting 

Generator: 
Speed 
Rated output at 0.8 p.f. 
Voltage 
Frequency 
Synchronous reactance 
Transient reactance 
Subtransient reactance 
Negative sequence reactance 
Zero sequence reactance 
Short-circuit ratio 

Exciter: 
Type 
Rating 

Turbine Materials of Construction: 
Casing 

Steam end 
Exhaust end 

Rotor forgings 
Diaphragms 
Valves 
Valve seats 
Nozzles 
Wheels 
Bladings 
Bearings 

Turbine Gland Seals 

1200 rpm 
300 kw 
120/208 volts, 3 phase 
60 cycles 
110% (375 kva base) 
23% (375 kva base) 
13% (375 kva base) 
13% (375 kva base) 
8% (375 kva base) 
1.0 

Direct-connected, shunt 
5 kw, 125 volts 

Steel 
Cast iron 
Low alloy steel 
Cast iron 
Stainless steel 
Stainless steel 
Stainless steel 
Steel 
Stainless steel 
Bronze and babbit 

Carbon rings and steam 

wound 

*3'See Table 3, section I¥. 

Table 17 

TURBINE-GENERATOR PERFORMANCE GUARANTEE AT RATED CONDITIONS 

Load 

(%) 

25 

50 

75 

100 

125 

(kw) 

75 

150 

225 

300 

375 

Power Factor 

0.80 

0.80 

0.80 

0.80 

1.0 

Steam Consumption 
[lb/(kw)(hr)] 

30.8 

24.6 

22.1 

20.65 

19.8 



HIGH PRESSURE CONDENSATE RETURN TANK h 
AIR EJECTOR SYSTEM 
GLAND LEAKOFF 6AUGE 
GAUGE COCK 
STEAM END PACKING CASE LEAKOFF LIME 
GOVERNOR VALVE BONNET LEAKOFF LINE 
THROTTLE - TRIP VALVE BODY COVER LEAKOFF LINE 
STEAM END PACKING CASE 
STEAM END PACKING CASE SEALING STEAM GAUGE 
STEAM END PACKING CASE SEALING STEAM SUPPLY LINE 
SEALING STEAM SUPPLY SHUTOFf VALVE 
STEAM STRAINER 
SEALING STEAM SUPPLY REGULATING VALVE 
EXHAUST END REGULATING VALVE CONTROL LINE 
EXHAUST END REGULATING VALVE 
CARBON RING SEAL GLAND 
DRAIN 
EXHAUST END PACKING CASE CONTROL VALVE FOR 
SEALING STEAM 
EXHAUST LINE THRU REGULATING VALVE 
EXHAUST END PACKING CASE SEALING STEAM GAUGE 
EXHAUST END PACKING CASE SEALING STEAM SUPPLY 
LINE 
EXHAUST END PACKING CASE 
EXHAUST END PACKING CASE LEAKOFF LliE 
TURBINE SHAFT 
TURBINE BODY 

Cjz=e> 

c£b=H>^ 
18 ti to 

FIG. 57 
TURBINE-GENERATOR GLAND SEAL 
AND LEAK-OFF SYSTEM 
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GOVERNOR VAIVE LIFTIKB STEM 
VALVE STEM BUSHING 
VAlVf STEM CONNECTINfi BLOCK 

BUSHING 
VALVE LEVER SLIOIKS BLOCK 
TRIP VALVE LEVER 
GUIDE BRACKET 
TRIP VALVE STEM 
TRIP VAIVE SODY COVER 
HEEDLS VAIVE 
TRIP VALVE GUIDE 
VALVE PLUS 
TRIP VALVE 
STEAM STSAIHER 

PIN 
TRIP VALVE SEAT 
GOVERNOR VALVE STEM 
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GOVERNOR VAIVE SEAT 
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GOVERNOR DRIVE SHAFT 
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SHAFT SPACER SLEEVE 
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TRIP LIVER LATCH 
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FIG. 58 
SECTION THROUGH GOVERNOR MECHANISM, 
EMERGENCY TRIP ASSEMBLY AND OIL PUMP 
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Operation of the unit''-'- '»^°/ is uncomplicated and commences locally 
on the plant operat ing floor. After a turbine warm-up per iod of ZO-30 iTiin, 
the speed of the unit is inc reased until the governor takes over. The unit 
is then control led from the plant control room. Turbine t r ip -ou t is a c ­
complished by c losure of the t r ip - th ro t t l e valve by the following methods: 

1. Manually 
2. Turbine overspeed 
3. Low oil p r e s s u r e 
4. E lec t r i ca l signal to the oi l -bypass solenoid valve. 

F igures 58, 59, and 60 i l lus t ra te the components and methods for tripping 
the throt t le valve. 
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UNIVERSAL JOINT 

STOP-STE&M TRIP 

STOP HANDLE-TRIP LEVER 

STOP BBACKET-TRIP LATCH 

SPRIN6-TRIP SLEEVE 

BUSH 1 NO 

SPRINfl-PLUNGER ROD 

SPRIHS PLATE 

SET SCREW 

HANDLE-PLUHSER ROD 

PLUHfiER ROD 

ADJUST IMS SCREW 

SPACER ROD 

ADAPTER 

SPACER STUD 

BELLOWS Housma 

BELLOWS 

SPRING-BELLOWS 

BRACKET 

HUT-SPRIHG ADJUSTING 

STEM-BELLOWS 

TRIP SLEEVE 

SPRIHS-TRIP LATCH 

STOP-HAND TRIP MECHANISM 

TRIP LEVER-OUTER 

SECTION 

PRESSURE 

FIG. 59 

THROUGH 

TRIP ON 
LOW OIL 

TURBINE 

SECTION A-A 

The maximum s team flow at ra ted conditions is l imited to 
7500 Ib /h r and is due to the r e s t r i c t ive capacity of the s team nozzles . 
Steam quality as low as 97% is pe rmis s ib l e , but with a penalty of g rea te r 
blade eros ion and a dec rease in the s team ra te of 2% for each 1% decrease 
in quality. The s team quality, to date, from the reactor has been m e a s ­
u red to be above 99-5% under normal operating conditions (see s e c ­
tion V - C - l - a ) . 
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FIG. 60 
TURBINE LUBRICATING OIL SYSTEM 



The genera tor is a s tandard self-cooled synchronous machine 
manufactured by the E lec t r i c Machinery Manufacturing Company. The 
genera tor ro tor is equipped with an amor t i s s eu r winding for stabili ty. One 
genera tor bear ing is e lec t r ica l ly insulated from the frame to el iminate 
shaft and bearing c u r r e n t s . The exci ter is overhung on the end of the gen­
e r a to r shaft opposite the turb ine . In addition to the cha rac t e r i s t i c s in­
cluded in Table 16, the genera tor reac t ive capability is shown in Fig. 61. 

AK-6 GENERATOR, 300 KW, 375 KVA 
120/208 VOLTS, 3 phase, 60 cy, 1200 RPM 

EM SALE #L-I070-II FOR WORTHINGTON CORP.. 
AR60HNE NATIONAL LAB 
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FIG. 61 

GENERATOR REACTIVE CAPABILITY CURVE 

B. Steam Condensing System* 

The s team condensing sys tem consis ts essent ia l ly of (1) the a i r -
cooled condenser sections^^") in which the actual condensing takes place, 
(2) the a i r - c i r cu la t ion sys tem, including flow dampers for rec i rcula t ion of 
a i r , a mixing chamber for temper ing cold incoming a i r , and a fan used for 
moving a i r over the condenser heat t r ans fe r sur faces , and (3) the a i r -
ejector sys tem for removal of noneondensable gases . 

1. Air -cooled Condenser Sections 

There a re five a i r -coo led condenser sect ions, assembled in 
pa ra l l e l to form one unit and instal led in a configuration shown schemat i ­
cal ly in Fig . 7. One of the condenser sections is shown in Fig. 62. 

*A. Smaardyk. 
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CONDENSER HEADER 

SPRING HANGER 
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TO AIR EJECTOR 
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BOTTOM CASTING-' j . 

CONDENSATE 
TO HOTWELL 

FIG. 62 
CONDENSER SECTION 

Exhaust s team from the turbine flows into a manifold from 
which the s team is di rected to the five condenser sect ions. This s team, 
containing products of dissociat ion and other noncondensable gases , flows 
downward and condenses within four ver t ica l rows of condenser tubes. The 
condensate is collected m the lower condenser casting. Saturated non­
condensable gases r i s e within another row of tubes, called the condenser 
p recoo le r , and a r e withdrawn by means of the air ejector . 

The water collected in the lower condenser cast ings is con­
ducted through pipes and seal loops to the plant hot well on the operating 
floor (see Fig, 18). 



The condenser sect ions a r e constructed ent irely of type D 0 6 1 - T 6 

aluminuin. There a re 95 tubes , of 1-in. OD and 0.083-in. wall, per con­
denser section. The number of cooling fins per unit tube length is var ied 
from tube row to tube row in o rde r to equalize heat absorption approxi­
mately. Table 18 l i s t s this var ia t ion and also the m e t a l - t o - a i r heat t ransfer 
a r e a s in the var ious condenser tube regions . 

Table 18 

CONDENSER HEAT TRANSFER AREAS 

Row 
Designation 

Precooler 
F i r s t RQ-W 
Second Row 
Third Row 
Fourth Row 

P e r Section 

Number of 
Fins per Inch 

4 
7 
7 
7 
9 

Number of 
Fins per Row 

480 
840 
840 
840 

1080 

Total 
Heat Transfer 

Area (ft^) 

458 
764 
764 
764 
968 

Total 

Per 5 Sections 

Total Heat Transfer 
Area (ft^) 

Air Side 

2290 
3820 
3820 
3820 
4840 

Steam Side 

220 
220 
220 
220 
220 

18590 1100 

The condenser tubes were rol led in the tube headers and then 
seal welded. All welds and cast ings were inspected for c racks and pinholes 
by the dye-penetrant method. Aluminum inser t s were shrunk in at the 
inlet of each tube to reduce the effects of erosion by steana flow. Then the 
completed units were tes ted at the factory by complete immers ion in 
water and with nitrogen inside the condenser sections at a p r e s s u r e of 
50 psig. These p rocedures of construct ion and test ing were followed in 
o rder to produce a tight condenser of u tmost integri ty. 

The condenser is designed to remove 7,500,000 Btu /hr from 
the exhaust s team when the a i r flow ra te is 115,740 SCFM and the air inlet 
t empera tu re is 60°F. 

2. Condenser Air Circulat ing Fan and Air Damper System 

Air , dra-wn from the outside of the reac tor building through the 
intake duct, flows through an a i r -mix ing chamber and is guided by baffles 
into the condenser sections (see Fig. 7). The air is heated as it passes 
through the condenser , and some or all of this heated air is discharged by 
the condenser fan to the a tmosphere through a duct located above the air 
intake. 

The condenser sys tem has been designed for a condenser a i r 
inlet t empera tu re of 40°F. Tempera tu r e s below freezing should be avoided 



to prec lude icing within the heat t r ans fe r coi ls . However, sa t i s fac tory t e s t s 
have been run with a condenser a i r inlet t e m p e r a t u r e of 25°F that indicate 
a cons iderable naargin in the design p a r a m e t e r . 

General ly when the outside a i r tenaperature is below freezing, 
a port ion of the hea ted a i r leaving the condenser is r ec i r cu la t ed and mixed 
with the f resh incoming a i r to keep the t e m p e r a t u r e of the a i r enter ing the 
condenser above the freezing point. Uniform mixing is effected by means 
of a mixing chamber , consis t ing of an a s sembly of equally spaced a i r fo i l -
shaped ducts . The rec i rcu la t ing o r heated air is d ischarged f rom these 
ducts into the s t r e a m of the f resh incom.ing a i r flowing over the ducts . Regu­
lation of the r ec i r cu la t ion of heated air is accompl ished by means of (1) a i r -
mixing dampers located at the t ra i l ing edges of the a i r fo i l -shaped ducts 
and (2) exhaust danapers located in the fan d i scharge . These damper s a r e 
adjusted by means of damper dr ive mo to r s and a r e control led f rom the 
control roonij e i ther raanually or automatical ly . In the case of automatic 
control , a t e m p e r a t u r e r e c o r d e r - c o n t r o l l e r mieasures the average a i r tem.-
p e r a t u r e by means of a group of twelve thermocouples located and d i s t r i b ­
uted at the inlet face of the condenser . The damper controls a r e designed 
such that the t r ave l ra t io and bias of the damper s a r e adjustable. The 
t r ave l ra t io , defined as the re la t ive movement between the exhaust and 
mixing d a m p e r s , can be adjusted to a des i r ed sett ing between 0.5 to 4.5. 
The "per cent b ias" is a var iab le set t ing, adjustable between -50 and +50, 
which set t ing co r re sponds to the p e r cent offset between the damper s in 
degrees when the mixe r damper is in mid-posi t ion . When the mixe r 
damper is in a different posi t ion than mid-pos i t ion , the offset is affected 
by the t r ave l ra t io . 

A set of manual damper s is ins ta l led in the rec i rcu la t ing duct 
for additional flexibility of control . These damper s a r e closed when the 
outside t e m p e r a t u r e is well above 40°F to minimiize rec i rcu la t ion leakage 
through the mixing d a m p e r s . 

The condenser a i r - c i r c u l a t i n g fan is dr iven by a 1760-rpm, 
75-hp moto r , hydraul ic coupling, and V-be l t s . The speed of the fluid cou­
pling output shaft is adjustable f rom approximate ly 350 to 1728 rpm. Since 
the d iamete r ra t io of the output shaft pulley to that of the fan pulley is 9-6 to 
44, the max imum fan speed is 377 rpm. 

The speed of the fan is va r i ed by regulat ing the quantity of oil 
in the working c i rcu i t of the fluid coupling. Adjustment of the fan speed is 
done f rom the control roomj e i ther manual ly o r automatical ly , by m e a n s 
of a t e m p e r a t u r e con t ro l l e r . The control led t e m p e r a t u r e is sensed by a 
group of twelve the rmocouples d is t r ibuted over the outlet face of the con­
dense r . F o r design conditions at full power and at condenser a i r inlet and 
outlet t e m p e r a t u r e s of 60°F and 120°F, respec t ive ly , the fan ro ta tes at i ts 
full speed of 377 r p m . At this speed and these a i r t e m p e r a t u r e s the s tat ic 
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differential a i r p r e s s u r e has been m e a s u r e d to be ~2 in. WG at 25.37 in. Hg 
b a r o m e t r i c p r e s s u r e . According to data supplied by the manufac turer , this 
p r e s s u r e drop cor responds to an a i r flow of 128,000 cfmi or 7450 Ib /min for 
the same conditions but at sea level . 

3. Condenser Heat Trans fe r and P r e s s u r e Drop 

The overa l l heat t r ans fe r r a t e per condenser section is given by 

Q = 1.085 X SCFM x (T - t) x F 

where 

Q - heat t r ans fe r r a t e for each of the five condenser sec t ions , 
B tu /h r 

T - enter ing s team t e m p e r a t u r e , °F 

t - air t e m p e r a t u r e at inlet face of condenser , °F 

SCFM - s tandard cubic feet per minute; cooling a i r flow r e f e r r e d 
to s tandard a tmospher ic conditions at 60°F and sea level. 

F - factor depending upon the flow ra t e , 

SCFM F 

15000 
20000 
23100 
25000 

0.820 
0.783 
0.748 
0.733 

T h i s e q u a t i o n is g e n e r a l l y a p p l i c a b l e for h e a t t r a n s f e r a t s t e a m p r e s s u r e s 
down to a t m o s p h e r i c c o n d i t i o n s . I t s a c c u r a c y i s t hen wi th in p l u s o r m i n u s 
7%. I t s u s e w a s e x t e n d e d to t h e A L P R c o n d e n s e r s i n c e it w a s c o n s i d e r e d 
t h a t t he e q u a t i o n cou ld be u s e d for p r e s s u r e s be low a t m o s p h e r i c . 

T h e h e a t flow r a t e to t h e c o n d e n s e r can be c a l c u l a t e d a s fo l lows : 

Ht 
^ c ~ " ^ s ^ s -~ ^ s 

w h e r e 

H Q - h e a t flow r a t e to the c o n d e n s e r , B t u / h r 

Wg - t o t a l s t e a m flow r a t e l e a v i n g the r e a c t o r v e s s e l , I b / h r 

hg - en tha lpy of s t e a m l e a v i n g r e a c t o r , B t u / l b 

H|- - t u r b i n e ou tpu t , B t u / h r 

e - o v e r a l l t u r b i n e e f f i c iency , 0.92 

Hg - s i m u l a t e d h e a t l o a d ou tpu t , B t u / h r . 



The ra t e of energy input to the condenser naay be re la ted to an 
equivalent flow ra te of dry s team. Then the s team p r e s s u r e drop is given 
by the following equation: 

AP3 = 0,520 x ( ^ J " . ( - ^ ) . P 

where 

APg - s team p r e s s u r e drop in condenser , in. Hg abs 

Wc - equivalent flow r a t e of dry s t eam, Ib /h r 

V(, - specific volume of sa tura ted s t eam at approximately 
3°F l e s s than enter ing s team t e m p e r a t u r e , ft / l b 

Pg - s team p r e s s u r e at condenser inlet, in. Hg abs. 

The a i r - s i d e p r e s s u r e drop AP^^ of the cooling air flowing 
through the condensers may be obtained from the equation 

, 0 0 / S C F M Y ' ' ^ ^ 0.0748 AP^ = 1.30 x -^~-—r- x 
\ 2 3 1 0 0 / p 

where 

p - a i r density in Ib/ft^ at average air t empe ra tu r e through 
condenser . 

The calculated condenser pe r fo rmance based on the above 
equations is shown in Fig . 63. Cor rec t ion fac tors for alt i tude and a i r tem­
p e r a t u r e have been applied. 

4. Condenser Pe r fo rmance 

Actual condenser pe r fo rmance can be de te rmined by the 
following th ree methods : 

a. Fan Pe r fo rmance Method 

The fan p r e s s u r e drop and fan inlet and outside a i r t em­
p e r a t u r e s a r e measu red . Then the fan p r e s s u r e drop is c o r r e c t e d to the 
b a r o m e t r i c p r e s s u r e and t e m p e r a t u r e a s sumed in calculat ing the p e r ­
formance curve . The heat t r a n s f e r r e d can then be calculated by the usual 
method. 
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b. Anemometer Method 

Anemometer readings taken a c r o s s the condenser surface 
a r e averaged and mult ipl ied by the condenser face surface a r ea to obtain 
the a i r flow ra te through the condenser . F r o m this information and the 
average a i r teiinperatures at the inlet and outlet faces of the condenser , the 
heat t r a n s f e r r e d can be calculated. 

c. Condenser P r e s s u r e Drop Method 

F r o m the m e a s u r e d condenser a i r p r e s s u r e drop, the a i r 
flow can be es t imated by naeans of l abora tory test data obtained by the 
manufacturer from represen ta t ive condenser sect ions. Then, as in (b), the 
heat t r a n s f e r r e d can be calculated. 

Actual condenser per formance tes t resu l t s have been 
obtained during plant t e s t s , using the above three methods. 1°'•*-••-) Complete 
agreement among the above methods has not been found, probably because 



of the difficulty and inaccuracy in measu r ing a i r flow, p r e s s u r e drop, and 
a i r t e m p e r a t u r e s . However, the t e s t s have es tabl i shed the following: 

(1) a del icately inbalanced s team dis t r ibut ion in the five 
individual condenser uni ts ; 

(2) a higher back p r e s s u r e than predic ted; and 

(3) a s team-condens ing r a t e , for a given flow of cooling 
a i r , which is roughly 20% below manufac tu re r ' s predic t ions (see Fig. 63). 

Various m e a n s , such as the use of orif ice p la tes to each 
condenser and throt t l ing of the flow from the p r e c o o l e r s to the a i r e jector , 
have been t r i ed in an effort to c o r r e c t the s t eam distr ibut ion at the ALPR 
instal la t ion, it being a s sumed that an improvement in dis t r ibut ion would 
also improve the condenser pe r fo rmance . These efforts were unsuccessful . 

The ALPR condenser is unconventional and the f i r s t of i ts 
kind, and i s , hence, exper imenta l in na tu re . The design has been based on 
data es tab l i shed for s t e a m - t o - a i r heat exchangers much sma l l e r in s ize 
and operat ing at a tmospher ic and higher p r e s s u r e s . It is believed that heat 
t r ans fe r coefficients for conditions at a tmospher ic p r e s s u r e a r e applicable 
to conditions at p r e s s u r e s below a tmosphe r i c , so that it is now believed 
that the condenser pe r fo rmance may be re la ted , f i r s t l y , to the geometr ic 
shape or s ize , and secondly, to the manifolding of the condenser sys tem. 
It is thought that the d is t r ibut ion of s t eam through long ver t i ca l tubes may 
be significantly different f rom the dis t r ibut ion of s t eam over b road in te r ­
connected a r e a s as in conventional surface condenser design. 

5. A i r - e j ec to r Sys tem 

The function of the a i r - e j e c t o r sys tem is two-fold: (1) to remove 
a i r and other noncondensable gases f rom the condenser and hotwell; and 
(2) to main ta in a pa r t i a l vacuum on the turbine glands, the leak-off space 
between the p r e s s u r e vesse l gaske t s , and the h i g h - p r e s s u r e condensate s y s ­
tem, thus prevent ing leakage of radioact ive vapor into the a tmosphere . 

The a i r - e j e c t o r sys t em (Fig. 64) cons i s t s of one gland s team 
p r e c o o l e r , one gland s t eam e jec tor , one condenser a i r e jector , one af ter -
condenser , and one a i r - coo led a f t e r -condense r . The a i r e jec tors a r e s ingle-
s tage, s t e am- j e t a i r pumps using s team to induce a vacuum and to d ischarge 
a mix tu re of a i r or noncondensables and s t eam. The d i scharged mix tu re is 
piped into the a f t e r -condense r at a tmospher i c p r e s s u r e . There the s t eam 
is condensed and the noncondensable gases a r e sepa ra t ed and vented to the 
a tmosphe re . The degree of separa t ion is governed by the t e m p e r a t u r e of the 
condensate used for coolant in the a f t e r - condense r . In o rde r to reduce the 
water vapor c a r r y o v e r , an additional a i r - coo led a f t e r -condense r is ins ta l led 
in the line venting to the a t m o s p h e r e . 
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FIG. 64 

AIR EJECTOR SYSTEM 

The gland-s team ejector maintains 3 in. Hg vacuum and the 
condenser 25 in. Hg vacuum, r e f e r r ed to operation at sea level. Since the 
g land-s team ejector operates at a p r e s s u r e close to a tmospher ic , most of 
the condensable vapors can be removed at suction p r e s s u r e . This is done 
by a g land-s team precoo le r which effectively reduces the size of the 
ejector and the s team consumption. 

The discharge line from the ejector sys tem is instrumented 
for the measu remen t of the energy level and intensity of radiation of the 
noncondensable gases (see Fig. 18). Thus, rupture of a fuel plate may be 
identified by an inc rease in the level of radiat ion having energies c o r r e s ­
ponding to the energies of fission product gases . 

The a i r - e j ec to r sys tem has been designed to remove as much 
as 16.6 Ib /h r of vapor and noncondensables from the condenser at 5 in. Hgabs 
p r e s s u r e and simultaneously to remove as much as 150 Ib /hr of vapor -a i r 
mixture from the turbine glands and p r e s s u r e vesse l leak-off gasket space. 
The capacity of the condenser s team jet a i r ejector var ies with vacuum 
conditions (see Fig. 65). Actual t e s t s have shown that the noncondensable 
decomposition ra te of the ALPR is of the order of 16 cc Oz/li ter of con­
densate flow.(l^) This cor responds to a ra te of removal of noncondensable 



gas of approximately 0.1 f t y m i n at full power, which is well below the 
capacity of the condenser a i r ejector . Therefore , there is a considerable 
excess capacity available to remove air at s tar tup. Because of the smal l 
condenser volume, es t imated at roughly 30 ft^, including some exhaust 
piping, the r a t e of removal of a i r at s ta r tup is more than adequate to reach 
a sat isfactory vacuum within minutes from the t ime the e jectors a re 
s tar ted . 

r 

l i j 

o 

C^ERATING CONDITIONS (S-'EAM SUPPLY) 

E'RESSURE 275 P S I i . 
QUALITY D & S 
FLCV/ RATE 9 5 V H R 

S'=EC!FiED POINT-

S 10 IS 20 25 

AIR REMOVAL RATE - L B S . / H R . 

FIG. 65 
CONDENSER AIR EJECTOR PERFORMANCE 

Air inleakage has been thoroughly checked during plant opera­
tion by means of the halogen gas detection method. No evidence of leakage 
was found. 

Table 19 is a summary of per t inent equipment design data. 

C. Reactor Feedwater P u m p s * 

There a re two ver t ica l ly a r ranged centrifugal-type pumps, '^") each 
one of which is capable of delivering the full-load feedwater requ i rements 
of approximately 20 gpm. Only one pump is normal ly used while the other 
is on standby. Automatic change-over is actuated by an interlocking 
p r e s s u r e - s e n s i t i v e switch and occurs upon a loss of feedwater p r e s s u r e . 

*A. Smaardyk. 
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Table 19 

AIR-EJECTOR SYSTEM DESIGN DATA 

Condenser Air Ejector 

Vacuum 
Steam flow required 
Steam p res su re and temperature 
Noncondensables from condenser 
Mixture from condenser 
Temperature of mixture 

Gland-Steam Ejector 

Suction p ressu re 
Noncondensables from glands 
Mixture from glands (70 Ib/hr is 

condensed in the precooler between 
the gland exhaust and the ejector) 

Steam p res su re and temperature 
Steam flow required 

Gland Ejector Precooler 

Mixture entering 
Vapor condensed 
Operating p re s su re 
Capacity 
Heat transfer surface 
Number of tubes and size 
Number of passes 

After-condenser 

Mixture entering 
from glands 
from condenser 

Vapor condensed 
Operating p r e s su re 
Heat t ransfer surface 
Capacity 
Number of tubes and size 
Number of passes 

Air-cooled After-condenser 

This condenser is a dip-brazed aluminum plate 
channel deep and 18 channels wide. 

