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CHARACTERISTICS OF FAST NEUTRON POWER REACTORS 

After publicat ion of the r e p o r t EUR 549 f. " Quelques c a r a c 

t é r i s t i q u e s de pi les à neu t rons r ap ides et p i les a s s i m i l é e s " va r ious 

people , and in pa r t i cu l a r m e m b e r s of the staff of the Gese l l schaf t für 

Kernforschung m . b . H . K a r l s r u h e and of the C e n t r e d 'E tudes N u c l é a i r e s 

de Cada rache have suggested that it would be d e s i r a b l e to develop th is 

r e p o r t , set t ing out in detai l the c h a r a c t e r i s t i c s of some r e a c t o r s . F a s t 

neut ron power r e a c t o r s were chosen at the r e q u e s t of a l a r g e n u m b e r 

of eng inee r s at t he se c e n t r e s . 

This r e p o r t l i s t s the mos t impor tan t f ea tu re s of each of 1 9 
r e a c t o r s or r e a c t o r p ro jec t s comple te with a shor t b ib l iography and 
d i a g r a m s of e s sen t i a l p a r t s . T h e s e d i a g r a m s have been taken f rom the 
va r ious r e p o r t s consul ted . 

The a i m is to give, as far as poss ib le , exhaust ive da ta . Th i s 
m e a n s that those p ro jec t s for which too l i t t le informat ion is ava i lab le 
or which have been abandoned a r e not included. 

This r e p o r t has been p r e p a r e d with the help of the D e p a r t m e n t 
for F a s t R e a c t o r s of the D i r e c t o r a t e - G e n e r a l for R e s e a r c h and Tra in ing ; 
the Gesel l schaf t für Kernforschung m . b. H. K a r l s r u h e and the C e n t r e 
d 'E tudes Nuc léa i res de C a d a r a c h e . 

* Manuscript received on February 18, 1966 
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B N - 350 

1 . L o c a t i o n : n e a r Shevchenko on the N o r t h - e a s t coas t of the Casp ian 

Sea, USSR. 

2. O w n e r : 

3 . M a i n c o n t r a c t o r s : 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

Excavat ion work is nea r ly c o m p l e t e . The plant is to 
be comple ted and begin ope ra t ion in 1968 - 1969. 

5. R e a c t o r t y p e : F a s t , UO ? and P u O ? fuel, sodium cooled depleted 
u r a n i u m blanket . 

The USSR's f i r s t fu l l - s ca l e fast b r e e d e r , the w o r l d ' s 
f i r s t nuc lea r desa l t ing r e a c t o r . 

P u r p o s e : 

P o w e r : 

t h e r m a l : 1 000 MW 
av. power densi ty : 480 KW/ l i t e r 

e l e c t r i c a l : 350 MWe if a s t andard condensa te tu rb ine w e r e used, 
but a b a c k - p r e s s u r e tu rb ine will be used to produce 
an output of 150 MWe of e l ec t r i c i t y and 1200 t o n s / h o u r 
of p r o c e s s s t e a m , which in t u r n wil l yield 1 20, 000 m-* 
of f r e sh wa te r dai ly . 

8. F a s t f l u x 

9. F u e l : 

a) C o r e : 

■ c o m p o s i t i o n : The inner zone wil l have 15% PuO_, the outer 
1 8% F u O - in mixed oxide of plutonium and u r a n i u m . 

shape and r o d s , d i a m e t e r : 6. 1 m m 

d imens ions : r ods a r e in a t r i a n g u l a r l a t t i ce on a 7 m m pitch. 
To ta l length of each e l emen t with i ts t ip and bottom 
and fitting : 3 . 6 m . 
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- number : 2 1 1 hexagonal fuel e l emen t s 
1 69 rods per e lement 

- c r i t i c a l 
m a s s : 

- cladding : s t a in l e s s s tee l , 0. 4 m m thick 

b) Blanket : above and below the c o r e is an axia l blanket 

- composi t ion : depleted u ran ium 

- shape and axia l blanket d i am. of e l emen t : 1 2 m m 
d imens ions : 

r a d i a l blanket d i a m . of r ods : 1 4 . 2 m m 

- number : r ad i a l blanket 440 e l emen t s ( inner zone : 1 20 e l emen t s 

( outer zone : 320 " 

rods per e lement : 37 

axia l blanket 37 e l emen t s 

- c r i t i c a l 
m a s s : 

- cladding : r ad i a l blanket : s t a in l e s s s t ee l : O. 5 m m thick 

axia l blanket : s t a in l e s s s t ee l : 0 . 4 m m thick. 

10. C o n t r o l : 

- 1 2 cont ro l r o d s , enr iched boron ca rb ide is the 
cont ro l m a t e r i a l 

- 2 safety s y s t e m s , a s c r a m and a slow se tback 
- 3 independent s c r a m m e c h a n i s m s a r e provided 
- s c r a m t ime is O. 7 s e c . 

1 1 . R e f l e c t o r 

12 . S h i e l d i n g 



1 3. G e o m e t r i c d i m e n s i o n s : 

a) C o r e : d i a m e t e r : 1 . 5 m 

high : 1 . 06 m 
3 

volume : 1 . 87 m 
( fuel : 4 4 . 7 

, , ( coolant : 3 1 . 1 pe r cen t of c o r e volume : ) . . . \ s t e e l : 1 4 . j 

b) Blanket : height of ax ia l blanket : 0. 6 m 

height of r a d i a l blanket : 2 .4 m 

c) P r e s s u r e v e s s e l : 

roughly conica l in shape 

d i a m e t e r : 6 m at the top 

2 . 2 m a t the bot tom 

wal l t h i ckness : 30 m m 

14. T e m p e r a t u r e s : 

a) C o r e : m a x . clad t e m p e r a t u r e : 67 5 ° C 

b) Blanket : 

1 5 . C o o l a n t : sodium 
m a x . coolant flow r a t e : 8 m / s e c 
coolant inlet t e m p e r a t u r e : 300° C 

outlet t e m p e r a t u r e : 500° C 
m a x . heat flux : 1 . 86 χ 1 0& k c a l / m 2 / hr 
sodium coolant e n t e r s the e l e m e n t s th rough side ho les . 

1 5 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 
b is 

The c o r e and inner r a d i a l blanket coolant flow goes to 
one header of the p lenum co l l e c to r . That of the ou te r 
r a d i a l blanket , with s ignif icant ly lower heat r e l e a s e , 
to a s e p a r a t e h e a d e r . 
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Of six p r i m a r y coolant loops , five a r e intended 
for use at one t ime at full power , with the sixth 
in r e s e r v e . 

The secondary c i r cu i t a l so u s e s sodium a s 
s y s t e m fluid. Steam and wa te r a r e s e p a r a t e d f rom 
sodium by 2 m m thick tubing. 

Steam t e m p e r a t u r e : 435 ' C 
Steam p r e s s u r e : 750 ps i 

1 6. P h y s i c a l D a t a 

Breeding coefficient, pe r cent : 

c o r e : 0. 7 
to ta l : 1.5 

Max. burnup life (85% plant fac tor ) : 300 days 

T i m e of opera t ion between refuel ings : 2 m o n t h s . 

BIBLIOGRAPHY 

Nucleonics Week, vol . 6, n° 17, Apr i l 29, 1965 
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C E A - E U R A T O M P R O J E C T ( 1 0 0 0 M W e ) 

L o c a t i o n : 

2. O w n e r : 

3 . M a i n c o n t r a c t o r s : 

C EA-EURATOM a s s o c i a t i o n does study des ign 
only. 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

- f rom now to July 1966 : study on the 1000 MWe 
concepts with sodium cooling 

- July 1966 - end of 1968 : de ta i led study of the 
prototype ( Phén ix ) 

1969 - I972 : cons t ruc t i on of Phén ix 
1 974 - 1 978 : cons t ruc t ion of the d e m o n s t r a t i o n 
power plant 1 000 MWe 

5. R e a c t o r t y p e : F a s t Power R e a c t o r , 1000 MWe, U O . - P u O - f u e l , 
sodium coolant , independant loops in p r i m a r y 
s y s t e m with cent r i fugal pumps for coolant c i r c u 
la t ion, power f la t te r ing by r a d i a l zoning. 

6. P u r p o s e : Th i s r e f e r e n c e c o r e is taken as a starting point for 
a ref ined dynamic a n a l y s i s . As it is indica ted in 
the planning ment ioned above , F r a n c e intends to 
study the 1 000 MWe fast b r e e d e r des ign by Ju ly 
1966. 

7 . P o w e r : 

- thermal : 2300 MW 
( m a x . specif ic p o w e r / m e a n specif ic power ) 
r a d Ì a l : 1 , 3 r , M W / t „ - " 9 + 241 
m e a n specif ic power : 1 MW/kg Pu 

8. F a s t f l u x 



 1 0 

9. F u e l : 

a) Core : 

 Composi t ion : 

Shape and 
d imens ions 

 Number 

C r i t i c a l m a s s 

Cladding : 

Two concent r ic c o r e zones of different en r i chmen t 

UO  P u O , pe l le t s of 75% T . D . 

Enr ichment ( P u 0 2 / P u 0 2 + U 0 2 ) : 

c e n t r a l zone : 12 .69 

ex te rna l zone : 1 8. 23 ¿AQ 
Pucompos i t i on : P u 2 3 9 : 7 6 . 7 % Pu , : 20. 1% 

P u 2 4 1 : 2 . 8 % P u : 0. 4% 

pel le t s 

pe l le ts d i a m e t e r : 6 m m 
length of pe l le t s column : 1 000 m m 
fiss ion gas plenum : 730 m m 
subas semb l i e s : d i s t ance a c r o s s f lats : 155. 5 m m 

hexagonal can th i ckness : 2. 5 m m 
o v e r a l l length : 3650 m m 

number of pins per a s s e m b l y : 217 
number of s u b a s s e m b l i e s : i n t e r n a l zone : 227 

e x t e r n a l zone : 193 

2980 kg ( Pu tota l ) 

s t a in l e s s s t ee l type 316 , tube with 1 he l i ca l fin 
cladding th ickness : O. 35 m m 

b) Blanket : 

 Composi t ion 

 Shape and 
d imens ions : 

 Number : Number of pins per a s s e m b l y : 

ax ia l blanket : 2 χ 37 
r a d i a l blanket : 37 

 C r i t i c a l Mass 

 Cladding : 

Number of s u b a s s e m b l i e s : 

r ad i a l blanket: 305 

10. C o n t r o l : 
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1 1 . R e f l e c t o r : 

1 2 . S h i e l d i n g : 

1 3 . G e o m e t r i c D i m e n s i o n s : 

a) C o r e flat cy l inder 

height : 1 m 
d i a m e t e r : 2. 86 
volume : 5220 l i t e r s 

compos i t ion : v / o ( fuel + void 
( sodium 
( s t r u c t u r e + 
( clad 

inner 
30 
60 . 
10 

outer 
48 
40 
12 

r a t i o v . /v_ ( i n t e r n a l zone / t o t a l c o r e volume )0. 54 

b) Blanket : t h i ckness of the b lankets : 400 m m 

c) P r e s s u r e 
v e s s e l : 

m a t e r i a l : SS 
OD. : 7 . 85 m 
height : 1 0 m 

14. T e m p e r a t u r e s 

a) C o r e cladding hot spot t e m p e r a t u r e : 650* C 
m a x . fuel t e m p e r a t u r e : 2300* C 

b) Blanket : 

15 . C o o l a n t sodium flows f rom the bot tom to the top 
- m e a n outlet t e m p e r a t u r e : 530° C 
- m e a n inlet t e m p e r a t u r e : 330" C 
- p r e s s u r e d r o p : 12 k g / c m ^ 
- m a x . coolant veloci ty : 1 5 m / s e c 

15 T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 
bis 

The sodium c i r c u i t s a r e outs ide the v e s s e l 
containing the r e a c t o r . T h e r e a r e p r i m a r y and 
seconda ry sodium c i r c u i t s . The p r e s e n t choice 
is 4 p r i m a r y c i r c u i t s with 8 heat exchanger s 
and 4 pumps . 
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P r i m a r y System: 
n 

to ta l flow : 3. 56 χ 10 k g / h r 
sodium loops : 4 
s y s t e m m a t e r i a l : SS 
pumps ( centr i fugal _ 

( f low/hr : 4 χ 10, 500 m / h r 

16. P h y s i c a l d a t a : 

r a t io (q. m a x / q m a x ) : 0.77 

r a t i o ( fe r t i le a t o m s / f i s s i l e a toms ) : 7. 24 

in t e rna l breeding ra t io : 0. 98 

to ta l breeding ra t io : 1. 36 

- β eff. : 328 χ I O - 5 

, -5 
Doppler coefficient ( at 1500°K) : - 0 . 6 χ 1 0 Λ k / " c 

k 
sodium coefficient : to ta l co re + 0. 14 χ 10 _ / • c 

BIBLIOGRAPHY 

tota l r e a c t o r : - 0. 02 χ 1 O" A k / · Q 
k 

doubling time:rv8 y e a r s 

subassembly life : 1 . 5 y e a r s 

ANS 1 00 
A m e r i c a n Nuclear Society, National Topica l Meeting 
De t ro i t Michigan, Apr i l 26-28 , 1965 

CEA-R 2554 

Etudes p r é l i m i n a i r e s conduisant à un concept de r é a c t e u r à neu t rons 
r ap ides de 1000 MWe 
G. Vendryes - 1964 
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D F R 

D O U N R E A Y F A S T R E A C T O R 

L o c a t i o n : Dounreay , Ca i t hnes s , Scotland 

O w n e r United Kingdom Atomic Energy Author i ty 

O p e r a t o r : U .K. A. E. A. 

M a i n c o n t r a c t o r s : 
M e s s r s . John THOMPSON 

P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

Star t of cons t ruc t ion : March 1955 
Reac to r c r i t i c a l : November 1959 
e l e c t r i c a l power was f i r s t produced in October 1962. 

R e a c t o r t y p e : Highly enr iched (45. 5%) u ran ium c o r e , 
na tu ra l u r an ium blanket , sodium p o t a s s i u m (70/30) 
cooled, fast b r e e d e r type . 

6. P u r p o s e The r e a c t o r and i t s a s s o c i a t e d fuel plant w e r e 
planned a s a l a r g e sca le expe r imen t to ettdy the 
opera t ing and safety c h a r a c t e r i s t i c s of the s y s t e m , 
including the p e r f o r m a n c e of fast r e a c t o r fuels 
and the p rob l ems encounte red in the use of l iquid 
m e t a l coolant . 

P o w e r 

t h e r m a l 

e l e c t r i c a l 

g r o s s heat : 72 MW) a v e r a g e dens i ty in c o r e : 
c o r e : 60 MW) 460 kw/ l i ter 
blanket : 12 MW) a v e r a g e specif ic power in fuel : 

) 286 kw/kg U 235 

g r o s s e l ec t r i c i t y : 15 MW 
self consumption : 3 MW ( gene ra t ed by d iese l 

g e n e r a t o r se t ) 
The to ta l e l ec t r i c i t y product ion up to M a r c h 1 964 
was 36, 275, 600 kwh of which 23 , 548, 000 kwh 
w e r e expor ted to the Nor th of Scotland Hydro -
E lec t r i c Board . 
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F a s t f l u x fas t av . : 2. 3 χ 10 n / c m s e c . 
1 5 / 2 fas t m a x . : 3 .8 χ 10 n / c m sec . 

9. F 

a ) 

-

u e 1 : 

C o r e : 

Compo si t ion 

shape and 
dim-ens ions 

Uran ium m e t a l en r i ched to 46% in U 
al loyed with 20 a t . % Mo 

hollow rods : id. 0. 26 in. 

od. : 0 .75 in. 

long : 3 in. 

235 

n u m b e r 7 rods per e l emen t 
345 c o r e fuel e l emen t s of which 1 20 a r e contained 
in 1 2 regu la t ing , safety and shut down rods and 21 
in a c e n t r a l sec t ion which is r e m o v a b l e to allow 
i r r a d i a t i o n of e x p e r i m e n t a l fuel e l emen t . 250 
e l emen t s contain en r i ched Uran ium, 95 na tu ra l 
Uran ium. 

- c r i t i c a l m a s s 

- cladding : 

235 2 1 0 kg U 

outs ide O. 0 2 in. niobium 
ins ide O. O2- in. vanadium 
sodium bonded to fuel 

b) Blanket : 

- Composi t ion 

- Shape and 
d imens ions : 

- number : 

- cladding : 

n a t u r a l U 

solid rods : 1. 36 in, d i am. , 6 in. long, 
ove ra l l length : 7 ft 

14 rods pe r e lement 
187 2 blanket e l emen t s su r round ing c o r e 

0. 036 in. s t a i n l e s s s t ee l 
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ιο. C o n t r o l : The control is achieved by moving 12 groups of 
1 0 fuel elements each, which are situated around 
the edge of the core. These groups are split up 
into 2 safety rods, 6 control rods and 4 shut off 
rods. 

- 6 regulating groups, total worth 4. 0% ±L_iL 
k 

- 4 shut-down rods, total worth 2. 7 Δ JS: 
k 

- 2 safety rods, total worth 1. 34 % ^ k 
k 

- speed of rods O. 03 in,/sec. ■: 
8 χ 10"

5
 % A k /sec. per rod 

k 

3 Β shut-down rods, 0.9 in. diam. , 27.8 in. 

long between core and blanket region. 

scram time and mechanism : 

Relays operate in 0. 17 sec. to break down supply 

to magnets ; rods drop out of core in approx. 

1 sec. , B*" rods drop in after 1 sec. 

fuel failure detection : 

Monitoring of primary coolant for delayed neutrons. 

1 1 R e f l e c to r : The core is surrounded at the sides and top by 

natural uranium ( blanket region ) which acts as a 

reflector in which plutonium is produced. 

12. Sh i e ld ing : 

- Sides : 4 ft borated graphite, 5 ft reinforced concrete 

- Bottom : B4C an<i anhydron rasorite, 5 ft reinforced concrete 

- Top : 54 in. borated graphite, 1 6 in. mild steel, 

3 in. Al-foil in rotating plugs 5 5 ft reinforced 

concrete on sides of plugs, on top removablecover 

of 1 1 in. compressed wood and mild steel. 
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1 3 . G e o m e t r i e d i m e n s i o n s 

a) C o r e : 

b) Blanket 

c) V e s s e l : 

Hexagonal p r i s m 
app rox ima te ly 21 in. high by 21 in. d i a m e t e r 

cy l inder , s t a i n l e s s s t ee l 
d i a m e t e r : 1 6 f t 6 in. 
high : 20 ft 9 in. 
double wal l , inner 0. 5 in. th ick , ou te r 0. 25 in. 