Mixture entering 
Air flow 
Capacity 
Heat transfer surface 

Metal to air 
Mixture to metal 

P r e s s u r e drop - mixture side 
P r e s s u r e drop - air side 

25 in. Hg bar 
100 Ib/hr 
275 psig, saturation 
10 Ib/hr 
16.6 Ib/hr 
110°F 

27 in. Hg abs 
50 Ib/hr 
80 Ib/hr 

275 psig, saturation 
20 Ib/hr 

150 Ib/hr 
70 Ib/hr 
27 in. Hg abs 
68,300 Btu/hr 
23.5 ft̂  
(80) - f i n . OD X 22 BWG 
4 

100 Ib/hr 
117 Ib/hr 
145 Ib/hr 
atmospheric 
46 ft̂  
148,900 Btu/hr 
(116) - f i n . OD X 22 BWG 
4 

-type heat exchanger, one 

72 Ib/hr 
535 SCFM 
10,525 Btu/hr 

102 ft^ 
70 ft^ 
8.88 in. Hg 
1.5 in. WG 
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The feedpump takes condensate from the hot well (collected from the 
condenser , a i r e j ec to r s , and space-hea t ing system) and r e tu rns it to the 
r eac to r . Six centrifugal s t ages , or pump i m p e l l e r s , a r e used to develop the 
hydraul ic head n e c e s s a r y to pump water from the condenser operat ing at 
5 in. Hg abs to the r e a c t o r opera t ing at 300 psig. A 1-in. bypass l ine with 
a ^ - i n . - d i a m e t e r orif ice is ins ta l led between the pump discharge and the hot 
well. This provides a continuous bypass flow to prevent the pump from over ­
heating should the feedwater valve be c losed coinpletely. A double set of 
conventional packing r ings is used to seal the pump shaft. Water, f rom the 
condensate c i rcula t ing pump, is supplied to the packing r ings for cooling 
and sealing. Since the pump suction p r e s s u r e at the gland is below a t m o s ­
phe r i c , the water supply to the gland prevents a i r inleakage at this point. 
Conventional packing was se lec ted over mechanica l sea ls because the ra te 
of leakage of cooling water no rma l ly i n c r e a s e s gradually with the packing 
and can be adjusted, while a breakdown of the mechanica l seal could involve 
a l a rge and sudden loss of cooling water . Also, rep lacement of a mechanica l 
seal involves the dismantl ing of the motor from the pump. 

The pumps a r e c o m m e r c i a l units designed for applications with co r ­
ros ive l iquids . All p a r t s in contact with the working fluid a r e cons t ruc ted 
from a 13% chromium s tee l . Cast ings a r e ASTM-A296, CA-15 and other 
p a r t s a r e AlSl-type 416, both f ree-machining and hardened as requ i red . The 
lower bear ing bushing, which is lubr ica ted and cooled by the working fluid, 
is fabr ica ted f rom ASTM-type 501, ha rdened 5% chromium, 0.5% molybdenum, 
s ta in less s tee l . 

The puraps (see F ig . 66) a r e dr iven by 15-hp, 3515-rpm, 208-volt, 
3-phase , 60-cycle , synchronous , ve r t i ca l ly mounted m o t o r s . 

The pump c h a r a c t e r i s t i c s a r e shown in F ig . 67, 

D. P r i m a r y Water Makeup Sys tem* 

The p r i m a r y water makeup sys t em provides deminera l ized water for 
conditions of plant makeup. Raw (unchlorinated) well water is supplied to 
the demine ra l i ze r and the deminera l i zed water is s to red in the adjacent 
and overhead 1000-gal plant water s to rage tank (see Fig . 6). 

The sys tem cons i s t s of a l-|--ft^ r e s i n capaci ty ion exchange tank, p r e -
and p o s t - f i l t e r s , water m e t e r , flow indicator , an effluent conductivity cell 
with a va lve-cont ro l l ing- type conductivity b r idge , m o t o r - o p e r a t e d shut-off 
valve, and appropr ia te piping. The m o t o r - o p e r a t e d valve functions when 
the conductivity of the deminera l i zed water exceeds a p r e s e t (on the con­
ductivity bridge) value (see F ig . 19). The r e s i n used to deminera l i ze the 
well water is Il l inois Water T r e a t m e n t Co.- type T M - 1 , c o m m e r c i a l grade . 
This r e s i n is a mix tu re of a cat ion r e s i n in the hydrogen form and an anion 
r e s i n in the hydroxyl form. 

*E. E. Hamer 
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I . SHAFT SLEEVE NUT 

2 GLAND-TWO HALVES 

3. SECONDARY GLAND PACKING-SHAFT SEAL 

n. PACKING-SHAFT SLEEVE 

5. SHAFT SLEEVE 

6 DISCHARGE HEAD 

7. LIQUID SEAL CAGE 

8. STUFFING BOX BUSHING 

9. SUPPORTING HEAD 

ID. GASKET-CUTER 

11. GASKET-INMER 

12. CHANNEL RING 

13. SHAFT 

111. IMPELLER 

18. INTERMEDIATE SLEEVE 

16. CASING 

17. CASING RING 

18. SPLIT RING 

19. RETAINING RING 

20. BEARING BUSHING-LOWER 

2 1 . LOWER BEARING HOUSING 

22. COUPLING-DRIVER HALF 

23. COUPLING NUT-DRIVER SHAFT 

2M. ALIGdlNG RING 

28. COUPLING MUT-PUMP SHAFT 

26. COUPLING-PUMP HALF 

27. THROTTLING BUSHING 

28. THROTTLING SLEEVE 

29. SPLIT RING 

30. ROTOR ASSEMBLY BOLT 

FIG. 66 

FEED-WATER PUMP CUTAWAY SECTION 
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FEED-WATERPUHP.CHARACTER 1ST IC CURVE 

(FEED WATER AT ISS® 

No regenera t ion of r e s in is per formed. When expended, the r e s in 
is replaced. By not regenera t ing the r e s in the possibi l i ty of contaminating 
the deminera l ized water in the s torage tank due to opera tor e r r o r during 
the regenera t ion p rocedure is el iminated. Also, in a proposed remote 
installat ion, no chemicals need to be t r anspor t ed by a i r . With floor a r ea 
in the plant (or any floor a r e a at a remote a rc t i c site) at a p remium, the 
p resen t smal le r instal lat ion without regenera t ion equipment is p re fe r red . 
If so des i red, the r e s in regenera t ion can be per formed e lsewhere . 

E. Space-heating System* 

The space-heat ing sys tem s imulates the approximate conditions of 
output such as would be requ i red for a proposed arc t ic installat ion. An 
outdoor a i r -wa te r heat exchanger d iss ipates the heat and allows variat ions 
in heat demand to be controlled manually. 

F igure 17 contains a flow d iagram of the s imulated space-heat ing 
sys tem. The heat source is s team, from which the latent heat of evapora­
tion is extracted, and is on the shell side of the heat exchanger. The 
resul tant condensate is r e tu rned to the plant hot well via the flash tank. 
Water on the tube side of the heat exchanger is heated and pumped through 
the finned-tube a i r -wa te r outdoor heat exchanger, from which the heat is 
re jected to the a tmosphere (see F ig . 4). 

*E. E. Hamer 
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The s team supply to the heat exchanger is regulated by a water 
t empera tu re - r egu la t i ng s t e a m valve with the sensing element in the heat 
exchanger effluent water l ine , thus maintaining a constant p r e s e t outlet 
water t e m p e r a t u r e . The s t eam p r e s s u r e is maintained at approximately 
20 ps ig at all t imes during operat ion. The sys tem is designed to genera te 
and diss ipate 400 kw (1,350,000 Btu /hr ) of heat. The remote a rc t i c DEW 
Line stat ions p resen t ly have a hot wate r -hea t ing sys tem which supplies 
hot water at 170-180°F from the plant d iese l -engine exhaust gases and oi l-
f ired bo i l e r s . With a constant t e m p e r a t u r e of the water supply, the ALPR 
space-hea t load is va r i ed by changing the m a s s flow ra te through the 
s t e am-wa te r heat exchanger by means of a manually operated 3-way bypass 
valve. 



X, ELECTRICAL GENERATION AND DISTRIBUTION SYSTEM* 

A. General 

The ALPR is intended to se rve as a prototype for smal l power plants 
for use at r emote mi l i t a ry ins ta l la t ions which do not have acces s to e lec t r i c 
uti l i ty l i nes . E lec t r i c power for r eac to r plant s ta r tup and for si te operat ion 
during r e a c t o r shutdown at such intal lat ions is expected to be furnished by 
d iese l -engine dr iven g e n e r a t o r s . Consequently, during normal plant ope ra ­
tion, the t u rb ine -gene ra to r i s i so la ted from other power s o u r c e s . Pa ra l l e l 
operat ion with the standby d i e s e l - g e n e r a t o r s occurs only with the t r ans fe r of 
load incidental to plant s ta r tup and scheduled shutdown. 

As a m a t t e r of convenience and to facil i tate tes t ing, connections to 
an e lec t r i c ut i l i ty line a r e provided at the prototype s i te . For s imi la r 
r easons the prototype ins ta l la t ion does not include a full complement of 
standby d i e s e l - g e n e r a t o r s . 

Plant design r equ i r emen t s a r e included as Appendix V. 

B. Descr ipt ion of System 

The e l ec t r i ca l generat ion and dis t r ibut ion sys te in is shown d i ag ram-
mat ica l ly in F ig . 68. As shown, the main tu rb ine -gene ra to r feeds the gener ­
a tor bus , which in turn may be connected to e i ther the utili ty (main) bus , or 
to the equipment (auxil iary) b u s . S imi la r ly , the standby d i e se l -gene ra to r 
and the plant auxi l ia r ies may a l so be connected to e i ther bus . The external 
uti l i ty l ine ( N R T S d is t r ibut ion sys tem) supplies power to the site deep well 
pump and may be connected to the uti l i ty bus . Depending upon switching 
connections, power for the site support faci l i t ies may be obtained ei ther 
f rom the uti l i ty or f rom the plant t u rb ine -gene ra to r (via the util i ty bus) . 

1 . Tu rb ine -Gene ra to r Unit 

The raain genera tor i s an E lec t r i c Machinery Manufacturing 
Company sal ient pole machine which is dr iven by a Worthington Corporat ion 
turbine through a reduct ion g e a r . The genera tor data a r e included in 
Table 16. 

The genera to r i s connected through a 1200-amp e lec t r i ca l ly 
opera ted a i r c i rcu i t b r e a k e r to the genera to r b u s . P e r cent differential 
r e l ays a r e used for protect ion agains t faults between the genera tor winding 
neu t ra l tie point and the load side of the genera to r c i rcu i t b r e a k e r . A 
1200-amp dead front knife switch pe rmi t s connecting the genera tor bus to 
e i ther station bus (utility bus or equipment bus) . Key in ter locks prevent 
operat ion of this switch unless the genera tor c i rcu i t b r e a k e r is open. 

* H . H. Hooker 
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SINGLE LINE POWER DIAGRAM 



Generator voltage regulation is efiected by means of a d i r ec t -
acting rheos ta t ic - type regulator which is connected in the exci ter field 
c i rcui t . The genera tor excitation c i rcui t is shown schemat ical ly in F ig . 69. 
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FIG. 68 

GENERATOR EXCITATIOtJ SCHEMATIC 

Turbine speed is controlled by an isochronous Woodward governor which 
is equipped with a naotor-driven speed changer . During the brief per iods 
when the tu rb ine-genera to r is operated in para l le l with the external utili ty 
l ine, stable operat ion r equ i re s that the governor be t empora r i ly adjusted 
to provide positive speed droop with load. The speed changer motor is 
energized from the generator leads and is remotely operated from the 
control room. The generator c i rcui t b r eake r and speed changer control 
c i rcui ts a re shown in Fig . 70. 

2. Station Bus Arrangeinent 

The e lec t r ica l sys tem at a DEW Line Auxil iary Station features 
two separa te station buses . Feeding these buses a re four 60-kw d iese l -
engine driven gene ra to r s , each of which may be connected to e i ther bus . 
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The sys tem is normal ly a r r a n g e d so that a single genera tor feeds the equip­
ment bus , to which is connected the sensi t ive r ada r and other e lec t ronic 
equipment. The remaining station loads a r e connected to the util i ty bus , 
which is energized by the remaining th ree gene ra to r s as r equ i red . Thus 
the e lec t ronic equipment i s i so la ted f rom line d is turbances caused by motor 
s ta r t ing , e tc . 

During the design of the prototype plant, considerat ion was 
given to var ious means for affording s imi la r isolat ion of the buse s . The 
a r r a n g e m e n t s cons idered w e r e : 

(l) two identical ful l -capaci ty t u r b i n e - g e n e r a t o r s , each con­
nected to one of the b u s e s ; 

(Z) a synchronous m o t o r - a l t e r n a t o r set , dr iven from the utility 
bus , and supplying power to the equipment bus ; and 

(3) an a r r a n g e m e n t consist ing of a r eac tance -compensa t ing -
t r a n s f o r m e r combination for reducing the t r ans fe r of t r ans ien t d is turbances 
on the uti l i ty bus to the equipment bus , in combination with a mo to r -d r iven 
induction regula tor to compensate for re la t ive ly slow voltage changes . 

The f i rs t scheme was abandoned as being too expensi^-e and r e ­
quiring too much space on the plant operat ing floor. Of the other two 
s c h e m e s , the las t appeared to be considerably lo-wer in cost and requ i red 
no continuously rotat ing mach ine ry . However, an at tempt to obtain bids on 
the compensat ing t r a n s f o r m e r equipment from var ious suppl ie rs was unsuc­
cessful . Since the actual sensi t ivi ty of the e lec t ronic load to t r ans ien t line 
d i s turbances was not specif ical ly defined, and since the single main tu rb ine-
driven genera to r showed p romise of meet ing the voltage and frequency-
regulat ion r e q u i r e m e n t s , the decision was made to e l iminate any special 
vol tage-regula t ing equipment from the ini t ial design. Accordingly, the two 
buses may be t ied together through a disconnect switch and manually operated 
a i r c i rcu i t b r e a k e r . 

In o rder to p r e s e r v e the flexibility of dis t r ibut ion provided at 
the DEW Line s ta t ions , the plant auxi l ia ry loads and the standby d iese l -
genera tor may be connected to e i ther station bus . The support facility load, 
ex terna l ut i l i ty line connect ions, and the dumray e l ec t r i ca l load a r e peculiar 
to the prototype instal la t ion, and as such a r e not provided with the same 
flexibility of switching. The a r r a n g e m e n t of the genera tor control panel 
and the main distr ibution panel a r e shown in F i g s . 71 and 7Z. 

3. Utility Line Connections 

With re ference to F i g s . 68 and 73, the site is se rved b y a l 3 . 8 - k v 
overhead t r a n s m i s s i o n l ine . The t r a n s m i s s i o n voltage is stepped down to 
2400 volts for the site deep well pump, and to 120/208 volts for genera l 
dis t r ibut ion, using two 300-kva t r a n s f o r m e r s . The t r a n s m i s s i o n line t e r m i ­
nation and the t r a n s f o r m e r s a r e located in an outdoor substat ion. 
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I I. DIFFERENTIAL RELAY n. 
12. DIFFERENTIAL RELAY 35. 
13. LOCKOUT RELAY 36. 
H . BUS TIE AMMETER TRANSFER SWITCH 37. 
15. SYNCHROSCOPE SWITCH (BUS TIE BKR.] 38. 
16. BUS TIE VOLTMETER TRANSFER SWITCH 39. 
17. BUS TIE BREAKER CONTROL SWITCH 10. 
18. MIMIC BUS S INDICATOR LI6HTS »l. 
19. BUS TIE BREAKER 112. 
20. OEIIERATOR AMMETER 
21. GENERATOR WATTMETER 
22. GENERATOR BUS VOLTMETER 

GENERATOR VOLTHETER 
GENERATOR FREOUEiCY METER 
GENERATOR BUS FREOUENCY METER 
EKCITEI VOLTMETER 
EKCITER AMMETER 
GENERATOR SPEED 
RUNNING TIME METER 
POWER FACTOR METER 
SYNCHROSCOPE 
KATTHOUR METER 
GEiERATOR VOLTAGE CONTROL 
SYICHRONIZINS LIGHTS 
GENERATOR VOLTHETER TRAiSFER SWITCH 
SYNCHROSCOPE SWITCH (GEN. IREIKEIS' 
FIELD BREAKER 
OEiESATOR AMMETER TRANSF« SWITCH 
SEiERATOR BREAKER CONTROL SWITCH 
TURBINE SOVERiOR CONTROL SWITCH 
EXCITER FIELD RHEOSTAT 
GENERATOR BREAKER 

FIG. 71 

GENERATOR CONTROL PANEL 
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1. LIQHTINQ AND POWER DISTRIBUTION PANEL 
2. UTILITY BUS VOLTMETER 
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4.. EQUIPMENT BUS VOLTMETER 
6. SYNCHRONIZING LIGHTS 
6. IDAHO POWER COMPANY VOLTMETER 
7. IDAHO POWER COMPANY WATTMETER 
8. TIE CIRCUIT BREAKER CONTROL SWITCi 
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10. MAIM CIRCUIT BREAKER 
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12. DIESEL QEIERATOR TRANSFER SilTCH 
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m. LOAD TRANSFER SWITCH 
15. 10 Ki SIMULATED LOAD CIRCUIT BREAKER 
16. SPARE 
17. SPARE 
18. SIMULATED HEAT LOAD FAN STARTER 
19. SIMULATED HEAT LOAD WATEi PUMP STARTER 
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FIG. 72 
MAIN DISTRIBUTION PANEL 
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The 120/208-volt secondary c i rcu i t i s connected to a manual ly operated 
1000-amp a i r c i rcu i t b r e a k e r in the main dis t r ibut ion panel . The support 
facility building load is no rma l ly fed from the load side of this c i rcui t 
b r e a k e r . An e lec t r i ca l ly opera ted t ie c i rcu i t b r e a k e r , r a ted at 600 amp, 
is a lso provided so that the uti l i ty line may se rve r e a c t o r plant power 
r equ i r emen t s when the t u rb ine -gene ra to r i s not opera t ing . Means a r e p r o ­
vided for synchronizing and para l le l ing the plant with the utili ty sys tem 
a c r o s s this c i rcu i t b r e a k e r . 

4 . Diesel Genera tor 

The 60-kw d i e se l -gene ra to r was included in the plant p r i m a r i l y 
for opera tor t ra ining p u r p o s e s . It is s i m i l a r to the diesel power units used 
at the DEW Line s ta t ions and i s provided with s i m i l a r connections to the 
two stat ion buses (see F ig . 74). Tes t s have shown, m o r e o v e r , that the r e ­
ac tor plant can be s t a r t ed using only the single 60-kw d i e s e l - g e n e r a t o r . 
This is possible l a rge ly because the 75-hp condenser cooling fan opera tes 
at g rea t ly reduced load during plant s ta r tup and because control power for 
the assoc ia ted motor s t a r t e r operat ing coil i s obtained frora the station 
ba t t e ry . Engine cranking power is obtained from a 24-volt s torage ba t t e ry 
which is an in tegra l pa r t of the unit- The diesel engine is a r r anged to be 
s t a r t ed under manual control only. Synchronizing l ights and a manual ly 
opera ted c i rcu i t b r e a k e r a r e included in the unit control panel . 

5. Emergency Power Supply 

Although r eac to r shutdown is automat ica l ly ini t iated in the event 
of fai lure of r eac to r plant e l ec t r i c power, it is impor tan t that uninterrupted 
power be available to ce r ta in equipment. The affected devices a r e l i s ted 
below: 

( l) P r o c e s s Ins t rumenta t ion 

a. Main s team p r e s s u r e indicator 
b . Main s team flow r e c o r d e r 
c. Reactor s t eam p r e s s u r e r e c o r d e r 
d. Bypass s t eam flow r e c o r d e r 
e. Bypass valve dr ive c i rcu i t s 
f. Condenser vacuum r e c o r d e r 
g. Feedwater flow r e c o r d e r 
h . Feedwater valve dr ive c i r cu i t s 
i . Reactor water level r e c o r d e r 
j . Multipoint t e m p e r a t u r e indicator 
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(2) Nuclear Ins t rumenta t ion and Control 

a. Channel I high-voltage supply 
b . Channel II high-voltage supply 
c. Channel II amplif ier 
d. Control rod dr ive mo to r s 

(3) System Valves (drive closed upon r eac to r s c r am) 

a. Steam bypass valves 
b . Feedwater control valve 

With re fe rence to F ig . 75, the continuous (enaergency) power 
supply consis ts of a th ree -un i t m o t o r - g e n e r a t o r set and i t s assoc ia ted con­
t ro l panel . The m o t o r - g e n e r a t o r set cons i s t s , in tu rn , of a synchronous 
motor , an a l t e rna to r , and a dc rao tor -genera to r . Under normal conditions 
the synchronous motor d r ives the a l t e rna to r , which supplies power to the 
c r i t i ca l equipment, and the dc machine , which opera tes as a genera tor to 
mainta in charge on the station ba t t e ry . Upon fai lure of no rma l ac supply 
voltage, the synchronous motor is disconnected f rom the l ine, and the 
a l t e rna to r i s dr iven by the dc machine without in te r rup t ion . 

Once the unit i s s t a r ted , the n e c e s s a r y s"witching act ions and 
excitat ion adjustments automat ica l ly follow a fai lure of no rma l power . 
Upon re s to ra t ion of power for a definite t ime , the unit r e v e r t s automat ical ly 
to i ts no rma l mode of opera t ion . 

6. Station Bat te ry 

A 92-ce l l , 8 2 - a m p e r e - h o u r , 125-volt n icke l -cadmium s torage 
ba t t e ry is used to supply power for the no rma l operat ion of the following: 

(1) c i rcu i t b r e a k e r closing and shunt t r i p co i l s ; 
(2) condenser cooling fan motor s t a r t e r co i l s ; 
(3) annunc ia to rs ; 
(4) misce l l aneous indicating l ights , e tc . 

Following a fai lure of n o r m a l power, the ba t te ry a lso dr ives 
the continuous ac power supply. 

7. Dummy E lec t r i ca l Load 

In o rde r to pe rmi t loading the plant genera tor to i ts full capacity 
without r e so r t ing to operat ion in pa ra l l e l with the uti l i ty sys t em, a dummy 
load bank is provided. The load bank is cons t ruc ted using 10-kw cas t i ron 
gr id r e s i s t o r un i t s . It i s cooled by a i r convection and is located outdoors . 
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EMERGENCY POWER SUPPLY SCHEMATIC DIAGRAM 



T h i s l o a d t o t a l s Z90 kw, and i s subd iv ided in to e l e v e n 10-kw 
s e g m e n t s and t h r e e 60 -kw s e g m e n t s (the p lant d e s i g n r e q u i r e m e n t i s 
Z60-kw n e t ) . Ind iv idua l c i r c u i t b r e a k e r s p e r m i t sw i t ch ing the load , and 
p r o v i d e o v e r - c u r r e n t p r o t e c t i o n for e a c h s e g m e n t . 

C. N o r m a l S y s t e m S t a r t u p and O p e r a t i o n 

P r i o r to r e a c t o r p lan t s t a r t u p , t h e t r a n s f o r m e r s u b s t a t i o n aiid 
13 .8 -kv u t i l i t y l ine a r e a s s u n a e d to be in o p e r a t i o n . R e f e r r i n g to F i g . 68 , 
the Main Idaho P o w e r e x t e r n a l u t i l i t y c i r c u i t b r e a k e r i s a s s u m e d to be 
c l o s e d . The Idaho P o w e r t i e c i r c u i t b r e a k e r i s t hen c l o s e d . T h e s e o p e r ­
a t i ons r e s u l t in e n e r g i z i n g the u t i l i t y b u s . If i t i s d e s i r e d tha t the e q u i p ­
m e n t bus a l s o be e n e r g i z e d , the bus t i e sw i t ch and bus t i e c i r c u i t b r e a k e r 
a r e c l o s e d . C i r c u i t b r e a k e r s a r e then c l o s e d ( n o r m a l l y to the u t i l i t y b u s ) , 
e n e r g i z i n g the s t a t i on a u x i l i a r y b u s , e m e r g e n c y power supp ly f e e d e r , and 
i n s t r u m e n t a t i o n f e e d e r . P l a n t e q u i p m e n t i s s t a r t e d a s needed . (1 7,1 8) At 
a,ny t i m e p r i o r to c l o s i n g the t u r b i n e - g e n e r a t o r c i r c u i t b r e a k e r , the g e n e r ­
a t o r bus s w i t c h i s c l o s e d , n o r m a l l y to the u t i l i ty b u s . 

When the t u r b i n e - g e n e r a t o r h a s b e e n b r o u g h t to a p p r o x i m a t e l y 
s y n c h r o n o u s speed , u s i n g the t r i p - t h r o t t l e v a l v e , and the g o v e r n o r h a s 
a s s u m e d c o n t r o l , t he following s t e p s a r e t a k e n : 

( l ) The g o v e r n o r s p e e d c h a n g e r i s o p e r a t e d f rom the c o n t r o l r o o m 
to p r o d u c e s y n c h r o n i s m with the s t a t i on bus f r e q u e n c y . 

(Z) G e n e r a t o r v o l t a g e i s a d j u s t e d by m e a n s of the v o l t a g e r e g u l a t o r 
c o n t r o l . 

(3) At s y n c h r o n i s m , the g e n e r a t o r c i r c u i t b r e a k e r i s c l o s e d . 

(4) Using the s p e e d c h a n g e r c o n t r o l swi t ch , l oad i s t r a n s f e r r e d to 
the g e n e r a t o r unt i l the Idaho P o w e r w a t t m e t e r i n d i c a t e s only the s i t e s u p ­
p o r t f a c i l i t i e s load . Dur ing th i s o p e r a t i o n the vo l t age r e g u l a t o r i s m a n i p u ­
l a t e d to m a i n t a i n a p o w e r f ac to r of a p p r o x i m a t e l y 0 .8 . 

(5) The Idaho P o w e r t i e c i r c u i t b r e a k e r i s o p e n e d . 

At t h i s point the g e n e r a t o r i s supply ing power to the p lan t a u x i l i a r i e s 
p lus any p o r t i o n s of the dumnay load tha t m a y be c o n n e c t e d . Suppor t f a c i l i t i e s 
p o w e r i s be ing o b t a i n e d f r o m the e x t e r n a l u t i l i t y l i n e . P l a n t shutdown i n v o l v e s 
the r e v e r s e of t h e s e o p e r a t i o n s . 

D. S y s t e m O p e r a t i o n u n d e r A b n o r m a l Condi t ions 

1 . F a i l u r e of Ut i l i ty P o w e r d u r i n g P l a n t O p e r a t i o n 

Upon f a i l u r e of u t i l i ty power d u r i n g p lan t o p e r a t i o n , the s u p p o r t 
f a c i l i t i e s l o a d m a y be p icked up bv the p lan t t u r b i n e - g e n e r a t o r . 



To accompl ish th i s , it is n e c e s s a r y only to open the manually operated main 
Idaho Power c i rcu i t b r e a k e r and close the e lec t r ica l ly operated Idaho Power 
t ie c i rcui t b r e a k e r . If it i s de s i r ed to t r ans fe r the support facil i t ies load to 
the util i ty sys tem without in ter rupt ion upon res to ra t ion of utili ty power, it is 
n e c e s s a r y to synchronize the plant turbine-gene r a t e r with the utili ty sys tem 
a c r o s s the naanually opera ted main Idaho Power c i rcu i t b r e a k e r . Alterna­
t ively, the support faci l i t ies load may be dropped t empora r i l y by opening 
the Idaho Power tie c i rcu i t b r e a k e r before closing the manually opera ted 
c i rcu i t b r e a k e r . 

2. Fa i lu re of the Turb ine -Genera to r during Plant Operation 

Fa i lu re of the t u rb ine -gene ra to r r e su l t s in immedia te automatic 
r eac to r and plant shutdown, except that the c r i t i ca l loads a r e maintained by 
the emergency power supply. Simultaneously, the turbine t r ip - th ro t t l e valve 
and genera tor c i rcu i t b r e a k e r a r e automatical ly t r ipped. All motor s t a r t e r s 
not connected to the emergency power supply drop out. The station buses 
may then be r e - e n e r g i z e d by closing the Idaho Power tie c i rcui t b r e a k e r . 
Al ternat ively , the d i e s e l - g e n e r a t o r may be s ta r ted and connected to which­
ever station bus is connected to the plant auxi l iary loads . 

3 . Plant Startup in the Absence of Utility Power 

As mentioned previous ly , the d i e se l -gene ra to r is capable of 
furnishing the power r equ i red by the plant auxi l ia r ies during plant s t a r tup . 
To accompl ish th i s , it is n e c e s s a r y that the condenser cooling fan be 
s t a r t ed f i rs t , since the resul t ing s ta r t ing cu r ren t causes a substant ial drop 
in the d i e se l -gene ra to r output vol tage. Next, one of the r eac to r feedwater 
pumps is s t a r t ed , after which the emergency power supply m o t o r - g e n e r a t o r 
set is s t a r t ed . Following th i s , the remaining auxi l ia r ies a r e s t a r t ed as 
r equ i red . 



XL REACTOR AND POWER PLANT INSTRUMENTATION AND 
CONTROL SYSTEMS 

A. Ins t rumenta t ion* 

1. Nuclear 

Measu remen t of instantaneous r eac to r power is accompl ished 
by means of six channels of neutron-detect ing ins t rumenta t ion , shown 
d iagrammat ica l ly i nF ig . 76. (In addition to the above six channels , Chan­
nel VII, which is employed to monitor a i r - e j e c t o r exhaust activity, is 
shown.) In Fig . 77 is shown the effective range of each channel. F ig ­
u re 77 is based on an ionization chamber sensi t ivi ty of 4 x 10 amp 
per unit neutron flux, a counter tube sensi t ivi ty of 4.5 counts per second 
per unit neutron flux, and a flux at the de tec tors of 4 x 10^ (n) (cm)/ 
(cm^)(sec) at a r eac to r power of 3 Mw. 

With re fe rence to F igs . 9 and 13, the neutron de tec tors a re 
posit ioned in four ve r t i ca l s ta in less s tee l ins t rument wells which ex­
tend down from the operat ing floor into the gravel shield adjacent to the 
r eac to r p r e s s u r e v e s s e l . Aluminum cages a r e employed to support the 
de tec tors cent ra l ly in the wel ls at the des i r ed height. Cooling a i r drawn 
from the operat ing floor p a s s e s f rom a manifold up through the wells and 
out through another manifold, f rom which it is eventually exhausted outside 
the building. A dra in is provided at the bottom of each well . 

The ins t rument wel ls a r e numbered clockwise around the 
r eac to r top (see Fig. 31). In addition to the r eac to r p r e s s u r e ves se l and 
ins t rument well wa l l s , the following amounts of meta l a r e in terposed be ­
tween the de tec to rs and the r e a c t o r c o r e : 

3 1 

Ins t rument wel ls Nos. 1 ,2 , and 3: 1-j in. s tee l and 5 j i n . lead. 
3 1 Ins t rument wel l No. 4: 2—- in. s tee l and l ~ i n . lead. 
8 4 

The ex t ra lead for gamma fi l tering was oraitted from in front 
of ins t rument well No. 4 to pe rmi t compar i sons in ins t rument response . 

a. Channel I 

An uncompensated, boron- l ined ionization chamber is con­
nected so that its output c u r r e n t d r ives a panel- type m i c r o a m m e t e r and 
a sensi t ive moving coil r e lay in s e r i e s . This channel provides an indica­
tion of r e a c t o r power f rom approximate ly 1% to 150% of full power. In 
addition, it s e r v e s to t r i p the r eac to r shutdown c i rcu i t s on abnormal ly high 
flux without requir ing an amplif ier . 

*H. H. Hooker 
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POSER LEVEL IN WATTS 
BY DECADES 

Referr ing to Fig. 78, it will be seen 
that increas ing ion chamber cur ren t 
to the t r ip setting of relay Kl causes 
this relay to close its contacts , 
which short c i rcui t the coil of auxil­
iary relay K2. A pair of contrac ts 
on K2, in turn, init iates reac tor 
shutdown. Adjustable shunts a re 
provided for adjustment of the 
m i c r o a m m e t e r ful l -scale sens i ­
tivity and the sensit ive re lay-
tripping cur ren t . In p rac t i ce , an 
ionization chamber cu r ren t of 
approximately 1.6 x 10~ amp is 
observed with a reac to r power of 
3 Mw. Fa i lure of the chamber 
high-voltage supply, or an un­
coupled connector in the high-
voltage or signal coaxial cables , 

also causes relay K2 to become de-energized , result ing in reac tor shut­
down. A t r i p tes t c ircui t is incorporated in the indicator chass i s ; by 
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means of this c i rcu i t a p r e s e t t es t cu r r en t may be passed through the 
m i c r o a m m e t e r and sensi t ive re lay , enabling testing of the ent i re circui t . 
With the exception of the ion chamber , al l components a re located in the 
Nuclear Panel (see Fig. 79). 

b. Channel II 

In addition to a duplication of the components coinprising 
Channel I, Channel II includes a chopper- type m i c r o m i c r o a m m e t e r having 
a maximum ful l -sca le sensi t ivi ty of 1 x 10" ' amp, and a minimum full-
scale sensi t ivi ty of 5 x 10"^ amp. This channel is useful from about 
five decades below full power to 150% full power. This channel duplicates 
the high-flux t r i p functions of Channel I. Ei ther channel may t r i p the r e ­
ac to r shutdown c i rcu i t s independently of the other . 

c. Channel III 

This channel cons is t s of a gamma-compensa ted ionization 
chamber with i ts a s soc ia ted power suppl ies , log and per iod ampl i f ie r s , and 
a log power r e c o r d e r . The log amplif ier is ca l ibra ted with the log power 
indicator and r e c o r d e r for a range from 0.0001% to 300% nominal full 
power. The per iod c i rcu i t indicates r eac to r per iod in the range of from 
-30 to infinity to +3 sec , and t r ip s the r eac to r shutdown c i rcu i t s in the 
event of a per iod shor t e r than p r e s e t amount. The per iod c i rcui t is mos t 
useful during r eac to r s ta r tup when a posit ive per iod can be maintained in 
the subcooled r eac to r . A key-ope ra t ed switch (see Fig. 80) is provided so 
that the per iod t r i p c i rcu i t may be bypassed when the reac to r is boiling. 

d. Channel IV 

In this channel , a sens i t ive , d i rec t -coupled amplif ier , 
having a fu l l -sca le sensi t ivi ty f rom 3 x 10"^^ to 1 x 10"^ amp, is used 
to m e a s u r e the output c u r r e n t of a gamma-compensa ted ionization chamber . 
The ion chamber c u r r e n t is indicated on a panel m e t e r and recorded on the 
l inear power r e c o r d e r . This channel provides information on reac to r power 
at operat ing power and below over a range of approximately seven decades . 

e. Channels V and VI 

Channels V and VI a r e essent ia l ly identical , and each consis ts 
of a BF3 propor t iona l counter and assoc ia ted high-voltage supply, a pulse 
p reampl i f i e r , a l inear pulse ampl i f ier , and a s ea l e r - coun t e r . The p r e ­
ampl i f ie rs a r e located in a panel in the reac tor building in o rde r to reduce 
the length of h igh- impedance s ignal c i rcui t . The high-voltage supplies a r e 
also located in this panel . The remaining l inear ampl i f iers and s e a l e r -
counters a r e ins ta l led in the Nuclear Panel in the control room. 
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2H HOUR 
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SYNCHRONOUS CLOCK 
PANEL ANHUNCIATOR 

ROD % P08ITIOM INDICATOR 
ROD 5 POSITION INDICATOR 
ROD 6 POSITIOS INDICATOR 
ROD S POSITIOM INDICATOR 
ROD 9 POSITIOM INDICATOR 
ROD 7 POSITIOi INDICATOR 
ROD 2 POSITION INDICATOR 
ROD I POSITION INDICATOR 
ROD 8 POSITION INDICATOR 
CHANNEL X n LOG COUNT RATE AMPLIFIER PANEL 
C H A N N E L U n REMOTE AREA HONITOR PANEL 
CHANNEL ru: SCRAM-INDICATOR SYSTEM PANEL 
CHANNEL I SCRAM-tiDICATOR SYSTEM PANEL 
CHANNEL U D.C. AMPLIFIER PANEL 
CHANNEL i n LINEAR PULSE AMPLIFIER PANEL 

18. 
19. 
20. 
21. 
22. 
23. 
2*. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 

CHANNEL i n 
CHANNEL J 
CHANNEL XI 
CODLINO FAN 

PULSE HEISHT ANALYSER PANEL 
HIGH VOLTAGE POWER SUPPLY PANEL 
HISH VOLTAGE POWER SUPPLY PANEL 

X SCALER DECADE PANEL 
SCALER DECADE PANEL 
LOS N-PERIOD AMPLIFIER PANEL 
ELECTROMETER PANEL 
LINEAR PULSE AMPLIFIER PANEL 
LINEAR PULSE AMPLIFIER PANEL 

LOG FLU)C LEVEL RECORDER 
LINEAR FLUX LEVEL RECORDER 
REACTOR CONTROL PANEL 
ELECTRIC VOLTAGE REGULATOR PANEL 
ELECTRIC VOLTAGE REflULATOR PANEL 
POWER DEMAND CONTROL SYSTEM 

CHANNEL 
CHANNEL 
CHANNEL Tir 
CHANNER IX 
CHANNEL T 
CHANNEL XL 
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A switch is provided in the reac tor control panel so that the high-voltage 
supplies may be de-energ ized when the reac tor is operating at a power 
above the counting range. This prolongs the useful life of the counter 
tubes. 
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1. COUNTER HIGH VOLTAGE COiTROL SWITCH 
2. CONTROL POWER "ON" INDICATING LIGHT 
3. CONTROL POWER KEY SWITCH 
H. CENTER ROD DROP PUSH-BUTTON 
6. REACTOR SHUTDOWN PUSH-BUTTOi 
6. PERIPHERAL ROB DROP PUSH-BUTTON 
7. CENTER ROD CONTROL SWITCB 
S. top DRIVE SELECTOR SWITCH 
9. PERIPHERAL ROB CONTROL SWITCH 
10. PERIOD SHUTDOWN BYPASS KEY SWITCH 
11. LOW PRESSURE SHUTDOWN BYPASS KEY SWITCH 
12. AN»U«CIATOR TEST AND RESET PUSH BUTTONS 

FIG. 80 
REACTOR CONTROL PANEL 

2. Plant ParaiTieters 

Instrumentat ion of plant p a r a m e t e r s consis ts of indicators 
mounted locally near the various points of measurement , and indicators 
or i n d i c a t o r - r e c o r d e r s , located in the control room, which are actuated 
by reinote t r a n s m i t t e r s . Except for a smal l panel containing the 
r e s i s t a n c e - t h e r m o m e t e r indicator and related selector switch, all con­
t rol room indication and recording of plant pa ra ine te r s is concentrated on 
the P r o c e s s Panel (see Fig. 81). An annunciator is provided on this panel 
for indicating var ious abnormal conditions (see Fig. 82). Wherever 
p rac t icab le , the annunicator obtains its operating signals directly from 
contacts mounted in the local indicators . 

The considerat ions governing the instrumentat ion design 
were as follows: (1) the sys tem should be as simple and reliable as pos ­
sible, consistent with the commerc ia l availability of proven components; 
and (2) t ransn i i s s ion of signals between the various components must be 
accomplished e lect r ica l ly . 
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1. FEED-HATER PRESSURE INDICATOR 
2. MAIM STEAM PRESSURE INDICATOR 
3. PgOCESS PiWEL ANNimCIATSR 
H. HOTWELL KATER LEVEL INDICATOR 
5. FEEO-aATER FLOB RECORDER 
6. REACTOR STEAM PRESSURE RECOROES 
7. MAIN STEAM FLOW RECORDER 
B. BYPASS STEAM FIOK RECORDER 
9. CONDENSER VACUUM RECORDER 
10. CONDENSER AIR OUTLET TEMPERATURE RECORDER 
I I. FEEO-KATER TEMPERATURE RECORDER 
12. REACTOR aATER LEVEL RECORDER 
13. MAIN STEAM PRESSURE DEVIATION INDICATOR 
lU. SYSTEM TEMPERATURE INDICATOR 
15. RESISTIVITY INDICATOR 
18. CONDENSER AIR INLET TtMPERATURE RECORDER 
17. HlfiH PRESSURE CONDENSATE RETURN TANK PUMP INDICATOR LI6HT 
18. LOU PRESSURE CONDENSATE RETURN TANK PUMP INDICATOR LIGHT 
19. CONDENSATE CIRCULATION PUMP INDICATOR LIOHTS 
20. SHIELD COOLtR PUMP INDICATOR LIGHT 
21. INSTRUMENT HELL EXHAUST FAN INDICATOR LIGHT 
22. HATER PURIFICATION PUMP CONTROL SdlTCH i INDICATOR LIGHT 
23. FEED-HATER PUMP »l CONTROL SWITCH S INDICATOR IISHTS 
211. fEED-BATER VALVE POSITION INDICATOR 
26. SET POINT SETTER (FOR ITEM 13 RANGE) 
28. BYPASS STEAM REGULATOR VALVE POSITION INDICATOR (0-3000 ppH) 
27. FEED-HATER VALVE TRANSFER t, CONTROL PUSH BUTTONS S INDICATOR LIIWTS 
26. FEED-HATER PUMP K CONTROL 
2S. BYPASS STEAM VALVE CONTROL 4 TRANSFER PUSH BUTTONS !i 

INDICATOR LIGHTS (0-3000 ppii) 
30. PROCESS PANEL TEMPERATURE SELECTOR 
31. VALVE CONTROL SHUTOOHN RESET 
32. ANNUNCIATOR RESET PUSH BUTTON 
33. ANNUNCIATOR TEST PUSH BUTTON 
3U. RESISTIVITY INDICATOR SELECTOR 
36. FAN MOTOR OFF-ON CONTROL SHITCH » INDICATOR LIGHTS 
36. CONDENSER AIR CIRCULATING FAN AMMETER 
37. MIXER DAMPER POSITION INDICATOR 
38. AIR EXHAUST DAMPER POSITION INDICATOR 
39. CONDENSER AIR CIRCULATINfi FAN CONTROL PUSH BUTTONS » INDICATOR LlfflTS 
110. MIXER DAMPER TRANSFER AND CONTROL PUSH BUTTONS I, INDICATOR LIGHTS 
111. EXHAUST DAMPER DRIVE TRANSFER & CONTROL PUSH BUTTONS S INDICATOR LIGHTS 
112. BYPASS STEAM REGULATOR VALVE POSITION INDICATOR (0-10.000 onti) 
13. BYPASS STEAM VALVE CONTROL i TRASSFER PUSH BUnOllS « INDICATOR LISHTS 

(0-10,000 ooh) 
IW. SHIELD COOLER SOLENOID VALVE OPEN PUSH BUTTON 

FIG. 81 

PROCESS I NSTRUHEHTATIOM PANEL 
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I . CONDENSER VACUUM - L0W 
2. BYPASS STEAM FLOW - HISH 
3. BYPASS VALVE PISCHARaE PRESSURE - HIBH 
». REACTOR PRESSURE - LOW 
5. COiDENSER OUTLET AIR TEMPEIATURE - HI6H 
6. COiDENSEE INLET AIR TEMPERATURE - LOW 
7. FEED PUMP DISCHAR6E PRESSURE - LOW 
8. PURIFICATION WATER TEMPERATURE - HIGH 
9. REACTOt WATER LEVEL - LOW 
10. AIR EJECTOR AFTER CONDENSER TEHPlRATtRE - BlflH 
11. SHIELB COOLER OUTLIT TENPEtATU«E - ilfiH 
12. HOTWEiL WATER LEVEL - HIBH Ot LOW 
13. REACTOR WATER LEVEL - HISH 
14. FEED PUMP AUTOMATIC SWITCHOVER 

16. MAIN STEAM PRESSURE RELIEF VALVE FLOW 
16. REACTOR PRESSURE - HISH 
17. HiaH PRESSURE COiDEHSATE TA*K LEVEL - HlflH 
18. LOW PRESSURE C0HDEN8ATE T A « LEVEL - HlflH 
19. TURBINE OIL INLET TEMPERATURE - HISH 
20. MAIM STEAM SAFETY VALVE FLOW 
21. SHIELD COOLER PUMP DISSHAR6E - LOW 
22. DIESEL flEiERATOR TROUILE 
23. SHIELD COOLER BYPASS VALVE OPEN 
an. TURBINE OIL PRESSURE - LOW 
25. EHERaEiCY POWER TROUBLE 
26. SPARE 
27. REACTOR WATER LEVEL {SESONOARY)-L©W 
28. REACTOR WATER LEVEL (SECONDARY)-HIflH 

FIG. 82 

PROCESS PA«EL ANNUNCIATOR 

Instrumentat ion of the prototype plant is intended to provide 
all information neces sa ry for an evaluation of the performance of the plant 
and its suitability for the intended application. Thus it is to be expected 
that future plants of this type will employ less instrumentat ion, and that 
indicating instrunaents will be used in many cases where indicator-
r e c o r d e r s are present ly employed in the prototype. 

a. Local Tempera tu re Indicators 

The local t empera tu re indicators (see Fig. 83) a re of 
three general types: (a) mercu ry -ac tua t ed dial t h e r m o m e t e r s ; (b) liquid-
actuated t empera tu re indica tors , other than those using mercu ry ; and 
(c) b imeta l -ac tua ted dial t h e r m o m e t e r s . Stainless steel separable sockets 
a r e used wherever the instrunaent bulbs a re inser ted in the piping system. 
Certain of these indicators a re equipped with control and/or a l a rm con­
tacts for actuation of the p r o c e s s annunciator or reac tor shutdown c i rcui t s . 
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WATER PURIFICATION (A) 
AIR PRE-COOLER VAPOR OUTLET 
WATER FROH THERMAL SHIELD 
COSLIHG COIL (C) 
REACTOR WATER (D) 
AIR EJECTOR AFTER COOLER 
VAPOR OUTLET (E) 
OPERATlHfi FLOOR (F) 
0PERATIH8 FLOOR (O) 
SRAVEL (W) 
SRAVEL (1) 
SRAVEL (J) 
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SUB-REACJOR SHIELD (L) 
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REACTOR SHIELD (CIRCUIT tl]{«] 
REACTOR SHIELD (CIRCUIT #2](0) 
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19. 
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2H. 
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26. 
27. 
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29. 
30. 
31. 
32. 
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31. 
3S. 
38. 
37. 
38. 

FUEL STORASE WELL t2, UPPER 
FUEL STORAflE WELL m, LOWER 
FUEL STORASE WELL *3, UPPER 
FUEL STORAGE WELL 13, LOWER 
CONCRETE SHIELD 
CONCRETE SHIELD 
IHSTRUMEMT WELL 
IHSTRUiEHT WELL 
IHSTRUMEMT WELL 
IHSTRUMEHT WELL 
COITROL ROD II 
CONTROL ROD #2 
COHTRSL ROD §3 
CONTROL ROD H 
CSMTROL ROD #5 
COKTROL ROD #6 
CONTROL ROD 17 
COMTROL BOD §6 
COHTROL ROD t9 
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BOTE: LETTER I ) IDENTIFIES THE INSTRUMENT TI-16 ( ) 

FIG. 83 

PROCESS PANEL TEMPERATURE SELECTOR 

The t empera tu re s causing actuation of these c i rcui t s a re l isted in F igs . 82 
and 84. The local t empera tu re indicators a re l isted in Table 20. 

b. Control Room Tempera tu re Indicators and Recorders 

I ron-constantan thermocouples a re used as t empera tu re 
detectors for the t empera tu re ins t ruments located on the P r o c e s s Panel . 
All thermocouple extension wire running from the thermocouples to the 
ins t rument t e rmina ls is i ron-constantan , and the ins t ruments incorporate 
automatic cold-junction compensation. Two groups of 1 2 thermocouples 
each a re used for measu remen t of condenser inlet and outlet average a i r 
t empera tu re . The thermocouples in each group are connected in para l le l 
through swamping r e s i s t o r s to el iminate the effect of unequal individual 
r e s i s t ances . 
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CHANNEL I FLUK . HI8H 
CHAHiEL II FLUK - HlflH 
CHANNEL III PERIOD - SHORT 
REACTOR WATER LEVEL - LOW 
REACTOR WATER LEVEL - HI6H 
REACTOR STEAH PRESSURE - LOW 
REACTOR STEAM PRESSURE - HlflH 

8. MAIM STEAM PRESSURE RELIEF VALVE FLOW 
§. MAIN STEAM SAFETY VALVE FLOW 

10. CONDENSER PRESSURE - HISH 
11. THERMAL SHIELD CIRCUIT M@. I TEMPERATURE - HlSi 
12. THERMAL SHIELD CIRCUIT NO. 2 TEMPERATURE - HlflH 
IS. SPARE 

FIG. 8JJ 
NUCLEAR PANEL ANNUNCIATOR (REACTOR SHUTDOWN) 

Table 20 

LOCALLY MOUNTED TEMPERATURE INDICATORS 

Instrument 
No. 

127 
128 
129 
131 
220 
221 
223 
224 
225 
226 
227 
229 
230 
231 
232 
233 
234 
235 
236 
237 
241 
242 
249 
250 

Measurement 

Main Steam Relief Valve Discharge 
Air-ejector After-condenser 
Turbine Oil Cooler Oil Outlet 
Main Steam Safety Valve Discharge 
Purification System Water 
Retention Tank 
Condensate to Precooler 
Condensate from Precooler 
Turbine Gland Seal Leakage After Precooler 
Shield Cooler Outlet, Circuit No. 1 
Shield Cooler Outlet, Circuit No. 2 
Shield Cooler Inlet 
"Water to Space-heating System 
Water from Space-heating System 
Condensate from Holwell 
Steam End Turbine Bearing 
Exhaust End Turbine Bearing 
Inboard Generator Bearing 
Outboard Generator Bearing 
Turbine Gear Drain Sump 
Thermal Shield, Curcuit No. 1 
Thermal Shield, Circuit No. 2 
Turbine Oil Tank 
Turbine Oil Cooler Outlet 

Reference 
Flow Diagram 

Figure No. 

17 
18 
19 
17 
40 
40 
18 
18 
18 
19 
19 
19 
17 
17 
18 
17 
17 
17 
17 
17 
19 
19 
19 
19 



Resis tance t e m p e r a t u r e de tec tors a r e used with an 
indicator and se lec tor switch to m e a s u r e condenser inlet a i r t e m p e r a ­
ture at five specific points . This ins t rument was insta l led as an aid to 
init ial balancing of the a i r flow through the condenser . The control 
room t empera tu re ins t ruments a r e l is ted in Table 21. 

Table 21 

CONTROL ROOM TEMPERATURE INDICATORS AND RECORDERS 

Ins t rument 
No. 

7 
9 

11 

16 

137 

Measuremen t 

Feedwate r (Recorder , 0-400°F) 
Condenser Inlet Air (Recorder , 

0-300°F) 
Condenser Outlet Air (Recorder , 

0-300°F) 
System T e m p e r a t u r e s (48-point 

Indicator , 0-500°F, see Fig . 83) 
Condenser Inlet Air ( indicator , 

-60 to +60°F) 

Fig. 81 
Detail 

No. 

11 

16 

10 

14,30 

-

Reference 
Flow Diagram 

F igure No. 

18 

18 

17 

18,19,21 

18 

c. Local P r e s s u r e Indicators and Switches 

The local p r e s s u r e indicators a r e s tandard bourdon tube 
powered gauges, ce r t a in of which a re equipped with po in te r -ac tua ted con­
tacts for control and a l a r m functions. However, the p r e s s u r e - a c t u a t e d 
reac to r - shu tdown c i rcu i t s ut i l ize bourdon tube powered m e r c u r y switches . 
These were se lec ted because of the i r g r e a t e r mechanica l ruggedness and 
immunity to vibrat ion. The local p r e s s u r e indicators and switches a re 
l i s ted in Table 22. 

d. P r o c e s s Pane l P r e s s u r e Indicators and Reco rde r s 

The p r e s s u r e (and vacuum) t r a n s m i t t e r s which furnish 
s ignals to the p r o c e s s panel ind ica tors and r e c o r d e r s a r e of the force ba l ­
ance type. They cons is t of a bourdon tube p r e s s u r e - s e n s i t i v e e lement 
which is mechanica l ly coupled to a balanced beam. The beam in turn is 
e lec t romagnet ica l ly coupled to an e lec t ronic osc i l la tor which compr i s e s 
one a r m of a Wheatstone br idge . Deflection of the bourdon tube with p r e s ­
sure deflects the beam and detunes the osc i l la tor . The output c u r r e n t due 
to the resul t ing br idge unbalance va r i e s uniformly with p r e s s u r e over a 
range from 0.5 to 5.0 ma . This c u r r e n t reba lances the beam in a slightly 
different posit ion and s e r v e s as the input signal for the assoc ia ted indicator 
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or r eco rde r . This type of t r a n s m i t t e r was selected because of its compat­
ibility with both types of indicator and r eco rde r (see below), and because 
the dc output signal is much less subject to interference caused by e lec t ro ­
magnetic coupling with nearby power cables . 

In order to expand the scale cal ibrat ion in the normal oper ­
ating range and to inc rease the control sensit ivity, the P r e s s u r e Deviation 
Indicator ( instrument No. 5, Table 23) uti l izes a modified input circuit . 

T a b l e 22 

L O C A L L Y M O U N T E D P R E S S U R E I N D I C A T O R S AND SWITCHES 

I n s t r u m e n t 
No. 

123 
125 
126 
132 
133 
136 
140 
201 
202 
203 
205 
206 
20'-* 
210 
211 
212 
213 
214 
215 
243 
247 

M e a s u r e m e n t 

M a i n S t e a m B y p a s s V a l v e D i s c h a r g e 
F e o d w a t e r P u m p No. 1 D i s c h a r g e 
F e e d w a t e r P u m p No. 2 D i s c h a r g e 
C o n d e n s e r ( P r e s s u r e Switch) 
R e a c t o r S t e a m 
A i r F i l t e r D i f f e r e n t i a l ( G r a v e l Vent) 
R e a c t o r S t e a m ( P r e s s i i r e Switch) 
P u r i f i c a t i o n S y s t e m W a t e r 
R e t e n t i o n T a n k Pum.p D i s c h a r g e 
M a i n S t e a m 
S t e a m to C o n d e n s e r A i r E j e c t o r 
S t e a m to G l a n d A i r E j e c t o r 
H o t W a t e r H e a t e r S h e l l 
T u r b i n e S t e a r a In l e t 
T u r b i n e F i r s t S tage 
T u r b i n e E x h a u s t 
T u r b i n e B e a r i n g Oil 
T u r b i n e S t e a m E n d G l a n d 
T u r b i n e E x h a u s t End G l a n d 
Sh i e ld C o o l e r P u m p D i s c h a r g e 
P u r i f i c a t i o n S y s t e m P u m p D i s c h a r g e 

( P r e s s u r e Switch) 

R e f e r e n c e 
F l o w D i a g r a m 

F i g u r e N o . 