14. T e m p e r a t u r e s 

a) C o r e : 

b) Blanket : 

m a x . fuel : 1202 ° F 
max . cladding : 1 1 1 2 e F 

15 . C o o l a n t na tu re : s o d i u m - p o t a s s i u m ( 70/30) 
channel veloci ty : av . : 1 6 . 4 f t / s e c 

m a x . : 24. 6 f t / s e c _ 
heat t r a n s f e r coefficient : 10 .000 BTU/ft / h r ° F 
flow r a t e : 59, 000 l b / s e c , _ 
hea t flux : av. : 1 . 6 x 1 0 BTU/f t /h r 

m a x . : 3 .3 χ 1 0 6 B T U / f t 2 / h r 
t e m p e r a t u r e s : inlet : 392° F 

outlet : 662° F 

15 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t 
b i s 

T h e r e a r e 24 p r i m a r y c i r c u i t s , each containing 
an e l ec t romagne t i c pump, a m a i n heat exchanger , 
a flow m e t e r , and e i ther a hot t r a p , cold t r a p , or 
one of s e v e r a l types of m e t e r s for checking the oxide 
content in the coolant . Each c i r cu i t handles 3 MW 
of hea t . 

Heat exchanger s : 

24 p r i m a r y in 24 loops , NaK/NaK, concen t r i c tube 
type , counter flow, s t a i n l e s s s t ee l ; 20 loops for 
c o r e , 4 for blanket reg ion . 

12 s econda ry in 1 2 loops , NaK/wa te r , s t a i n l e s s 
s t ee l pipes bonded into common copper m a t r i x . 
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coolant l o s s e s and purif icat ion : 

r e m o v a l of oxides by cold t rapping and hot 
t rapping ( using z i r con ium a s ge t t e r ing agent ). 

cooling s y s t e m safety : 

a l l p r i m a r y c i r c u i t s a r e doublewal led with 
i n t e r s p a c e connected to leak d e t e c t o r s ; p r i m a r y 
and secondary pumps a r e fed by 1 2 d i e s e l g e n e 
r a t o r s e t s . 

tu rb ine : 

1 m u l t i  s t a g e impulse type, GEC, 15000 kw, 
3000 r p m 

g e n e r a t o r : 

1, GEC, 17650 kvA, 3 phase , 11 kv, power 
factor 0 . 8 5 , 50 cyc les pe r s e c , 3000 r p m . 

o 
16 . P h y s i c a l d a t a :  p r o m p t neut ron l i fe t ime : 8. 2 χ 1 0" s e c . 

_ m e a n neu t ron energy : 0. 82 χ 10 ev. 

 t e m p e r a t u r e coefficients i s o t h e r m a l : 

 3 . 6 x l 0 " 3 % A k / ° C 

k ' 
 convers ion r a t io : 1 . 2 

 r eac t iv i ty addit ion r a t e ( max . ) 2 χ 1 θ" % Δ k / s e c 
k 
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E Β R - 1 

E X P E R I M E N T A L B R E E D E R R E A C T O R 1 

1 . L o c a t i o n : National Reac to r Tes t ing Station, Idaho, USA 

2. O w n e r : United States Atomic Energy C o m m i s s i o n 

Ope ra to r : Argonne National L a b o r a t o r y 

R e a c t o r Designer : Argonne National L a b o r a t o r y ' 

3. M a i n C o n t r a c t o r s : 

Aust in Co. , Bechte l Corp . 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

s t a r t of cons t ruc t ion : 1950 

r e a c t o r c r i t i c a l : August 1951 
full power opera t ion ¡ .December 1951 
r e a c t o r c r i t i c a l with 4 co re ( Mark IV): Nov. 62 
r e a c t o r shutdown : 1963 

235 238 
5. R e a c t o r t y p e : F a s t b r e e d e r type, U and U fuel, n a t u r a l 

u ran ium blanket , g raphi te re f lec ted , eutec t ic 
sodium po ta s s ium alloy cooled. 

6. P u r p o s e : Es tab l i shment of p a r a m e t e r s and economic f ac to r s 
of fast r e a c t o r s ; engineer ing and phys ics s tud i e s , 
study of the feas ibi l i ty of this r e a c t o r type and of 
the coolant s y s t e m ; safety s tudies of fas t r e a c t o r s . 

7. P o w e r : 

 t h e r m a l : 1.2 MW ( 1 . 054 MW in c o r e 

( 0. 149 MW in blanket 

specific power in fuel : av. 33 .5 KW/kg of P u 
m a x . 45 . 3 KW/kg of Pu 

m a x i m u m co re specific power : 245 KW/ l i t e r 

 e l e c t r i c a l : 

14 2 
8. F a s t f l u x : F a s t 1 . 3 χ 10 n / c m s e c . 
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9. F u e l : 

a) Core 

- Composi t ion 

- shape and 
d i m e n s i o n s 

number 

Mark IV 
239 240 

P lu ton ium ( 95 a t . °/o Pu , 4 . 5 a t . % Pu , 
0 .5 a t . % P u 2 4 J ), a l loyed with 1 . 25 wt % 
a lumin ium. 
This m a t e r i a l has a s table del ta s t r u c t u r e up to 
700° C and a mel t ing point about 1 00 ° C h ighe r . 

r ods 
d i am. : 0. 232 in. 
long : 8 .50 in. 

- above fuel r o d s , 3. 56 in. below and 7. 75 in. 
c o n s i s t s of nat . u r a n i u m blanket 

- t r i a n g u l a r l a t t i ce : p i tch of fuel r o d s : 0. 348 in. 
pi tch of fuel a s s e m b l i e s : 2. 9 in. 

7 hexagonal fuel a s s e m b l i e s 
60 rods pe r fuel a s s e m b l y 

c r i t i c a l m a s s 

- cladding 

30 .4 kg of Pu ( ca lcu la ted ) 
c o r e loading a t r a t ed power : 3 1 . 4 kg of P u ca lcu la ted 

z i r c a l o y - 2 , 0 .02 in. thick; NaK bonded ( 0 . 0 1 2 5 in. 
thick ) 

b) Blanket : 
- Compos i t ion 

- shape and 
d imens ions : 

- number : 

- c r i t i c a l m a s s 

- cladding : 

n a t u r a l Uran ium 

12 hexagonal blanket a s s e m b l i e s 
36 rods par blanket a s s e m b l y 
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10. C o n t r o l : 8 safety rods 
4 regula t ing rods 

All rods a r e 2 in. d i a m . na t . 'Uran ium clad in 
s t a in l e s s s t ee l , opera t ing in outer r e f l e c t o r . 

1 safety plug nat . Uran ium 
to ta l wor th of safety rods : 0. 18% Q k 

k 
wor th of safety plug 0. 06 % Δ k 

k 
speed of safety and regula t ing rods : 

0. 64 in. / s e c : 1 .1 x l O " % ^ k / s e c . p e r rod 
k 

s pe ed of safety plug : 

5 .0 i n . / s e c : 4 . 9 x 1 0 " 2 % _ A _ k / s e c 

s c r a m t ime and m e c h a n i s m 
magne t ic clutch, r ods moved ( safety rods : 0. 085 s e c . 
by a gear mo to r ( safety plug : 0. 15 s e c . 

( outer blanket :0. 10 s e c . 

The en t i r e outer blanket m a y be r a i s e d or lowered , 
r esu l t ing in a r eac t iv i ty change of 5% Δ k 

k 

1 1. R e f l e c t o r : Na tura l Uran ium, 6.5 i n . , 27 in. high, 0 .02 in. 
s t a in l e s s s t ee l clad, a i r cooled, inlet t e m p . 20 ° C , 
outlet t e m p . 1 0 8 ° C , flow r a t e 5800 cfm. 

12. S h i e l d i n g : 

- s ides : g raph i te cy l inder , 18 in. thick, 35 in. high 
( a i r cooled ) ; 
4 in. cas t i ron , 8.75 ft conc re t e 

- bot tom : 4 . 5 ft s t ee l 

- top : 88 in. s t ee l and coolant above c o r e , 2 ft c o n c r e t e , 
8 in. laminated mason i t e and i ron above r e a c t o r 
tank top. 
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1 3 . G e o m e t r i e d i m e n s i o n s 

a) C o r e : d i a m . : 7 . 5 in. 
long : 8. 5 in. 
volume : 5 .8 l i t e r s 

b) Blanket ; 

c) P r e s s u r e cy l inder , s t a i n l e s s s t ee l 
v e s s e l : i. d. : 1 5. 87 in. 

long : 28 in. 
wal l t h i cknes s : 0 . 3 1 2 5 in. 
su r rounded by a second tank m a d e of Inconel , 
0. 0625 in. th ick 
r e a c t o r v e s s e l i n c r e a s e s to 2 3 . 5 in. above c e n t r a l 
r eg ion . 

14 . T e m p e r a t u r e s : 

a) C o r e : m a x . fuel : 4 9 5 e C 
m a x . cladding : 4 2 0 " C 
film d r o p : av . 8.9 " C , m a x . 1 2 ° C 

b) Blanket : 

1 5 . C o o l a n t : eutect ic sodium p o t a s s i u m alloy ? 
coolant flow a r e a : 90. 3 c m 2 ( 0. 0972 ft ) 
coolant veloci ty : 1 . 706 m / s e c ( 5. 6 fps ) 
coolant m a s s flow r a t e : 1.504 k g / s e c ( 244 gpm ) 

th rough c o r e and blanket 
coolant t e m p e r a t u r e s : inlet : 2 3 0 ' C ( 446* F ) 

out let : 322*C ( 6 1 0 # F ) 
coolant p r e s s u r e s : inlet : 0. 68 k g / c m ^ (9. 65 psig ) 

1 5 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t 
b i s 

Di s s ipa t ion of r e a c t o r power was th rough a p r i m a r y 
and secondary NaK cooling s y s t e m , a N a K - t o - w a t e r 
s t e am g e n e r a t o r , and finally a t u r b i n e - g e n e r a t o r . The 
output of g e n e r a t o r was sufficient to supply the en t i r e 
e l e c t r i c a l r e q u i r e m e n t of the E B R - 1 - faci l i ty . 

The p r i m a r y coolant s y s t e m contains two pumps , one 
a dc e l ec t romagne t i c and the o ther a mo to r d r i ven 
cent r i fugal . 
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The secondary NaK s y s t e m has one pump which 
is s i m i l a r to the p r i m a r y m e c h a n i c a l pump. A 
she l l  and  tube  type heat exchanger is used to 
t r a n s f e r heat f rom the p r i m a r y to the s econda ry 
s y s t e m , and a specia l ly des igned and cons t ruc t ed heat 
exchanger is used to t r a n s f e r heat f rom the s econda ry 
s y s t e m to wa te r and g e n e r a t e s t e a m for the o p e r a 
t ion of the t u r b i n e  g e n e r a t o r . 

Heat exchange r s : 

1 p r i m a r y shel l and tube type exchanger 
1 s t e a m g e n e r a t o r ( e c o n o m i z e r , bo i l e r , super 

hea te r ) 
1 a i r cooler 
1 shut down a i r coo le r . 

1 6. P h y s i c a l d a t a Effective delayed neu t ron f rac t ion : 0. 00304 
( ca lcula ted ) ft 

prompt neut ron l i fe t ime : 4 χ 10 s e c . 
breeding r a t io : 1 . 250 + 0. 0 0 8 6 (ca lcula ted ) 
neu t ron energy : 0. 2 MeV 
reac t iv i ty ba lance : 

max . built in ( c l e a r , cold ) 0. 8 % 
to compensa te for 
t e m p e r a t u r e and power : 0 .769% 
burnup : 0. 023% 

burnup of co re : 0. 3% 
t e m p e r a t u r e coefficients : . 

I s o t h e r m a l  3 . 0 1 χ 10 %A k / » C 

k 

(ca lcula ted) 
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E Β R - 2 
EXPERIMENTAL BREEDER REACTOR - 2 

1 . L o c a t i o n : National Reac to r Tes t ing Station, Idaho, USA 

2. O w n e r : United States Atomic Energy C o m m i s s i o n 

Opera to r : Argonne National L a b o r a t o r y 

Des igne r : Argonne National Labo ra to ry 

3. M a i n c o n t r a c t o r s : 

Divers i f ied Bui lde rs I n c . , J . F . P r i t c h a r d Co. 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

S tar t of cons t ruc t ion : D e c e m b e r 1957 
Reac to r c r i t i c a l : Apr i l 1962 

5. R e a c t o r T y p e : Highly enr iched (49%) Uranium c o r e , depleted 
Uranium blanket, sodium cooled, fast b r e e d e r . 

6. P u r p o s e : The Ε Β R -2 is an e x p e r i m e n t a l fast power r e a c t o r 
d i r ec ted p r i m a r i l y to e s t ab l i sh the t echn ica l f e a s i b i 
lity of fast r e a c t o r for c e n t r a i - s t a t i o n power p l an t s . 
An other purpose is to study and develop comple te 
fuel cycle ope ra t i ons . 

7. P o w e r : 

- t h e r m a l : g r o s s heat : 62. 5 MW ! f ° r e : 5 3 ' 3 M W 
6 ( b lankets : 9. 0 MW 

( shield : 0. 2 MW 
ave rage power densi ty in co re : 890 k w / l i t e r 
ave rage specific power in fuel : 355 kw/kg U 2 · ^ 

- e l e c t r i c a l : g r o s s e lect . : 20. 0 MW 
net e lec t . : 16. 5 MW 
se l consumption : 17 .5 % 

8. F a s t f l u x : To ta l neut ron flux ( c o r e cen te r ) : 3.7 χ 10 n / c m 
s e c . 
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F u e l : 

a) C o r e : 

- Compos i t ion : Uran ium e n r i c h m e n t : 49% fuel is f i s s ium 
fuel al loy compos i t ion : U 95%> wt, Zr 0 .02% wt 
Mo 2. 5% wt, Ru 1 . 5 % wt, Rh 0. 3% wt, Pd 0. 5%wt 

shape and pin type, sodium bonded 
d imens ions : 

pins : d i a m e t e r : 0. 144 in. 
length : 14 . 22 in. 

tubes : O.D. : 0 . 1 7 4 in. 

wa l l t h i ckness : 0. 009 in. 

sodium bond annulus : t h i ckness : 0. 006 in. 

n u m b e r : s u b a s s e m b l i e s : 53 
e l emen t s per a s s e m b l y : 91 

235 
- to ta l m a s s of U in co re : 176 kg 

to ta l c o r e loading ( enr iched u ran ium f i s s ium ) : 385 kg 
235 c r i t i c a l m a s s : U ( c lean, full power ) : 1 72 kg 

- cladding : type 304 SS, th ickness : 0 .009 in. 

b) Blanket : 
Compos i t ion : deple ted Uran ium, en r i chmen t : 0. 2% 

shape and pin type, sodium bonded 
d imens ions : , , , , . . . upper and lower blanket e l emen t s 

pin d i a m e t e r : 0. 3 1 65 in. 
pin length : 1 8 . 0 in. 
tube O.D. 0. 376 in. 

tube wall t h i ckness : 0. 022 in. 

inner and outer blanket e l emen t s 

pin d i a m e t e r : 0 .433 in. 
pin length : 55. 0 in. 
tube O.D. : 0 .493 in. 
tube wal l th ickness : 0 . 0 1 8 in. 
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number : 

c r i t i c a l m a s s 

cladding : 

inner blanket s u b a s s e m b l i e s : 510 
outer blanket s u b a s s e m b l i e s : 637 
upper and lower blanket e l emen t s pe r s u b a s s e m b l y : 

( each end ) : 1 8 
inner and outer blanket e l emen t s pe r s u b a s s e m b l y : 

19 

tota l blanket loading : 28, 1 00 kg ( deple ted Uran ium) 

type 304 SS 

10. C o n t r o l Reac to r cont ro l is provided by 1 2 s t a i n l e s s - s t e e l -
jacke ted U^38 con t ro l r ods ( one is each ou te r 
re f l ec to r s tack ) which move ve r t i ca l l y to change 
neut ron leakage f rom the c o r e . Each con t ro l rod 
has 61 fuel rods ident ica l to those in c o r e e l e m e n t s 
plus a void ( sodium filled ). Eight of t he se rods 
can be removed rap id ly to ac t a s safety r o d s . In 
addition, the en t i r e outer blanket can be lowered 
on a hydraul ic e leva tor and a safety block is provided 
below the co re which can be d r iven out of the c o r e 
reg ion pneumat ica l ly . 

- con t ro l rods : 
to ta l : 1 2 
opera t ing d r ive (each rod ) : r a c k and pinion 
velocity : 5 in. / m i n . 
to ta l movement : 14. 0 in. 
s c r a m dr ive : pneumat ic 

- safety rods : 
to ta l : 2 
opera t ing d r ive : r a ck and pinion 
veloci ty : 2. 0 in. / m i n . 
total movement : 14. 0 in. 
s c r a m dr ive : g rav i ty 

- to ta l r eac t iv i ty wor th : 

12 n o r m a l con t ro l rods : 0 .048 Λ Κ/Κ 
2 safety rods : 0. 01 3 Δ Κ/Κ 

1 1 . R e f l e c t o r : B r e e d e r blanketsof depleted Uran ium 
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12 . S h i e l d i n g : 

- Sides : 16 in. g raph i te + 1 2 in. of 3%> bora ted g raph i t e + 
1 in. s t ee l r e a c t o r v e s s e l + va r ious s t ee l r e t a i n e r s 
and l i n e r s + 26 in. b las t shie ld (8. 75 in. v e r m i c u l i t e 
c o n c r e t e + 8 .75 in. a e r a t e d c o n c r e t e + 8 in. cè lo tex 
+ 0 .5 in. s t ee l l i n e r s ) + 72 in. conc re t e b io logica l 
sh ie ld . 

- Top ; 1 6 to 24 in. of 3% bora t ed g raph i t e or 28 in. s t ee l 
b a l l s , 2 in. s t ee l , 36 in. heavy c o n c r e t e in tank 
c o v e r . 

- Bot tom : V e s s e l i s suppor ted on a s e r i e s of s t e e l p l a t e s 
within p r i m a r y tank above a c o n c r e t e foundation. 

The g raph i t e b locks a r e canned in 0. 094 in. type 
347 SS cooled by sodium r*> 720 ° F . E n t i r e r e a c t o r 
v e s s e l is i m m e r s e d in sodium within p r i m a r y tank 
( inner l ine r of b las t shield ). 

1 3 . G e o m e t r i c d i m e n s i o n s 

a) C o r e 

b) Blanket 

equivalent d i a m e t e r : 1 9 . 9 4 in. 
height : 14 . 22 in. 
to ta l volume : 7 2 . 7 9 l i t e r s 
fuel - a l loy : 31 . 8% -vo l . 
s t a i n l e s s s t ee l : 19. 5%-vol . 
sodium : 4 8 . 7%>-vol. 

upper and lower : 

equivalent d i a m e t e r : 1 9 . 9 4 in. 
length ( each end ) : 18 . in. 

c) P r e s s u r e 
v e s s e l : 

equivalent O. D. : 
length : 
r a d i a l t h i ckness : 

m a t e r i a l : 304 SS 
d i a m e t e r : 7. 7 ft 
wal l t h i ckness : 1, 

1 

,0 
height : 
in. 

inner 
2 7 . 4 6 in. 
55 .0 in. 
3 . 76 in. 