17 
18 
18 
17 
17 
21 
17 
40 
40 
17 
!7 
17 
17 
17 
17 
17 
19 
17 
17 
19 

40 

T a b l e 23 

P R O C E S S P A N E L P R E S S U R E I N D I C A T O R S AND R E C O R D E R S 

I n s t r u m e n t 
No . 

1 

3 

4 

5 

12 

T r a n s m i t t e r 
No. 

101 

102 

103 

122 

106 

M e a s u r e m e n t 

F e e d w a t e r ( I n d i c a t o r , 
0 - 4 0 0 p s i g ) 

M a i n S t e a m ( I n d i c a t o r , 
0 - 4 0 0 p s i g ) 

C o n d e n s e r ( R e c o r d e r , 
30 in . Hg V a c . to 
0 to 30 p s i g ) 

M a i n S t e a m ( P - P o , 
- 2 0 to ^20 p s i ) 

R e a c t o r S t e a m 

F i g . 81 
D e t a i l 

No. 

1 

2 

9 

13 
6 

Ref e r e nc e 
F l o w 

D i a g r a m 
F i g u r e No. 

18 

17 

17 

17 
17 



The assoc ia ted t r a n s m i t t e r (T ransmi t t e r No. 122, Table 23) has a 
s u p p r e s s e d - z e r o operat ing range f rom 230 to 350 ps ig . The indicator 
has a fu l l -scale range of 40 ps i , ca l ib ra ted from -20 to +20 psi . A 
manually opera ted ze ro - se t t i ng poten t iometer , ca l ibra ted from 270 to 
310 ps ig , is provided on the P r o c e s s Pane l for sett ing the p r e s s u r e at 
which the indicator reads ze ro . This is accomplished by adding a con­
stant (but adjustable) voltage to the t r a n s m i t t e r output. Control s l ide -
w i r e s in this ins t rument furnish control signals for main s team bypass 
valve and control rod drive autoinatic control c i r cu i t s . 

The P r o c e s s Pane l p r e s s u r e indica tors and r e c o r d e r s 
a re e i ther suitably ca l ibra ted d i r e c t - r e a d ing m i l l i a m m e t e r s or self-
balancing po ten t iomete r - type mi l l i vo l tme te r s . These ins t ruments a r e 
l i s ted in Table 23. 

e. Locally Mounted Level Indicators and Switches 

The l eve l -measu r ing devices a re of s eve ra l different types . 

Standard sight g lass gauges a r e provided for measu r ing 
wate r level in the: 

(1) hot well ; 
(2) w a t e r - s t o r a g e tank; 
(3) space-hea t ing surge tank; and 
(4) shield cooler surge tank. 

Retention tank level is m e a s u r e d by using a hand-pumped 
bubbler- type ins t rument . 

The condensate r e t u r n tank level swi tches , used for pump 
control and level a l a r m s , a r e two-s tage , f loa t -opera ted m e r c u r y switches . 

The r eac to r wa te r level a l a r m switch device cons is t s of a 
d i sp l ace r - to rque - tube a s sembly , the output shaft of which is coupled to two 
adjustable a l a r m swi tches . The device initially cons idered for this appl ica­
tion involved sampling the fluid in the r eac to r at th ree different levels by 
discharging it through an orifice to the condenser . A p r e s s u r e gauge con­
nected to the h i g h - p r e s s u r e side of the orif ice would thus pe rmi t identifi­
cation of the fluid being d i scharged as wa te r , m ix tu re , or s team. At best , 
this -would pe rmi t only a de te rmina t ion of water level between l imi t s . In 
addition, such a device r e q u i r e s manual operat ion each t ime a reading is 
des i red . 

The p r e s e n t ins t rument , although it automatical ly furnishes 
an a l a r m when wa te r level is outside the p r e s e t l i m i t s , has proven to be dif­
ficult to adjust accura te ly , and has been found to exhibit cons iderable h y s ­
t e r e s i s in switch actuation. 



The local level ins t ruments and switches a re l is ted m 
Table 24. 

Table 24 

LOCALLY MOUNTED LEVEL INDICATORS AND SWITCHES 

Ins t rument 
No. 

110 
118 
119 

120 

248 

Measuremen t 

Reactor Water 
Retention Tank 
H i g h - p r e s s u r e (HP) Condensate 

Return Tank 
L o w - p r e s s u r e (LP) Condensate 

Return Tank 
Water Storage Tank 

Reference 
Flow Diagram 

Figure No. 

18 
40 

18 

20 
19 

f. P r o c e s s Pane l Level Ins t ruments 

Hot well and r eac to r wa te r level measureixients a re 
t r ansmi t t ed to the P r o c e s s Panel . 

The hot well level t r a n s m i t t e r is of the beam balance type. 
It is s imi l a r to the p r e s s u r e t r a n s m i t t e r s descr ibed previously , but ut i l izes 
a differential p r e s s u r e bellows as a p r i m a r y sensing element . The P r o c e s s 
Panel indicator is a m i l l i a m m e t e r . 

The r eac to r level t r a n s m i t t e r cons is t s of a d i sp lace r -
torque- tube mechan i sm which is coupled to a movable core differential 
t r a n s f o r m e r . Although the beam balance t r a n s m i t t e r is considered to be 
genera l ly m o r e suitable for r easons outlined previously , it was not used 
he re for the following r e a s o n s : 

(1) The t r a n s m i t t e r is located on the r eac to r vesse l head 
inside the concre te top shield (see Fig. 31). Any maintenance , such as 
r ep lacement of a vacuum tube, would then requ i re moving one or m o r e 
shielding blocks . 

(2) The ambient t e m p e r a t u r e at the t r a n s m i t t e r may at 
t imes approach 400°F. This is considerably higher than ordinary compo­
nents of e lec t ronic c i rcu i t s can withstand without damage. 



The t ransmi t t ing differential t r a n s f o r m e r is connected to 
a servo r ece ive r m the P r o c e s s Pane l , which contains a second differential 
t r a n s f o r m e r . This unit detects any unbalance between the two t r a n s f o r m e r s 
and reposi t ions the core of the r ece ive r t r a n s f o r m e r to r e - e s t a b l i s h ba l ­
ance. In so doing, a r e t r ansmi t t ing s l idewire is reposi t ioned. The dc 
output signal der ived from the s l idewire s e rves as an input to the r eac to r 
wa te r level record ing ins t rument . The servo r e c e i v e r is equipped with 
high and low-level r eac to r shutdown contacts . The level r e c o r d e r is 
equipped with high and low-level a l a r m contacts , and provides one of the 
three inputs to the feedwater control sys tem. 

Additional information on these ins t ruments is l i s ted in 
Table 25. 

Table 25 

PROCESS PANEL LEVEL INSTRUMENTS 

Ins t ru ­
ment No. 

14 

15 

T r a n s ­
m i t t e r 

No 

108 

109 

Measuremient 

Reactor Water (Recorder , 
-6 ft 6 in. to 5 ft 6 in.) 

Hot well (Indicator) 

Fig . 81 
Detail 

No. 

12 

4 

Reference 
Flow 

Diagram 
F igure No. 

18 

18 

g. Locally Mounted Flow Ins t ruments 

Except for the s imula ted space-heat ing sys tem wate r flow 
m e t e r , which is a m e r c u r y m a n o m e t e r , al l local f lowmeters a r e of the 
t apered tube-float type These a r e l i s ted in Table 26. 

Table 26 

LOCALLY MOUNTED FLOW INSTRUMENTS 

Ins t ru ­
ment No. 

114 
115 
116 
117 

T r a n s m i t t e r Measuremen t 

Retention Water Pump Discharge 
Pur i f ica t ion System Water 
Air Ejec tor System Exhaust 
Water and Space-heat ing Heat Exchanger 

Reference 
Flow 

Diagram 
F igure No. 

40 
40 
18 
17 



h. P r o c e s s Pane l Flow Ins t ruments 

Fo r the flow m e a s u r e m e n t s which a r e t r ansmi t t ed to 
the control room, flow nozzles a r e used m conjunction with differential 
p r e s s u r e cel ls and beam balance t r a n s m i t t e r s . The t r a n s m i t t e r s a re 
s imi la r to the previous ly descr ibed p r e s s u r e t r a n s m i t t e r s , but differ 
in that the output cu r r en t signal is propor t ional to the square root of 
the input p r e s s u r e difference. The assoc ia ted P r o c e s s Panel ins t ru ­
ments a r e all self-balancing poten t iometer - type r e c o r d e r s . The feed-
water and main s team flow r e c o r d e r s a lso furnish input signals to the 
feedwater control sys tem. These ins t ruments a r e l is ted in Table 27. 

Table 27 

PROCESS PANEL FLOW INSTRUMENTS 

Ins t ru-
inent 
No. 

6 
8 

13 

T r a n s ­
mi t t e r 

No. 

104 
105 
107 

Measu remen t 

Feedwate r (0-10,000 Ib /hr ) 
Bypass Steam (0-3,000 Ib /hr ) 
Main Steam (0-10,000 Ib/hr) 

Fig. 81 
Detail 

No. 

5 
8 
7 

Reference 
Flow 

Diagram 
Figure No. 

18 
17 
17 

i Wa te r - r e s i s t i v i t y Measurement 

A w a t e r - r e s i s t i v i t y measu ren ien t of the raw water de-
m i n e r a l i s e r effJuent ( ins t rument No. 121, Fig 19) is made locally. This 
ins t rument is connected to a m o t o r - o p e r a t e d valve in the deminera l i ze r 
inlet line so that the valve automatical ly c loses when the effluent res is t iv i ty 
falls below a p r e s e t value 

Two t e m p e r a t u r e - c o m p e n s a t e d cel ls a re used to m e a s u r e 
water res i s t iv i ty at the purif icat ion sys tem influent and effluent, r e s p e c ­
tively ( ins t rument Nos RI-19A and 19B, Fig. 40). These cel ls a r e connected 
through a se lec tor switch to the P r o c e s s Panel res i s t iv i ty indicator ( ins t ru­
ment No 19, Fig 81 , Detail No. 15). 

j Pos i t ion Indication 

Except for the control rod d r ives , al l posit ion indication is 
accompl ished by means of rheos t a t s , mounted in the dr ive uni ts , which a r e 
connected to ac vo l tme te r s on the P r o c e s s Panel . The indicator sys tems 
a re energized from the 120-volt ac ins t rument supply. The indicators a r e 
l is ted in Table 28. 



194 

Table 28 

PROCESS PANEL POSITION INDICATORS 

Posi t ion Measuremen t 

Feedwater Valve 
Bypass Valve "A" (0-3,000 Ib /hr ) 
Bypass Valve " B " (0-10,000 Ib /hr ) 
Mixer Damper 
Exhaust Damper 

Fig. 81 
Detail 

No. 

24 
26 
42 
37 
38 

k. Condenser Fan Motor Curren t 

An a m m e t e r is provided on the P r o c e s s Panel to indicate 
condenser fan motor cu r r en t . A 200 /5 -amp cu r r en t t r a n s f o r m e r , located 
in the Motor Control Center (see Fig . 6) supplies ins t rument cu r r en t 
propor t ional to motor line cu r r en t . 

1. Annunc iato r 

A 36-point annunciator is ins ta l led on the P r o c e s s Panel 
to indicate var ious abnormal conditions in the plant. All alarm, points a r e 
connected to control contacts which a r e closed under normal operat ing 
condit ions. The annunciator indicates visual ly and audibly when a pa i r of 
control contacts opens. The var ious plant conditions causing annuncia­
tion a r e l i s ted in F ig . 82. 

3. Radiation Monitoring 

The following components a r e used to m e a s u r e radiat ion levels 
in the p l a n t : ^ ! } 

(a) Area radia t ion moni tor 
(b) Air e jec tor exhaust activity moni tor 
(c) Continuous a i r moni tor 
(d) Po r t ab l e survey m e t e r s 

a. Area Monitoring System 

The a r e a rad ia t ion-moni tor ing sys t em ut i l izes five sensing 
uni ts , one of which is mounted at or near each of the following points in the 
plant I 



(1) 

(2) 

(3) 

(4) 

(5) 

Location 

Hot well 

Feedwater f i l ter 

Main steaixi line 

Turbine 

Purif icat ion sys t em vault 

Ins t rument Range 

0.1 to 100 m r / h r 

0.1 to 100 m r / h r 

0.1 to 100 m r / h r 

0.1 to 100 m r / h r 

1 0 m r / h r to 10 r / h r 

Each sensing unit contains an ionization chamber and an e l ec t romete r tube, 
the cu r r en t through which is propor t iona l to the logar i thm of the intensity 
of the incident radiat ion. Five m i c r o a m m e t e r s in the control room indi­
cate the output cu r r en t of the sensing units., and a r e equipped with adjustable 
a l a r m contacts which may be set at any point in the th ree-decade range. 
Individual indicating lights and a common P r o c e s s Panel Annunciator point 
a r e actuated upon closing the a l a r m contacts . 

b. A i r - e j ec to r Exhaust Activity Monitor 

The purpose of this monitor ing sys tem is to detect fai lure 
of the fuel plate cladding by a continuous m e a s u r e m e n t of the gaseous f i s ­
sion product activity in the a i r - e j e c t o r exhaust s t r e a m . Referr ing to 
Fig. 76, a gamma-sens i t i ve scint i l la t ion counter with its associa ted pulse 
preampl i f ie r is mounted adjacent to the a i r - e j ec to r exhaust stack (see 
Fig . 18). Pu l ses f rom this unit a r e amplified by a l inear amplif ier . The 
amplified pulses a r e then fed to a s ingle-channel differential pulse-height 
ana lyzer which se lec ts the pulses having an energy corresponding to the 
decay of xenon-135 and t r a n s m i t s them to an indicating logar i thmic count 
ra te m e t e r . Exper ience with the EBWR indicates that a cer ta in amount of 
xenon-135 activity, p ropor t iona l to r e a c t o r power, is to be expected in the 
a i r - e j e c t o r exhaust . A sudden substant ia l r i se in the m e a s u r e d activity 
will be cons idered indicative of fai lure of a fuel plate cladding. 

c. Continuous Air Monitor 

An a i r - p a r t i c u l a t e moni tor is provided. This continuously 
moni to r s a f i l ter through which ambient a i r is drawn. The unit includes 
an in tegra l a l a r m and, in addition, is connected to the annunciator on the 
P r o c e s s Panel . Automatic range switching is provided, with ful l -scale 
ranges of 0-2000, 0-10,000, and 0-20,000 counts per minute. 

d. Por tab le Survey Me te r s 

Por tab le radia t ion survey m e t e r s a r e used for per iodic 
m e a s u r e m e n t s of radiat ion intensi ty at var ious specific points in the plant 
during operat ion. These ins t rumen t s a r e also used for assur ing personnel 
safety during inaintenance opera t ions involving radioact ive m a t e r i a l s . 



B. Control Sys tems 

1. Reactor 

a. Startup and Shutdown In ter locks* 

Reactor power is control led by positioning five cadmium 
control rods in the co re . (Although provis ion is made for nine control 
rods , five c r o s s and four t ee , the four tee rods located at the edge of the 
core a r e not used -with the p r e sen t 40-fuel a ssembly core loading; see 
Fig. 12). The rods a r e dr iven by 3-phase induction m o t o r s , which a r e 
coupled to rack-and-p in ion- type dr ive mechan i sms through combination 
e lec t romagnet ic and freewheeling mechanica l c lutches . The moto r s a r e 
equipped with in tegra l b r akes to e l iminate coast ing. Thus , in ter rupt ion 
of power to the magnet ic c lutches p e r m i t s the rods to fall into the r eac to r 
shutdown posi t ion while the mechanica l clutch p e r m i t s posit ive "dr ive- in" 
in the event of sticking. F a s t shutdown of the r eac to r is effected by de -
energizing the e lec t romagnet ic c lu tches . Simultaneously, the control rod 
dr ive m o t o r s a r e energ ized in a t imed sequence to dr ive in. Based on the 
design for nine control rods , they a r e energ ized in groups of four, t h r ee , 
and two, with s ta r t ing t ime delays of z e r o , — sec , and 1 sec , respect ive ly . 
This was n e c e s s a r y in o rde r to avoid imposing al l rod dr ive m o t o r -
s tar t ing c u r r e n t s on the emergency power supply s imultaneously with the 
consequent s eve re voltage drop. 

Actuation of the r eac to r shutdown inter locks automatical ly 
causes the follo^ving additional even ts : 

(1) The automatic demand control sys t em is switched 
off "automat ic ." 

(2) The turbine throt t le valve is t r ipped. 

(3) The gene ra to r main c i rcu i t b r e a k e r and field c i rcu i t 
b r e a k e r a re t r ipped. 

(4) The feedwater valve and both s team bypass valves a re 
t r ipped off "automat ic" and a r e dr iven closed. (Operation of a r e s e t push­
button is n e c e s s a r y to r e s t o r e manual control . ) 

(5) The condenser a i r sys tem damper and fan speed con­
t ro l s a r e switched from "automat ic" to "manual . " 

F igu re 85 shows the c i rcu i t a r r a n g e m e n t of the r eac to r 
s ta r tup and shutdown in te r locks . The contacts shown as 30A1, e t c . , a r e 
shutdown annunciator re lay contacts . These a r e re la ted to the shutdown 
contacts in the var ious i n s t rumen t s , as shown typically in Fig. 86. 

*H. H. Hooker 
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125 V. dc 

SA ^ SR =;: 

INITIATING 
CONTACTS 

H 

1-1 

i SELENIUM 
CONTACT 
' PROTECTOR 

STZl 

0 © 

H 

0 
1 ^ TO SHUTDOWN CIRCUIT 

SERIES STRING 

FIG. 86 
TYPICAL SHUTDOWN 

ANNUNCIATOR CIRCUIT 

This c i rcui t arrangenaent provides an identifying visual signal on the 
shutdown annunciator, which p e r s i s t s until manually r e se t , even though 
the initiating contacts may have rec losed. All ins t rument -ac tua ted shut­
down inter locks a re connected to the shutdown annunciator. The r eac to r 
and plant conditions which cause actuation of the various contacts a r e 
l is ted below. 

(1) LiS51 to LS59, inclusive: "Rod in" l imit switches 
(shown for nine control rods). These switches a re mounted on the control 
rod dr ives and are closed when the respect ive control rods a re completely 
inser ted . 

(2) 30A1 : Channel I neutron flux, high; reac tor power 
g rea te r than approximately 4 Mw (see Fig. 78). 

(3) 30A2; Channel II neutron flux, high; reac tor power 
g rea te r than approximately 4 Mw. 

(4) 30A3: Channel III r eac to r period, shor t -contac ts set 
for per iods of the o rde r of 1 0 sec . The per iod circui t does not yield 
meaningful inforination during s teady-s ta te operation above ^^10% of full 
power. To prevent spurious shutdowns, the period shutdown contacts 
a re bypassed in this region by means of key switch lK-2 . 

(5) 30A4: Reactor water level, low; less than 2 ft 9 in. 
above reac to r core . 
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(6) 30A5: Reactor water level , high; more than 5 ft 3 in. 
above r eac to r co re . 

(7) 30A6: Reactor s team p r e s s u r e , low; l ess than 
250 psig. The purpose of this in ter lock is to guard against possible in­
stabili ty accompanying boiling operat ion at full power and low p r e s s u r e . 
Key switch l K - 3 is used to bypass the inter lock during reac tor s tar tup. 

(8) 30A7: Reactor s t eam p r e s s u r e , high; more than 
340 psig. 

(9) 30A8: Main s team p r e s s u r e - r e l i e f valve, flow. 
Flow through this valve is sensed by a t empe ra tu r e detector on the d i s ­
charge side of the valve. The valve opens at 350 psig. 

(10) 30A9. Main s team safety valve, flow. Flow through 
this valve is a lso sensed by a t e m p e r a t u r e detector . The valve opens at 
385 psig. 

(11) 30A10: Condenser p r e s s u r e , high; g r e a t e r than 
3.5 psig. 

(12) 30A11: The rma l shield (circui t No. 1) t e m p e r a t u r e , 
high; above 400°F. 

(13) 30A12: The rma l shield (circuit No. 2) t e m p e r a t u r e , 
high; above 400°F. 

(14) P . B . 3 : Reactor shutdown pushbutton, located on the 
High Voltage Supply Pane l on the operat ing floor. 

(15) P .B .4 : Reactor shutdown pushbutton, located on the 
Reactor Control Panel in the control room. 

Before control rods can be withdrawn following a shutdown: 

(1) All rods mus t be fully inser ted . This condition is 
indicated by individual "Rod In" l ights on the Nuclear Panel (see Fig. 79). 

(2) All i n s t rumen t -ac tua ted shutdown c i r cu i t s , excepting 
Reactor P r e s s u r e , Low, mus t be sat isf ied as indicated on the shutdown 
annunciator (see Fig . 84). 

(3) The Reactor P r e s s u r e , Low; shutdown bypass key 
switch mus t be c losed (see Fig . 80) 



(4) The control power key switch mus t be closed. Control 
power is taken from the emergency ac supply c i rcui t so that operat ion of 
the shutdown a l a r m bell is independent of the no rma l ac supply. The con­
t ro l power re lay (86 -1 , F ig . 85), however , is energ ized f rom the no rma l 
ac line so that a power fai lure will cause a r eac to r shutdown. 

b. Manual Control* 

Control rods Nos. 1, 3, 5, 7 and 9 a r e used with the 40-fuel 
a s sembly core . Rod No. 9 is the center c r o s s rod, and rods Nos. 1,3,5, 
and 7 a r e the remaining four c r o s s rods (see Fig. 12). F igure 87 shows 
the rod dr ive motor cont ro l c i r cu i t s for control rods Nos. 1 and 9. The 
c i rcu i t shown for control rod No.l is typical also of that used with Nos. 3, 
5, and 7. Power for all control rod dr ive m o t o r s is supplied by the 
emergency power sys t em. Thus e lec t r i c power is continuously available 
for the automatic d r ive - in feature desc r ibed in the preceding sect ion (a). 
Standard mechanica l ly and e lec t r i ca l ly in ter locked combination reve r s ing 
magnet ic s t a r t e r s a r e used. These a r e cen t ra l ized in a rod drive motor 
control center in the control room. 

A s ing le - tu rn synchro t r a n s m i t t e r is gea red to each rod 
drive pinion shaft and is connected e lec t r i ca l ly to a companion synchro 
r ece ive r in the Nuclear Pane l for rod posi t ion indication. The indicator 
pointer ro ta tes approximate ly 270 degrees for a control rod t r ave l of 
30 in., and is accu ra t e to approximate ly 0.1 in. 

Two rod dr ive control switches a r e provided on the Reac ­
tor Control Panel . Refer r ing to F ig . 87, one switch (1-1) may be connected 
to control any one of the p e r i p h e r a l rod dr ives by means of a se lec tor 
switch (43). Additional contacts on this switch energ ize the "Selector 
Rod" indicating light beneath the appropr ia te rod posi t ion indicator . In te r ­
locking contacts in the cont ro l switches prevent the s imultaneous withdrawal 
of the cen te r rod and any of the pe r i phe ra l rods . 

Contacts in the r eac to r shutdown c i rcu i t (86-2) automatical ly 
opera te the rod dr ives in the "In" d i rec t ion following a shutdown signal. 

Limit switches ( L S l l , LS21, e tc . ) , which a r e mounted on 
the rod dr ive m e c h a n i s m s , stop the dr ive m o t o r s and energ ize "Rod In" 
and "Rod Out" indicating l ights at the e x t r e m e s of t r ave l . These l ights 
a r e also located immedia te ly beneath the rod posit ion ind ica tors . 

Shown in Fig . 88 a r e the control contacts assoc ia ted with 
the automatic demand control sys t em (see sect ion c). 

*H. H. Hooker 
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AUTOMATIC ROD DRIVE CONTROL CIRCUITS 

Two "Rod Drop" pushbuttons a re provided on the Reactor 
Control Panel . The action of these pushbuttons is different from the 
"Reactor Shutdown" pushbutton (see section a) in seve ra l r e spec t s . With 
reference to Fig. 85, it will be seen that one pushbutton (PB6) is shunted 
by contacts on switch No. 43 for all but the selected control rod (No. 1 is 
shownin the figure). Thus depress ing pushbutton No. PB6 will d e - e n e r g i z e 
clutch coil No. CLl and pe rmi t control rod No. 1 to drop. Similar ly, 
pushbutton No. PB5 is connected to clutch coil No. CL9 for control rod 
No. 9. These pushbuttons a r e used in conjunction with the measu remen t of 
the t ime requi red for each rod to drop from a given position in the "rod-
drop t e s t s . " The action differs fur ther from that of the r eac to r shutdown 
c i rcu i t s in that the affected control rod falls only while the pushbutton is 
depressed . None of the auxil iary shutdown switching action, descr ibed in 
the preceding section (a) takes place he re . 

The control rod drive clutches a r e supplied 90 volts 
dc by a rect i f ier . The rect i f ier , in turn , is energized from the normal 
ac l ine. Fa i lu re of the normal power source will de-energ ize the c lutches , 
if for some reason relay No. 86-1 does not drop out. 



c. Automatic Power Demand* 

The design r equ i r emen t s (see Appendix V) specified that 
the r eac to r plant have the ability to adjust the power generat ion, and hence 
the s team output, to mee t the e l ec t r i ca l and space-hea t sys tem load de­
mand placed upon the power plant. Also specified was rel iable operation 
for prolonged per iods of t ime with the min imum of supervision. 

All previous boiling r e a c t o r s requ i red manual operat ion 
of control rods in o rde r to change r eac to r power and used an auxil iary 
s t eam-bypass sys tem to control r eac to r p r e s s u r e . An auxil iary s t eam-
bypass sys tem can handle smal l load i nc rea se s up to the amount of s t eam 
being bypassed or load d e c r e a s e s up to the full capacity of the bypass 
sys tem. Any design based on s team bypass which is expected to handle 
load i n c r e a s e s r equ i r e s s t eam to be continuously passed through the 
bypass in the amount of the ant icipated load inc rease . Where only e l ec ­
t r i c a l genera t ion is requi red , the s team being passed through the bypass 
was tes power and lowers plant efficiency. 

The ALPR is the f i r s t boiling reac tor designed with auto­
mat ic control of r eac to r power and does not requi re a s t eam-bypass s y s ­
tem to control r eac to r p r e s s u r e . The design provides for automatic 
adjustment of r e a c t o r power genera t ion to mee t load demand in any com­
bination of space-heat ing or e l ec t r i c a l load, including zero space-hea t 
load. The ability to operate only the tu rb ine -gene ra to r unit, without waste 
bypass s t eam, i nc rea se s the plant efficiency and consequently extends the 
r eac to r core life. The automatic fea ture e l iminates the necess i ty of full-
t ime at tendance of a r e a c t o r opera to r to follow load changes by moving 
control rods manual ly , and fulfills the design requ i rement s of min imum 
supervis ion. 

The ability of the r e a c t o r to automatical ly follow changes 
of e l ec t r i ca l and space-heat ing load p e r m i t s independent operat ion of a 
governor sy s t em to de te rmine the amount of s team requi red by the turb ine-
genera tor unit, and a t e m p e r a t u r e - c o n t r o l sys tem to de termine the amount 
of s t eam requ i red for space-hea t ing pu rposes . 

F igure 89 is a block d iag ram of the plant power demand 
control sys t em. The port ion of the d i ag ram enclosed by the dashed line 
and r e f e r r e d to as "Reactor Dynamics , " includes all effects taking place 
within the r eac to r p r e s s u r e ve s se l . The feedwater control sys tem and 
the automatic power demand sys tem a r e shown as loops external to the 
r eac to r p r e s s u r e vessel . (33) 

*W. C. Lipinski 
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Any differential between the s team load ( turb ine-genera tor 
unit plus space-heat ing sys tem) and r eac to r steaixi generat ion resu l t s in 
a ra te of change of p r e s s u r e . The difference between the actual p r e s s u r e 
and the p r e s s u r e re ference r e su l t s in a p r e s s u r e e r r o r . If the p r e s s u r e 
is r i s ing , the center control rod (rod No. 9) is inser ted in propor t ion to 
the p r e s s u r e change to d e c r e a s e r eac to r power. 

The rod posi t ion control sys tem positions the center rod 
in propor t ion to the p r e s s u r e e r r o r . Existing equipment used for manual 
control rod operat ion, consis t ing of motor s t a r t e r , drive ixiotor, and drive 
mechan i sm, is incorpora ted in an on-off-type pos i t ion-control sys tem. A 
commerc ia l ly available re lay araplifier with adjustable gain and r e se t 
ra tes is used for e r r o r detect ion between control rod posit ion and p r e s s u r e . 

The rat io of control rod s t roke to p r e s s u r e e r r o r is ad­
justed to es tab l i sh equi l ibr ium reac to r power without overshoot in min i ­
mum t ime with respec t to a load change. With proport ional action only, 
the r eac to r p r e s s u r e will change and is di rect ly propor t ional to t e ac to r 
power under steady power operat ion. Reactor p r e s s u r e is maintained at 
300 psig at all loads by introducing r e s e t action. The ra te of r e s e t is ad­
justed to r e s t o r e r eac to r p r e s s u r e (after a load change) to 300 psig as 
rapidly as possible without overshoot . 

Supervisory in te r locks a r e used to t r ans fe r the center rod 
control f rom automatic to manual in the event some iTialfunction develops in 
control equipnient. The foUowijag conditions resu l t in immedia te t ransfe r 
to manual operat ion and a r e audibly annunciated: 

(1 

(2 

(3 

(4 

(5 

(6 

(7 

Reactor Control Panel power off. 

P - P Q p r e s s u r e indicator power off. 

Reactor p r e s s u r e e r r o r l e s s than -19 ps i . 

Reactor p r e s s u r e e r r o r g r ea t e r than +19 ps i . 

Center control rod posit ion l e s s than 15.4 in. 

Center control rod posit ion more than 22.9 in. 

Steam bypass control sys tem in "automat ic ." 

2. Reactor P r e s s u r e * 

During manual power operat ion, the reac tor opera tes at a con­
stant power level de te rmined by the sett ing of the control rods . The s team 
from the r e a c t o r flows e i ther to the tu rb ine -gene ra to r unit or through a 

*W. C. Lipinski 



bypass valve which admits s t eam to the space-heat ing heat exchanger (see 
Fig . 11). Reactor s t eam p r e s s u r e is control led by automatical ly adjusting 
the ra te of flow of bypass s t eam in propor t ion to a p r e s s u r e e r r o r , as 
shown in Fig. 90. 

Any differential between the s team load r equ i remen t and 
reac to r s t eam genera t ion re su l t s in a ra te of change of p r e s s u r e . The dif­
ference between the actual s t eam p r e s s u r e and the p r e s s u r e re fe rence r e ­
sults in a p r e s s u r e e r r o r . H p r e s s u r e is r i s ing , the bypass valve is 
opened in p ropor t ion to the p r e s s u r e change, the ra te of flow of bypass 
s team is inc reased , the power differential is dec reased , and the p r e s s u r e 
will stop r i s ing . Under equi l ibr ium s team flow condit ions, r e a c t o r p r e s ­
su re is propor t iona l to r eac to r power. 

The bypass valve is motor opera ted and is posi t ioned by 
an e lec t ronic con t ro l l e r . By m e a n s of a control br idge c i rcu i t (which 
incorpora tes a s l idewire in the P - P Q p r e s s u r e indicator and another s l ide-
wi re on the valve dr ive mechan ism) and an e lec t ronic re lay unit, the bypass 
valve posi t ion is made propor t iona l to the p r e s s u r e e r r o r . A t r a v e l - r a t i o 
adjustment p e r m i t s set t ing the ra t io of movement of the bypass valve 
mechan i sm with r e spec t to the P-Pg s l idewire , which has a total span of 
40 psi . The min imum t r a v e l - r a t i o setting of 0.5 will s t roke the valve 
through 50% of i ts t r ave l with a p r e s s u r e change of 40 ps i , w h e r e a s the 
max imum t r a v e l ra t io sett ing of 4.5 will full s t roke the valve with a p r e s ­
sure change of 8.9 ps i . A bias adjustment is provided to allow select ion 
of the p r e s s u r e at which the valve is fully closed. The fas tes t r esponse 
and sma l l e s t p r e s s u r e deviation in following load changes is obtained with 
a max imum t r a v e l - r a t i o sett ing of 4 .5 . 

Control rods mus t be posit ioned manually to insure that 
the bypass valve is never c losed or fully open in o rde r to main ta in control 
of p r e s s u r e . 

The p r e s s u r e - c o n t r o l sys tem is in ter locked to t r ans fe r 
from automatic to manual opera t ion and to dr ive the bypass valve closed 
in the event of r e a c t o r shutdown. The bypass valve can be opened manually 
following a shutdown, after p r e s s i n g a r e s e t button. 

3. Reac tor Water Level* 

The feedwater cont ro l sys t em is designed to regula te the flow 
of water into the r e a c t o r v e s s e l at a r a t e which will hold the level fixed at 
a set point ( t h r ee -e l emen t control) or allow the level to deviate f rom the 
set point enough to hold wa te r flow equal to s t eam flow (proport ional con­
t ro l ) . The l a t t e r is a va r i a t ion of the t h r e e - e l e m e n t cont ro l and is shown 
in Fig . 89. 

*W. C. Lipinski 



FEED WATER 
FLOW, lb/»®e 

SUB-COOLING 
REACTIVITY 

.—f»SR 

VOID REACTIVITY 
CAUSED BY FEED 
WATER FLOW CHANGES 

REACTOR DYNAMICS 

M o ^ ^ Q s i r ^ 
ZERO POWER 

KINETICS 
POWERe., HEAT 

TRANSFER 

FEEDWATER 
HEATING 

X 
HEAT TO 
SUBCOOLED 
CORE INLET 
WATER 

( V l V O l RE»'l?ITY - O ^ 
N / R E A C T I V I T Y COEFFICIENT Y 

TEMPERATURE 

REACTIVITY 

POWER 
VOID 

EAT RAIE/S> STEAM W ~ V ^ 
_ » - » SENERATION ? V ^ 

/ 
sec 

TOTAL HEAT 
LOSSES 

RATE OF CHANGE 
OF STEAM MASS 

• m REACTOR 

VESSEL 
STEAM 

DYNAMICS 

Q T 
FLASHING 

VOID 

RATE OF CHANGE 
OF PRESSURE 

mP i . i . / s®e 

^ ~ v « 
RY 

INTEGRATION 

TEMPERATURE 
COEFFICIENT 

PRESSURE , p s. i . <P) 

FEEDWATER 
CONTROLLER 

REACTOR WATER 
LEVEL REFERENCE 

••• WATER 
LEVEL 

« [JNTEGRATION]-
MASS RATE 
IN VESSEL 
l b / s « 

T-0 

FI6 90 
PLANT BLOCK DIAGRAM WITH 

BYPASS STEAM CONTROL SYSTEM 



208 

F i g u r e 91 i l l u s t r a t e s the f e e d w a t e r c o n t r o l s y s t e m . The l e v e l 
and flow t r a n s d u c e r s have e l e c t r i c a l s i g n a l ou tpu t s w h i c h a r e d i s p l a y e d on 
c i r c u l a r c h a r t r e c o r d e r s l o c a t e d on the P r o c e s s P a n e l in the c o n t r o l r o o m . 
The p o t e n t i o m e t e r s a r e r e t r a n s m i t t i n g s l i d e w i r e s a t t a c h e d to the c i r c u l a r 
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FEEDWATER CONTROL SYSTEM 

The c o n t r o l s y s t e m is of the on-off t y p e . A c o n s t a n t - v e l o c i t y 
m o t o r is e n e r g i z e d by r e l a y s in a p o l a r i t y - s e n s i t i v e a m p l i f i e r . 

R e f e r r i n g to F i g . 9 1 , w i t h the swi t ch in p o s i t i o n "A" ( p r o p o r ­
t i ona l l e v e l con t ro l ) the fol lowing equa t ion r e p r e s e n t s the s y s t e m e r r o r : 

e - Ki(Lo - L) - K2W (1) 

w h e r e 

LQ = r e f e r e n c e l e v e l 
L = r e a c t o r l e v e l 
W = f e e d w a t e r flow 
Kj = c o n s t a n t 
K2 = c o n s t a n t 



Under equi l ibr ium conditions the e r r o r is equal to ze ro , the water flow ra te 
is equal to the s team flow ra t e , and the feedwater flow rate is proport ional 
to the water level deviation from the set point. 

In switch posi t ion " B , " t h r ee - e l emen t control is used, and 

e = Ki(Lo - L) + K2(S - W) , (2) 

where 

S = reac to r steana flow ra te 

Under equi l ibr ium conditions the e r r o r is equal to ze ro , the water flow 
rate is equal to the s t eam flow r a t e , and the water level of the r eac to r 
is equal to the set point. The level is re la ted to s team flow ra te and water 
flow ra te by the following equation: 

L = K 3 / (W - S) dt , (3) 

where 

K3 = 0.00128 f t / lb 

The e r r o r (e) de t e rmines the dead band of the sys tem and the 
accuracy with which level is mainta ined. The gain of the re lay amplif ier , 
which is adjustable, de te rmines the e r r o r n e c e s s a r y to operate the control 
r e l ays . The control sys t em design includes c i rcu i t s for introducing in tegral 
and der ivat ive control . 

4. Condenser Air Outlet T e m p e r a t u r e * 

During per iods of light plant load, the heat input to the main 
s team condenser is reduced. Consequently, if cooling a i r having a sufficient 
low t e m p e r a t u r e is avai lable , condenser vacuum can be maintained with l e s s 
than the maximum flow of cooling a i r . Since the condenser fan motor r e p ­
re sen t s a l a rge p a r t of the auxi l iary e l ec t r i ca l load, plant efficiency can be 
i nc reased by reducing the speed of the fan during these pe r iods . To a c ­
complish th i s , fan speed is automat ical ly regulated as a function of condenser 
outlet a i r t e m p e r a t u r e . 

F igure 92 is a d i ag rammat i c represen ta t ion of the condenser 
a i r control sys tem. The fan is dr iven by its dr ive motor through a var iable 
hydraulic coupling. The stiffness of the coupling is control led by varying 

*H. H. Hooker 
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the position of an internal oil scoop 
tube, which in turn var ies the 
amount of oil circulat ing between 
the driving and driven m e m b e r s 
of the coupling. 

An a r r a y of 12 t h e r m o ­
couples is d is t r ibuted ac ross the 
outlet face of the condenser. These 
a r e connected in para l le l through 
swamping r e s i s t o r s to yield a s ig­
nal proport ional to average outlet 
a i r t empera tu re . This t empera ture 
is indicated and recorded on the 
P r o c e s s Panel (item 10, Fig. 81) 
by the condenser outlet a i r t e m p e r ­
a ture r e c o r d e r (item 10, Fig. 81). 
A control s l idewire in this ins t ru ­

ment furnishes a signal proport ional to the t empera tu re deviation from a 
set point (normally 120°F) to a re lay amplif ier . The relay amplifier con­
t ro ls the scoop tube drive unit in an on-off fashion so as to increase the 
fan speed when the t empera tu re is above the set point, and conversely. 
The scoop tube drive unit includes a re t ransmi t t ing sl idewire which is 
connected to the relay amplif ier as a position feedback. The amplifier p r o ­
vides propor t ional , in tegra l , and derivat ive control action. In the event of 
a reac to r shutdown, the sys tem reve r t s to manual pushbutton control. 

5. Condenser Air Inlet Tempera tu re* 

Although plant efficiency inc reases as the main s team condenser 
cooling a i r t empera tu re d e c r e a s e s , the condenser cannot be allowed to 
f reeze . Consequently, when the outside a i r t empera tu re is below freezing 
it is nece s sa ry to t emper the condenser inlet a i r by rec i rcula t ing a portion 
of the outlet a i r and mixing it with the incoming s t r e a m of outside a i r . 
With reference to F igs . 7 and 92, the re la t ive amounts of rec i rcu la ted and 
f resh a i r a r e controlled by positioning dampers in the exhaust duct and in 
the mixing chamber . 

The automatic control sys tem acts to control the dampers so 
as to maintain a constant condenser inlet a i r t empera tu re slightly above 
freezing when the outside a i r is below the control t empe ra tu r e . A second 
a r r a y of 12 thermocouples (see section 4) is used to sense the average con­
denser inlet a i r t empe ra tu r e . This t empera tu re is also indicated and recorded 
on the P r o c e s s Panel (item 16, Fig. 81). The r e c o r d e r includes a control 
s l idewire which functions in conjunction with a re lay amplifier and damper 

*H. H. Hooker 



drive unit to posi t ion the mixe r damper . The mode of operat ion is identical 
to that desc r ibed for the fan speed control (see section 4). Thus the mixe r 
damper opens to admit more r ec i r cu l a t ed a i r as the condenser inlet a i r 
t empera tu re falls below the control point. 

The exhaust damper control re lay amplifier der ives its control 
signal f rom a r e t r ansmi t t ing s l idewire in the mixer damper drive unit. It 
is balanced by a posit ion feedback from a s l idewire in the exhaust damper 
drive unit. The exhaust damper re lay amplif ier incorpora tes " t ravel 
ra t io" and "bias" adjustments . The t r ave l rat io may be set at any value 
between 0.5 and 4.5 , and de te rmines the rat io of exhaust damper movement 
to mixe r damper movement . The bias may be set at any point from 50% 
lag to ze ro to 50% lead. This set t ing de te rmines the posit ion of the exhaust 
damper when the mixer damper is at the midpoint of its t ravel . The d i r e c ­
tions of t r ave l a r e such that the exhaust damper c loses as the mixer damper 
opens. 

Switching is provided so that both dampers may be positioned 
automatical ly , each may be posi t ioned manually independently of the other , 
or the m i x e r damper may be posi t ioned manually with the exhaust damper 
following automatical ly. The automatic control sys tem is inter locked with 
the r e a c t o r shutdown c i rcu i t s so that damper control automatically switches 
to "manual" in the event of a r e a c t o r shutdown. 





Appendix I 

EVOLUTION OF THE REACTOR CORE DESIGN AND REACTOR PHYSICS 
CHARACTERISTICS OF THE FRESH REFERENCE 3-Mwt SYSTEM* 

A. Evolution of the Reactor Core Design 

1. Introduction (of. section V: Reactor Components) 

In severa l impor tant r e s p e c t s , the ALPR reac tor i s s imi la r to 
the BORAX-II and BORAX-III r e a c t o r s of Argonne National Laboratory.(34) 
All t h ree a r e boiling water r e a c t o r s : (a) fueled with uranium, highly en­
r iched in U^^ ,̂ in a luminum-c lad fuel p la tes ; (b) cooled and modera ted by 
HgO circulat ing within the p r e s s u r e vesse l under na tura l convection; and 
(c) control led by a sys tem of control rods compr i sed of cadmium confined 
within sheets of a luminum. Indeed, at the t ime of inception of the ALPR 
project , the BORAX r e a c t o r s were the only boiling water r e a c t o r s with 
pla te- type fuel a s s e m b l i e s that had been operated at elevated t e m p e r a t u r e s 
and at power. Fea tu re s of the r eac to r core design that were cons idered to 
have had impor tant influences on the stabil i ty of operat ion of the BORAX 
r e a c t o r s were essen t ia l ly re ta ined in the ALPR core.(2,3) in pa r t i cu la r , 
in view of the proved stabil i ty of power operat ion of the a luminum-U-HjO 
BORAX c o r e s , and since no exper ience had been garnered with boiling 
water r e a c t o r s fueled with s t ee l - c l ad fuel plates or rods in a s teel core 
s t r u c t u r e , a luminum was used as the bas ic meta l constituent of the c o r e . 
(Moreover , it was es t ima ted that the use of a luminum would resu l t in a r e ­
ac tor core l e s s expensive than a s tee l sys tem. ) 

Control rods consist ing of cadmium contained by aluminum 
sheets functioned well in the BORAX-III r eac to r , at t empe ra tu r e s and p r e s ­
su re s close to the corresponding design conditions of the ALPR, whereas 
other control m a t e r i a l s (e.g., hafnium) were expensive, or had not yet been 
proved at the t ime of select ion of the bas ic control rod design (e.g., s ta in­
l e s s s teel containing Z w/o boron) , or appeared to offer l i t t le advantage 
over cadmium alone. Sirailar rods were used for ALPR. 

In the following pa rag raphs of this section, the evolution of the 
design of var ious r eac to r core coinponents is d iscussed, p r ima r i l y in the 
context of the r eac to r physics of the sys t em, and compar i sons with the 
BORAX components a r e p resen ted . To some extent there is duplication of 
some s ta tements in the detai led descr ip t ion in section V-A (Reactor 
Components : Core) in an effort to maintain the continuity of the d iscuss ion . 
A genera l re fe rence for this section and for much of the ma te r i a l in 
Appendix I is ANL-6078 (Zero-power Experimients on the Argonne Low 
Power Reac tor ) . 

* D . H. Shaftman 



2. The Fuel Assembly 

To lengthen the useful life of the fuel a s sembly , a newly devel­
oped, c o r r o s i o n - r e s i s t a n t alloy of a luminum with 1 w/o nickel , type X8001, 
was se lec ted as cladding for the fuel plate and as the bas ic s t ruc tu ra l m a t e ­
r i a l of the fuel assembly. (35) Also, in cont ras t with the 0.020-in-thick fuel 
plate clad of BORAX-III, a cladding th ickness of 0.035 in. was se lected. To 
re ta in an overal l m e t a l - t o - w a t e r ra t io in the r eac to r core internnediate to 
the ra t ios in the ea r ly BORAX c o r e s , and to avoid a high uranium, content of 
the fuel-plate core ("meat") , a fue l -p la te -core th ickness of 0.050 in. was 
chosen, in cont ras t with a th ickness of 0,020 in. in BORAX fuel p l a t e s . The 
fuel-plate core is comiprised of an alloy of u ran ium enriched to r^93 w/o U 
and a luminum containing 2 w/o n ickel . The nickel was added to improve 
the r e s i s t a n c e of the alloy to co r ros ion by hot wa te r , an ex t ra marg in of 
safety in the event of a local ized b reach of the clad. The use of thick fuel 
plates made it feasible to dispense with the s t rengthening center web s t r u c ­
tu re used in the BORAX-III fuel a s sembly , and, ins tead , the fuel plates were 
flanged and spot welded to two a luminum-nicke l (type X8001) side p la tes . 
The active core length of 25.8 in. of BORAX-III was re ta ined in ALPR. A 
fuel plate separa t ion of 0.310 in. was chosen to at tain an overa l l m e t a l - t o -
water ra t io of 0.5 in the c o r e . The corresponding coolant channel dimension 
in BORAX-III was 0.264 in. , but it was not expected that the somewhat l a r g e r 
channel would have a s t rong influence on the stabi l i ty of the power operat ion. 

The outcome of these design decisions was a fuel a s sembly con­
taining a total of 350 gm U^̂ ^ in nine clad fuel p la tes , flanged and welded to 
two side p l a t e s . The asse rab ly is 3-g in. square and has an active length of 
25.8 in. (For further de ta i l s , see sect ion V - A - 1 : Reactor Components -
Fuel Asseinbly.) 

3, Reactor Core Size 

A 3-Mwt re fe rence core with forty fuel a s s e m b l i e s was chosen. 
With this loading, at 3 Mwt, an average power density of '^17.5 kwt per l i te r 
of coolant fluid in the co re was obtained. This level appeared to be con­
serva t ive in compar i son with known stable power dens i t ies achieved in 
BORAX-III.(34) However, for a va r ie ty of r e a s o n s , provis ion was made for 
a max imum core loading of fifty-nine fuel a s s e m b l i e s plus one source a s ­
sembly . Of these mot iva t ions , the mos t impor tan t w e r e : (a) the operat ion 
with th icker fuel plates and l a r g e r coolant channels than had been used in 
BORAX, and the anticipation that an automatic demand-cont ro l sys tem 
would be ut i l ized to adjust r e a c t o r heat output to load needs , with the 
at tendant uncer ta in effects on the stable power output of the r eac to r co re ; 
(b) a flexibility in core loading to pe rmi t reac t iv i ty adjustments shown to 
be des i r ab le as a r e su l t of ze ro -power or power expe r imen t s ; and (c) the 
des i rab i l i ty of having avai lable a r e a c t o r core f rom which significantly 
higher power could be got, for poss ible use in another plant. The average 



fuel loading of each a s sembly (^^350 gm U ) was determined by theore t ica l 
analysis for the fo r ty - fue l -assembly , 3-Mwt core , and for a nominal core 
life of th ree y e a r s at average power . In F ig . 12 a schematic of the reference 
core loading for 3-Mwt operat ion is shown, including forty fuel a s s e mb l i e s , 
one source a s sembly , and ten dummy fuel a s sembl i e s used to keep the fuel 
a s sembl i e s and the source a s sembly ver t ica l ly aligned in the co re . 

4. Control Rods 

The locat ions , the number , and the size of the c r o s s - s h a p e d con­
t ro l rods were de te rmined by the comibination of the size of the rod drive 
mechan i sms , the l imi ted effective (radial) a r e a of the fo r ty -assembly ref­
erence co re , the possibi l i ty that a st i l l l a r g e r core might be used with only 
the c r o s s - s h a p e d rods for control , and the react iv i ty hold-down requ i rement s 
of the cold r eac to r without xenon. 

It was calculated that upon withdrawing the five reference c r o s s -
shaped control rods from zero to 30 in. the net change in the total react iv i ty 
control led by the control rods and by a burnable poison dis t r ibuted uniformly 
in the fuel-plate core would be 14% to 15% (~20 dol lars) in the cold fresh 
r eac to r . ' 36 ) (jn this r e a c t o r , one dollar co r responds to approximately 0.7% 
react iv i ty . ) With an allowance for the uncer ta in ty of the calculation, it was 
c lear that the rod effecti-zeness could not be reduced and sti l l meet the r e ­
qu i rements of rod control , including: (a) compensation of the positive 
react iv i ty effects of loss of s team voids, cooling of the reac tor water , and 
loss of equi l ibr ium xenon; (b) the control of the marg in of excess react iv i ty 
in the f resh operat ing r e a c t o r ; and (c) a shutdown marg in l a rge enough to 
pe rmi t the full withdrawctl of at l eas t one off-center c r o s s control rod in the 
subcr i t ica l sys t em. In the re fe rence design, it was calculated that the cold 
fresh reac to r could not be shut down with the center rod at 30 in. Therefore , 
a l te rnat ive designs were considered, including a sys tem of four rods in a 
diamond pat tern , and a sys t em of nine control rods with five rod d r ive s . 
The four - rod design was re jec ted because it was calculated that the cold 
f resh sys tem probably could not be shut down with any c ro s s rod stuck out 
of the c o r e . The n ine - rod design requ i red that each of four control rod 
dr ives move two rods , while the fifth dr ive served for the cent ra l control 
rod. This concept was re jec ted because of the difficulty of driving two con­
t ro l rods ver t ica l ly within n a r r o w channels with a rod drive mechan i sm 
that was not cen te red over e i ther rod. 

Four t ee - shaped control rod channels were made available for 
additional control by t ee - shaped rods in co res l a r g e r than the sys tem of 
forty fuel a s s e m b l i e s . The t ee - shaped rods were not intended for use in 
the re fe rence 3-Mwt sys tem since they a r e not very effective in that load­
ing and it was highly improbable that the i r p resence could offset rennoval 
of the cen t ra l c r o s s - s h a p e d control rod and keep the cold fresh reac tor 
shut down, (it was de te rmined exper imenta l ly that the final 59-fuel-
a s sembly loading could be control led by the five c r o s s control rods alone. 
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but it would be advisable to use the tee rods a lso to i n c r e a s e the m a r g i n of 
shutdown to the point where possibly one off-center c r o s s control rod could 
be withdrawn to 30 in. , leaving the cold reac to r subcr i t ica l . ) 

Control rods consis t ing of cadmium sheet confined between 
sheets of aluminuna had been used successful ly in BORAX at s imi l a r ope ra t ­
ing t e m p e r a t u r e s . A control rod of the type proposed was re la t ive ly inex­
pens ive . There were no p rob lems of gas formation as a r esu l t of neutron 
absorpt ion by the cadmium. And finally, in view of the t he rma l "b lackness" 
of the 0.060-in-thick cadmium, it was possible to opera te such a rod for at 
l ea s t two core cycles without a significant change in rod effect iveness , 
assuming that the only loss of Cd^^^ was by neutron absorpt ion . Therefore 
a re fe rence sys t em of five c r o s s - s h a p e d control rods , each with an a b s o r b ­
ing span of 14 in. and an absorbing length of 34 in. , and a sys tem of four 
t ee - shaped rods were designed, consis t ing of cadmium contained within 
shee ts of X8001 alloy. When the control rods a r e posit ioned at the i r indi ­
cated ze ro posit ion, the cadmium over laps the bottom of the act ive core by 
3-T-in. and the top of the active core by 5-^in. (Additional detai ls of the com­
posit ion and fabricat ion of the control rods a r e p resen ted in sect ion V-A-4 : 
Reactor Components - Control Rods.) 