16 ft 

outer 
6 1 . 5 in. 
55 in. 
17 .02 in 
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14. T e m p e r a t u r e s : 

a) C o r e : max . fuel : 1200° F 
m a x . cladding : 1 083 " F 

b) Blanket : 

15 . C o o l a n t : sodium 
- flow r a t e : 3. 5 χ 10 l b / h r 
- flow veloci ty : 1 8. 3 f t / s e c . ( a v e r a g e ) 
- p r e s s u r e : 47 psig ( inlet ) ; 10 psig ( out let ) 
- inlet t e m p e r a t u r e : 700° F 
- outlet t e m p e r a t u r e : 884" F ^ 
- ave rage heat flux : 680, 000 BTU/hr ft 
- coolant flow a r e a : 0. 0 1 3 1 ft2 per c o r e e lement 

0. 618 ft2 t o ta l c o r e . 

15 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t 
bis 

The coolant is c i r cu la t ed to a single shel l and tube 
heat exchanger whe re the heat is t r a n s f e r r e d to a 
secondary sodium c i r cu i t . The secondary sodium 
p a s s e s to 8 e v a p o r a t o r s and 4 s u p e r h e a t e r s w h e r e 
s t eam at 850* F and 1250 ps ia is gene ra t ed . The 
s t eam is used to ope ra t e a tu rb ine g e n e r a t o r which 
produces 20 MWe g r o s s . 
heat exchangers : 

one shel l and tube type between p r i m a r y and s e c o n 
da ry sodium coolant s y s t e m s . 
8 e v a p o r a t o r s and 4 s u p e r h e a t e r s between seconda ry 
sodium and s t e a m s y s t e m ( a l l have double wal led 
tubes e i ther mechan ica l ly or m e t a l l u r g i c a l l y bonded ). 

s t e a m gene ra to r : 
output : 250,000 l b / h r 
s t e a m t e m p e r a t u r e : 837° F 
s t eam p r e s s u r e : 1,300 psig 
feed wa te r t e m p e r a t u r e : 550* F 

tu rb ine : one GE unit, 20 MW, 3600 Rpm 
turb ine th ro t t l e condit ions : 

s t e am flow : 195, 300 l b / h r 
s t e a m t e m p e r a t u r e : 837 * F 
s t e a m p r e s s u r e : 1,250 psig 

g e n e r a t o r : one GE hydrogen-coo led unit , 20, MW 
1 3 . 8 KV, 3 phase , 60 c y c l e s / s ec , 0 .85 power 
fac tor , 3600 r p m . 
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1 6. P h y s i c a l d a t a : 
 8 

p rompt neu t ron l i fe t ime : 8 χ 1 0 sec ( mean) 

co re neu t ron ene rgy : 0 .409 MeV ( m e a n ) 

conve r s ion r a t i o : 1 .1 to 1.2 for in i t ia l U 
loading 

235 

239 
1 . 4 to 1.6 for future Pu 
loading 

t e m p e r a t u r e coefficients : 

c o r e fuel :  0 .40 χ 1 θ" % ¿ \ Κ / Κ / ' C 

co re coolant :  0 . 8 7 χ 1 0" % Δ Κ / κ / ' C 

other:  2. 23 χ 1 0~3% Δ κ / κ / ' C 

power coefficients :  3 . 2 χ IO" ( Δ K/K) MW 

doppler e f fec t ave rage : + 0. 04 χ 1 0 ( Λ Κ / K J C 

plant life : 20 y e a r s . 

BIBLIOGRAPHY : 

ANL 57 1 9 
H a z a r d S u m m a r y Repor t , EBR  2 
L . J . Kock, Η. O. Monson, a n d a i .  May 1957 

ANL 57 1 9 
Addendum to Haza rd S u m m a r y Repor t , EBR2 
L . J . Koek, W . B . Loewens te in and a l ,  J a n u a r y 1964 

D i r e c t o r y of Nuclear R e a c t o r s 
vol . IV, Power R e a c t o r s , p . 313 
In te rna t iona l Atomic Energy Agency, Vienna 1 962 

Nuclear Power P l an t s 
Rober t L. Lof tness , 1964 

E B R  2 , A c losed cycle fast b r e e d e r 
Nuc lea r Engineer ing , Sept. 1962, p. 356377 



REACTOR COVER-

-THERMAL 
BAFFLE 

-FLOW BAFFLE 

-OUTLET PLENUM 

-CORE SHROUD 

-REACTOR VESSEL 

HISH PRESSURE 
1 I C O R E A N O I N N E R B L A N K E T ) 

COOLANT INLET 

W»»M/WSm/J>»AW#MMM/M/J»W//>MWMS. 

VERTICAL SECTION 

REACTOR E B R - 2 

lAEA-Pow.r R. — EBR-2 



OUTER GRAPHITE 
SHIELDING 

INNER GRAPHITE 
SHIELDING 

OUTER BLANKET 

INNER BLANKET 

CONTROL ROD 

SAFETY ROD 

CORE SHROUD 

REACTOR VESSEL-

REACTOR CORE ELEMENT 



870· F C'66*C) 850* F, 1250 psig, 2¿8 000 lb/hr 

Τ Cí5S*C, 88 kg/cm', 113 000 k g / h r ) T [ 

J- H 
J I 

CONDENSATE 
PUMP 

BLOWDOWN 
COOLERS 

FEEOWATER PUMP 

FLOW DIAGRAM REACTOR EBR-2 



-4 Ι 

Ε F F Β R 

( ENRICO FERMI ATOMIC POWER PLANT ) 

1 . L o c a t i o n : Lagoona Beach, Michigan, USA 

2. O w n e r : Power Reactor Development Co. ( PRDC ) for 

reactor plant 

Detroit Edison Co. for conventional plant. 

Operator : Power Reactor Development Co. ( PRDC ) for 
reactor plant. 

Detroit Edison Co. for conventional plant. 

D e s i g n e r s : Atomic Power Development Assoc ia te , Inc. (APDA) 

3. M a i n c o n t r a c t o r s : 
United Engineers and Constructors 
Commonwealth Assoc ia te s Inc. 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

Start of construction : August, 1956 
Reactor cr i t ical : August 23, 1963 

5. R e a c t o r t y p e : The Enrico F e r m i i s an unmoderated, heterogeneous 
sodium cooled fast breeder reactor and power plant, 
highly enriched ( 25. 6%>) uranium seed, depleted 
(0. 35%.) uranium blanket. 

6. P u r p o s e : This plant is a developmental, full s i ze power 
breeder reactor being built as an essent ia l step 
in the commerc ia l development of economical 
nuclear power. 

7. P o w e r : ( f irst core ) 

- thermal ; g r o s s heat : 200 MW 
in core : 174 MW _ 
average power density in core : 13 .000 kw/ft 
average power density in blanket : 152 kw/ft _,_ 
average specific power in fuel : core : 250 kw/kg U 

blanket : 230 kw/kg U 2 3 5 



-42-

- e l e c t r i c a l : g r o s s e l ee . : 65 .9 MW 
net e l e e : 60 .0 MW 

15 ζ 2 F a s t f l u x : ave rage co re at 200 MW : 3 χ 10 n / c m s e c . 

F u e l : 

a) Core : 
- Composi t ion : Enr i chmen t 25. 6 % 

Uran ium m e t a l al loyed with 1 0 wt% molybdenum 

- shape and core (seed) e lement : 0. 148 in. d iam. 
d imens ions : 30. 5 in. length of U-al loy 

rod ove ra l l : 0. 158 in. d iam. 
32.7 8 in. to ta l length 

- n u m b e r : 105 co re e l emen t s , 140 rods per c o r e e l emen t 
235 

- c r i t i c a l m a s s : 1 05 fuel e l emen t s ( 496 kg U ) 

- c o r e loading at r a ted power : 4270 lb ( 1940 kg ) u r a n i u m 

- cladding : 0. 005 in. z i r con ium, m e t a l l u r g i c a l bond. 

b) Blanket : 

- Composi t ion : Enr i chment 0. 36% 
Uranium m e t a l al loyed with 3 wt %> molybdenum 

- shape and axia l blanket : rod ove ra l l 0 .443 i n . , 17 in. length 
d imens ions : r ad i a l blanket : rod ove ra l l 0 .433 i n . , 65 in. length 

- number : 210 axia l blanket e l ements ( 16 r o d s per ax ia l 
blanket e lement ) 

532 r ad i a l blanket e l emen t s ( 25 rods per r a d i a l 
blanket e lement ). 

- blanket loading at r a t ed power : 67,780 lb (30. 800 kg) Uran ium 

- S i b l i n g : 0 . 0 1 0 in. type 304 s t a in l e s s s tee l , Na bond. 
- blanket gas : Argon 
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1 0. C o n t r o l : 8 s a f e t y r o d s e a c h of w h i c h i s a b u n d l e of 6 a n n u l a r 

t u b e s c o n t a i n i n g B C w i t h 59 w t . % B 1 0 . T u b e s a r e 
3 6 . 3 i n . l o n g . R o d i s 68 . 1 25 in . long w i t h 2 . 25 in . od . 

2 r e g u l a t i n g r o d s e a c h of w h i c h i s a b u n d l e of 1 9 
t u b e s c o n t a i n i n g B . C w i t h 34 w t . % Β . T u b e s a r e 
30 in . l o n g . R o d i s 4 2 . 266 in . long w i t h 2 . 25 o d . 
One r o d i s u s e d a s a f i x e d  s p e e d s h i m r o d , t h e 
o t h e r a s a v a r i a b l e  s p e e d r e g u l a t i n g r o d . 

T o t a l w o r t h of 8 s a f e t y r o d s : 6 .7%_¿L_ÍS 
k 

( e a c h a t l e a s t 0 . 66% Δ k ) 
k 

W o r t h of 2 r e g u l a t i n g r o d s : 0 . 69%  A k 

k 

S p e e d of s h i m r o d 0 . 0 1 7 %  A k  / s e c . 
k 

S p e e d of r e g u l a t i n g r o d : 0 . 0 4 to 0 . 4 % ~—ÎS / s e c . 
k 

S c r a m t i m e m e c h a n i s m : 

A v . s c r a m s p e e d : 1 1 %> K / K / s e c , 
s c r a m t i m e : 0 . 7 5 s e c . a f t e r s i g n a l 
s p r i n g l o a d e d e l e c t r o  m a g n e t i c r e l e a s e m e c h a n i s m . 

R e a c t i v i t y a d d i t i o n r a t e : 

m a x . fo r 8 s a f e t y r o d s : 0 . 7 χ l u " %, ^ k / s e c . 
k 

O t h e r c o n t r o l f e a t u r e s : 

n o n e 

F u e l f a i l u r e d e t e c t i o n : 

r e a c t o r b l a n k e t g a s i s m o n i t o r e d . 

Shut down h e a t r e m o v a l : 

n a t u r a l c i r c u l a t i o n p o s s i b l e 

1 1 . R e f l e c t o r : b l a n k e t of d e p l e t e d U r a n i u m 



1 2 . S h i e l d i n g : 
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Sides 

- Top : 

approx . 5 in SS t h e r m a l shield r o d s + approx . 
5 .5 in. SS t h e r m a l shield she l l s + 2 in. SS r e a c t o r 
v e s s e l + 6 in. 5% bora t ed g raph i t e + 2. 5 ft pu re 
graphi te + 6 in. 1 %> bora ted g raph i t e + 2 .5 ft 
conc re t e secondary shield with 0 .5 in. s t e e l l i n e r s 
+ 7 f t concre te b iological sh ie ld . 
shield plug with 66 in. g r aph i t e , 1 1 in. 1 .5% 
bora ted graphi te + 1 2 in. SS insula t ing m a t e r i a l 
+ 2 f t ca rbon s t ee l . 

Opera t ing 
floor : 

5 ft of s tee l and c o n c r e t e . 

1 3 . G e o m e t r i c d i m e n s i o n s : 

a) C o r e : cy l indr ica l 
d i am. : 32. 7 in. 
length : 30. 5 in. of U-al loy 
ac t ive volume : 1 3 .4 ft 

b) Blanket : 

c) V e s s e l : 

32 .7 in. id. , 7 9 . 9 in. od. , 6 1 . 7 5 in. l e n g t h o f 
U-al loy , 65 in. o v e r a l l length _ 
volume of r a d i a l blanket ; 1 56 ft 
volume of ax ia l blanket : 7 . 5 ft ( each sec t ion ) 

two connected p a r t s 
lower shel l d i am. : 9. 5 ft 
upper shel l d i am. : 14 . 5 ft 
ove ra l l height : 36. 5 ft 
type : 304 s t a in l e s s s t ee l 
m a x i m u m th i ckness : 2 in. 

14 . T e m p e r a t u r e s : 

a) C o r e a v e r a g e : 
m a x . nomina l U t e m p e r a t u r e : 1 1 1 5 ° F 
m a x . nomina l clad t e m p e r a t u r e : 1051 * F 

b) Blanket 
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1 5 . C o p i a n t : n a t u r e : sodium 

coolant flow arei 

channel ve loc i ty : c o r e 15 .7 f t / s e c . 

2 
coolant flow a r e a : c o r e 1 . 99 ft 

coolant m a s s flow r a t e : c o r e : 7 . 1 0 χ 1 0 l b / h r 

r a d i a l b lanket : 1. 47 χ 1 0 6 l b / h r 
2 

hea t t r a n s f e r coefficient : ay . 96, 500 BTU/f t / h r ' F 
( Na to SS ) 

t e m p e r a t u r e s : inlet : 550* F 
outlet : 800* F 

coolant p r e s s u r e s : p lenum inlet : 1 20 ps ia 
r e a c t o r outlet : 20 ps ia 

1 5 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 
b i s 

Heat exchange r s : 
3 i n t e r m e d i a t e Na /Na , v e r t i c a l she l l - and - tube type ; 
type 304 s t a in l e s s s t ee l ; su r face a r e a : 6320 ft 
3 s t e a m g e n e r a t o r s , she l l (Na) and tube (water ) , 
once - th rough , c r o s s - c o u n t e r f l o w type , l o w - c h r o m e 
s t ee l ; sur face a r e a 10, 800 f t2 each, with 965 ft2 for 
e conomize r , 2165 ft for e v a p o r a t o r , 7670 ft for 

supe rhea te r . 

Turb ine : 

1 s ingle-f low, t andem-compound unit 157 MW, 
1800 r p m . 

G e n e r a t o r : 

1 A l l i s - C h a l m e r s , hydrogen-coo led unit, 
1 89. 9 kVA, 1 8 kV, 0. 85 power fac tor , 
60 c y c l e s / s e c , 1800 r p m . 

-7 
17 . P h y s i c a l d a t a : - p rompt neu t ron l i fe t ime , s e c . : 1.4 χ 10 s e c . 

( m e a n ) 
- neu t ron energy : 0. 32 MeV ( m e a n c o r e ) 

- conve r s ion r a t i o : c o r e : 0. 29 ) t o t a - ι ι L 
blanket : 0. 87 ) 
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maximum e x c e s s reactivity : 0. 644% 

temperature coefficients i sothermal : 

core : 14 χ 10~
4
 % Λ k / ' C 

k 

blanket : 4 . 1 χ 1θ"
4
% - Α

 k
 /

 e
C 

k 

total : 18. 1 χ 1θ"
4
%

 Δ
_ £ / »C 

k 

load factor ( f irst 2 years ) : 40% 
( after 2 years ) : 70% 

plant life : 1 0 years 
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F C R 

F A S T C E R A M I C R E A C T O R 

1. L o c a t i o n : U. S. A. 

2. O w n e r : 

3 . M a i n c o n t r a c t o r s : 

Atomic Power Equipment D e p a r t m e n t G e n e r a l 
E lec t r i c 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

Des ign 

5. R e a c t o r t y p e : A 565 MWe (net) r e a c t o r des ign based on the F a s t 
C e r a m i c Reac to r fuel concept , cooled by sodium 
with a 7 3 8 ° F inlet and 1 0 5 0 e F outlet t e m p e r a t u r e . 
The c o r e is su r rounded by a blanket reg ion in 
which approx imate ly half of the new f i s s i l e m a t e r i a l 
is b red . 

6. P u r p o s e : Major object ives a r e : 

- development of a r e l i a b l e , high p e r f o r m a n c e fast 
r e a c t o r having nuc lea r c h a r a c t e r i s t i c s which 
provide s table and safe opera t ion ; 

- demons t r a t ion of low fuel cycle cos t capabi l i ty for 
such a r e a c t o r , p r i m a r i l y through achieving high 
burnup of Uranium fuels opera t ing at high 
specific power . 

7. P o w e r : 

- t h e r m a l : 1395 MW ( co re : 1200 MW 
( axia l blanket : 1 1 3 MW 
( r ad i a l blanket : 82 MW 

t h e r m a l efficiency : 40% 
specific power , a v e r a g e : 1,000 KW/kg f i s s . Pu 
specific power , ave rage : 128 KW/kg Pu + U 
co re power densi ty : 395 K W / l i t e r s 

- e l e c t r i c a l : net : 565 MW 
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8. 

9. 

F a s t f l u x : 

F u e l : 

a ) 

-

C o r e : 

Compos i t ion U O ? - P u O mixed P l u t o n i u m - U r a n i u m oxides 
(20 weight p e r c e n t P lu ton ium oxide ). 
C o r e fuel isotopie composi t ion : 

Pu : 
240 Pu : 

_ 241 Pu 

P u 2 4 2 : 

U 2 3 8 : 

10 .9 a / o 
5 .6 a / o 

1.9 a/o 

0.7 a / o 

75. 1 a / o 

shape a nd 
d imens ions : 

number : 

c r i t i c a l m a s s 

cladding : 

b) Blanket : 

r ods : rod d i a m e t e r : 0. 220 in. 
rod spacing cen te r to cen te r : 0. 350 in. 
to ta l fuel e lement length, c o r e and axia l 
blanket + r e s e r v o i r : 8. 65 ft 

a s s e m b l y : width of hexagonal channel : 4. 16 in. 
channel wall th ickness : 0. 040 in. 
space between subas sembly : 0. 050 in. 

3 1 4 

0. 0 1 5 in. 
0. 25 in. 

rods per a s s e m b l y : 127 
number of c o r e a s s e m b l i e s 

1100 kg Pu (239 + 241 ) 

s t a in l e s s s tee l , t h i ckness 
c lad. O. D. 

ax ia l blanket: 
composi t ion : depleted UO_ 

shape and d imens ions : length : 2 χ 1 . 25 ft 

cladding : s a m e as r e s p e c t i v e co re 

r a d i a l blanket : 

composi t ion : depleted UO_ 
shape and d imens ions : r o d s - r o d d i a m e t e r : 0 . 4 2 i n . 

rod spacing cen te r to 
cen te r : 0. 500 in. 
to ta l fuel e lement length, 
r a d i a l blanket + r e s e r v o i r : 
5. 0 ft. 
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a s s e m b l y : width of hexagonal channel : 4 . 16 in. 
channel wal l + th ickness : 0 .040 in. 
space between s u b a s s e m b l y : 0. 50 in. 

number : rods per a s s e m b l y : 61 
number of r a d i a l blanket a s s e m b l i e s : 336 

cladding : s t a i n l e s s s t ee l , t h i ckness : 0 . 0 1 5 in. 
c lad. I . D . : 0 .45 in. 