5. Burnable Poison 

In the e a r l y phases of the co re design, the decision was made 
to supplement the control of reac t iv i ty by the sys tem of cadmium rods 
through the incorpora t ion of a burnable poison in the fuel-plate co re s , in the 
form of boron essen t ia l ly fully enr iched in B^°. Theore t ica l ana lys is indi­
cated that 16 gm of B^° would control ' ^11% in the cold fresh r e a c t o r when 
uniformly mixed with the U^''^. In accordance with a r eques t by the A r m y 
Reac tors Branch that the fuel a s s e m b l i e s be suppliable commerc ia l ly , r e ­
sea rch and development con t rac t s were le t for a technique of fabricat ing 
fuel plates with B^° in the "meat ." These cont rac ts did not lead to a method 
for producing fuel p la tes of the specified quality of in tegra l bonding of c lad­
ding to the fuel-plate c o r e . To expedite the p rocuremen t of fuel plates from 
a c o m m e r c i a l fabr ica tor , it was decided not to r equ i re that the fuel plate 
contain boron and, ins tead , to fusion-weld thin s t r i p s , extruded from an 
aggregate of powders of a luminum-nicke l (X800l) and of boron enr iched in 
B^°, to one or both side plates of se lec ted fuel a ,ssemblies . "Poison" s t r ips 
of a s imi l a r type had been used in BORAX-III to a s s i s t rod control and had 
provided sa t i s fac tory service . (37) Two lots of burnable-poison s t r ips were 
obtained, forty s t r ips 0.026 in, thick and containing nominal ly 0.5 gm B , 
and forty s t r i p s 0.021 in. thick and with '^0.4 gm B^" in each full-length 
(25.8-in.) s t r i p . In the re fe rence 3-Mwt co re , one full-length 0.5-gm-B 
s t r ip is a t tached to each fuel a s s e m b l y . In each of the cen t ra l s ixteen fuel 
a s s e m b l i e s one half- length s t r i p , containing «^0.2 gm B^°, is welded to the 
other side plate , in the lower half of the active core region. 
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B. Reactor Phys ics Cha rac t e r i s t i c s of the F r e s h Reference (3-Mwt) 
Reactor at Roora T e m p e r a t u r e (Zero-power Experimentat ion)\3o; 

1. Introduction (cf. section V: Reactor Components) 

In s u m m a r y , the r e fe rence 3-Mwt reac to r (loading No. 57)'>3o/ 
includes forty fuel a s s e m b l i e s , one Sb-Be source assembly , and ten dummy 
fuel a s s e m b l i e s . The fuel a s s e m b l i e s a r e a r ranged so as to approximate a 
right c i r cu l a r cyl inder , present ing an active core region 25.8 in. long and 
with an effective d iamete r of -̂ -31 .4 in. The reac to r contains a total of 
14.0 kg U , in the form of u ran ium enr iched to .-^93 w/o U^^ .̂ Each fuel 
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as sembly is 3g-in. square and contains nine fuel plates compr i sed of a 
center "meat" portion of Al-Ni-U alloy clad with an Al-Ni alloy (X800l). 
The r eac to r i s modera ted and cooled by HgO circulat ing by na tura l convec­
tion within the p r e s s u r e v e s s e l . The basic meta l constituent of the r eac to r 
core is a luminum; the overal l me ta l - to -HjO volume rat io in the core i s ~ 0 . 5 . 
Five c r o s s - s h a p e d control rods a r e included. Each rod has an absorbing 
span of 14 in. and an absorbing length of 34 in. The neutron absorbe r is 
0 .060-in . - thick cadmium, confined between two sheets of X8001. The cen t ra l 
c r o s s control rod has a X8001 follower, 17 in. long; the followers for the 
other rods a r e 5 in, long. All five control rods a r e moved, one at a t ime , 
for shim control and for r eac to r shutdown. (The center c r o s s rod is moved 
to regula te the r eac to r heat output in connection with an automatic demand-
control sys tem.) Supplementary control of the react iv i ty requ i red in the 
fresh r e a c t o r for a nominal r e a c t o r core life of th ree ye a r s is provided by 
thin burnable-poison s t r ips containing an aggregate of X8001 and boron 
highly enr iched in B'-^. One full-length (25.8-in.) s t r ip containing /«0.5 gmB^' ' 
is fusion-welded to one side plate of each fuel assembly , and one half-length 
s t r ip containing ^^0.2 gmi B''" is welded to the bottom half of the other side 
plate of each of the cen t ra l s ixteen fuel a s s e m b l i e s . 

2. Reactivi ty Effects of Control Rod Motion 

At 94°F , the re fe rence r eac to r was c r i t i ca l with the five con­
t ro l rods banked at an indicated position of ~12.6 in. , or with the cen t ra l 
rod (No. 9) at 19.1 in . and the other rods at z e r o . (At indicated "ze ro , " 
the cadmium in each control rod extends 3-g in. below and 5 j-g in. above the 
active co re region.) At room t e m p e r a t u r e , the r eac to r was subcr i t ica l with 
any one off-center c r o s s rod at 30 in. and the other rods at ze ro , and it was 
subcr i t i ca l by approximate ly 5 dol la rs when all control rods were inse r t ed 
fully. 

The control sys t em was ca l ibra ted , in t e r m s of the motion of 
control rods from a c r i t i ca l banked posit ion, by measur ing the positive a s ­
ymptotic per iod corresponding to a sl ight withdrawal of the control rod(s) . 
During these ca l ib ra t ions , the antimony source rod was removed from the 
be ry l l ium block to e l iminate in te r fe rence from the Sb-Be neutron sou rce . 
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The requis i te additional control was obtained by the incrementa l addition 
of boric acid to the r eac to r water . F igure 93 shows the re la t ionship between 
the asymptotic reac tor period and the (positive) excess react iv i ty (in dol lars ) , 
computed on the basis of the Keepin-Wimet t -Ziegler measurement s ' 39 ) of 
the p a r a m e t e r s of the delayed neutron groups . Curves showing the differen­
tial react ivi ty effects of moving rod No. 9, or the four off-center c r o s s rods 
fronn the f ive-rod bank a r e given in Fig. 94. An al ternat ive fit to the curve 
for rod No. 9 at indicated posit ions between 15 in. and 20 in. is shown by a 
dashed line in Fig. 94. It is believed that the solid line is a bet ter fit, but 
the a l ternat ive curve section is admiss ib le . 

ASYMPTOTIC PEBIOB (sac) 

80 90 leo 

W 50 
ASYMPTOTIC PERIOD (see) 

FIG. 93 
REACTIVITY vs. ASYMPTOTIC REACTOR PERIOD 

(p=0.006398; je.'=5nlO-^Bec) 
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Integration of the curves in Fig . 94 from the generic indicated 
position Z to 30 in. yields the curves shown in Fig. 95. Note that Fig. 95 
provides an es t imate of 16.5 dol lars ('^l 1 .5%) for the net react ivi ty effect 
of withdrawing the five control rods to 30 in. in the cold fresh reac tor 
unexposed to fuel burnup. An al ternat ive formula used to es t imate the 
total react iv i ty effect, p(Zo—^Zn), of withdrawing the five rods from Zg to 
y is (38,40) 

n 

dZ 

where - r r is the differential react iv i ty effect of motion of the 5-rod bank 
dZ 

at position Z, in units of %/in. This formula yields an es t imate of 10.9%' 
available excess reac t iv i ty . 
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3. Reactivity Effect of Boric Acid Addition 

Boric acid poisoning of the reac tor water was cal ibrated in 
three different core loadings. In two loadings, an excellent fit to the 
total worth of boric acid addition by a function l inear in the H3BO3 concen­
t ra t ion in the reac tor water was observed and an average value of 
^^2.4 do l l a r s / (gm H3B03/gal) in fer red .wo) j ^ ^^g cold reference core , 
however, it was more difficult to ass ign an average worth. Possibly the re 
was a rea l var iat ion in the worth of H3BO3 because of the effect of the half-
length s t r i p s . Possibly the use of a l e s s d i rec t procedure of water s amp­
ling, requi red during these exper iments , introduced a spurious var ia t ion. 
The measu red worths var ied between 2.4 do l l a r s / (gm/ga l ) and 2.7 d o l l a r s / 
(gm/gal) , over the range of boric acid concentrat ions encountered, with the 
reac tor water at room t e m p e r a t u r e . The average worth is approximately 
2.5 do l l a r s / (gm HsBOj/gal). 
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4. Reactivity Control led by the Burnable-poison Strips 
(Control Rods Banked at "•'20 in. Indicated Posit ion) 

Str ict ly speaking the burnable-poison s t r ips were not ca l ibra ted 
in the 3-Mwt re ference c o r e , for during most of the cal ibrat ion exper iments 
only the four a s sembl i e s at the axis of the core had the half-length poison 
s t r ips r a t h e r than all of the cen t ra l s ixteen a s sembl i e s . However, it is be ­
l ieved that the s t r ip cal ibrat ion in the actual re ference sys tem would not be 
much different. It is bel ieved that the absence of the additional twelve half-
length s t r ips introduced an effect of underes t imat ion of the worth of the 
other s t r ips in the cen t ra l s ixteen a s s e m b l i e s . Starting with co re loading 
No. 45 in the sequence of ze ro-power exper iments (essential ly identical to 
the 3-Mwt re fe rence loading except that t he re were no half-length burnable-
poison s t r ips in loading No. 45), s t r ips were ca l ibra ted with the five control 
rods banked at ~20 in. The r e su l t s a r e summar i zed in Table 29- There is 
a significant reduct ion in the reac t iv i ty worth of the full-length s t r ips re la t ive 
to the i r worth in a core loading where rods a r e inse r ted fa r ther , ^^oj A total 
s t r ip worth of ~1 8 dol lars is indicated in the cold re ference core with the 
control rods banked at 20 in.; of th i s , ~5 dol lars is contr ibuted by the 
16 half- length s t r i p s . 

The s t r ips were ca l ib ra ted in units of four to reduce the r eac t iv ­
ity uncer ta in ty ar i s ing from aLn uncer ta in ty of ±0.05 in. at each indicated 
posi t ion of the control rod. 

5. Reactivi ty Effect of Fuel Assembly Omission 

The p rocedure p roposed to effect a loading change at an u l t imate 
si te is to remove or to introduce a s semb l i e s through control rod nozzles in 
the p r e s s u r e vesse l lid. It is poss ib le , though unlikely, that a fuel a s sembly 
locat ion could be left unfilled until the loading was otherwise completed. It 
was of in t e re s t , t he re fo re , to a s c e r t a i n the effect on react iv i ty of inser t ing 
a fuel a s sembly into an otherwise-ful l core loading, containing a total of 
th i r ty -n ine fuel a s s e m b l i e s . The actual exper iment was pe r fo rmed in load­
ing No. 19, the initial r e fe rence fo r ty - fue l -assembly core , with only the one 
0 .5 -gm-B ' s t r ip pe r a s sembly ; it consis ted of measur ing the change in the 
c r i t i ca l posi t ion of rod No. 9 upon remova l of a fuel a s sembly from the 40-
as sembly co re , as a function of the rad ia l location of the assembly . The 
four off-center control rods were at indicated zero throughout this s e r i e s 
of exper iments . The r e su l t s a r e given in Table 30 uncor rec ted for the ef­
fect of assenably removal on the ca l ibra t ion of the control sys tem. It is 
bel ieved that with half- length s t r i p s in p lace on the cen t ra l sixteen fuel a s ­
sembl i e s , the remova l of a fuel a s s e m b l y from those sixteen locations would 
resu l t in a s raa l le r negative reac t iv i ty effect because the half-length s t r ip 
would be removed as well . Some of this effect would be counteracted by 
the i nc reased worth of the control rod adjacent to that half- length s t r ip . 
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Table 29 

REACTIVITY CALIBRATION O F BURNABLE-POISON STRIPS "IN" LOADING NO. 45 
(BASE ROD BANK'^20 .12 IN.) 

Fue l A s s e m b l y 
L o c a t i o n s ^ 

44 ; 45 ; 

44 ; 45 ; 

44 ; 45 ; 

4 3 ; 46 ; 

33 ; 36; 

42 ; 47 ; 

iZ; 37; 

54; 55 

54; 55 

54; 55 

53 ; 56 

63; 66 

52; 57 

62; 67 

S t r ip Modi f i ca t ions" 

0.5 gm B^" —* 0.4 gm B^" 

O.S-gm-B^" s t r i p s r e m o v e d . 

Hal f - length "poison" s t r i p containing 
- 0 . 2 gm B^° added to bo t t om half of 
the other s ide p l a t e . "̂  

O.S-gm-B^" s t r i p s r e m o v e d . 

0 . 5 - g m - B s t r i p s r e m o v e d . 

O.S-gm-B" ' s t r i p s r e m o v e d . 

0 . 5 - g m - B ' ° s t r i p s rem.oved. 

Twelve m o r e ha l f - l eng th s t r i p s each 
containing ~0 .2 gm B*" added to r e ­
m a i n d e r of the c e n t r a l s ix teen 
a s s e m b l i e s . " 

E s t i m a t e d Reactivity-
Change® 
(dol la rs ) 

+0.38 

+2.8 

-1 .5 

+2.2 

+2.0 

+0.85 

-0 .55 

-3 .5 to -3 .9 

^ S e e F ig . 12 

b S t r i p - e q u i v a l e n c e r e l a t i o n s h i p s m a y be o b s e r v e d in t e r m s of the following 
a s s e m b l y l o c a t i o n s : 

43 = 35 = 56 = 64 

34 = 53 = 46 = b5 

44 = 45 = 54 = 55 

33 = 36 = 63 = 66 

32 = 73 = 67 = 26 

42 = 74 = 57 = 25 

41 = 84 = 58 = 15 

51 = 85 = 48 = 14 

23 = 62 = 76 = 37 

24 = 52 = 75 = 47 

*- T h e s e four ha l f - leng th s t r i p s w e r e left in pos i t ion for the r e m a i n d e r of the 
s t r i p c a l i b r a t i o n s . Bor ic ac id solut ion was added to lower the c r i t i c a l rod 
bank to ~20.2 in . 

"•This conf igura t ion i s loading No. 57, the c o r e compos i t ion of the final 
r e f e r e n c e f o r t y - a s s e m b l y r e a c t o r . 

e O n e do l l a r - 0 . 7 % 

S u m m a r y : F o r t y fu l l - length 0 . 5 - g m - B " s t r i p s 
Sixteen ha l f - leng th 0 . 4 - g m - B " ' s t r i p s 

TOTAL 

12.7 d o l l a r s 
5.0 to 5.4 d o l l a r s 

~ 17.9 do l l a r s 

It should be noted that the experiment could not be duplicated in the (final) 
reference loading since the c r i t i ca l position of rod No. 9 in this loading is 
"^19.1 in. instead of the value of -^12.9 in. observed with the initial 40-
assembly core (see Table 30). 



Table 30 

REACTIVITY LOSS UPON REMOVAL OF 
A F U E L ASSEMBLY FROM THE OTHERWISE-

F U L L INITIAL REFERENCE FORTY-ASSEMBLY CORE 
(LOADING No. 19) 

Fuel Assembly 
Location^ 

47 
36 
46 
45 

Change in Indicated 
Cr i t ica l Posi t ion of 

Centra l Control Rod^ 
(in.) 

1.1 
1.55 
3.2 
6.7 

Est imated 
Reactivity 

Effectc 
(dollars) 

-1.4 
-1.9 
-3.6 
-6.6 

^See Fig . 12 

° Initial c r i t i ca l rod configuration: Rods No. 1, 3, 5 and 7 
at z e r o ; rod No. 9 at 12.90 in. 

^ By pos i t ive-per iod m e a s u r e m e n t s , the differential react iv i ty 
effect of withdrawing rod No. 9 with the other four rods at 
ze ro was de termined to be •-«-• 1 .3 do l l a r s / i n . at 12.9 in. , and 
0.66 d o l l a r / i n . at 19.6 in. The net differential react iv i ty ef­
fect -was a s sumed to v a r y l inear ly between these two values 
in obtaining the numer i ca l values tabulated in this column. 

Note: One dollar wO,7%. 

C. Reactor Phys ics C h a r a c t e r i s t i c s of the F r e s h Reference (3-Mwt) 
Reactor at Elevated Tempera tu r e s 

1 . Reactivi ty Effects of Reactor Water Heating (Zero Power) 

It i s impor tan t to dist inguish between: (l) the change in r e ­
activi ty of a fixed ALPR core configuration when the t empera tu re is 
changed, and (2) the net change in the excess react iv i ty available to the 
sys tem when the t e m p e r a t u r e is changed. In the fresh 3-Mwt re ference 
core loading, it was n e c e s s a r y to move the control rod bank to higher 
indicated posit ions to mainta in c r i t i ca l i ty during heating of the r eac to r 
wa te r . In the sense of (l) above, this r ep resen ted a sizable negative 
reac t iv i ty effect of heat ing. However, with an inc rease in water temper­
a tu re , the control sys t em became m o r e effective, i . e . , the react iv i ty 
control led with the rods at given posit ion inc reased with t e m p e r a t u r e . 
Thus, in the sense of (2), the re was a (numerically) smal le r change in 
the net excess available reac t iv i ty . 
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During the p r o g r a m of ze ro-power reac to r physics m e a s u r e ­
ments an a t tempt was made to de te rmine the "average t e m p e r a t u r e coef-
ficient(s)" of r eac to r heat ing, p r i m a r i l y in the sense of (2) above, with the 
control rods banked at ^^21 in. An auxi l iary s team boi le r , connected to 
t e m p o r a r y s team coils located in the radia l "downcomer" region of the 
co re , was used to heat the r e a c t o r water to ~ 4 1 7 ° F , (essent ia l ly) the 
operat ing t e m p e r a t u r e of the water in the p r e s s u r e v e s s e l . ' ' ' Boric acid 
was used to poison the r eac to r water in the cold sys tem to compensate for 
the withdrawal of the control rod bank to 21 in. At higher t e m p e r a t u r e s it 
was n e c e s s a r y to withdraw rods fa r ther to achieve c r i t ica l i ty , in spite of 
the posi t ive reac t iv i ty effect of the reduction in the concentrat ion of bor ic 
acid in the core accompanying the reduction in water densi ty . Thus, even 
with bor ic acid in solution, if the rods had been left in place the r eac to r 
would have become m o r e and m o r e subcr i t ica l as the heating p r o g r e s s e d . 
F r o m t ime to t ime, clean water was pumped into the p r e s s u r e vesse l to 
reduce the H3BO3 concentra t ion so as to re ta in a c r i t i ca l rod bank position 
of ~21 in. 

It was d i scovered l a t e r that the procedure of taking samples of 
the r e a c t o r water at e levated t e m p e r a t u r e s was inadequate . There fore , the 
var ia t ions in concentrat ion of bor ic acid in the r eac to r water during these 
exper iments were computed f rom reco rded data of dilutions plus reduct ions 
in water density cor responding to m e a s u r e d changes in i t s sa tura t ion t e m ­
p e r a t u r e . The ana lys is of a r e a c t o r water sample taken at 150°F supplied 
the base point of the computat ion. The r e a c t o r was c r i t i ca l at 150°F with 
the control rods banked at '^21 ,2 in, and with a r eac to r water concentrat ion 
of-^ 5.35 gm H3B03/gal. Upon heating of the water to 287°F, in conjunction 
with a de l ibera te addition of clean water , the c r i t i ca l rod bank position was 
changed to 21 .6 in. A pos i t ive -per iod calibra.tion of the rods at this position 
yielded an es t imate of ~ 1.5 d o l l a r s / i n . for the f ive-rod bank. The bor ic 
acid concentrat ion in the r e a c t o r water had been reduced by an es t imated 
1 ,2 g m / g a l . Thus, assuming that the bor ic acid poisoning effect i s the same 
as in the cold r e a c t o r , namely , '^2.5 d o l l a r s / ( g m H3B03/gal), it is e s t imated 
that, if the bor ic acid concentra t ion had been unchanged during the heating, 
the r eac to r would have become subcr i t i ca l by ^ 3 . 6 dol la rs upon heating f rom 
150°F to 287°F, or an ave rage of ~ - 2 . 6 x 10"^ d o l l a r / ° F . Taking into a c ­
count the i nc reased effectiveness of rods at the higher t e m p e r a t u r e , it is 
e s t ima ted that the net loss in available excess reac t iv i ty was "^l .7 do l l a r s , 
cor responding to an average reac t iv i ty change of ~ - 1 . 3 x 10"^ do l la r / ' °F 
from 150°F to 287°F. 

By s imi l a r methods , it is e s t ima ted that the net change in ava i l ­
able exces s reac t iv i ty in heating f rom 90°F to 421 ° F is -3.3(+0.5) dol la rs 
with control rods banked at ~21 in , , or an average of -1 ,0(±0.2) x 1 0"" d o l l a r / 
° F . (As d i scussed in Appendix I, sect ion C-4, following, it is conceivable 
that the bor ic acid reac t iv i ty effect is reduced somewhat at higher t e m p e r ­
a t u r e s . This effect has not been taken into account in these computat ions.) 
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At room t e m p e r a t u r e , the c r i t i ca l rod bank position in the un-
poisoned core was ~ I 2 . 6 in. With rods in se r t ed this far , a uniform heating 
of the r eac to r water would lead to a l a rge negative react iv i ty effect, in par t 
because of the resul t ing i n c r e a s e in control sys tem effect iveness. When 
the r eac to r was f i rs t taken to t e m p e r a t u r e by nuclear heat ing, the cr i t ica l 
position of the f ive-rod bank was i nc reased by ~1 .2 in. when the reac to r 
water t e m p e r a t u r e was r a i s e d from 70°F to 170°F. If, then, the rods had 
been lowered to thei r ini t ia l , 70°F, posit ion, the r eac to r would have become 
subcr i t ica l by "^1 .8 do l l a r s . 

2. Reactivi ty Effects of Control Rod Motion 

The differential reac t iv i ty effect of moving control rods from 
the f ive-rod bank was m e a s u r e d at ze ro power, at var ious t e m p e r a t u r e s , 
and at var ious banked rod pos i t ions . The cal ibrat ion procedure adopted was 
to heat the r eac to r water with the auxi l iary s team boi ler c i rcui t , wait until 
the water t e m p e r a t u r e s m e a s u r e d above and below the core were equalized, 
de te rmine the c r i t i ca l position of the rod bank, and then withdraw rod(s) 
slightly for pos i t ive -per iod m e a s u r e m e n t s . The accuracy of the cal ibrat ion 
was checked by repeat ing the per iod m e a s u r e m e n t . The positive react iv i ty 
effect of r eac to r cooling introduced some uncer ta inty , for usual ly one set of 
ca l ibra t ions r equ i r ed 15 to 30 min„ during which the r eac to r water t e m p e r ­
a ture dropped 2 to S'^F. However, it was apparent that the differential r e ­
activi ty effect of rod motion from a given c r i t i ca l rod bank position inc reased 
considerably as the t e m p e r a t u r e was r a i s ed . There was no detailed ca l ib ra ­
tion of the control sys t em at the operat ing t e m p e r a t u r e , but var ious isolated 
local ca l ibra t ions a r e avai lable that co r robora t e this s ta tement . For example, 
at a c r i t i ca l rod bank posit ion of ~ 21 .8 in. , 

f 0.43 do l l a r / i n . at 95°F 
Rod No. 9: < 0.54 do l l a r / i n . at 225°F 

L 0.65 do l l a r / i n . at 285°F 

The m e a s u r e d change in "rod wor th" does not appear to a r i s e simply because 
of changes in the shape of the ca l ibra t ion curve , for the m e a s u r e d effective­
n e s s of rod No, 9 at 397°F, and at a c r i t i ca l rod bank position of '^24,5 in. , 
was •^0.35 do l l a r / i n . in compar i son with the value ~0.21 do l l a r / in . (indicated 
in F ig . 94) at 95°F and at the average position of 24.9 in. However, it may be 
that the curve is not sufficiently accura te at 24.9 in. to permi t one to draw 
the obvious conclusion. 

A d iscuss ion of the impor tance of this t empe ra tu r e dependence 
in es t i inat ions of the reac t iv i ty effect of r eac to r heating is p resen ted in 
Appendix I, sect ion C - 1 , above. 



3. Activation Plots of Bare Gold Wires in the Core 
(~'412°F; Zero Power ; Control Rods Banked at 22.2 in.) 

Bare gold wires were positioned ver t ica l ly in var ious fuel a s ­
sembl ies in one quadrant of the reference core for "neutron flux" mapping. 
At a t empera tu re of 412°F , and with the five control rods positioned at 
22.2 in. , the wi res were i r r ad ia t ed at low power. F igure 96A shows the 
approximate locations of these wires and the numbers assigned to them. 

ASSEflBLY liO. 

9 

WIRE MO.' 

7 

® " 
3B 
• 

C?) 

78 
• 

• 
10B 

• 

2B 

• 

8 
• 

"̂  

10 
• 

'fFh 
m » 58 

SB IB 6B 

• • • 

m "7" 
15 
• 

13 

• 

I 1 3 0 
• • • 

III 
• 

H B 
• • 

FIS. 9SA 
POSITIONS OF GOLD WIRES FOR "FLUX PLOT" |H LO&OINS HO. 57 C~>J20-F) 

(The let ter "B" assigned to some of the wi res r e p r e s e n t s the coding used to 
insure that the w i r e s could not be falsely identified when they were removed 
from the reac to r . ) The axial distr ibutions of the gold activity a r e presented 
in F igs . 9 6 B , 9 6 C , and 96D. A curve through the datum points from wire 
No. OB would a lmost coincide with the curve shown for wire No. 4B. Sim­
i la r ly , the curve through data from wire No. 8 also fits the normal ized 
activation plot of wire No. 9. The half-life of the decaying gold isotope in 
question (Au '̂®) is 2.7 days . All counting data have been normal ized by co r ­
rect ing for the decay of the gold activity re la t ive to a single, fixed t ime . 
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9 n 13 15 17 

DISTANCE FROM BOTTOM OF ACTIVE CORE (m.) 

19 21 23 

AXIAL 

F I G . 
DISTRIBUTIONS OF 

IN 
(5-ROD 

LOADING NO. 
BANK AT INDICATED 

96D 
"THERMAL NEUTRON 

57 ( ^ 4 2 0 » F ) 
POSITION OF 2 2 . 2 i n . } 

FLUX" 



4 . Bui ldup to E q u i l i b r i u n i Xenon (Xe ^) C o n c e n t r a t i o n 

Shor t ly a f t e r the r e a c t o r was b rough t to power for the f i r s t 
t i m e , i t was s u b j e c t e d to a s u s t a i n e d p e r i o d of o p e r a t i o n at ^8000 lb 
s team^ h r in an e x p e r i m e n t d e v i s e d to follow the bui ldup of the Xe c o n ­
c e n t r a t i o n to e q u i l i b r i u m d i s t r i b u t i o n and l e v e l . Enough b o r i c ac id was 
added to the r e a c t o r w a t e r to wi thdrav / the f i v e - r o d bank to a c r i t i c a l 
pos i t i on of 22.95 i n . , and the r o d s w e r e h e l d at th i s pos i t ion for a p p r o x i ­
m a t e l y 35 h o u r s by i n c r e m e n t a l d i lu t ion of the H3BO3 so lu t ion . At the 
beg inn ing of the e x p e r i m e n t the r e a c t o r was e s s e n t i a l l y f ree of xenon, and 
a s a m p l e t a k e n of the r e a c t o r w^ater w a s found to conta in 2.61 g m II3BO3 
p e r ga l lon of cold r e a c t o r w a t e r . At the end of 35 h o u r s , the b o r i c ac id 
c o n c e n t r a t i o n was e s s e n t i a l l y c o n s t a n t , d e t e r m i n e d to be ~ 1 .35 to 
1.40 g m / g a l of cold w a t e r . The d i f f e r e n c e , '^ l .ZS g m , ga l , c o r r e s p o n d s to 
an a v e r a g e d e c r e m e n t of '^1 gm^/ ga l in the o p e r a t i n g s y s t e m . If the d i f fe r ­
en t i a l r e a c t i v i t y effect of b o r i c a c i d m e a s u r e d in tlie cold r e a c t o r m a y be 
app l i ed , e q u i l i b r i u m xenon c o n t r o l s -^2.5 d o l l a r s , o r '^1.7%, at 8000 lb 
s t e a m / h r . B e c a u s e of the r e d u c t i o n in fluid dens i t y in the coolant c h a n n e l s 
and in the c o n t r o l r o d c h a n n e l s , the r e l a t i v e n e u t r o n flux in the b o r o n -
con ta in ing r e g i o n s of the c o r e d r o p s , and it i s be l i eved tha t a m o r e r e a s o n ­
a b l e e s t i m a t e of the r e a c t i v i t y l o s s to e q u i l i b r i u m xenon i s 2.3 d o l l a r s , or 
'^1.6%. At 3 Mwt, the r e a c t i \ i t y c o n t r o l l e d by e q u i l i b r i u m xenon would be 
'^2.5 d o l l a r s , o r ' ^ l . T ' o . F i g u r e 97 shows the r e a c t i v i t y c o n t r o l l e d by xenon 
a s a function of t i m e a f t e r o p e r a t i o n at 8000 lb s t e a m ' h r . 