10 . C o n t r o l : 16 cont ro l r ods a r e a r r a n g e d in the c o r e on o n e -
foot c e n t e r s : 8 s h i m - r o d s + 8 safety r o d s . 

- 8 sh im r o d s , each wor th 75 cen t s , wil l be used to 
con t ro l the r eac t iv i ty . The sh im rods a r e specif ied 
to cons i s t of s t a i n l e s s s t ee l c a n s , 2 inches in d i a m . 
filled with boron ca rb ide that is en r i ched in t h e ' 
B - 1 0 i so tope . The compos i t ion is a s follows : 

45 V / o B 4
1 0 C ; 25 V / o Na and 30 V / o s t e e l . 

- 8 safety r o d s , each wor th one do l l a r , a r e employed 
for shutdown m a r g i n and to cover the e m e r g e n c y 
r e q u i r e m e n t s due to loss of sh im rod con t ro l or fuel 
mot ion . They cons i s t of 

25 V / o B 4
1 0 C ; 25 V /o Na and 50 V / o s t e e l . 

The rods a r e s c r a m m e d by g rav i ty fall with in i t ia l 
spr ing a c c e l e r a t i o n . S c r a m o c c u r s when c u r r e n t to 
a magne t is i n t e r rup ted , thus r e l e a s i n g an a c t u a t o r 
which opens the s c r a m la tch . 

1 1. R e f l e c t o r : 

12 . S h i e l d i n g : 

1 3. G e o m e t r i c d i m e n s i o n s : 

a) Core : height : 325 ft 
d i a m e t e r : 6. 50 ft 

composi t ion : co re and ax ia l blanket : fuel : 33 v / o 
s t r u c t u r e : 17 v / o 
sodium : 50 v / o 



b) Blanket : 

Compos i t ion 

c) P r e s s u r e 
v e s s e l : 

14 . T e m p e r a t u r e s 

a) C o r e : 

b) Blanket : 

1 5 . C o o l a n t : 
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t h i c k n e s s : 1.25 ft 

r a d i a l blanket : fuel : 63 v / o 
s t r u c t u r e : 25 v / o 
sodium : 1 2 v / o 

height : 28 ft 
d i a m e t e r : 1 2 f t 

sodium , 
- sodium flow : 60 χ 1 0 l b / h r 
- sodium velocity : 34 f t / s e c (max) ; 

20 f t / s e c ( a v e r a g e ) 

- sodium heat t r a n s f e r coefficient : 15 ,000 B T U / h r 
f t2 * F 

- inlet t e m p e r a t u r e : 785* F 

- outlet t e m p e r a t u r e : 1050 e F 

15 . T h e r m a l · s y s t e m s a n d t u r b i n e p l a n t : 
bis 

The p r i m a r y sodium s y s t e m cons i s t s of 4 loops 
without stop va lves , but with check valves in the pump 
d i s c h a r g e . The sodium in the tank is the loop connec 
tion between the heat exchanger outlet and pump 
in le t s , and a l so s e r v e s a s a dump tank and su rge tank. 

The 4 heat exchange r s , 4 pumps and check valves 
a r e grouped around the r e a c t o r v e s s e l . The ducting 
plenum takes the place of the usua l piping s y s t e m 
and cons i s t s of 3 l a rge d i a m e t e r d i sks welded to the 
r e a c t o r v e s s e l one above the o ther , spaced about 
two feet a p a r t . 

P r i m a r y pump a r e of the ve r t i ca l l y mounted 37, 000 
gpm mechan ica l d r ive type . Maximum d imens ions 
a r e 5 feet in d i a m e t e r over the diffuser and a length 
of 1 8 feet including the shield plug for the floor 
pene t ra t ion . 

Heat exchangers a r e U-tube des ign s i m i l a r to the 
F e r m i plant , and a r e 8 feet in d i a m e t e r by 40 feet 
long including the shield plug for the floor p e n e t r a 
t ion. 
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T h e r e a r e four secondary loops , independent except 
for common connect ions th rough the i r dump t anks . 
The s t e a m g e n e r a t o r s and r e - h e a t e r s a r e once -
through des ign of s ing le -wal l f e r r i t i c s t ee l . 

1 6. P h y s i c a l d a t a breeding r a t io : 1 . 08 ( c o r e : 0. 66 
( ax ia l blanket : 0. 24 
( r a d i a l blanket : 0. 1 8 

delayed neu t ron f rac t ion : 0. 0036 
-7 p rompt neu t ron l i fe t ime :rJ 5 χ 10 s e c . 

opera t ing r eac t iv i ty for b u r n - u p at 0. 8 load 
factor : 

-Α Κ per 4 months at 1000 KW/kg P u (239+241): 
- 0 . 0 1 1 

$ per 4 months at 1000 KW/kg P u (239+241): 

- 3 . 1 

refueling in te rva l : 1 0 weeks 

sodium coefficient : + 1. 0 χ 10 A K / K * C 

Doppler coefficient : - 9 . 2 χ 1 0~ Δ K / K ' C . 

BIBLIOGRAPHY : 

G E A P - 4226 
Conceptual Des ign of a 565 MW(e) F a s t C e r a m i c Reac to r 
H. E. Dodge, W. W. Kendall et a l - Apr i l 1963 

G E A P - 4 1 5 8 
Sodium Cooled R e a c t o r s P r o g r a m 
G e n e r a l E l e c t r i c Company, J anua ry 1963 

GEAP-3721 
C o r e Des ign Study for a 500 MWe F a s t Oxide Reac to r 
K . M . Hors t , Β . A. Hutchins et a l - D e c e m b e r 1 96 1 

ANS 100 
A m e r i c a n Nuclear Society, National Topica l Meeting 
De t ro i t Michigan - Apr i l 26-28 , 1965 
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F R C Τ F 

FAST REACTOR CORE TEST FACILITY 

1. L o c a t i o n The FRCTF will be located at the Los Alamos 
Scientific Laboratory, Los Alamos, New Mexico, 
U.S.A. 

2. O w n e r : United States Atomic Energy Commission 

M a i n c o n t r a c t o r s : 

Los Alamos Scientific Laboratory 

P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e 

under construction 

5. R e a c t o r t y p e The Facility will comprise a reactor tank, pr imary 
and secondary sodium systems, steam generator and 
auxiliaries having a total heat dump capacity of 
about 20 MW. 

6. P u r p o s e : The FRCTF is designed for testing and evaluating 
a sequence of plutonium fueled, sodium cooled 
reactor core concepts. It is intended to use the 
Facility to extend the knowledge of molten plutonium 
fueled reactor gained by operation of Lampre I. 

P o w e r : 

- thermal : 

- electrical 

20 MW ( core : 15 MW 
( blanket : 5 MW 

power density : 8280 KW/liter of fuel 
2540 KW/liter of core 

specific power : 517 Watts/g of plutonium 

8. F a s t f l u x : 
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9. F u e l : mo l t en plutonium 

a) C o r e capsu le : 

The c o r e capsu le is a 1 0 in. s t a i n l e s s s t ee l tube 
approx ima te ly 25 ft long containing the following 
components : 

1 . fuel r e s e r v o i r 
2. lower ax ia l b reeding blanket 
3 . c o r e s t r u c t u r e 
4 . upper ax ia l blanket 
5. fuel c i rcu la t ion s y s t e m 
6. capsu le shield plug. 

b) Blanket and con t ro l a s s e m b l y : 

The blanket cons i s t s of t h r e e por t ions : the r a d i a l 
blanket , the con t ro l blanket and the ax ia l b lanket . 
Rad ia l blanket : 

u r a n i u m , a v e r a g e U dens i ty : 80 v / o . The u r a n i u m of 
the r a d i a l blanket f o r m s a cy l inder : 
O . D . : 48 in. 
i. d. : 24 in. 
high : 48 in. 

The full sodium coolant flow p a s s e s down-ward 
th rough the r a d i a l blanket before en te r ing the c o r e 
and the cont ro l b lanket . 

Cont ro l blanket : 

u r a n i u m , dens i ty 65 v / o 
The cont ro l blanket a s s e m b l y is mounted in a suppor 
ting f ixture which can be i n s e r t e d into the 24 in. 
s l eeve of the co re tank. The en t i r e a s s e m b l y can be 
r emoved as a uni t . The U pins a r e mounted in s e v e r a l 
s t a i n l e s s s t ee l f r a m e s which can be indepently 
moved . When fully a s s e m b l e d , the u r a n i u m of the 
cont ro l blanket f o rms a cy l inder about 

O . D . : 23 in. 
i. d. : 11 in. 
height : 48 in. 
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The cont ro l a s s e m b l y s u r r o u n d s a c e n t r a l s l eeve 
about 1 0 . 5 in. i . d. into which the c o r e capsu le 
is i n s e r t e d . Cooled sodium flows upward b e t w e e n 
the inner and outer wal ls of the cont ro l a s s e m b l y 
in p a r a l l e l with the flow through the c o r e c a p s u l e . 

Axial blanket : 

The upper and lower ax ia l b lankets a r e m a d e up 
of pins s i m i l a r to those in the con t ro l b lanket . 
The axia l b lankets fo rm p a r t of the c o r e capsu le 
and a r e renewed with each new c o r e t e s t e d . 

10 . C o n t r o l 

1 1 . R e f l e c t o r 

12 . S h i e l d i n g a n d r e a c t o r t a n k 

The r e a c t o r tank cons i s t s of a c i r c u l a r s t a i n l e s s 
s t ee l v e s s e l about 25 ft deep suspended f rom the 
top in a conc re t e l ined pit . A c i r c u l a r s t ee l box 
g i r d e r filled with shielding m a t e r i a l s , t r a n s m i t s 
the v e s s e l load to the pit wa l l s . Bes ides the 
shielding fo rmed by about 1 8 tons of u r a n i u m 
in the blanket, l amina ted i ron sh ie lds about 1 ft 
thick a r e l o c a t e d in the outer angula r r eg ion of the 
r e a c t o r tank. Biological shielding for the pit 
cons i s t s of e a r t h filling su r round ing the pit with a 
floor of heavy c o n c r e t e over the comple te i n s t a l l a 
t ion. 

1 3 . G e o m e t r i c d i m e n s i o n s : 

a) C o r e : 8 in. O .D . χ 8 in. long 

volume : 5 . 91 l i t e r s ( P u  F e al loy : 30 .6 v / o 
( con ta iner m a t e r i a l s : 20. 9 v / o 
( sodium : 4 8 . 5 v / o 

b) Blanket : ax ia l blanket : 1 0 in. d i am. χ 20 in. long 

con t ro l blanket : 23 in. O .D . χ 1 0 . 5 in. 

i. d. χ 48 in. long 
r a d i a l blanket : 47 in. O .D . χ 23 in. i . d. χ 48 in. 

long 
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c o m p o s i t i o n : 

a x i a l a n d c o n t r o l b l a n k e t : 65 v / o U - M o a l l o y 

35 v / o Na and F e 

r a d i a l b l a n k e t : 80 v / o U - M o a l l o y 

20 v / o Na a n d F e 

c ) P r e s s u r e 

v e s s e l : a c i r c u l a r s t a i n l e s s s t e e l a b o u t 25 ft d e e p , 

7 ft i n . d i a m e t e r in t h e l o w e r p o s i t i o n a n d 4 ft 

in d i a m e t e r a t t h e t o p . 

1 4 . T e m p e r a t u r e s : 

a ) C o r e : a v e r a g e fue l t e m p e r a t u r e : 1 2 0 0 ° F 

m a x i m u m f ue l t e m p e r a t u r e : 1 4 0 0 * F 

b) B l a n k e t : 

5 
1 5 . C o o l a n t : c o r e s o d i u m flow r a t e : 6. 8 χ 10 l b / h r 

c o o l a n t f low a r e a : 0. 1 55 ft^ 

s o d i u m v e l o c i t y : 2 3 . 5 f t / s e c 

a v e r a g e t e m p e r a t u r e r i s e in c o o l a n t : 2 5 0 * F 

m a x i m u m c o o l a n t t e m p e r a t u r e : 1 2 0 0 e F 

1 5 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 

b i s 

I. P r i m a r y s o d i u m s y s t e m : 

- c o o l a n t : s o d i u m 

- h e a t r e m o v a l c a p a c i t y : 20 MW 

- s y s t e m s o d i u m flow r a t e : 9 1 0 , 000 l b / h r 

- p u m p t y p e : c e n t r i f u g a l , v a r i a b l e s p e e d 

- m a x i m u m p u m p c a p a c i t y (a t 8 5 0 ° F ) : 2 3 0 0 g p m 

- s o d i u m t e m p e r a t u r e s : IHX s o d i u m i n l e t 

( s h e l l s i d e ): 1 1 00 ° F 

IHX s o d i u m o u t l e t 

( s h e l l s i d e ) : 8 5 0 * F 
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2. Secondary sodium s y s t e m : 

- coolant : sodium 
- heat r e m o v a l capaci ty : 20 MW 
- s y s t e m sodium flow r a t e : 9 1 0 , 000 l b / h r 
- pump type : centr i fugal , va r i ab l e speed 
- m a x i m u m pump capaci ty ( at 550° F ) : 2300 gpm 
- sodium t e m p e r a t u r e s : IHX inlet (-tube side ): 

750* F 
IHX outlet (- tube s ide ): 

1000 e F 

3 . Steam g e n e r a t o r : 

The s t eam gene ra to r wil l be m a d e up of t h r e e s e p a r a t e 
heat exchanger sec t ions : an evapo ra to r , a s o d i u m - t -
sodium t e m p e r i n g h e a t e r and a s u p e r h e a t e r . The 
she l l s of a l l t h r e e heat exchange sec t ions wil l be 
welded in s e r i e s to f o r m one continous U-bend uni t . 

- Des ign capaci ty : 20 MW 
- Steam flow r a t e : 900 psig 
- Outlet s t e a m p r e s s u r e : 900 psig 
- Steam and wate r t e m p e r a t u r e s : 

s u p e r h e a t e r outlet s t e a m : 925 ° F 
evapora to r outlet s t e a m : 535° F 
evapora to r inlet wa te r : 400° F 

- Cons t ruc t ion m a t e r i a l s : 
s u p e r h e a t e r : 315 s t a i n l e s s s t e e l 
evapora to r : 2 . 2 5 % Cr - 1% Mo s t e e l 
t empe r ing sodium h e a t e r : 2 . 2 5 % C r - 1 % Mo s t e e l 

1 6. P h y s i c a l d a t a : 

BIBLIOGRAPHY ; 

LA 2332 
A p r e l i m i n a r y study of a fast r e a c t o r c o r e t e s t faci l i ty 
D . B . Hal l , R. P . Hammond et a l - August 2 1 , 1959 

LA 2735 
F a s t r e a c t o r c o r e t e s t faci l i ty , safety ana lys i s r e p o r t 
Los A lamos Scientific L a b o r a t o r y - August 1962 
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G F K - E U R A T O M P R O J E C T ( 1 0 0 0 M W e ) 

1 . L o c a t i o n : 

2. O w n e r : 

3. M a i n c o n t r a c t o r s : GFK-EURATOM Assoc ia t ion does study des ign 
only 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

- by the end of 1967 : study of the 1000 MWe concepts 
with sodium or s t e a m cooling 

- end of I967 : choice of coolant 
- beginning 1 968 - 1 973 : study and cons t ruc t ion of a 

prototype (200 MWe) 
- 1 980 : end of cons t ruc t ion of the 1000 MWe d e m o n 

s t r a t i on power plant. 

5. R e a c t o r t y p e : F a s t power r e a c t o r ; 1000 MWe, U O ? - P u O fuel, 
sodium or s t e a m coolant , independent loops in p r i m a r y 
s y s t e m with centr i fugal pumps for coolant c i r cu la t ion , 
power flattening by r a d i a l zoning. 

6. P u r p o s e : This r e f e r e n c e co re is taken a s a s t a r t ing point for a 
refined dynamic a n a l y s i s . As it is indicated in the 
planning ment ioned above, Ge rmany in tends to study 
the 1 000 MWe fast b r e e d e r des ign by the end of 
1967. 

7. P o w e r : 

- t h e r m a l : 2500 MW ( 24 1 0 in c o r e ) 
( m a x . specific p o w e r / m e a n specific power ) 
r a d i a l : 1 . 22 
m a x . rod power : 566 w / c m 
m a x . fuel specific power : 2. 1 5 MW/kg 
m e a n specific power : 1 . 2 MW/kg Pu 

- e l e c t r i c a l : 1 000 MWe 

F a s t f l u x 
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9. F u e l 

a) C o r e : 

- Compos i t ion 

- shape and 
d imens ions 

two en r i chmen t zones 

UO -PuO_ - v ib ra t iona l compacted 87% th. d. 
en r i chment ( P u 0 2 / P u 0 2 + U 0 2 ) 

zone 1 : 1 0 . 6 6 a / o ( inner zone ) 
zone 2 : 1 3 . 9 3 a / o 

239 240 
Pu - composi t ion : Pu 7; 63% ; P u : 30% 

P u 2 4 1 : 5 % , P u 2 4 2 : 2% 

fuel pin 
fuel pin d i a m e t e r : 6 m m 
length of fuel zone : 955 m m 
f iss ion gas plenum : 800 m m ( below ) 
a s s e m b l y : ( d i s t ance a c r o s s f la ts : 1 7 8 . 5 m m 

( hexagonal can thick : 4 m m 
( ove ra l l length : 3790 m m 

number number of pins pe r a s s e m b l y : 331 
number of a s s e m b l i e s : inner c o r e zone : 1 18 

outer c o r e zone : 111 

c r i t i c a l m a s s 

cladding : 

2015 kg Pu 

Incoloy 800, th i ckness : 0. 35 m m 

b) Blanket : 

- Composi t ion : 

- n u m b e r : 

- shape and 
d imens ions : 

- c r i t i c a l m a s s 

- cladding : 

Two r a d i a l blanket zones 

number of s u b a s s e m b l i e s : inner blanket zone : 60 
outer blanket zone : 1 08 

upper and lower blanket : 400 m m ( each ) 

10 . C o n t r o l : 

1 1 . R e f l e c t o r 
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12. S h i e l d i n g 

1 3 . G e o m e t r i c d i m e n s i o n s 

a) C o r e flat cy l inder 
d i a m e t e r : 2 .86 m 
height : 955 m m 
height / d i a m e t e r : 0. 33 
c o r e volume : 6100 l i t e r s ( oxide m i x t u r e : 30 .4% 

( s t r u c t u r a l m a t e r i a l : 1 9. 6% 
( sodium : 50% 

b) Blanket T h i c k n e s s of the b lankets : 400 m m 

c) P r e s s u r e 
v e s s e l : 

m a t e r i a l : 1 0 CR MoN 910 
O .D . : 7 . 9 m 
height : 1 6. 9 m 

14. T e m p e r a t u r e s 

a) C o r e : 

b) Blanket 

m a x . fuel t e m p e r a t u r e : 2 , 4 1 2 ' C 

1 5 . C o o l a n t sodium 
m a x . coolant veloci ty : 6. 6 m / s e c 
m e a n outlet t e m p e r a t u r e : 580* C 
m e a n inlet t e m p e r a t u r e : 430° C ? 
p r e s s u r e d rop of to ta l p r i m a r y c i r cu i t : 5 k g / c m 
to ta l flow : 4 . 75 χ 1 O7 k g / h r 

15 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t 
bis 

The p r i m a r y c i r cu i t is of the loop type . This s eemed 
to be advantageous with r e s p e c t to fabr ica t ion and 
decoupling between c o r e and heat exchange r s . T h e r e 
a r e 2 loops with 2 i n t e r m e d i a t e heat exchanger s but 
4 pumps . 
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P r i m a r y s y s t e m : 

number of sodium loops : 2 
s y s t e m m a t e r i a l : 1 0 CR MoN 910 

pumps : centr i fugal , 
flow : 4 χ 14, 000 m / h r 

r a t io fe r t i l e a t o m s / f i s s i l e a toms : zone 1 : 8.7 1 
zone 2 : 6 .41 

( q m a x / q m a x . ) in i t ia l : - 0. 89 
zone 1 
zone 2 

0 .556 
0.332 

breeding r a t i o - i n t e r n a l : 0. 89 
to ta l breeding r a t io : 1 . 38 
doubling t ime : 8. 2 y e a r s , 
Doppler coefficient : - 8. 5 χ 1 θ" / * C 
sodium coefficient ( to ta l co re ) : - 3 . 9 χ 1 θ" / * C 

BIBLIOGRAPHY : 

ANS 100 
A m e r i c a n Nuclear Society, National Topica l Meeting 
De t ro i t Michigan , Apr i l 26-28 , 1965 
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H E R M E S 

1. L o c a t i o n : Concept in Belgium 

2. O w n e r : BELGONUCLEAIRE S . A . , B r u s s e l s , Belgium 

3. M a i n c o n t r a c t o r s : 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

Concept 

5. R e a c t o r t y p e : A fast neut ron s u p e r h e a t e r r e a c t o r , d r y - s t e a m 
cooled. 
F u e l : mixed UO_-PuO_, aus ten i t ic s t ee l as bas i s 
s t r u c t u r a l m a t e r i a l . To feed the r e a c t o r with dry-
s t e a m , the Loeffler Sys tem is used . 

P u r p o s e : This r e a c t o r can be used as heat s o u r c e for a 
s e l f - r e l i an t nuc lea r power s ta t ion opera t ing accor 
ding to a Loeffler cyc le . 

P o w e r 

- t h e r m a l 

e l e c t r i c a l 

870 MW 
specific power : 428 KW th /kg of f i s s i onab l e 
m a t e r i a l 
power fiction between core and blanket :( 90% in c o r e 

( 10% in 
blanket 

net power : 300 MW 
g r o s s power : 309 MW 
specific power : 150 KW/kg of f i ss ionable m a t e r i a l 

F a s t f l u x 

9. F u e l 

a) C o r e two act ive c o r e a s s e m b l i e s per modulus 

239 
- Composi t ion : mixed oxides UO_-PuO_ 

en r i chmen t of f i ss ionable m a t e r i a l Pu~~ ' : 20% 
specific weight of fuel : 9 g / cc 
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- shape and A g r e a t number of s m a l l d i a m e t e r tubes . 
d imens ions : The ac t ive a s s e m b l y would have the following 

c h a r a c t e r i s t i c s : 
- length : 550 m m 
- outs ide pin d i a m e t e r : 5. 8 m m 
- wall th ickness : 0 .4 m m 
- pi tch : t r i angu la r : 6. 8 m m 

- number : number of pins per a s s e m b l y : 151 

- c r i t i c a l m a s s : 

- cladding : The H e r m e s concept is at p r e s e n t based on the 
u s e of Inconel X, Haste l loy and Nimonic a r e a l s o 
a t t r a c t i v e . 

b) Blanket : two blanket a s s e m b l i e s pe r modulus 

- Composi t ion : 

- shape and 
d imens ions : 

- number : 

- c r i t i c a l m a s s : 

- cladding : 

1 0. C o n t r o l : The power s ta t ion opera t ion is s imple and safe, 
owing to inheren t and favourable r eac t iv i ty coeffi
c ients of the r e a c t o r and excel lent p r o p e r t i e s of 
the Loeffler cycle in this r e s p e c t . 

The modula r s t r u c t u r e a l lows to locate quickly 
any defect and gives an effective confinement in c a s e 
of acc ident . 

1 1 . R e f l e c t o r 

12 . S h i e l d i n g 
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1 3 . G e o m e t r i e d i m e n s i o n s : 

a) C o r e : ac t ive length : 1 m 
volume : 500 to 10 ,000 l i t e r s 

volume f rac t ion in co re and blanket 

b) Blanket 
- s t a in l e s s s t ee l : 0. 5 

- s t e a m : 0. 25 

- fuel : 0. 25 

c) P r e s s u r e 
v e s s e l : 

14 . T e m p e r a t u r e s 

a) C o r e m a x i m u m cladding t e m p e r a t u r e : 720° C 

b) Blanket : 

15 , C o o l a n t s t e am 

- r e a c t o r inlet s t e am velocity : 25 m / s 
- r e a c t o r outlet s t eam veloci ty : 50 m / s 
- weight flow r a t e through the r e a c t o r : 4285 T/h 
- r e a c t o r inlet s t e am t e m p e r a t u r e : 3 1 5 * C 
- r e a c t o r outlet s t eam t e m p e r a t u r e : 540* C 
- s t e am p r e s s u r e : 100 atu 

15 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 
bis _ ,. , „,, , . . 

See fig. 1 The rmodynamic cycle 
- tu rb ine th ro t t l e p r e s s u r e : 1 00 at 
- supe rhea t t e m p e r a t u r e : 540° C 
- feedwater t e m p e r a t u r e : 227 *C 
- tu rb ine inlet weight flow r a t e : 1 220 T / h 

The advantages of this Loeffler cycle a r e the 
following : 
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- the supe rhea t e r is p a s s e d through by a gas ( d r y -
s t eam ) 

- the s t e a m d r u m is act ing a s a pur i f i e r , opera t ing 
by wate r d is t i l la t ion 

- the superhea t t e m p e r a t u r e is eas i ly cont ro l led by 
acting on the s t eam c i r cu l a to r s t e a m . 

The working flexibili ty is g rea t . 

16. P h y s i c a l d a t a : 

net breeding ra t io equals unity 
( simplifying and rea l ly p e s s i m i s t i c a s s u m p t i o n ) 

bu rn -up in the c o r e : 30, 000 MW d /T 

bu rn -up in the blanket : 5, 000 MW d /T 

out of pile immobi l iza t ion t ime : 1 yea r 

BIBLIOGRAPHY : 

A/Conf. 2 8 / P / 5 1 6 
HERMES - F a s t neut ron supe rhea t e r r e a c t o r 
G. T a v e r n i e r , J . C h e r m a n n et a l - Geneve 1964 
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L Α Μ Ρ R E 

LOS.ALAMOS MOLTEN PLUTONIUM REACTOR 

1 . L o c a t i o n : 

2. O w n e r : 

Ope ra to r 

Los A l a m o s , N. Mex. , USA 

United States Atomic Energy C o m m i s s i o n 

Los Alamos Scientific L a b o r a t o r y 

3. M a i n c o n t r a c t o r s : Los Alamos Scientific L a b o r a t o r y 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

- s t a r t of cons t ruc t ion : July 1956 
- r e a c t o r c r i t i c a l ( cold ) : Nov. 1959 
- r e a c t o r c r i t i c a l ( hot ) : Apr i l 1961 
- full power opera t ion : June 1961 
- r e a c t o r shut-down : F e b . 1 964 

5. R e a c t o r t y p e F a s t , P lu tonium, sodium cooled, s t a i n l e s s s t ee l 
re f lec ted . 

6. P u r p o s e 

7. P o w e r 

t h e r m a l 

Power exper imen t 
Invest igat ions of the use of P lu ton ium al loys a s 
r e a c t o r fuels and of the conta inment of such a l l oys . 
The r e a c t o r was shut down after comple t ion of the 
t e s t p r o g r a m , having proven the feas ib i l i ty of a fas t 
b r e e d e r power r e a c t o r using mol t en me ta l l i c 
plutonium as fuel. 

1 MW 
ave rage specific power in fuel : approx . 44 KW/kg Pu 
ave rage power densi ty in c o r e : appròx . 

1 55 KW/ l i t e r of c o r e 

- e l e c t r i c a l 

F a s t f l u x ■> Λ ι η
1 4

 / 2 

Ζ. 4 χ 10 n / c m s e c . 
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9. F u e l : 

a) C o r e : 

- Compos i t ion : P lu ton ium- i ron eu tec t ic , 90 at . % Pu, 10 at . % F e -
mel t ing point about 4 1 0 * C ; under opera t ing con
dit ions fuel is mol ten . 

shape and none s u b a s s e m b l i e s 
d imens ions : la t t ice t r i a n g u l a r , pitch : 0 .495 in. 

fuel is contained in tubes of t an ta lum, nominal 
0 .375 in. id. , 0.027 in. wal l t h i cknes s , 8 .3 in. long 

number : room for 1 99 fuel e l emen t s 

- c r i t i c a l m a s s : at ze ro power , 470* C : 2 1 . 4 k g Pu 

- cladding : t an ta lum, th ickness : 0. 027 in. 

b) Blanket : 

- Composi t ion : 

shape and 
d imens ions : 

- number : 

c r i t i c a l m a s s 

cladding 

10. C o n t r o l 1 sh im cyl inder , opera t ing ver t i ca l ly 
made of type 430 s t a in l e s s s tee l 
o .d . : 
i . d . : 
long : 
t r a v e l 

20 in. 
1 0. 75 in 
1 6 in. 

1 6 in. 

it may be r a i s e d t o a posit ion surrounding the 
co re 
- 4 con t ro l r o d s , opera t ing ve r t i ca l ly inside the 
shim cyl inder , 3 .8 d iam. χ 1 6 in. long, 14 .85 in. 
t r a v e l . They cons is t of h igh-pur i ty nickel cy l inde r s . 
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worth of shim cyl inder : 7. 6% _ — — 
k 

worth of con t ro l r ods : 0. 5% -^—ÌS_ each 
k 

speed of sh im cyl inder : 0 .05% ù. ÌE / s e c 
k 

speed of con t ro l rods : 0 . 0 1 % — / s e c 

S c r a m t ime and m e c h a n i s m : 

r e l e a s e of hydraul ic p r e s s u r e in rod d r i v e s 
al lows rods to d rop ; d rop t ime approx . 0. 9 s e c . 

au tomat ic sh im run-down is ini t ia ted by s c r a m 
signal 

fuel fa i lure de tec t ion : moni to r ing of blanket gas 
( purified he l ium ) for rad ia t ion . 

1 1 . R e f l e c t o r : The shim cyl inder may be lowered to a pos i t ion 
where i ts effect iveness as a r e f l ec to r for 
neu t rons escaping f rom the c o r e is negl ig ib le . 
Cont ro l rods ac t a l so as r e f l e c t o r . 

12 . S h i e l d i n g : 

- Sides : 3 .5 ft bora ted g raph i t e , 5. 5 ft o r d i n a r y c o n c r e t e , 
8 in. lead 

- Bot tom : floor shield plug of 5 ft magne t i t e c o n c r e t e , 
dens i ty 230 lb/ftp , and 2 ft lead shot . 

- Top : 9 ft i ron ( f u e l capsu le s handles ) next to v e s s e l 
ceil ing shield plug, 50 in. long, of f e r r o p h o s p h o r u s 
concre te and SS shot 

1 3 . G e o m e t r i c d i m e n s i o n s 

a) Core : cyl inder 
d i a m e t e r : 7. 5 in. 



-83-

i n . high : 8 
c o r e volume : 3 .06 l i t e r s ( fuel alloy : 50% v / o 

( t an ta lum : α 15% v / o 
( sodium : 35% v /o 

b) Blanket : 

c) P r e s s u r e 
v e s s e l : 

cy l inder , type 304 s t a in l e s s s tee l 
i. d. : 10 in. 
long : 1 2 ft 
th ickness : 0.375 in. 

14. T e m p e r a t u r e s 

a) Core : 

b) Blanket : 

m a x . fuel 
av. fuel 
film d rop 

8 7 0 ' C 
637* C 

27* C 

15 . C o o l a n t sodium 
2 

coolant flow a r e a : 1 4 . 4 in 
av. velocity : 39 .4 i n / s e c 
coolant m a s s flow r a t e : 1 5 . 3 l b / s e c 
t e m p e r a t u r e s : inlet : 450* C 

outlet : a v e r a g e : 5 6 3 ' C 
max . 597° C 

15 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 
bis 

The sys t em which contains the sodium coolant i s , 
i n g e n e r a i , fabr ica ted f rom type 316 ELC s t a in 
l e s s s t ee l . The coolant sy s t em has been operat ing 
s ince October I960 , at t e m p e r a t u r e s from 160* 
to 500° C and with flows f rom 15 to 200 gpm. 

Pip*11« : 

The loop is designed to main ta in an in te rna l s t r e s s 
level not g r e a t e r than 14 ,000 psi at 650 *C. Fo r 
the mos t pa r t , the loop is insula ted with a two-
layer cons t ruc t ion . The inner pa r t is Superex for 
high t e m p e r a t u r e s and the outer layer is 85% 
magnes i a . The overa l l th ickness is between 3.5 
and 4 in. 
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pumps : 

2 Ca l l a ry AC e l ec t romagne t i c conduction pumps in 
pa ra l l e l , each r a t ed at 100 gpm at 20 ps i head. 

heat exchanger : 

One finned tube type sodium to a i r exchanger , buil t 
by G r i s c o m  R u s s e l l . 

coolant purif icat ion : 

by cold and hot t r a p s . 

1 6. P h y s i c a l d a t a :  neut ron energy : 1 Mev _ 
 neu t ron l i fe t ime : 9 x 1 0 s e c . 
 r eac t iv i ty ba lance : m x . built in ( cold, c lean ) 1 . 3% 
 t e m p e r a t u r e coefficients :  0. 7 χ 1 0" 2 % -Ù k / ' C 
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D i r e c t o r y of Nuclear R e a c t o r s 
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L A M P R E  I F ina l Des ign Status Repor t 
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LAMPRE Hazard Repor t 
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P r o c e e d i n g s  P lu tonium as a Power Reac to r Fue l 
A m e r i c a n Nuclear Society , Topica l Meeting, 
Richland. Washington  S e p t e m b e r 1962 
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L M F R A L L I S - C H A L M E R S 

LIQUID METAL FAST BREEDER REACTOR DESIGN STUDY 

1 

2. 

3. 

L o c a t i o n : 

O w n e r : 

U . S . A . 

United States Atomic Energy C o m m i s s i o n 

M a i n c o n t r a c t o r s : 

ALLIS-CHALMERS and Babcock and Wilcox Co. 

P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

R e a c t o r T y p e 

P u r p o s e 

Study 

A high leakage , thin annular c o r e with a sodium 
ref lec tor d i r ec t ly above the c o r e to enhance the 
reac t iv i ty loss on boiling, with thick r a d i a l b lankets 
ins ide and outs ide the annulus . The r e a c t o r concept 
studied employs s t a in l e s s s tee l clad p lu ton ium-
u ran ium oxide fuel and is cooled by sodium. 

This study was under taken a s p a r t of the Atomic 
Energy Commiss ion long- range planning p r o g r a m . 
Its object was to e s t ab l i sh the p r e l i m i n a r y c h a r a c 
t e r i s t i c s of a 1000-MWe sod ium-cooled fas t b r e e d e r 
r e a c t o r . Design goals of a breeding r a t io of 1. 2 
and a sodium outlet t e m p e r a t u r e of 1200° F w e r e 
se t . 

P o w e r 

- t h e r m a l : 

e l e c t r i c a l 

2500 MW ( c o r e : 2125 MW 
( inner r a d i a l blanket : 185 MW 
( outer r a d i a l blanket : 1 90 MW 

power densi ty : 282 KW/l i t e r 
specific power : 733 KW/kg Pu 

1000 MW 

F a s t f l u x 
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9. F u e l : 

a) C o r e : 

- Compos i t ion ( pel let m a t e r i a l ) m i x t u r e PuO_-UO_ 

pellet densi ty : 95% of t h e o r e t i c a l 

- shape and ( fuel pe l le t s ) : ( inner d i am. : 0. 1 1 in. 
d imens ions : ( outer d i am. : 0. 24 in. 

length of pin : ( co re fuel por t ion : 4 . 0 ft 
( axia l blanket por t ion : 0. 5 ft 
( f iss ion gas r e s e r v o i r : 0. 5 ft 
( to ta l : 5 ft 

pin outs ide d i ame te r : 0. 300 in. 
width of hexagonal a s s e m b l y (flats ) : 4 . 4 5 in. 

- number : fuel a s s e m b l i e s : 498 
pins per a s s e m b l y : 123 

- c r i t i c a l m a s s : Kg of ( Pu-239 + Pu-24 1 ) : 29 1 0 

Kg U-238 l· Pu-240 . A 5 ? 

Kg Pu-239 + Pu-24 1 

- cladding : m a t e r i a l : 3 1 6 SS 
th ickness : 0 .028 in. 

b) Blanket : 
- Compos i t ion : depleted UO~, pellet densi ty : 95% of t h e o r e t i c a l 

- shape and ( pel le t ) 
d imens ions : . ., , , c. length of pins : 6 ft 

pin outside d i ame te r : 0. 607 in. 
width of hexagonal a s s e m b l y (flats ) : 4 . 4 5 in. 

- n u m b e r : pins per a s s e m b l y : 37 
blanket a s s e m b l i e s : inner r ad i a l blanket : 276 

outer r ad i a l blanket : 582 
total : 858 

- cladding : 3 1 6 SS ; th ickness : 0 . 0 1 5 in. 
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i o . C o n t r o l : The safety, sh im and regula t ing a s s e m b l i e s a r e 
composed of 85 pins of na tu ra l B . C at 90 pe rcen t 
of t heo re t i c a l densi ty with a depleted UO_ 
follower sect ion. 