2.H — ESTIMATE OF REACTIVITr COHTMLLED BY EQUILIBRIUM X e ' " 

^ j ' ' ' ' ' ' " ' 

0 5 10 IB 20 25 3C 35 W 
TIME AFTER STARTUP (hr) 

FIG. 97 

BUILDUP TO EQUILIBRIUM XENON (Xel^S) POISONING IN FRESH REFERENCE 

3 Mwt REACTOR OPERATING AT 8,0C0 lb stean/hr 

(5-ROD BANK AT 23.0 in.) 



(The exper imenta l data of boric acid concentrat ion a re subject to an un­
cer ta in ty due to the procedure used to sainple the reac tor water . ) 

5. Decay of Xenon (Xe ) after Shutdown fronn Equil ibr ium 
Operation at 8000 lb S team/hr 

At the coiTipletion of the 500-hour plant performance tes t , a 
measu remen t of the change in the c r i t i ca l position of rod No. 9 was iTiade 
as a function of t ime after "shutdown" from equil ibrium operat ion at 
8000 lb s t e a m / h r . The power was dropped essent ia l ly to ze ro with respec t 
to the var ia t ion of the xenon concentrat ion; the operating p r e s s u r e of 
300 psig was maintained during the shutdown. The data of c r i t i ca l rod 
position during the f i rs t few hours after shutdown a re anomalous in that, 
at f i rs t , additional rod control was requi red (albeit this was a very smal l 
effect), and then, with the four off-center rods banked at 19.6 in., rod No. 9 
was r a i sed slightly before xenon decay requ i red the lowering of rod No. 9. 
It is believed that the re was a lag period during which s team bubbles ad­
her ing to the metal surfaces in the core diffused out of the co re . Clearly, 
the change in xenon concentrat ion was smal l during the f i rs t few hours . 
It is es t imated that maximum xenon poisoning exceeded the equil ibrium 
poisoning level by l e s s than 0.4 dollar (probably by l e s s than 0.3 dollar) . 
The c r i t i ca l position of rod No. 9 as a function of t ime after shutdown is 
shown in Fig. 98, s tar t ing at 3-2-hours after the end of the 500-hr tes t . 

REACTIVITY CBANOE CORRESPONDING TO 17.2 in. ASYMPTOTIC POSITION OF ROD SO. 9 --, 
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II one a s s u m e s tha t the shape of the c u r v e for d i f f e ren t i a l r e a c t i v i t y effect 
of the m o t i o n of rod No. 9 f r o m the f i v e - r o d bank in the cold r e a c t o r i s the 
s a m e in t h i s s i t ua t i on a l s o , w h e r e rod No. 9 i s l o w e r e d pas t the o the r 
c r o s s r o d s , and if one a p p l i e s a f ac to r of 1.5 for the r a t i o of rod "wor th" 
in the hot r e a c t o r to t h a t in the co ld r e a c t o r , the s econd c u r v e in F i g . 98 
i s o b t a i n e d . 

6. C o n t r o l - r o d - b a n k P o s i t i o n a s a Func t ion of R e a c t o r W a t e r 
T e m p e r a t u r e ("No" Xenon) 

T h e r e w a s no a t t e m p t m a d e to d e t e r m i n e the pos i t i on of the 
f i v e - r o d bank a t v a r i o u s t e m p e r a t u r e s in the c o m p l e t e a b s e n c e of xenon . 
H o w e v e r , when the r e a c t o r w a s f i r s t t a k e n to p o w e r , the c r i t i c a l pos i t i on 
of the f i v e - r o d bank w a s m e a s u r e d , a t e s s e n t i a l l y z e r o p o w e r , a s a funct ion 
of w a t e r t e m p e r a t u r e . Dur ing e a c h i n c r e m e n t a l change in w a t e r t e m p e r ­
a t u r e , t he r e a c t o r was o p e r a t e d at '^0.5 Mwt, and the effect of xenon bu i ld ­
up on the pos i t i on of the rod bank was s i n a l l j i t h a s not been t aken into 
a c c o u n t in the c u r v e shown in F i g . 99. 
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7. Control Rod Posi t ions v s . Reactor Power Level 

After the reac tor had been shut down for approximately 2Ydays, 
it was operated again at low power until the operating t empera tu re was 
at tained. Then, within a period of four hour s , th ree se r i e s of power ca l i ­
brat ion exper iments were completed. In each case , the four off-center 
c r o s s control rods were left at a p reass igned banked position, and the r e ­
actor power level (in lb s t e a m / h r ) was m e a s u r e d as a function of the 
position of rod No. 9. It is es t imated that, at the beginning of this four-
hour in terva l , the react ivi ty controlled by xenon was - 0 . 3 dollar and that 
the control in xenon var ied by l e s s than 0.5 dollar during the th ree sets of 
exper iments . The varying bias would be reflected more prominently in 
the f i rs t set , where , with rods No. 1, 3, 5, and 7 at 17.6 in., rod No. 9 was 
raoved to 26 in. at 7900 lb s t e a m / h r ; in this region of smal l differential 
worth, the indicated position of rod No. 9 is sensi t ive to the slowly in­
c reas ing level of Xe . However, within any one s e r i e s of ca l ibra t ions , 
the re was re la t ively l i t t le change in the xenon concentrat ion. 

The three cal ibrat ion curves a r e shown in Fig. 100 together 
with the datum points . No cor rec t ions have been at tempted for the v a r i ­
ation in xenon level . 
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A fourth curve has been plotted, the position of the 5-rod bank ve r sus s t eam 
m a s s flow r a t e , using data f rom the other th ree cu rves ; in view of the unce r ­
taint ies of the ca l ibra t ion , a l inear fit was chosen to r ep re sen t these data. 
The rod-bank posit ion, ~ 20.2 in . , at 8000 lb s t e a m / h r may be compared with 
the value of "^22.3 in. r epo r t ed for equi l ibr ium operat ion at ~8000 Ib/hr.^^-^) 

8. Es t ima te of the Net Excess Reactivity Controlled by 
Steam Voids (^4) 

The analys is of any exper iment intended to yield the net react iv i ty 
loss engendered in the production of s team voids in the r eac to r is compli ­
cated by the p re sence of control r o d s , since any change in power resu l t s in 
a change in the reac t iv i ty control led by the r o d s . Measurement of differ­
ential rod "worth" by the pos i t ive-per iod technique is ruled out in the oper ­
ating r eac to r because the i n c r e a s e in s t eam void quickly cancels the posit ive 
reac t iv i ty effect of control rod withdrawal . Analysis of the data in Fig. 100 
would not yield accura te r e su l t s because the net react ivi ty available with the 
control rods at 20.2 in. and with a s t eam m a s s flow ra te of 8000 Ib /h r is not 
known. Nor, for that m a t t e r , is the net reac t iv i ty available in the hot sys tem 
at ze ro power and with the rods at 17.3 in. known, because of the lack of 
t ime to ca l ib ra te rods completely in the hot r eac to r pr ior to the 500-hr 
plant per formance t e s t or subsequently.!^ 5) 

A ca l ibra t ion of r e a c t o r power re la t ive to the amount of bor ic 
acid in the r eac to r water was a t tempted, with rods left in posit ion. Although 
the m e a s u r e d reduct ions of the equi l ibr ium ra te of flow of s t eam cor respond­
ing to the additions of smal l amounts of bor ic acid solution were somewhat 
inconsis tent , an es t imate of 3 to 4.4 dol la rs has been infer red for the r e ­
activi ty loss due to s t eam voids at 3 Mwt. The data were not co r r ec t ed for 
the change in the reac t iv i ty control led by the rods , a r i s ing from the change 
in power, e s t imated to lead tisan ^^10% reduct ion, i .e . , to 2.7 to 4.0 do l la r s , 
or '^3.3(10.6) d o l l a r s . The data and the uncer ta in t ies of the analysis do not 
war ran t a m o r e re l iable estimiate. 

9. Activation Plots of Bare Nickel-Cobalt Wires in the Core 
( '^420°F; 8000 lb s t e a m / h r ; Control Rods Banked at 23.0 in.) 

Before the 3-Mwt re fe rence core was taken to power for the 
f i rs t t ime , 52 ba re nickel wi res containing '^0.05 w/o cobalt were aligned 
ver t i ca l ly in fuel a s s e m b l i e s in one quadrant of the c o r e . Shortly after the 
f i rs t , br ief tes t ing of the r e a c t o r at nontr iv ia l power l eve l s , the r eac to r 
was opera ted at a s t eam m a s s flow ra te of 8000 Ib /h r for approximately 
forty h o u r s , during which t ime a f ive- rod-bank position of 23.0 in. was 
mainta ined by varying the concentra t ion of bor ic acid in the r eac to r wate r , 
(it was then that the data concerning the buildup to equi l ibr ium xenon, 
shown in F ig . 97, were obtained.) The wi res were removed from the r e ­
ac tor at the end of this t ime , and subsequently they were counted using a 
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60 
single-channel analyzer covering the Co gamma peak at 1.172 Mev. An 

, 58 n-p reaction with the nickel leads to Co ° gamma activity, p r imar i l y below 
0.87 Mev; it is believed that the discr iminat ion against this activity was 
sat isfactory. One wire (No. 37) broke during prepara t ions for counting, 
and the data for that position have been omitted. 

In Fig. 101A a re shown the positions of the wires in a plan 
schematic of the r eac to r core quadrant . The axial distr ibutions of the 
Co^'' activity a r e shown in F igs . lOlB to lOlQ (less l e t t e r s "I" and "O"), 
assembly by a s sembly . Note tha t the datum points, and hence the labeling 
of the absc i s sa , refer to a base point such that 28.5 in, cor responds to the 
top of the fuel plate . Thus, for example, the distance "10 in." designates 
a point that i s approximately 8.3 in. above the bottom of the active fuel 
plate . 
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D. Comparison with Reactor Phys ics Cha rac t e r i s t i c s of the Initial Refer-
ence For ty - fue l -as senably Core (~Loading No. 45) 

Since the half-length burnable-poison s t r ips a r e l e s s gray, and a r e 
positioned adjacent to control rod channels , in the bottom half of the co re , 
these s t r ips a r e subject to more rapid burnup in the higher the rmal neutron 
fluxes encountered in these regions than a r e the full-length s t r i p s . Con­
sequently, it is of some in te res t to point up the dis tor t ion of the curves of 
differential react iv i ty effect of rod motion from the 5-rod bank occasioned 
by the inser t ion of the half-length s t r ips in what is otherwise the initial 
reference core of forty fuel a s s e m b l i e s . The corresponding differential 
curve for rod No. 9 in loading No. 19 (or, equivalently, in loading No. 45) 
at room t empe ra tu r e is p resen ted in Fig. lOZ. 

IB 15 20 

INDICATED POSITION ©F 5-ROO BANK ( i n . ) 

FIS. 102 

DIFFERENTIAL REACTIVITY EFFECT OF MOVING 
CONTROL ROD NO. 9 FROM 5-ROD BANK 

(LOADING NO. UB AT ROOM TEMPERATURE) 

The curve for the bank of rods Nos. 1 , 3 , 5 , and 7, moving from the 5-rod 
bank, is so s imi l a r in shape and in magnitude that it is not presented . By 
a compar ison of Fig . 102 with Fig . 94, it may be seen that the half-length 



s t r ips acted to reduce the effectiveness of control rod No. 9 and to shift the 
position of the peak differential reac t iv i ty effect. The off-center c r o s s rods 
were affected a l so , but not so marked ly . 

Bare gold w i re s were act ivated in the hot ('^420'^F) r eac to r at e s s en ­
t ial ly ze ro power. The axial d is t r ibut ions of the Au activity a r e presented 
in the repor t on the ze ro -power exper iments with var ious ALPR core 
loadings.(38) 



Appendix II 

REACTOR THERMAL ANALYSIS* 

The r e a c t o r has been designed for a t h e r m a l output of 3000 kw, 
corresponding to a s t eam flow ra te of 9020 Ib /h r . The actual max imum 
s team flow r a t e depends on condenser vacuum and, in turn, on ambient 
conditions of b a r o m e t r i c p r e s s u r e and t e m p e r a t u r e . Typically, at an 
actual s t eam flow ra te of 8350 Ib /h r , the following set of plant conditions 
were obtained: 

Observed Design 

Main s t eam p r e s s u r e 

T e m p e r a t u r e hotwell 

Turbine load 

Simulated heat load 

Air to condenser 

Air flow 

Baro rae t r i c p r e s s u r e 

Condenser p r e s s u r e 

304 psig 

143°F 

310 kw 

412 kw 

34°F 

sa tu ra ted 

69250 SCFM 

24.86 in. 

8 in. Hg 

Hg 

a b s 

a b s 

300 psig 

130°F 

360 kw 

400 kw 

60 °F 

86000 SCFM 

sea level 

4.5 in Hg abs 

For compar i son , the design conditions a r e a l so shown The difference 
between the design r a t e of flow of s t eam and the ac tua l observed r a t e was 
due (l) to the difference in b a r o m e t r i c p r e s s u r e , causing a lower a i r m a s s 
flow ra t e , and (2) the lower turbine load, imposed by poor condenser 
vacuum (see sect ion IX - B ) . 

Feedwater at 175°F en te r s the r eac to r v e s s e l from a sp ray ring 
located on a plane approximate ly level with the top of the core (see Fig. 23), 
The incoming water mixes with the ci rculat ing water in the downcomer, 
with the r e s u l t that the downcomer water is subcooled of the o rder of 1.5 to 
2°F. This subcooled water en te r s the r e a c t o r fuel channels where i ts 
t e m p e r a t u r e is r a i s e d to sa tura t ion in the f i rs t 25% of the core height, 
according to ca lcula t ions . Thus, the full-load s t eam genera t ion of 8350-
9020 Ib /hr occurs approx imate ly within the upper 75% of the core . 

The difference in the densi ty of the mix tu re of heated water and 
s team within the core and that of the subcooled water within the downcomer 
produces a driving head respons ib le for the n a t u r a l c i rcula t ion within the 
core . 

*A. Smaardyk 



In the heat t r ans fe r calculat ions, a simplified model was a s sumed 
in which heat generat ion took place uniformly over the ent i re core . Fur the r 
assumpt ions made in the evaluation a r e as foUo-ws: 

1. Control rods a r e fully withdrawn. 

2. Steam voids a r e not c a r r i e d over into the downcomer. 

3. Uniform dis t r ibuted mixing occurs between incoming 
feedwater and rec i rcu la t ing water . 

4. Uniform water t e m p e r a t u r e and velocity at the inlet to the 
fuel channels . 

The p rocedure for calculating the heat t ransfe r cha rac t e r i s t i c s was then 
applied as followssl^l/ 

1. Assume an exit void fraction 0.^ which is the ra t io of vapor 
phase flow a r e a to total flow a r e a at the exit of the fuel channels. 

2. Solve the flow equation EAp - 0 for a l l p r e s s u r e drops within 
and over the core and around the downcomer. 

3. Using an exper imenta l value of slip ra t io , calculate the s team 
quality from the equation 

1 

1 + 
V 

L g J L g J 

1 
— „ 1 

a 

where 

X - s t eam quality, ra t io of vapor flow r a t e to total mix ture flow r a t e 

V - specific volume of sa tu ra ted liquid 

V - specific volume of sa tu ra ted vapor 

p r - densi ty of sa tu ra t ed liquid 

p - densi ty of sa tu ra ted vapor 
S 
a - s t eam volume fraction (ft s teain/ f t mix ture) . 

4. Obtain the r eac to r power and subcooling by substituting known 
values of s t eam quality and feedwater inlet enthalpy hg in the equation 



Qt = W, [(hf - hi„) + Xhfg] = Wg [(hf - h^) + hfg] 

where 

h f -

liin " 

h f , -

W t -

Q t -

^ -

enthalpy of sa tura ted liquid 

enthalpy of subcooled water 

latent heat of vaporizat ion 

flow ra t e , total 

heat r a t e , total 

s t eam flow r a t e . 

The calculat ions were made for one case without a chimney or 
r i s e r above the co re and for another case with the benefit of a r i s e r 
section. For purposes of compar ison, the r e su l t s a r e shown in Fig. 103. 

Actually, a r i s e r section is formed by the control rod channels 
except for approximate ly two-inch-wide ve r t i ca l gaps between these 
channels (see Fig . 25). Likely, cons iderable por t ions of the circulat ing 
water bypass the r i s e sect ion through these gaps . Also, bypassing 
is possible through eight vacant fuel a s sembly spaces located within the 
r i s e r geomet ry . These spaces have been e a r m a r k e d for inser t ion of fuel 
a s sembl i e s in a 59 -as sembly core . P re sumab ly , the actual r eac to r pe r ­
formance l ies between the values shown for the two cases in Fig. 103, 

Other impor tant heat t ransfe r p a r a m e t e r s used in, or concluded 
from the calculat ions a r e s u m m a r i z e d in Table 31. 

The fuel and clad t e inpe ra tu re s were calculated using the pub­
lished^'*'^'' boiling heat t r ans fe r data. For the fuel plate, the averaged 
t e m p e r a t u r e gradient through the m e t a l was calcula ted to be of the o rder 
of 1°F. The t e m p e r a t u r e difference (l0' 'F) of the fuel and clad was e s t i ­
mated for an a r b i t r a r i l y a s sumed scale coefficient of hg -^ 2000. This 
es t imate was cons idered conservat ive for ALPR fuel environment of high 
puri ty water . 
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Table 31 

SUMMARY OF HEAT TRANSFER CHARACTERISTICS FOR 
4 0 - F U E L ASSEMBLY REFERENCE CORE AT 3 Mwt 

Steam Flow 

Average Heat Flux 

Maximum Heat Flux 

Average T e m p e r a t u r e at Center Line 
of Fuel Pla te 

Maximum T e m p e r a t u r e at Center Line 
of Fuel Pla te 

Average T e m p e r a t u r e at Surface of Fuel 
Pla te Cladding 

Maximum T e m p e r a t u r e at Surface of Fue l 
Pla te Cladding 

Modera tor T e m p e r a t u r e 

Feed-water Inlet T e m p e r a t u r e 

Total Heat Transfer Area 

Average Boiling Length 

Average Power Densi ty in Core Coolant 

Coolant Velocity in Fue l Channels 

Average Steam Void in Fuel Assembly 
Channel 

Average Steam Void in Core Moderator 

Exit Steam Quality 

Subcooling at Core Inlet 

Water Reci rcu la t ion Ratio (lb water 
per lb s team) 

9,020 Ib /hr 

21,500 Btu/(hr)(ft^) 

75,500 Btu/(hr)(ft^) 

450 °F 

470°F 

440 °F 

460°F 

421°F 

175°F 

475 ft^ 

20 in. 

17.5 kw/ l i t e r 

2.2 f t / sec at ent rance 
of core at full power 
without r i s e r . 

3.2 f t / sec at entrance 
of co re at full power 
with r i s e r 

'^10% without r i s e r 
-^8% with r i s e r 

'-8% without r i s e r 
'"̂ 6% with r i s e r 

-^0.8% without r i s e r 
^^0.6% with r i s e r 

1.5 to 2^F 

130 
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Appendix III 

BIOLOGICAL GRAVEL SHIELDING CALCULATIONS* 

A. Constants 

In o rde r to make the shielding calculations it was n e c e s s a r y to 
deternaine a set of appropr ia te nuclear p a r a m e t e r s for the gravel . Analysis 
was made of severa l samples , and a typical composition was est imated. 
The important elemental consti tuents a r e given in Table 32. 
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Constants for the mixture were then a r r i ved at by simple summation of the 
contributions of the const i tuents . Constants were calculated for gravel''*-^) 
having a density of 120 Ib/ft^. The resul t ing paranaeters chosen are given 
in Table 33, where ' ^ is the total g a m m a - r a y attenuation coefficient, 'ig is 
the energy absorption coefficient, and N (E) is the effective number of 
secondary gamma rays born at energy E per neutron capture. 

Table 33 

REFERENCE GRAVEL CONSTANTS FOR 
GAMMA-RAY CALCULATIONS 

G a m m a - r a y 
Energy 
(Mev) 

1 
2 
2.5 
4 
6 
8 

^l^(cm-^) 

0.1237 
0.0877 
0.0770 
0.0588 
0.0520 
0.0404 

/ie(cm-i) 

0.1113 
0.079 
0.069 
0.053 
0.047 
0.036 

N (E) 

.. 
» 

0.64 
0.83 
0.7 
0.063 

*A. D. Ross in 



Actual tes t showed the prototype gravel to weight about 105 Ib/ft^. 
If one were to recalcula te the shield, constants could be co r r ec t ed simply 
by the rat io of the densi t ies . 

B. Exper imenta l Determinat ion of Flux in Gravel 

In response to a request f rom the Army Reac tors Branch, an ex­
per imenta l facility (Fig. 104) was added to the prototype in the belief that 
some quantitative data on gravel as a shielding ma te r i a l could be obtained. 

EXPERIMENTAL 
FACILIT/ TUBE 

PLATFORM 

BJLDING 

REACTOR 
CC^E 

DRAIN AND VErj 
TLBE 

- PRESSURE VESSEL 
SUPPORT C/LINDER 

AND THERMAL SHIELD 

FIG 1 0 4 
REACTOR BIOLOGICAL SHIELD EXPERIMENTAL FACILITY 

A 2-in.-ID aluminum pipe extends from the outside wall of the plant building 
to a point tangent to the reac tor external t he rma l shield and at the height of 
the reac tor core midplane. The tube is normal ly kept filled with seven 
plugs. These a r e cans , each 29 m. long, filled with shield gravel , thus 
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approximating the nuclear c h a r a c t e r i s t i c s of the biological shield. F igure 105 
shows the relat ion of the plugs and the distance in the experimental hole to 
the actual distance froin the core center l ine . 

^ 0 SC ^ 0 DO 2IT 240 

DS iAN E FRCfi i r j«DL E r o o r TUBE, r C - ^ E " 

FIG 105 
CAN LOCATIONS If̂  EXPERIMENTAL HOLE 

Gold foils were attached to the plugs and i r rad ia ted over a short 
per iod of operation. During the Plant Pe r fo rmance Test(°) another set of 
foils was i r r ad ia ted to saturat ion, permit t ing a bet ter absolute flux de te r ­
mination. The re su l t s a r e shown in Fig. 106. When the count ra te obtained 
from the cadmium-covered foils is subtracted from the bare-foi l r a t e , the 
difference should give the the rmal neutron activations. The flux thus 
m e a s u r e d is compared with calculated the rmal neutron flux in Fig . 107. 
The cal ibrat ion was based on a s imi la r foil i r rad ia ted in the Labora to ry ' s 
Standard P i l e . 

It is recommended that further considerat ion be given to possible 
exper iments to be done in the exper imental hole. Other foil ma te r i a l s may 
be used, and the plugs make it poss ible to i r rad ia te samples of gravel or 
other m a t e r i a l s . Detailed activation analysis of the gravel could give in­
formation on the long-lived act ivi t ies which may be important for major 
maintenance opera t ions , should such be n e c e s s a r y deep in the shield. 
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Appendix IV 

ALUMINUM-NICKEL ALLOY CORROSION TESTING* 

During the per iod of init ial design of the ALPR, a new aluminum 
alloy had been developed by the Labora to ry ' s Metallurgy Division. By 
adding 1 w/o nickel to a s tandard type 1100 aluminum alloy, it was pos ­
sible to avoid the d i sas t e rous in te rg ranu la r attack at elevated t e inpera ­
t u r e s that normal ly occurs in the type 1100 alloy.(35) Although evaluation 
of the new a luminum-nicke l alloy, type X8001, was jus t beginning, it ap ­
peared that it might be useful for the ALPR operating conditions (fuel 
plate surface t e m p e r a t u r e of 460°F and coolant t empera tu re of 421 °F). 
Thus Reactor Engineer ing Division began a s e r i e s of t e s t s to de termine 
the value of the m a t e r i a l for this reactor.!"*) 

In the f i r s t t es t (to study the effect of boiling on the cor ros ion of 
X8001), a—-in . -OD s ta in less s tee l tube clad with X8001 aluminum was 
par t ia l ly enclosed in a sma l l p r e s s u r e ves se l . The vesse l and tube were 
mounted ver t i ca l ly , and the tube was mechanica l ly sealed to the vesse l 
at both ends where it extended beyond the vesse l . The vesse l was par t ia l ly 
filled with h igh-pur i ty wa te r . By pass ing 500-550°F water from a dynamic 
loop through the in te r ior of the tube, boiling was obtained on the ex te r io r 
of the tube. The heat flux d e c r e a s e d as the wate r t empe ra tu r e inside the 
tube dec reased along the length of the tube, with a maximum value of 
25,000 Btu/(hr)(ft^) near the bottom of the tube. A bulk water t empera tu re 
of 420°F was mainta ined by varying automatical ly the flow of cooling 
water in a separa te tube in the s team zone of the vesse l . A smal l amount 
of wa te r f rom the ves se l was bypassed through a cation r e s in exchange 
bed for a per iod of about th ree hours every working day. Thus a water 
res i s t iv i ty f rom 130,000 to 520,000 ohm-cm and a pH from 6.5 to 7.5 
were mainta ined. 

Three tubes w e r e tes ted in this manner for varying lengths of t ime. 
The oxide formed was removed by placing the tube in a, sa tu ra ted boric acid 
solution and pass ing a high-voltage ac f rom the sample to a s ta in less s teel 
e lec t rode . It was then poss ib le to de te rmine meta l loss by weight differ­
ence. The r e su l t s of t e s t s on these s ample s , the longest of which was 
tes ted for 3700 h o u r s , indicated a co r ro s ion ra te of 3.3 mi l s pe r year .(44) 

Operat ion of another boiling co r ros ion rig was s t a r t ed during the 
previous tes t . This t ime X8001-clad ca r t r idge hea t e r s were used (see 
Fig . 108). The rig was designed to hold 24 samples at one t ime and 
was e lec t r i ca l ly wi red in a manne r so that one set of hea t e r s could operate 

*N. R. Grant 
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at full power [23,000 Btu/(hr)(ft^)], one set at half power, one set at qua r t e r 
power, and one set at zero power. Testing was again at a bulk water t e m ­
pera tu re of 420°F, but continuous flow was maintained through a mixed bed 
ion exchange res in by natura l convection. This method produced water of 
high purity (over 1 megohni-cm) at all t imes . Tempera tu re control of the 
rig was s imi la r to that for the previous tes t . 