Cont ro l a s s e m b l i e s : 
- safety, number : 12 

to ta l wor th : 2 .4% K/K 
- t e m p e r a t u r e o v e r r i d e and regula t ing , number : 6 

to ta l wor th : 1.2% Κ/Κ 

- fuel deplet ion, number : 30 
to ta l wor th : 6% Κ/Κ 

The shim and regulat ing a s s e m b l i e s a r e s i m i l a r 
in cons t ruc t ion to the fuel a s s e m b l i e s , they cons i s t 
of a hexagonal suppor t can containing 85 p ins . Each 
pin cons i s t s of two 4-f t - long t y p e - 3 1 6 s t a in l e s s 
s tee l tubes , 0. 300 in. in OD. The upper tube is a 
poison sect ion containing na tu ra l boron ca rb ide 
pe l l e t s . The lower - tube is a follower sect ion con
taining depleted UO- pe l l e t s . 

The safety a s s e m b l i e s a r e ident ica l except that the 
bottom of the boron ca rb ide poison sec t ion is l o c a 
ted 4 in. above the upper end of the depleted U O . 
follower sect ion. 

1 1 . R e f l e c t o r : A 1 - 1 / 2 - f t - thick sodium re f lec tor is located 
on the upper co re boundary. 

12 . S h i e l d i n g : 

1 3. G e o m e t r i c d i m e n s i o n s : 

a) Core : height : 4 ft 
m e a n outside d i a m e t e r : 1 3 f t 
m e a n inside d i a m e t e r : 9 ft 
volume : 7720 l i t e r s ( % fuel : 29 .4 

( % sodium : 40. 0 
( % s t r u c t u r e : 30. 6 
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b) Blanket volume tota l : co re + blanket : 29. 320 l i t e r s 

height : 
m e a n outs ide d i am. 
m e a n ins ide d i am. 

inner r ad i a l 

blanket 

6 ft 
9 ft 
6 ft 

outer r a d i a l 

blanket 

6 ft 
16 ft 
13 ft 

ax ia l 

blanket 

0 .5 ft 
13 ft 
9 ft 

c) V e s s e l m a t e r i a l : 3 1 6 SS 

outs ide d i a m e t e r : 20 ft 
ove ra l l height : 25 ft 

14. T e m p e r a t u r e s : 

a) C o r e : fuel max . 4, 6 1 5 " F 
clad m a x . : 1, 330* F 

b) Blanket 

15 . C o o l a n t na tu re : sodium 

the r e a c t o r v e s s e l has been designed for single -
passpara l le l - f low of co re and blanket coolant . 

to ta l coolant flow r a t e ( including 5% by-pass flow): 

1. 14 χ 1 0 8 l b / h r ( 2. 8 χ 10 gpm ) 

coolant veloci ty ( max . ) : 1 0 f t / s e c . 

t e m p e r a t u r e s : 
coolant inlet t e m p e r a t u r e : 950° F 
coolant outlet t e m p e r a t u r e : 1200° F 

ove ra l l co re p r e s s u r e d rop : app. 45 psi 

15 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 
bis 

P r i m a r y s y s t e m : 

number of coolant loops : 6 
number of p r i m a r y heat exchanger s : 6 
number of p r i m a r y pumps : 6 
m a t e r i a l of p r i m a r y sys t em : 3 1 6 SS 
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16. P h y s i c a l d a t a K, burnup between re loading ( l / 3 of c o r e ) : 0. 06 
m e a n neut ron l i fe t ime : 4 . 1 χ 1 0" ' s e c . 

ave rage delayed neut ron f rac t ion in c o r e , 
beta c o r e : 0 .0036 
effective delayed neut ron f rac t ion in co re , beta 
eff. co re : 0. 0032 
power coefficient ( at full power ) : 

 0. 87 χ 1 θ " 6 Λ K/K/MW 
t e m p e r a t u r e coefficient ( i s o t h e r m a l ) 

Doppler ( at 1 000 * F ) 
pin r a d i a l expansion : 
sodium expansion c o r e : 

r e f l ec to r : 
r a d i a l blanket 

ax ia l expansion c o r e : 
r a d i a l blanket 

r a d i a l expansion c o r e : 

r a d i a l blanket 

to ta l 

doubling t ime : opera t ing y e a r s 
breeding r a t i o  c o r e : 

r a d i a l blanket : 
ax ia l blanket : 

fuel life, full power days : 836 

 3 . 2 χ 10 
+ 0.4 
+3 .0 
 1 . 6 
 0 . 4 
 4 . 1 
+0 .3 
 6 . 8 
+0 .3 

¿ K / K / 'C 

 1 2 . 1 x l 0  b A K / K / e C 

: 1 8 . 4 
0 .52 ) 
0 .76 ) to t a l 1.32 
0 .04 ) 

BIBLIOGRAPHY : 

L a r g e F a s t Reac to r Design Study 
AC NP  64503 

A l l i s  C h a l m e r s , Atomic Power Development A s s o c i a t e s 
Babcock and Wilcox, Co.  J anua ry 1964 

Sodium Cooled F a s t B r e e d e r R e a c t o r s 
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L M F R - C O M B U S T I O N E N G I N E E R I N G 

LIQUID METAL FAST BREEDER REACTOR DESIGN STUDY 

1. L o c a t i o n : U . S . A . 

2. O w n e r : United States Atomic Energy C o m m i s s i o n 

3. M a i n c o n t r a c t o r s : 

Combust ion Engineer ing , Inc. 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 
Study 

5. R e a c t o r t y p e : A sod ium-cooled fast r e a c t o r which o p e r a t e s a t 
2500 MW t h e r m a l power genera t ion , 1 060 MW net 
e l e c t r i c a l power with a net efficiency of 4 2 . 4 pe rcen t . 
Fue l : U C - P u C . 
The sodium outlet t e m p e r a t u r e is 1 1 0 0 * F , to produce 
s t e a m at a t e m p e r a t u r e of 1 0 0 0 ' F . 

6. P u r p o s e : The p r i m a r y objective of the p r e s e n t study was to 
develop a conceptual des ign of a l a rge sodium cooled 
fast b r e e d e r r e a c t o r of a nomina l e l e c t r i c a l ra t ing of 
1000 MW opera t ing on the Uran ium-P lu ton ium cyc le . 

7. P o w e r : 

- t h e r m a l : 2500 MW ( co re : 1,868 MW 
( cont ro l a s s e m b l i e s : 65 MW 
( axia l blanket : 2 1 0 MW 
( r a d i a l blanket : 358 MW 

a v e r a g e specific : power , KW/kg ( U + Pu ) : 
- co re : 210 
- con t ro l a s s e m b l i e s : 95 
- ax ia l blanket : 1 9 
- r a d i a l blanket : 13 

- e l e c t r i c a l : 1 060 MW net 

F a s t f l u x : 
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9. F u e l : 

a) Core : 

- Composition : A solution of 1 5 w / o PuC in UC. 
The hyperstoichiometric UC contains 4 . 8 w / o carbon 
( fuel density : 13 .46 gm/cm -* ). 

- shape and 
dimensions : rod : length of rod : 8 2 - 1 / 4 in. ) ,. , . . , 

s _ _ ' . » cylindrical rods 
0. 301 in. ) ' 

pellet :diam. : 0.259 in. 
The pellet column is comprised of 3 main sect ions . 
The upper and lower 18 in., long axial blankets are 
of depleted UC. The 30 in. long central core sect ion 
is of PuC-UC. 

- number : number of fuel rods per assembly : 1 69 
number of fuel bundles : 1 57 

crit ical m a s s 

- cladding : clad thickness : 0. 01 1 in. 
type : 19-9 DL stainless s teel 

b) Blanket : 

- Composition : UC 

- shape and axial radial 
dimensions : blanket blanket 

rod diameter : 0.259 in. 0 .396 in. 
clad i. d. : 0 .279 in. 0 .418 in. 
clad thickness : 0 .011 in. 0 .016 in. 
number of rod per assembly : 1 69 127 

10. C o n t r o l : The 12 control a s sembl i e s provide the required shim 
and shutdown control of the reactor. Each assembly 
i s comprised of 127 rods. The rods consist of 
depleted UC pellet topped with a 20 in. column of 
B . C - p e l l e t s , al l inside a s ta inless s teel clad. Sodium 
provides a thermal bond between the pel lets and 
cladding. 
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type : Boron ca rb ide followed by blanket m a t e r i a l 
shape : hexagonal 
length of poison sec t ion : 20 in. 
length of blanket sec t ion : 50 in. 
con t ro l rod life at 0. 8 power factor : 2 y e a r s . 

The d r ive m e c h a n i s m s ( number : 12 ) a r e e l e c t r i 
ca l ly d r i ven and mowe the con t ro l a s s e m b l i e s through 
a to ta l d i s t ance of 25 in. 

 con t ro l rod wor th : a l l r ods : 4 . 0 % Λ Κ/Κ 
m a x i m u m wor th , any one rod :0. 36%ΛΚ/Κ 

1 1. R e f l e c t o r : 

12 . S h i e l d i n g : The r a d i a l por t ion of the shield is composed of : 

 s t ee l m e m b e r s , i n t e rna l to the r e a c t o r v e s s e l wal l 
which a r e cooled by sodium 

 bora ted graphi te which is cooled by conduction to 
the v e s s e l wal l 

 g raph i te and bora ted graphi te 
 conc re t e 

The blanket of the r e a c t o r i tself a c t s a s a very 
effective shie ld . 

13 . G e o m e t r i c d i m e n s i o n s : 

a) Core : A r ight c i r c u l a r cy l inder , 30 in. high and 8 6  1 / 2 in. 
in d i a m e t e r . 

volume : 2, 900 l i t e r s ( % fuel : 25. 6 
( % sodium : 66. 5 
(■ % s t r u c t u r e : 7. 9 

b) Blanket : The ax ia l blanket extends 18 in. above and below 
the c o r e . The r a d i a l blanket s u r r o u n d s the co re and 
is e s sen t i a l l y cy l ind r i ca l in shape , 54 in. high and 
120 in. in outer d i a m e t e r . 

c) V e s s e l : The r e a c t o r v e s s e l is f abr ica ted of r e l a t ive ly thin 
type 316 s t a in l e s s s t e e l . 

i . d. : 1 6 f t 6 in. 
height : 40 ft 7 in. 
m a x . th i ckness : 3 in. 
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14 . T e m p e r a t u r e s : 

a) Core : m a x . clad t e m p e r a t u r e : 1400" F 
al lowable clad t e m p e r a t u r e : 1400* F 
m a x . fuel t e m p e r a t u r e : 2600° F 

b) Blanket 

15 . C o o l a n t : na tu re : sodium 
to ta l flow r a t e : 1 1 3. 6 χ 10 l b / h r 
to ta l p r e s s u r e d rop : 60 ps i 
coolant veloci ty ( m a x . ) : 23 .4 f t / s e c . 
t e m p e r a t u r e s : sodium outlet : 1 , 1 00 " F 

sodium inlet : 850° F 

1 5 . T h e r m a l s y s t e m a n d t u r b i n e p l a n t 
b is 

P r i m a r y sodium sys t em : 

number of loops : 6 
number of pumps : 6 
number of cold t r a p s : 3 
Piping s ize : 30 in. and 3 6 in. 
s y s t e m m a t e r i a l : SS 

In t e rmed ia t e sodium s y s t e m : 

number of loops : 6 
number of pumps : 6 
number of cold t r a p s : 3 
piping s ize : 28 in. , 
to ta l flow r a t e : 94. 2 χ 10 l b / h r 
to ta l p r e s s u r e d rop : 60 ps i 

P r i m a r y sodium pumps : 

type : centr i fugal , f ree su r face , with va r i ab l e 
speed dr ive , 

flow : 6 χ 8, 500 m / h r 

P r i m a r y cold t r a p s : 

type : forced c i r cu la t ion with economize r 
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In t e rmed ia t e heat exchanger s : 

type : she l l and tube, s ingle p a s s , hot te r fluid 
in she l l , 

number : 6 
capac i ty : 4 1 6. 7 MW each 
number of tubes : 3440 each -
heat t r a n s f e r a r e a : 12, 1 10 ft each 

Steam g e n e r a t o r : 
type : Mul t i - she l l , V-bend, once through, hot ter 

fluid in shel l 
number : 2 
capaci ty : 1,059 MW each 
number of tubes by she l l : 7 
number of she l l s : 980 _ 
heat t r a n s f e r a r e a : 52, 184 ft each 

Rehea t e r : 

type : m u l t i - s h e l l , V-bend, s ingle p a s s , hot ter 
fluid in shel l 

number : 2 
capaci ty : 190. 5 MW each 
number of tube per she l l : 7 
number of shel l s : 473 _ 
heat t r a n s f e r a r e a : 33, 364 ft each 

Turb ine plant : 
Steam is brought to the turb ine th ro t t l e at 1000* F 
and 2400 psig and r ehea ted to 1000* F after p a r t i a l 
expansion. The t u r b i n e - g e n e r a t o r is a c r o s s -
compound quadruple flow mach ine with 50 in. 
final blading. 

condenser p r e s s u r e : 1 . 5 in. Hg Abs . 
s t ages of feedwater heat ing : 6 
final feedwater t e m p e r a t u r e : 575* F 
g r o s s turb ine output : 1 1 22 MW 
g r o s s heat r a t e : 7 600 B T U / KWH (449%) 
net heat output : 1061 MW 
net heat r a t e : 8050 B T U / K W H (42 .4%) 

1 6. P h y s i c a l d a t a : 
- effective delayed neut ron f rac t ion : 0. 0040 
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- m a x i m u m f r e sh fuel e lement wor th , 
r eac t iv i ty : 0. 33% Δ Κ/Κ 

- Doppler effect : 
Doppler coefficient at opera t ing t e m p e r a t u r e : 

- 2 . 5 χ I O " 6 Λ Κ / ' F 
Doppler r eac t iv i ty between opera t ing t e m p e r a 
t u r e and impending damage : 0. 17% Α κ / Κ 

- t e m p e r a t u r e coefficient , c o r e only : 
3 .8 χ 1 0 " 6 ^ K / ° F 

- b reeding ra t io ( equ i l ib r ium r e a c t o r ) 
to ta l r e a c t o r : 1 .421 
to ta l co re : 0. 648 

- doubling t ime : 6. 9 y e a r s 
- subassembly life : 1.8 y e a r s 
- refuell ing i n t e rva l : 0 .22 y e a r s 

BIBLIOGRAPHY 
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Liquid m e t a l fast b r e e d e r r e a c t o r des ign study 
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Sodium cooled fas t b r e e d e r r e a c t o r s 
L . J . Koch, F . S. Kirn et a l - May 1964 
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L M F R - G E N E R A L E L E C T R I C 

LIQUID METAL FAST BREEDER REACTOR DESIGN STUDY 

1. L o c a t i o n : U . S . A . 

2. O w n e r : United States Atomic Energy C o m m i s s i o n 

3. M a i n c o n t r a c t o r s : 

G e n e r a l E l e c t r i c 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 
Study 

5. R e a c t o r t y p e : A single sodium cooled r e a c t o r unit of 2500 MWt 
r a t i ng . Sodium leaving the r e a c t o r c o r e at a m e a n 
exit t e m p e r a t u r e of 1 1 00 * F t r a n s f e r s heat to 
nonrad ioac t ive sodium in 6 secondary coolant loops . 
The r e a c t o r is fueled with s t a in l e s s s t ee l clad 
mixed u r a n i u m , plutonium oxide in the form of fuel 
p ins . 

6. P u r p o s e : The purpose of the study by G e n e r a l E l ec t r i c for 
the AEC has been to do conceptual des ign work on a 
mixed p lu ton ium-uran ium oxide fueled r e a c t o r 
cons i s ten t with the l a t e s t r e s e a r c h and development 
informat ion and to evaluate i t s potent ia l p e r f o r m a n c e 
in the 1 000 MWe s ize r a n g e . 

7. P o w e r : 

- t h e r m a l : 2500 MW ( co re : 2200 
( blanket ax ia l : 250 
( blanket r a d i a l : 50 

a v e r a g e co re power dens i ty : 365 KW/ l i t e r 
specif ic power for fuel cycle :rV 900 KW/kg f i ss i le Pu 

- e l e c t r i c a l : net 1 1 00 MW 

F a s t f l u x 
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F u e l 

a) Ç o r e 

 Composi t ion : Each fuel a s s e m b l y cons i s t s of a fuel r eg ion 
( UO_ + PuO) , upper ax ia l blanket ( UO) , 
lower axia l blanket ( UO_), f i ss ion gas r e s e r v o i r 
and neu t ron shielding. 

 shape , d imens ions and number : 

number of c o r e fuel a s s e m b l i e s : 225 
number of fuel rods per a s s e m b l y : 478 
number of BeO rods per a s s e m b l y : 138 
number of f i l ler rods per a s s e m b l y : 7 
number of neut ron shield rods : 1 7 

o v e r  a l l a s s e m b l y length : 23 ft 
fuel length : 24 in. 
blanket length : 2 χ 1 8 in. 
f i ss ion gas r e s e r v o i r : 36 in. 
fuel extension and shield : 1 2 f t 

 cladding : 316 s t a in l e s s s t ee l 
fuel clad O.D. : 0. 25 in. 
clad th ickness : 1 5 m i l s 
o v e r  a l l clad length : 8 ft 

b) Radia l Blanket : 

 Composi t ion : Uran ium Oxide ( depleted ) 

 shape , number and d imens ions : 

number of blanket a s s e m b l i e s : 108 
number of fuel rods per blanket a s s e m b l y : 208 
act ive length of r ods : 30 in. 
Uran ium oxide d i a m e t e r : 0 .45 in. 

 cladding : 316 s t a in l e s s s tee l 
clad O.D. : 0 .5 in. 
clad th ickness : 20 m i l s 
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10. C o n t r o l Each of the 85 cont ro l r ods cons i s t s of a 2-foot-
long annular boron ca rb ide poison sec t ion , a 2-foot-
long plenum and a 35-foot- long connecting rod . 

The d r i v e s a r e connected to the con t ro l rods by 
g r i p p e r s - A - R a c k - a n d - p i n i o n d r ive is the p r i m e 
m o v e r of the con t ro l rod . 

- con t ro l rod pitch : 1 5 . 4 in. 
- guide tube O .D . : 2. 34 in. 

I . D . : 2. 10 in. 
- con t ro l rod O.D. : 2. 00 in. 
- clad th i ckness : 0 .050 in. ( 3 1 6 s t a in l e s s s t ee l ) 

- s m e a r e d dens i ty : 75% ■ 

en r i chmen t : n a t u r a l 
ac t ive B .C length 
n o r m a l con t ro l t r a v e l : 3. 5 ft 

con t ro l m a t e r i a l - B . C 
4 

1 1 . R e f l e c t o r 

12 . S h i e l d i n g P e r s o n n e l dose r a t e on the opera t ing floor above 
the p r i m a r y tank and dur ing refuel ing and fuel 
handling is l imi ted to 2. 5 m r e m / h r . This 
r e q u i r e s the following : 

opera t ing floor ( at full power ) 

refuel ing r o o m wal l s : 

fuel t r a n s f e r r o o m wal ls : 

r a d i a l neu t ron shield th ickness 

s t ee l 

5 in. 

12 in. 

12 in. 

2 ft 

conc re t e 

3 ft ( high dens i ty ) 

3 .5 ft ( high dens i ty ) 

2 ft ( high dens i ty ) 

1 3 . G e o m e t r i c d i m e n s i o n s : 

a) Core : ac t ive c o r e height : 2 ft 
ac t ive c o r e d i a m e t e r : 1 1. 65 ft 
c o r e volume : 2 1 3 f t J 

b) Blanket : ax ia l blanket th ickness ( upper and lower ) : 1. 5 f t 
ax ia l blanket volume : 3 1 9 ft 
r a d i a l blanket height : 2. 5 ft 
r a d i a l blanket th ickness : 1. 26 ft 
r a d i a l blanket volume : 148 ft^ 
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c) V e s s e l : d i a m e t e r of r e a c t o r v e s s e l : 1 8 f t 
height of r e a c t o r v e s s e l : 33 ft 

th ickness : 2 in. 
m a t e r i a l : s t a in l e s s s t ee l ( type 304 ) 

14. T e m p e r a t u r e s 

a) Core : m a x i m u m fuel t e m p e r a t u r e : 4700° F 
fuel sur face t e m p e r a t u r e point of max . 
ra t ing : 2 1 65 * F 
ave rage clad t e m p e r a t u r e : 1 0 3 0 ° F 
a v e r a g e s t r u c t u r e t e m p e r a t u r e : 950* F 

b) Blanket : 

15 . C o o l a n t : na tu re : sodium : r e a c t o r g rade 
Na O : 5 ppm 
ca rbon ^ 1 0 ppm 

coolant inlet t e m p e r a t u r e : 800 c F 
outlet t e m p e r a t u r e : 1 100° F 

coolant flow : 95. 4 χ 1 0 6 l b / h r 

co re inlet p r e s s u r e : 50 psia 
co re outlet p r e s s u r e : 25 psia 
m a x . coolant veloci ty in co re : 1 3 . 6 f t / s e c 

15 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 
bis 

The 6 outlet ducts at the top end of the r e a c t o r v e s s e l 
lead to 6 i n t e rmed ia t e heat exchangers opera t ing in 

p a r a l l e l . Coolant d i s c h a r g e f rom the exchangers at 
approx imate ly 800* F flows to the in le ts to the 6 
centr i fugal pumps a l so operat ing in p a r a l l e l . 

Steam is r a i s e d at 3500 ps ia , 1000° F in s ix p a r a l l e l , 
uni ts and flows to a single c r o s s compound r ehea t 
tu rb ine unit . 

Heat r e m o v a l equipment : 

number of c i r cu i t s : 6 
to ta l sur face a r e a i n t e rmed ia t e heat 
exchanger : 9 1 f t χ 1 0 
pumping power - p r i m a r y c i rcu i t 6. 8 MW 

- i n t e rmed ia t e c i r cu i t 4 . 2 MW 
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s t e a m - p r e s s u r e ( tu rb ine s top valve ) : 3500 ps ia 
- t e m p e r a t u r e : 1000* F 
- heat : 1 0 0 0 ' F 
- feed t e m p e r a t u r e : 500* F 

m e a n Δ Τ - i n t e r m e d i a t e heat 
exchanger : 6 3 . 8 ' F 

- s t e a m g e n e r a t o r : 1 5 0 ' F 
- r e h e a t e r : 1 15 " F 

heat loads - i n t e rmed ia t e heat 
exchanger :- 86 χ 1 0 B T U / h r 

- boi le r : 7 1 . 8 χ 1 0 3 BTU/hr 
- r e h e a t e r : 14.2 χ 1 0 3 B T U / h r 

Power plant : 

Tu rb ine heat r a t e : 757 0 B T U / K W / h r 
s t e a m flow : 7. 64 χ I O 6 l b / h r 
condense r p r e s s u r e : 1 . 5 in. he 
heat r e jec t ion : 5 .0 B T U / h r 10* 
aux i l i a ry power r e q u i r e d ) , 

(excludes boi le r feed pump ) ) 

boi ler feed pumps ( tu rb ine d r i v e r ) : 32 MW 
plant net efficiency : 44% 

1 6. P h y s t e a l d a t a : 
-7 

Neutron l i fe t ime ; s e c . : 5.7 χ 10 
β eff. ( effective f rac t ion of delayed neu t ron ): 3. 3 χ 1 0 
o v e r - a l l t e m p e r a t u r e coefficient : 

- 7 . 2 x l 0 - 6 A k / » F 
k 

o v e r - a l l power coefficient : - 0 . 0073 —i=—— p e r A Ρ 

b reed ing ra t io : 1 . 257 
doubling t ime for fuel cycle : 1 3. 5 y e a r s 
m e a n l i fe t ime of c o r e fuel : 943 days 
r a d i a l blanket l i fe t ime : 4 . 6 y e a r s 

BIBLIOGRAPHY 
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L . J . Koch, F . S . K i r n e t a l - May 1964 
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L M F R - WESTINGHOUSE ELECTRIC CORPORATION 

LIQUID METAL FAST BREEDER REACTOR DESIGN STUDY 

1. L o c a t i o n : U . S . A . 

2. O w n e r : United States Atomic Energy C o m m i s s i o n 

3. M a i n c o n t r a c t o r s : 

West inghouse E l e c t r i c Corpora t ion 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

Study 
5. R e a c t o r T y p e : Th i s fast b r e e d e r r e a c t o r conceptual des ign is 

based on p lu ton ium-uran ium carb ide fuel with a 
b reed ing r a t i o of 1 . 57 and a doubling t ime of 
1 0. 5 full power y e a r s , coolant : sodium. 

6. P u r p o s e : The f i r s t object ive of th is study is to develop the 
technology n e c e s s a r y to produce economic e l e c t r i c 
power and to c o n s e r v e the supply of nuc lea r m a t e r i a l . 

7. P o w e r : 

- t h e r m a l : To ta l t h e r m a l : 2500 MW ( co re r eg ions : 2 170 
( blanket reg ions : 330 

power dens i ty , KW/ l i t e r (core) : 308 
specif ic power , KW/kg contained fuel (Pu, U)C :86. 2 

- e l e c t r i c a l : 1 000 MW 
net e l e c t r i c a l efficiency ( 40%) 

8. F a s t f l u x : 

9. F u e l : 

a) Core : 
Compos i t ion : UC, 22 .2% PuC 

" " F r a c t i o n f i ss i le m a t e r i a l ( f i s s i l e /U+Pu) : 0. 1557 
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 shape and shape of fuel a s s e m b l y : hexagonal 
d imens ions i f ue l rod O.D. : 0 .300 in. 

fuel pel let d i ame te r : 0 .268 in. 

 number : number of modules : 7 
number of fuel a s s e m b l i e s per module : 36 
fuel rods per a s s e m b l y : 120 
c e r m e t rods per a s s e m b l y : 7 

 cladding : clad m a t e r i a l : 3 1 6 L SS 
type of fuel clad bond : sodium 
clad th ickness : 0 . 0 1 0 in. 
clad O.D. : 0. 300 in. 

 weight of fuel ( ca rb ide ) : 25, 200 kg 

b) Blanket : 

 Composi t ion : ( axia l blanket UC ( depleted ) 
( r a d i a l blanket UO_ ( depleted ) 

 shape , d imens ions and number : 

shape of fuel a s s e m b l y : hexagonal 
pel le t d i ame te r : 0.460 in. 
number of fuel a s s e m b l i e s ( rad ia l blanket ): 357 
rods per fuel a s s e m b l y : ( axia l blanket ) : 1 20 

( r a d i a l blanket ): 91 

 cladding : clad m a t e r i a l : 3 1 6 L SS 
clad th ickness ( r ad i a l blanket ) : 0. 020 in. 
clad O.D. : 0.465 in. 

10. C o n t r o l The cont ro l rod e lement cons i s t s of an a r r a y of 
61 tubes occupying one fu l l  s ized flow channel in 
the c o r e . The contro l channel cons i s t s of a heavy 
walled hexagonal tube 0. 093 in. thick and a p p r o x i 
ma te ly two core lengths long, r e s t i ng in the lower 
c o r e p la te . 

A 61  rod a r r a y 6 feet long contains about 54 lb of 
a b s o r b e r ( m a t e r i a l B C powder ) at 64% dens i ty . 

1 1 . R e f l e c t o r Radia l graphi te re f lec tor ( m a t e r i a l ): Na, SS, C ) 
r a d i a l and axia l r e f l ec to r ( m a t e r i a l : Na, SS ) 
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12 . S h i e l d i n g 

Secondary shield : 

57 in. of o r d i n a r y conc re t e su r round ing the r e a c t o r 
coolant loop componen ts . 

Radia l shield and shield tank : 

bora ted g raph i t e , t h i ckness : 3 ft 
ca rbon s tee l , th ickness : 1/4 in. 
outs ide d i a m e t e r : 26 ft 
nomina l height : 35 ft 

Shield plug : 

bora ted g raph i t e , ca rbon and s t a in l e s s s t e e l s 
m a x i m u m d i a m e t e r : 15 - l / 2 ft 
m i n i m u m d i a m e t e r : 14 - 1/2 ft 
th ickness : 3 ft 

1 3. G e o m e t r i c d i m e n s i o n s : 

a) Core : ac t ive co re height : 6. 25 ft 
number of modules : 7 
module height : 8. 5 ft 
module d i a m e t e r ( a c r o s s flats ) : 4 . 5 ft 

composi t ion : 

sodium : 55. 1 % 
fuel : 29 .4 % 
s tee l : 1 5. 5 % 

Core volume : 7, 050 l i t e r s 

b) Blanket : ax ia l blanket th ickness ( upper and lower ) : 12 in. 
ac t ive r a d i a l blanket length : 84 in. 
r a d i a l blanket composi t ion : ( fuel : 54. 5 % 

( sodium : 25. 8% 
( s t ee l : 1 9. 6% 
( void : 0. 1 % 

c) V e s s e l ; height : 33 1/2 ft 
d i a m e t e r outer : 1 8 f t 
d i a m e t e r inner : 1 5 f t 
bas ic wall th ickness : 1 1/2 in. 
m a t e r i a l : type 304 SS 
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14 . T e m p e r a t u r e s 

a) Core : c o r e inlet : 979* F 
co re a v e r a g e r i s e : 221 ° F 
m a x i m u m clad ( outs ide ) : 1400 e F 
m a x i m u m fuel cen te r line : 2 1 84 ° F ) / ι Q Q ^ D o w e r ) 
m a x i m u m c e r m e t sur face : 1325° F ) 
m a x i m u m c e r m e t cen te r : 1450° F ) 

b) Blanket : ( r a d i a l ) 

blanket inlet : 979" F 
blanket ave rage r i s e : 221 ° F 
m a x i m u m clad ( outs ide ) : 1400° F 
m a x i m u m fuel cen te r l ine : 2 5 1 9 ° F 

15 . C o o l a n t : na tu re : sodium ;5 p r i m a r y sodium flow : 1 28 χ 10 l b s / h r 
ave rage velocity : 26. 5 f t / s ec 
coolant velocity ( m a x ) : 3 1 . 8 f t / s e c 

coolant m a s s flow r a t e : 

t e m p e r a t u r e s : sodium inlet : 979° F 
sodium outlet : 1200 e F 
sodium outlet , hot channel : 1372* F 

15 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t 
BIS 

The s y s t e m s cons i s t s of two ident ica l loops connected 
in p a r a l l e l to the r e a c t o r v e s s e l . Each loop conta ins 
two c i rcu la t ing pumps , an i n t e r m e d i a t e heat exchanger , 
the connecting piping. 

In t e rmed ia t e heat exchanger des ign data a r e : 
heat duty : 4 . 265 χ IO 9 B T U / h r 
p r i m a r y sodium flow/unit : 6 .4 χ 10 l b / h r 
p r e s s u r e d rop ( she l l s ide ) : 10 ps i m a x . 
des ign p r e s s u r e : 150 psig 
des ign t e m p e r a t u r e : 1 2 5 0 ' F 
m a t e r i a l : Austeni t ic s t a in l e s s s t ee l 
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P r i m a r y sodium c i rcu la t ing pumps design data 
a r e : 
pump type : v e r t i c a l centr i fugal f ree sur face 
des ign flow : 80, 000 gpm 
dr ive : va r i ab le speed mo to r 
fluid pumped : 1200° F sodium 
volute m a t e r i a l : Austeni t ic s t a in l e s s s tee l 
impe l l e r m a t e r i a l : Austeni t ic s t a in l e s s s tee l 

1 6. P h y s i c a l d a t a : 
-7 

neut ron l i fet ime : s e c . : 1 χ 10 
breeding ra t io : 1 . 57 
effective f rac t ion of delayed neut rons : β eff : 0. 04 
core burnup : 1 00 MWD/kg 
co re inventory doubling t ime ( 85% load factor 
w / l o s s e s ) : 9 y e a r s 
to ta l doubling t ime ( 1 4 months r e c y c l e t i m e 
w / l o s s e s ) : 12 y e a r s 
fuel c y c l e d a y s : 180 

BIBLIOGRAPHY 

WCAP - 3 2 5 1 - 1 
Liquid m e t a l fast b r e e d e r r e a c t o r des ign study 
West inghouse E l e c t r i c Corpora t ion - Atomic Power Divis ion - 1 964 

A/Conf. 2 8 / P / 2 0 7 
Sodium cooled fast b r e e d e r r e a c t o r s 
L . J . Koch, F . S. K i in et a l - May 1964 
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Ρ F F B R 

PLUTONIUM - FUELED FAST BREEDER REACTOR 

1 . L o c a t i o n : U. S. A. 

2. O w n e r : P r o j e c t under taken by Atomic Power Development 
A s s o c i a t e s , Inc. 

3 . M a i n c o n t r a c t o r s : 

In coopera t ion with A l l i s - C h a l m e r s Manufactur ing 
Company, The Babcock and Wilcox Company, C o m m o n 
weal th A s s o c i a t e s , I n c . , The De t ro i t Edison Company 
and United Engineer ing and C o n s t r u c t o r s Inc . 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

P r o j e c t 

5. R e a c t o r t y p e : 

An unmodera t ed , he t e rogeneous , sodium cooled fas t 
r e a c t o r with a power output of 775 MW t h e r m a l and 
300 MW e l e c t r i c a l fueled with plutonium. 

6. P u r p o s e : P F F B R is another e s s e n t i a l s t ep in the c o m m e r c i a l 
deve lopment of economica l nuc l ea r power ut i l iz ing a 
full s ca l e power b r e e d e r r e a c t o r , des igned to o p e r a t e at 
subs tan t i a l ly l e s s cos t than F e r m i ut i l iz ing F e r m i 
knowledge and expe r i ence and new technology ava i lab le 
f rom r e s e a r c h and development p r o g r a m s for F e r m i , 
EBR - 1 , EBR-2 and Dounreay . 

7. P o w e r : 

t h e r m a l : 775 MW 
c o r e power : 705 MW , ^ 
specific power : 1 , 1 5 0 KWt/kg Pu 
t h e r m a l efficiency, p e r c e n t : ( g r o s s : 37.7 

( net : 36 .5 

- e l e c t r i c a l 
g r o s s e l ec t r i c output : 300 MW 
net e l e c t r i c output : 238 MW 
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9. F u e l : 

a) C o r e : 

- Composi t ion 

The t h r e e ac t ive reg ions of a c o r e subas sembly a r e the 
fuel containing reg ion , the upper and lower ax ia l 
blanket reg ions and an inact ive gas s t o r a g e reg ion 
above the upper ax ia l blanket . The fuel sec t ion , upper 
ax ia l blanket and gas s t o r age space a r e contained in 
the pin e lement . 

P u 0 2 - U 0 2 

enr i chmen t ( ini t ia l ) : 26% Pu 239 

- shape and 
d imens ions : e lement shape : round 

subas sembly shape : hexagonal 

subassembly d imens ions : 

outs ide d imens ions : 3 . 950 in. 
wal l th ickness : 0. 077 in. 
space between s u b a s s e m b l i e s : 0. 050 in. 

number 

e l emen t d imens ions : 

outs ide d i a m e t e r : 0. 1 22 in. 
m e a n d i a m e t e r : 0. 1 04 in. 
m e a n length : 36. 0 in. 
pi tch ( t r i angu la r ) : 0. 187 in. 

1 88 co re s u b a s s e m b l i e s 
397 e lements per a s s e m b l y 

c r i t i c a l m a s s : 674 kg of Pu 239 

cladding th ickness : 0. OO9 in. ( for e l emen t s ) 

b) Blanket ax ia l blanket : 
- Composi t ion : 

The lower axia l blanket sect ion is composed of 
depleted u ran ium 1 0 v / o molybdenum alloy and the 
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upper axia l blanket is composed of depleted 
u r a n i u m dioxide . 

- en r i chmen t ( lower axia l blanket ) : 0. 35% U 

- en r i chmen t ( upper ax ia l blanket ) : 0. 35% U 

235 

235 

r a d i a l blanket : 
des ign is genera l ly s i m i l a r to that used for the 
F e r m i r e a c t o r . The e l emen t s a r e rods of depleted 
u ran ium alloyed with 2 - 3 / 4 v / o molybdenum enclosed 
in s t a in l e s s s t ee l t ubes . 

shape and 
d imens ions : 1 . subassembly d imens ions 

the s a m e d imens ions and shape than fuel sub 
a s s e m b l i e s 

2. e lement d imens ions 

lower ax ia l blanket sect ion 

- shape : t r a p e z o i d a l pla te 
- outs ide d i a m e t e r : 0. 200 in 
- m e a n length : 9. 80 in. 

upper ax ia l blanket sec t ion 
- shape : round 
- outside d i a m e t e r : 0. 1 22 in. 
- m e a n length : 14 in. 

number : 248 r a d i a l blanket s u b a s s e m b l i e s 
number of s u b a s s e m b l i e s : 188 
number of e l emen t s p e r s u b a s s e m b l y : 
- lower ax ia l b lanket : 18 
- upper ax ia l blanket : 397 

c r i t i c a l m a s s : 

cladding : for lower ax ia l blanket : zircomiuim (0. 25© in. thick ) 

10 . C o n t r o l R e a c t o r con t ro l i s ma in ta ined by t en con t ro l 
e l emen t s loca ted n e a r the c e n t e r of r e a c t o r . 
con t ro l e l emen t s a r e safety r o d s , wMle tine 
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remain ing 4 a r e opera t ing cont ro l r o d s . 

Two of the opera t ing cont ro l rods a r e for burnup 
cont ro l , one is a s t a r t up rod and the o ther is a 
fas t rod for adjus tment of t r a n s i e n t effects . 

The poisoning m a t e r i a l is hot p r e s s e d boron ca rb ide , 
enr iched in boron - 1 0 . 

Number 

Reac t iv i ty per 
r o d - d o l l a r s 

Cont ro l rod 
O . D . in. 

Length of po i so 
ning rods in. 

Weight of B . C kg 

B - 1 0 e n r i c h m e n t $ 

Max. r eac t iv i ty 
addi t ion r a t e 
- c e n t s / m i n . 