FIG. 108 

X800I CLAD BOILING CORROSION CARTRIDGE 

Samples were withdrawn at in tervals and the cladding removed. 
Weight-loss determinat ions 
were made by using an iodine-
methanol solution to dissolve 
the aluminum and measur ing 
the amount of oxide remaining. 
The longest test t ime was a 
little over one year . The ra tes 
of meta l loss var ied from 
1.8 m i l s / y r for the full-power 
samples to 0.36 nail /yr for the 
zero-power samples . Most 
of the difference in weight loss 
may be at t r ibuted to the differ­
ence in surface t empera tu re 
of the aluminum (see Fig. 109).( ' 

Various static auto­
clave tes t s were conducted at 

420°F concurrent ly with the above boiling tests.(45) ^ static tes t was con­
ducted on sandwiches of cadnriium between two plates of X8001 aluminum, 
a s t ruc ture that s imulated a proposed control rod. Holes were dri l led in 
the cadmium and the aluminum plates were spot welded together . No bond­
ing around the edges was made m orde r to simulate the wors t conditions 
of exposure of the cadmium to the high-puri ty water . Two types of fastening 

160 20 J 240 
"IME, Days 

EFFECTS 
AQUEOUS 

OF 
FIG 109 

BOILING AND HEAT 
CORROSION ON ALLOY 

THROUGHPUT 
X 8 0 0 I AT 4 2 0 

ON 
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were tested (see Fig. IIO): (1) one of 
the aluminum plates was dimpled so 
that it contacted the other during 
welding (technique B), and (2) an alu­
minum disc was used to separate the 
two plates (technique A). One sand­
wich of each type was removed from 
tes t every two weeks for a total of 
18 weeks. The water from each period 
was chemically analyzed for cadnaium. 
After the tes t the sandwiches were 
separa ted (see Fig. I l l ) , the oxide 
dissolved from the surface of the 
cadmium, and weight losses de te r ­
mined. Unfortunately, the weight 
losses were extrenaely sca t te red and 
no rate could be established. However, 
it can be stated that the two methods 
yielded approximately the saine weight 
los ses and that most of the samples , 
r ega rd les s of t ime, had a weight loss 
between 0.6 and 1.2 mg/cm^. Cheini-
cal analysis showed 2 to 5 m i c r o ­
g rams cadmium per ml of water . The 
e r r a t i c behavior of the resu l t s may be 
due to the variat ion in how tightly the 

sandwiches were p r e s s e d together , thereby changing the amount of water 
that could c i rcula te between the cadmium and the aluminum. Technique B 
was used for the manufacture of the control rods (see Fig. 27) because it 
is l e ss expensive than technique A and produces a more reliable weld. 

Autoclave tes t s at 550°F were ma,de on fuel plates (powdered me ta l ­
lurgy p rocess ) , obtained from the Sylvania, Corp. , some of which were known 
to be unbonded and some which had dri l led holes for intentional defects. 
All but one of these plates had b l i s te red to some extent by the end of about 
th ree months of test ing. When the Metallurgy Division began making fuel 
plates (rolled ingot p roces s ) , two of these plates were corros ion tes ted 
for one week, b l i s te r tes ted, and again cor ros ion tested for an additional 
week. Both plates proved sat isfactory. Each fuel plate for the ALPR core 
passed the b l i s te r t es t at 1022°F for one hour before consolidation into a 
fuel assembly . 

FIG. 110 

PROPOSED TECHNIQUES FOR CONTROL ROD CONBTRUCTIOW 

During fabricat ion of the fuel p la tes , a coupon was cut from the end 
of each plate for co r ros ion test ing. These coupons contained no fuel but 
consisted of three l aye r s of X800] aluininum alloy clad ma te r i a l bonded 
during the manufacturing p r o c e s s . A total of 798 coupons were obtained. 
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Before the cor ros ion tes t was s ta r ted , the coupons were cleaned 
in acetone and every twentieth one was weighed to obtain me ta l - lo s s in­
formation. The cor ros ion tes t was c a r r i e d out at 550°F in an autoclave 
using dist i l led deionized water . All samples were visually checked after 
a 30-day per iod to insure that no other aluminum alloy had been incorpor ­
ated by mis take . All we re X8001. Samples were removed and defilnaed at 
t imes up to 7000 hours to obtain a co r ros ion curve (see Fig . 112). The 
resu l t s indicated a co r ros ion ra te of about 1 mi l per year . Blister ing 
occur red on about half of the samples exposed the full t es t period. 

Twenty-one fuel plates were tes ted for per iods ranging from 287 
to 309 days at 450°F. Four smal l b l i s t e r s (<—in. in dia) were found in the 
cladding near the edges in the "picture f rame" a rea . No distort ion or 
swelling was noted. 

Eight fuel plates were tes ted for 316 days at 600°F. The dimensions 
of the plates changed, growing near ly 4% in length. A number of smal l 
b l i s t e r s near the edges developed during the exposure . 
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FIG. 112 

CORROSION OF FUEL PLATE COUPONS AT B60°F 

NuTTierous tes t s were made on the X8001 alloy at higher t empera ­
tu r e s , both in- and out-of-pi le . In two in-pile tes ts at 500°F, samples 
exposed in a neutron flux zone showed slightly less cor ros ion than the 
samples in the sanae water but out of the flux.(44) 

One of the most important factors for controlling the corros ion of 
X8001 alloy is to maintain the highest possible purity of water , preferably 
of 1 megohm-cm res is t iv i ty or higher. If it is below this value, the pH 
must be maintained at 7.0 or slightly below. Another important factor is 
to have as much aluminum surface a r e a in the reac tor as possible . Dy­
namic loop tes t s have shown that the higher the corroding surface a rea 
per unit c irculat ing water , the lower will be the cor ros ion (see Fig. 11 3).(45) 
The ALPR has over 300 cm^ of X8001 per l i ter of water , which is higher 
by a factor of four than can be attained in the Reactor Engineering Division 
cor ros ion loops. Thus the reac tor is well on the safe side in r ega rd to 
this cor ros ion factor. The mechanism of this sur face- to-water -volume 
rat io effect, and the relat ionship to the cleanup system operation, a r e still 
under investigation.(46) 

Although the cor ros ion of the X8001 mate r ia l is more difficult to 
predic t at higher t empe ra tu r e s because of the factors noted above, the 
resu l t s at 420°F have been consistently good, and it is believed that no 
ser ious cor ros ion problems will a r i s e from use of the X8001 aluminum in 
ALPR. The cor ros ion behavior of the X8001 clad fuel e lements in Borax IV 
appears to support this view.(45) 
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The boron poison s t r ips made by extruding a mix ture of e lemental 

B*" powder and X8001 aluminum powder were also tes ted for cor ros ion 
res i s t ance . Samples were held in water 100 days at 440°F, 114 days at 
550°F, and 34 days at 660°F. Specimens tes ted at 660°F were b l i s te red 
and in poor condition, but intact. Samples tes ted at the lower t empera tu re s 
were in good condition at the conclusion of the t e s t s . The amount of co r ­
rosion was approximately equal to that experienced by X8001 aluminum 
corroded for the same per iod. 



Appendix V 

TECHNICAL CHARACTERISTICS - ARGONNE 
LOW POWER REACTOR (ALPR) 

(March 9, 1956) 

Note: The following c h a r a c t e r i s t i c s include Change No. 1 
(May 1, 1956), Change No. 2 ( June 14, 1956), and in terpre ta t ion of 
the specifications ensuing from meet ing between Army Reac tors 
Branch and Argonne National Labora to ry personnel on August 21,1956. 

The Argonne Low Power Reactor Pro jec t (ALPR) has been es tabl ished 
by the Atomic Energy Commiss ion , at the reques t of the Depar tment of De­
fense, as an ul t imate m e m b e r of a family of nuclear power plants to produce 
e lec t r ic power and heat at remiote m i l i t a ry b a s e s . 

The ALPR should be designed to provide the best possible boiling 
heterogeneous nuc lear power plant sys tem that mee t s the requ i rements of 
an Auxi l iary Station, DEW Line, and is compatible with a rc t i c environmen­
tal condit ions. The plant will include the s t ruc tu re housing and auxi l iary 
s y s t e m s . The prototype plant will be cons t ruc ted at the National Reac tor 
Testing Station, Idaho. The purpose of prototype construct ion is to obtain 
information and data on new fea tures of the sys tem. A major objective of 
the prototype design is to min imize the engineering modifications that need 
be made when adapting this design to a specific Auxil iary Station. 

Construct ion of the prototype power plant sys tem should include as 
many fea tures pecul iar to a rc t i c conditions as is poss ible . For example, 
the a i r space r equ i red between grade and the bottom of the plant s t ruc tu re 
will be provided. Whether such a i r space is provided in the prototype 
s t ruc tu re by placing it on piling, as it mus t be in the a r c t i c , or by some 
other construct ion design, may be de termined by considerat ions of local 
economy. 

Whenever it is n e c e s s a r y to deviate from a rc t i c p r a c t i c e s , it is 
des i red that appropr ia te recommendat ions be made through the Chicago 
Operat ions Office to the Army Reac to r s Branch, Division of Reactor Devel­
opment, Washington, D.C. 

These Technical Cha rac t e r i s t i c s a r e to be const rued as design 
objectives for the prototype plant and not as per formance guaran tees . ^'^ ') 
Changes may be made to ensure the design of a s imple , re l iable nuclear 
power plant for the intended application. Recommendat ion for changes 
on modifications should be made to the Army Reac to r s Branch through the 
Chicago Operat ions Office. 



The DEW Line is now under construct ion. Specific information on 
loads, load fac to r s , and curves a r e not avai lable . A specific s i te for the 
instal lat ion of the f i r s t operat ing unit has not been se lec ted . Therefore , 
for many i t ems in this specification, only "average a rc t i c condit ions" a r e 
given. As these and other application information becomes available, data 
will be furnished to Argonne National Labora tory . 

It is des i red that, insofar as poss ib le , the m a t e r i a l s , components , 
and sys t ems of the nuclear power plant, especia l ly for the r eac to r com­
ponent, should be acceptance tes ted under s imulated operat ion conditions 
before prototype const ruct ion . 

Washington supervis ion of this project r e s t s in the Army Reac tors 
Branch, Division of Reactor Development, U. S. Atomic Energy Coinmission. 

Genera l Requi rements 

1. Capacity (Design) 

200 kw E lec t r i ca l 
400 kw Heat, Net (approximately 1,300,000 Btu /hr ) 

2. F requency 

60 cps 

3. Voltage (Busbar) 

120/208, 3-phase, 4 -wi re , wye connected 

4. Power Fac to r 

0.8 

5. Plant Fac to r 

0.7 

6. Standby Equipment 

Ful l capacity, e l ec t r i ca l and heating, in conventional d i e se l -
e lec t r i c power plants and /o r o i l - f i red furnaces a s sumed .^ 

7. Transpor tab i l i ty 

Sealift, air l if t , and overland t ranspor ta t ion a r e available in the 
Arc t i c . Sealift is used only during the s u m m e r months , whereas airl if t 
may opera te the year round. The runways at some DEW Line s i tes become 
soft during the sumimer which prevents a i rc ra f t opera t ion. 

^The ful l -capaci ty e l ec t r i ca l r equ i r emen t is for an a rc t i c instal la t ion. 
The prototype instal la t ion was approved with 60-kw d ie se l -
electr ic . (48,49) 



Aircraf t operat ing to DEW Line stations a r e C-123 and C-124, 
Details on cargo p repara t ion for these a i rcraf t will be furnished separa te ly .^ 
The prototype plant mus t be designed to incorpora te this a i r t ranspor tab i l i ty 
feature , by components , p r io r to init ial operat ion. 

8. Pe r sonne l 

Every man stat ioned at a remote a rc t ic site i nc r ea se s the 
logistic support problem for that location. For this reason, the number of 
operat ing personnel to run this plant must be a aninimum. It may be a s ­
sumed that ce r ta in m e m b e r s of the organizat ion will have some training 
in the operat ion of this plant to the extent of routine operation, inspect ions, 
and prevent ive main tenance . Such t ra ining will include basic s team tech­
nology, power plant operat ion, pa ra l l e l operat ion of genera tors and i n s t ruc ­
tion in r eac to r operat ion; health physics , nuclear ins t rumentat ion, e tc . 
These individuals undoubtedly will be uti l ized in the d ischarge of the p r i ­
m a r y miss ion of the remote s i t e . 

The supe rv i so ry personne l at this r emote site may be expected 
to have very l i t t le knowledge of reac to r technology. The re l iance for un­
in ter rupted operat ion is placed upon the technological development of the 
plant conmponents, the plant design and the operating personne l . Thus, a 
nuclear plant that will opera te re l iably for prolonged per iods of t ime with 
the minimum of supervis ion and logistic support is requi red . 

The m i l i t a r y personne l ass igned to remote a rc t ic s tat ions a r e 
re l ieved every 12 months , or l e s s , and replaced by a new group. It should 
be assumed, the re fo re , the background and training of the incoming p e r ­
sonnel is the b a r e min imum to sa t is factor i ly accomplish thei r miss ion . 

The p re sen t plans a re to opera te the DEW Line by contrac t . 
It should be a s sumed the init ial ope ra to r s will be c ivi l ians . Major main­
tenance, fuel changing and radioaxtive waste disposal will be accoinplished 
by especia l ly t ra ined personne l , civilian and /or mi l i t a ry . 

9. Fac i l i t i e s 

The buildings designed for the Auxiliary Station of the DEW 
Line consist of modules" approximately 16 ft x 28 ft x 16 ft. These mod­
ules a re connected in one line so that the ul t imate s t ruc tu re is 28 ft wide 
and up to 412 ft long, depending on the number of modules used. The 
radar antenna dome is above these modules . Each module, the assembly , 
and the radome is designed for winds of 125 mph, 2 in. of ice, and 
30 Ib/ft^ of snow. 

^The air t r anspor tab i l i ty feature l imited all "packages" to 7-2"ft x 9 ft x 
20 ft, and 20,000 lb in weight. 

"The module r equ i remen t is for an a rc t ic instal la t ion. The p re fabr i ­
cated support faci l i t ies s t ruc tu re for the prototype was approved.(^^z 



The modules a r e designed to be connpatible with a rc t i c 
condit ions: 

(a) Comfortable, adequate, and flexible to meet personnel 
and equipment r e q u i r e m e n t s . 

(b) Res is tan t to f i re , wind, cold, s t o r m , and de te r io ra t ion . 

(c) Simple and economical to t r a n s p o r t , cons t ruc t , and 
mainta in at a rc t i c s i t e s . 

The building design is to einphasize maximum res i s t ance to, 
prevention of, detection of, and control of f i re , consis tent with assoc ia ted 
p rob lems of a r c t i c const ruct ion, maintenance , opera t ions , economics and 
log is t ics . 

The floor of the antenna in the radome over the building t r a in 
is 50 ft above the local t e r r a i n . The highest point of the building housing 
this power plant should not be higher than 50 ft above ground. Should this 
height be exceeded, the Army Reac to r s Branch, AEC, should be so in­
formed before the design is approved. 

Outside acces s doors must not be encroached upon by building 
design les t the requis i te a r e a for snow remova l by mechanized equipment 
be hampered . 

The building housing this plant should conform to these 
genera l DEW Line r e q u i r e m e n t s . 

Operat ional Requi rements 

1. Envi ronmenta l Conditions 

Outside ambient t e m p e r a t u r e : -60°F to +60°F. The plant 
should be designed for 60 kw e lec t r i ca l overload at 40°F outside ambient 
a i r t e m p e r a t u r e , (see No. 4 below). 

Winds: The specifications on the p resen t s t r u c t u r e s r equ i re a 
building to withstand 125-mph gus ts , 30 Ib/ft^ of snow, and 2 in. of ice . 

P e r m a f r o s t : P e r m a f r o s t may be expected throughout the 
DEW Line region. Thawing of the pe rmaf ros t in t roduces undes i rable 
s t r e s s e s in the bui ldings . Adequate protect ion mus t be provided to p r e ­
se rve the pe rmaf ros t regimie. Should re f r ige ra t ion be requ i red , this 
e l ec t r i ca l load mus t be cons idered p a r a s i t i c . 

Annual precipi ta t ion: The a rc t i c coast , in genera l , has very 
little prec ip i ta t ion . That sect ion of the coast in Alaska proposed for the 
f i rs t instal la t ion r ece ives approximate ly 4.5 i n , / y r . 



Water availabil i ty: Many of the DEW Stations have available 
a source of f resh water , other than mel ted snow. This water may be 
expected to have a high m i n e r a l and organic ma te r i a l content. Detailed 
information will be made available at a la ter date. 

Site m a t e r i a l s : Information on this subject is l imited. Gravel 
has been used at many DEW Line Stat ions, Detailed information will be 
furnished at a l a te r date .^ 

2. Routine Operat ion 

Upon successful completion of acceptance t e s t s , the operat ional 
nuclear plant is expected to be placed in routine operat ion. The plant will 
be p repa red for operat ion by an opera tor in accordance with s tandard 
p rocedures for s ta r t ing up the plant. When ready to take the e lec t r ic and /o r 
heating loads, pa ra l l e l operat ion with the conventional sys tems will be 
es tabl ished, the load shifted to the nuclear plant, the conventional sys tem 
shut down as p r e s c r i b e d by s tandard operat ing p rocedu re s . The plant will 
be adjusted to the load conditions and placed into "demand controlled 
operat ion" by the ope ra to r . When the plant is operating stably and to the 
sat isfaction of the opera to r , further detailed and constant attention by 
operating personne l should be unneces sa ry . The opera tor will be pe r fo rm­
ing other duties e l sewhere . Routine inspections and prevent ive maintenance 
(such as keeping oil r e s e r v o i r s filled) will be n e c e s s a r y . 

Guidance on frequency and extent of inspections and main­
tenance is expected of Argonne National Labora tory , and the Archi tec t -
Engineer . 

Whenever requ i red and foreseen, the shutdown of the nuclear 
plant will be accomplished manual ly in accordance with s tandard operat ing 
p r o c e d u r e s . 

3. Res t a r t 

Normal s ta r tups will be under the control of an opera tor in 
accordance with s tandard p r o c e d u r e s . This action will follow core r e ­
p lacements , scheduled shutdowns, and emergency shutdowns. The nuclear 
plant must be capable of r e s t a r t i ng after a shutdown occurr ing anytime 
during the core life. Plant down t ime only re in t roduces the pet roleum 
logis t ics problein that nuc lear plants a re to re l ieve , hence, the need to 
r e s t a r t at the ea r l i e s t poss ible moment . 

4. Plant Overload 

This plant mus t be capable of a 60-kw (electr ical) overload for 
a per iod of one (1) hour or l e s s in each 24-hour cycle . Such a condition 

3-Gravel from a DEW Line station was examined and appra ised as 
being acceptable for biological shield m a t e r i a l . 



may resu l t from the s imultaneous uti l izat ion of equipment with low d ivers i ty 
factor or the energizing of radome h e a t e r s . Under th is condition of ope ra ­
tion, the plant mus t be stable and respond readi ly and automat ical ly to 
demand control signals," an opera to r mus t not be r equ i red . 

This overload r equ i remen t may be re laxed if a non-s tandard 
tu rb ine -gene ra to r size should be n e c e s s a r y . 

When in this over load condition, the r eac to r must have 
sufficient control capabil i ty so that for s teady operat ion, or for sudden 
reduction of load, the r eac to r will not p re sen t any unusual haza rd . 

5, Stability and Regulation 

The plant mus t be stable throughout i ts operat ing range , which 
is defined as any heating load up to 400 kw plus a net e l ec t r i ca l load from 
20 to 260 kw. The maximum load of 260 kw includes a 60-kw over load . 
The following voltage and frequency conditions mus t be observed: 

(a) Voltage may not va ry m o r e than t 5% from the design 
ra ted value with load varying from 20 to 260 kw. Load 
may be applied in i nc remen t s of as much as 60 kw. 

(b) F requency mus t not v a r y m o r e than t 5% from the design 
ra ted value with load varying from 20 to 260 kw. 

(c) Voltage m a y not va ry m o r e than t 2% froin the s teady-
state value at any given load within the operat ing r ange . 

(d) F requency may not va ry m o r e than + 0,1 cps from the 
s t eady- s t a t e value at any given load within the operat ing 
range . 

(e) T rans i en t vol tages may not v a r y m o r e than + 5% from 
s teady-s t a t e va lues . S teady-s ta te voltage must be r e ­
es tabl i shed within 5 s ec . 

(f) T rans ien t f requencies may not va ry m o r e than ± 0 . 5 cps 
from s t eady- s t a t e va lues . S teady-s ta te frequency mus t 
be r e - e s t a b l i s h e d within 5 s ec . 

If a bypass s t eam sys tem is ut i l ized to mee t the r equ i r emen t 
for control and 60-kw load i n c r e m e n t s , up to approximate ly 1300 Ib /h r of 
s team m a y be bypassed from the main s team line through a heat exchanger 
to the condenser . A dead band of approximate ly 200-300 Ib /h r will be a l ­
lowed to avoid excess ive opera t ion of the control sy s t em. It mus t be p o s ­
sible to adjust manual ly the amount of s t eam which is bypassed . The bypass 
s team flow ra te mus t be r e - e s t a b l i s h e d within 30 s e c . 



The voltage and frequency requ i rement s l isted above a re 
dictated by the r equ i remen t s of the radar -communica t ions equipment at 
the DEW Line Station. The sensi t ivi ty of this equipment to frequency and 
voltage changes is being invest igated and as detailed data becomes avai l ­
able this information will be furnished Argonne National Labora tory . 
In o rde r to provide this high-qual i ty e l ec t r i ca l power to the e lec t ronics 
equipment, the conventional plant is so a r ranged that t rans ient -producing 
util i ty type equipment is isolated from the r ada r by using (a) separa te 
d i e se l -gene ra to r ( s ) . Considerat ion should be given to the isolation of the 
r ada r - communica t ions equipment load by some suitable a r rangement . 
However, if this is not feasible , this regulat ion of voltage and frequency 
mus t be applied to the full plant load. If the sensi t ive e lect ronics load 
can be effectively isolated, the voltage and frequency regulation for the 
balance of the station load need only conform to cur ren t p rac t ice of ± 5% 
voltage and +Z% frequency va r i a t ions . The cha rac t e r i s t i c s of the nuclear 
plant must be such as to provide for stable para l le l operat ion under all 
load conditions with the conventional d i e se l - e l ec t r i c equipment now used. 

6, Ins t rumentat ion 

Inst rumentat ion of the nuc lear plant should be a ininimum 
consis tent with the safety of the plant and personne l . The prototype of this 
plant may be ins t rumented as n e c e s s a r y to meet the AEC Advisory Com­
mit tee on Reactor Safeguards (ACRS) r equ i r emen t s , but analysis should 
be made and exper imenta t ion should be conducted on the prototype to con­
f irm the minimum requis i te ins t ruinentat ion. Provis ion should be made 
for audible warning when hazardous operat ing conditions a re imminent . 

Unless otherwise avai lable, controls and inst rumentat ion 
sufficient for sa t i s fac tory pa ra l l e l operat ion with the conventional plant 
must be provided. 

The complete control operat ion - s ta r tup , manual and /or auto­
mat ic load changes , pa ra l l e l operat ion and shutdown - should be performied 
from one control panel . All visual and recording ins t ruments of the nuclear 
plant must be available at one location. Duplicate instrumients may be 
provided at des i r ed locat ions . 

Power Plant Components 

1. Reactor 

The reac to r of the boiling heterogeneous type is to have the 
inherent ability to adjust the power generat ion, and hence, the s team output, 
to meet the load demand placed upon the power plant . The load demand 
may be heating or e lec t r i ca l and any combination of the two. The reac tor 
mus t be stable at all r eac to r power levels from a "zero power c r i t i ca l " 



condition through a power level equivalent to a plant e l ec t r i ca l overload of 
50% throughout the core l ife. Provis ions mus t be incorpora ted in the de ­
sign to provide a sub -c r i t i c a l core at all t imes during the core or fuel 
a s sembly rep lacement operat ion and the subsequent cooling per iod . 

Minimum mechanica l equipment should be within the biological 
shield of the r e a c t o r . Components with rotat ing or movable pa r t s should 
be readi ly available for inspection and main tenance . 

Unless the r eac to r design is adequate to accommodate the 
diss ipat ion of heat after shutdown, cooling mus t be provided, including the 
cooling of spent co r e s in s to rage , if n e c e s s a r y . 

Z. Component Contamination 

The conceptual design p laces the turbine in the p r i m a r y loop 
and outside of the biological shield. This planning r equ i r e s maximum 
water puri ty, minimum entraininent of radioact ive pa r t i c l e s in the s team, 
high fuel plate integri ty , and a sys tem for the detection of excess ive r ad io ­
activi ty in the primiary loop. 

3. Core Life 

The life of the r eac to r core mus t be at leas t two (2) yea r s at 
full design load. It is expected that fuel changes will be made every 
th ree (3) y e a r s . The fuel p la tes mus t withstand the effects of burnup, 
co r ros ion , e ros ion , heat generat ion, and to re ta in the f ission products 
for these p e r i o d s . ^ This r equ i remen t is n e c e s s a r y to hold down the 
logist ic support of this plant and to min imize the t ime requ i red to reach 
the point of m o r e economic operat ion than by conventional p lan ts . The 
plant down t ime for any r eason mus t be a min imum in o rde r to keep the 
pe t ro leum consumption low. 

^Since t he re was insufficient operat ing exper ience with aluminum 
type X8001-clad fuel p la tes in a boiling water r eac to r , a f i rm 
guarantee of a 3-year core life could not be provided. The Army 
Reac to r s Branch was made cognizant of this fact ea r ly in the design 
phases of the p r o g r a m . w ) An effort has been made to lengthen the 
opera t ional life of the fuel plate by inc reas ing the cladding thick­
n e s s , and by using Al-Ni-U fuel plate "meat" that is a lmost as c o r ­
ros ion r e s i s t an t in boiling water as the cladding m a t e r i a l . It is 
believed that at the p re sen t (Februa ry 5, 1959) operat ing conditions 
of the r eac to r the a s s e m b l i e s of fuel plates should fulfill the design 
goal of co re life. 



4. Shielding 

The shielding of the r eac to r component r ep re sen t s the g rea tes t 
single volume of the plant, and emphas is should be placed upon real iz ing 
the smal les t volume and weight of shield n e c e s s a r y . ^ 

On the other hand, personnel at the remote site mus t not be 
exposed to a radiat ion dose in excess of 50 m r / 7 - d a y week. In the shield 
design, considera t ion miay be given to the use of exclusion a r ea s and /or 
shadow shielding, provided the above maximium dose ra te is not exceeded. 
The personnel safety c r i t e r i a for shielding the r eac to r apply to the shield­
ing of the spent fuel s torage pit. 

5, Fuel Storage 

Fuel s torage for spent fuel a s sembl i e s of one core mus t be 
provided. The t ime spent in "cooling" is subject to economic evaluation. 
It may be assumed that a spent co re will cool for one year , and possibly 
for one core life. Adequate safety provis ions must be incorporated to 
maintain the spent fuel in a subcr i t i ca l condition at all t imes during 
s to rage . 

The fuel s torage chamiber should be so designed and situated 
with respec t to the r eac to r and the power plant that removal of the spent 
a s sembl i e s is facili tated and the "cooling off" does not in terfere with the 
operat ion and maintenance of the plant. 

^The shielding c r i t e r i a was based upon the necess i ty to t r anspor t all 
shield m a t e r i a l s by a i r . The use of locally available grave l for shield­
ing re laxed the r equ i remen t . 
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