F a s t rod 

1 

0 . 7 

3.44 

14 

0 .96 

38 

60 

Star tup rod 

1 

1 . 8 

3.44 

14 

0.92 

90 

1 

Burnup rod 

2 

8 . 0 

3.44 

18 

3. 15 

90 

0 . 0 1 6 8 

safety rod 

6 

4 . 5 

3 . 19 

36 

7 .25 

90 

1 

1 1 . R e f l e c t o r 

12 . S h i e l d i n g The bas ic des ign of the shielding is s i m i l a r to that 
of the Enr ico F e r m i . F o r m o r e de t a i l s , see F i g u r e s . 

1 3 . G e o m e t r i c d i m e n s i o n s 

a) Core d i a m e t e r : 5 ft 
length : 3 f t , 
volume : 54. 2 ft 
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c o r e composi t ion v / o : ( PuO - U O , : 23 .4 
( 2 2 

( s t r u c t u r e and clad : 26. 0 
( Na coolant : 50. 5 

b) Blanket : The co re is comple te ly su r rounded by blanket 
m a t e r i a l 
r a d i a l blanket th ickness : 18 in. 
top axia l blanket th ickness : 14 in. 
bot tom ax ia l blanket th ickness : 1 0 in. 

c) P r e s s u r e 
v e s s e l : A cy l ind r i ca l s t a in l e s s s t ee l tank 

d i a m e t e r : 9 feet 
height : 37 feet 
having 3/4 inch- th ick wal ls 

14 . T e m p e r a t u r e s 

a) C o r e m a x i m u m fuel t e m p e r a t u r e : 4 , 250 e F 
a v e r a g e outer clad t e m p e r a t u r e : 854° F 
m a x i m u m outer clad t e m p e r a t u r e : 1 , 3 7 3 * F 

b) Blanket a v e r a g e outer clad t e m p e r a t u r e : lower ax ia l 
blanket : 6 6 8 * F 

upper ax ia l 
blanket : 1000 * F 

1 5 . C o o l a n t sodium a s p r i m a r y and secondary coolant 
6 c o r e sodium flow r a t e : 22. 3 x 1 0 l b / h r 

sodium veloci ty : 1 3 . 5 f t / s e c . ( co re ) 
m a x i m u m nominal coolant t e m p e r a t u r e : 
t e m p e r a t u r e s : inlet : 650 e F ( c o r e ) 

out let : 1 0 1 8 ° F ( co re ) 

( co re ) 

1242*F{core) 

1 5 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 
b i s 

Heat is r emoved f rom the c o r e and the blanket by 
the c i r cu la t ion of sodium coolant s l ightly p r e s s u r i 
zed in t h r e e coolant loops . Each loop contains a 
sodium loop, check va lue , and the she l l s ide of an 
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in t e rmed ia t e heat exchanger . 
The secondary s y s t e m is composed of t h r e e indé
pendant coolant loops, each containing a sodium 
pump, the tube side of an i n t e r m e d i a t e heat 
exchanger and the shel l s ide of a s t e a m g e n e r a t o r . 

P e r f o r m a n c e data for coolant s y s t e m s 

1 . P r i m a r y : 

sodium flow per loop : 8. 3 χ 10 l b / h r 
des ign t e m p e r a t u r e : 1050" F 
des ign p r e s s u r e : 125 psig 
m a t e r i a l in sys t em : type 304 SS" 
p r e s s u r e d rop in sy s t em : 223 ft of Na 

2. Secondary : 

sodium flow : 8. 25 χ 10 l b / h r 
des ign t e m p e r a t u r e : 1 000 * F 
des ign p r e s s u r e : 150 psig 
m a t e r i a l in sy s t em : ( 2  l / 4 % C r  1 % Mo ) and 

type 304 SS low carbon f e r r i t i c 
p r e s s u r e shop in sys t em : 1 06 ft 

Sodium pumps : 

p r i m a r y sys t em secondary s y s t e m 

capaci ty each gpm 

t e m p e r a t u r e 
n o r m a l opera t ing * F 

pumping r a t e 
n o r m a l opera t ing hp 

d r ive type 

20,300 

650 

1240 

wound ro to r motor 

20, 100 

570 

595 

wound ro to r moto r 

In t e rmed ia t e heat exchangers : 

 p r i m a r y side : 

inlet sodium t e m p e r a t u r e : 1000° F 
outlet sodium t e m p e r a t u r e : 650° F 
sodium flow, each heat exchanger : 8. 3 χ 1 0 l b / h r 
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- secondary s ide : 

inlet sodium t e m p e r a t u r e : 570* F 
outlet sodium t e m p e r a t u r e : 920* F 

- des ign data : 
o 

hea t t r a n s f e r r e d : 8 .83 χ 10 B T U / h r 
tube s ize : 1 " " OD χ 0 .42 " " wal l 
number : 1 200 

Steam g e n e r a t o r s : 
- des ign t e m p e r a t u r e s : shel l : 1000° F 

tubes : 1000 e F 

- des ign p r e s s u r e : she l l : 150 ps ig 
tubes : 15 50 psig 

- s t e a m condit ions : t e m p e r a t u r e : 8 7 0 * F 
p r e s s u r e : 1450 psig 

- flow, each s t e a m g e n e r a t o r : 833, 000 l b / h r 

- sodium inlet t e m p e r a t u r e : 920* F 
outlet t e m p e r a t u r e : 5 7 0 * F 

- tube data : outs ide d i a m e t e r : 5 /8 in. 
m i n i m u m wal l th ickness : 0. 068 in. 
pi tch : involute 

effective length : 82. 5 ft 
n u m b e r , pe r s t e a m gene ra to r : 1200 

effective heat t r a n s f e r a r e a per s t e am g e n e r a t o r 
1 6. 200 sq . ft 

1 6. P h y s i c a l d a t a : 
- breeding r a t i o : c o r e 0 .3 2 4 j 
- blanket : 0. 95 to ta l ( including P u fo rmed 7 : 1 . 34 ) 

to ta l : 1 . 25 
- c o r e life : 580 days 
- f rac t ion of f i ss ions in c o r e : 0. 88 
- doubling t ime : 18 y e a r s 

BIBLIOGRAPHY 
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1 

2. 

3 . 

4 . 

L o c a t i o n 

O w n e r 

C a d a r a c h e , F r a n c e 

EURATOM-C. E. A. Assoc ia t ion con t rac t 

M a i n c o n t r a c t o r s : 

P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e 

Cons t ruc t ion 

R e a c t o r t y p e 

P u r p o s e : 

A sodium -cooled fast r e a c t o r , using plutonium in 
i t s fuel. 

1 ) to provide a facil i ty for the phys ica l study of a 
fast r e a c t o r in the s t e a d y - s t a t e and dur ing t r a n 
s i en t s , a t va r ious power l e v e l s . 

2) to provide indus t r i a l exper i ence in the c o n s t r u c 
t ion and opera t ion of such a r e a c t o r 

3) to provide fast neut ron flux sufficient for the 
tes t ing of fuel intended for future r e a c t o r s of the 
s a m e type . 

P o w e r 

t h e r m a l 

e l e c t r i c a l 

to ta l 20 MW ( c o r e : 17 MW 
( axia l blanket : 0. 2 MW 
( r a d i a l blanket : 2. 8 MW 

m a x . specific power : 1 . 52 KW/cm fuel 
r a t i o of max . specific power : f c o r e : 1 . 59 

( ax ia l blanket : 6. 5 
( r a d i a l blanket : 25 

F a s t f l u x : 
1 5 / 2 m a x . neu t ron flux : 1.70 χ 10 n / c m S 

15 2 
m e a n neu t ron flux : 1 0 n / c m S 
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F u e l 

a) C o r e : 

- Compos i t ion : UO_ + PuO_ 

PuO vo lumet r i c composi t ion :(24. 94 + 0.25)% 

- shape and 
d imens ions : F u e l pins a r e m a d e up of 34 mixed oxide pe l le t s 

pel le t ( 1 0 m m in th ickness 
( 5 . 7 m m in d i a m e t e r 

pin length : 485 m m 
hexagonal fuel a s s e m b l y , ove ra l l length : 1 . 664 m m 

width between f lats : 49 . 8 m m 

- number : 53 fuel a s s e m b l i e s in c o r e 
number of pins per a s s e m b l y : 37 
number of pe l le t s per pin : 34 

- c r i t i c a l m a s s : 
239 Pu 7 : 35.7 kg 
240 P u : 3 .9 kg 

235 U : 67 .3 kg 

U 2 3 8 : 4 5 . 4 kg 

- cladding : pe l le t s a r e s tacked in 3 1 6 L s t a in l e s s s t ee l cans 
0. 45 m m thick. 

b) Blanket : 
235 

- Composi t ion : UO~ ( 0. 65% U for axia l blanket ) 
( 0 .40% U for r ad i a l blanket ) 

- shape and 
d imens ions : pin length ( ax ia l blanket : 302 m m 

( r a d i a l blanket : 1 1 53 m m 

d i a m e t e r of pe l le t s ( ax ia l blanket : 1 3 . 4 m m 
( r ad i a l blanket : 1 5 . 4 m m 
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JnPiG^ëï ·' 53 fuel a s s e m b l i e s in ax ia l blanket 
500 fuel a s s e m b l i e s in r a d i a l blanket 

number of pins per a s s e m b l y in ax ia l blanket : 2 χ 7 
number of pins per a s s e m b l y in r a d i a l blanket : 7 

c r i t i c a l m a s s : 

weight of UO in r a d i a l blanket : 8, 040 kg 

cladding : Inox Z3CND, th ickness : 0. 5 + 0.05 m m 

1 0. C o n t r o l : 6 con t ro l rods a r e a r r a n g e d in the c o r e 
one regula t ing rod + five safety rods 

1 regula t ing rod : containing Β . C ( n a t u r a l ) Boron 
rod is 450 m m long 

nomina l speed : 1 0 M n / s e c . 

5 safety rods : containing B C with 90 wt. % Β 10 
boron rod is 450 m m long. 

Each of those rods moves up and down inside a hexagonal 
cas ing having the s a m e d imens ions as those of the 
fuel e l e m e n t s . Each rod cons i s t s of a cy l indr ica l 
s ea th filled with boron 1 0 and fitted with a gripping 
head s i m i l a r to those of the fuel e l e m e n t s . 

1 1 . R e f l e c t o r : A re f lec to r designed to r educe the escape of neu t rons , 

12 . S h i e l d i n g : The l a t e r a l sh ie lds cons i s t of a 23 in. l ayer of 
g raph i te complete ly sur rounding the r e a c t o r v e s s e l 
and located inside a cy l indr ica l s leeve of re inforced 
conc re t e with a total th ickness of 55 in. 
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1 3 . G e o m e t r i e d i m e n s i o n s 

a) C o r e ; Volume : 50 l i t e r s 
ac t ive volume in the loop : 40 χ 27 l i t e r s 

( fuel or f e r t i l e m a t e r i a l : 42 . 2 v / o 
( s t r u c t u r a l m a t e r i a l : 22. 8 v / o 
( he l ium : 1 . 5 v / o 
( sodium : 33 . 5 v / o 

b) Blanket 

hexagonal p r i s m . ( length : 1664 .5 m m 
( s ide : 49 . 8 m m 

axia l blanket r a d i a l b lanket 

ac t ive volume : 63 . 95 l i t e r s ac t ive vol . : 1 2 1 8. 05 1. 

fuel m a t e r i a l : 44 . 2 v / o 58. 3 v / o 
s t r u c t u r a l m a t e r i a l : 1 9 . 8 v / o 1 5 . 6 v / o 
he l ium : 0 .6 v / o 0.7 v / o 
sodium : 35 .4 v / o 25 .4 v / o 

c) P r e s s u r e in thick s t a in l e s s s t ee l 
v e s s e l ; d i a m e t e r : 7 f t - in. 

th ickness : 0. 6 in. 

14 . T e m p e r a t u r e s : 

a) C o r e : m a x . nomina l can t e m p e r a t u r e : 635° C 

m a x . t emp , at cen te r of fuel pins : 2000 *C 

b) Blanket : m a x . nomina l can t e m p e r a t u r e : 
- ax ia l blanket : 595* C 
- r a d i a l blanket : 595" C 

m a x . t emp , at cen te r of blanket pin 
- ax ia l blanket : 650* C 
- r a d i a l blanket : 1 0 0 0 ' C 

15 . C o o l a n t : Sodium 

to ta l sodium flow : 21 1 l i t e r s / s 
m a x . sodium flow r a t e : 5 .4 m / s in co re 



-145· 

sodium inlet t e m p e r a t u r e : 4 1 0 ° C 
m e a n sodium outlet t e m p e r a t u r e : 500" C 
m a x . nominal sodium t e m p e r a t u r e : 585° C in co re 

1 5 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 
b is 

Two p r i m a r y c i r cu i t s and two secondary c i r c u i t s . 
Ea-ch of the p r i m a r y and secondary c i r cu i t incorpora-
t e s a m e c h a n i c a l pump of the centr i fugal type. Each 
of the p r i m a r y c i r c u i t s t r a n s f e r s i ts heat to the 
secondary c i r cu i t in an i n t e rmed ia t e heat exchanger . 
The two secondary c i r cu i t s a r e ident ica l with each 
other and each t e r m i n a t e s in an a i r exchanger where 
the power is passed to a t m o s p h e r e . The coolant 
used is sodium, both in the p r i m a r y and secondary 
c i r c u i t s . Each of the c i r cu i t s can d i s s ipa te 10 MW 
t h e r m a l power with a ra ted flow of approx imate ly 
37 0 m 3 / h . 

P r i m a r y pumps : 
centr i fugal , submerged : v e r t i c a l shaft type 
flow r a t e : 37 0 m h, t e m p e r a t u r e : 4 1 0 ° C 
speed : 860 r p m 

i n t e r m e d i a t e heat exchanger s : 
number : 2, tube nes t type 
d i a m e t e r tube : 1 2 / 1 4 m m 
number of tubes per exchanger : 888 
exchange length : 2095 m m 
exchange sur face : 8 1 . 8 m _ 
exchange coefficient : 5280 K c a l / h m ' C 

secondary pumps : 
centr i fugal , s t ibmerged, v e r t i c a l shaft type 
flow r a t e : 375 m / h 
speed : 875 t o u r s / m i n u t e 
t e m p e r a t u r e : 470 e C 

t e r m i n a l exchangers : 

n e s t s of finned tubes , a i r cooled type, 
number of tubes : 960 (16 nes t s of 60 tubes ) 
tube d i a m e t e r : 2 1 . 4 / 2 5 . 4 m m 

2 exchange sur face : 1 145 m _, 
exchange coefficient : 53. 5 K c a l / h m ° C 
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1 6. P h y s i c a l d a t a : 

breeding r a t io : i n t e rna l : 0. 049 ¿. -, ι ι ι o 
, «Λ to ta l : 1 . 1 1 8 

e x t e r n a l : 1 . 070 

l i fe t ime of p rompt neu t rons : 1 1. 1 χ 1 0 « 
effective f rac t ion of delayed neu t rons β eff. : 

0 .00532 

f rac t ion of f i ss ions in c o r e : 

 above 400 KeV : 50% 
 below 20 KeV : 90% 
 % of neu t rons leaving the c o r e : 54% 

Plutonium genera t ion in blanket ( in one full y e a r 
at 20 MW) : 8 kg 

BIBLIOGRAPHY : 

Rapsodie  a v i ta l fast r e a c t o r pro jec t 
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A/Conf. 2 8 / P / 4 2 
Rapsodie 
G. Vendryes  C. E . A.  Genève 1964 
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Rapsodie , r é a c t e u r expé r imen ta l à neu t rons r a p i d e s 
R. Wustner  1 964 

Recue i l des c a r a c t é r i s t i q u e s nomina les de Rapsodie 
P r o j e t neu t rons r a p i d e s 
Assoc ia t ion E u r a t o m  CEA, Cen t r e d 'E tudes Nuc l éa i r e s de 
C a d a r a c h e . 

Nuclear Power P lan t s 
R. Lof tness  1 9 6 4 

Power Reac to r E x p e r i m e n t s 
vol . I 
P r o c e e d i n g s of a Symposium, Vienna 2327 Oct . 1961 
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S B R - 5 

1 . L o c a t i o n : Obninsk nea r Moscow in USSR 

2. O w n e r : Ins t i tu te of P h y s i c s , State C o m m i s s i o n for Atomic 
Energy . 

3. M a i n c o n t r a c t o r s : 

4 . P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e : 

In opera t ion 
Reac to r c r i t i c a l : June 1958 

1 5 
5. R e a c t o r t y p e : SBR-5 is a 5. 000 KWt, 10 flux, sodium cooled 

r e a c t o r opera t ing at 932 ° F outlet t e m p e r a t u r e , 
fueled with UO ? , two loops, one s o d i u m - t o - a i r , the 
o ther sodium - ΐ ο - w a t e r with heat dumped to a con
d e n s e r . 

6. P u r p o s e : 1 . Tes t ing of fuel and shield e l emen t s for the r e a c t o r 
BN-50 which has been abandoned. 

2. Tes t ing of individual uni ts of equipment and 
i n s t r u m e n t s and getting e x p e r i m e n t a l expe r i ence 
with rad ioac t ive sodium heat t r a n s f e r fluid. 

3. Ca r ry ing out of nuc lea r and m a t e r i a l - t e s t ing 
invest igat ions in in tens ive fast neu t ron f luxes . 

7. P o w e r : 

- t h e r m a l : 5 MW in the co re 
0. 8 MW in the u ran ium re f l ec to r , 
0 . 1 3 MW in the n icke l r e f l ec to r , 
ave rage power densi ty in c o r e : 460 KW/li ter 
a v e r a g e specific power in fuel : 100 KW/kg P u 

- e l e c t r i c a l : 

15 2 
F a s t f l u x : m a x . : 1 χ 10 n / c m s e c . 
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9. F u e l : 

a) C o r e 

- Composi t ion : plutonium oxide 

- shape , d imens ions and number : 

- 80 fuel a s s e m b l i e s , placed in a gr id plate at the 
bottom end 

- t r i angu la r la t t ice - P i tch of fuel rods : 0. 55 cm 
- 19 fuel rods f rom a hexagonal fuel a s s e m b l y . 

Dis tance between opposite s ides of the hexagonal 
tube : 2. 6 cm 

- cy l indr ica l plutonium oxide pe l l e t s , o. d. 0. 5 cm 
act ive length : 28 cm 

- c r i t i c a l m a s s : 44 .7 kg Pu 

- cladding : 0. 4 m m thick s tee l " IX 1 8 H 9 Τ " 

b) Blanket : 

- Composi t ion : 

- shape and d imens ions : 

- number : 

c r i t i c a l m a s s : 

- cladding : 

- blanket gas : Argon at a p r e s s u r e of 20 a tm in the fuel tubes 

10. C o n t r o l : The r e a c t o r S 3 R - 5 is control led by changing the 
reac t iv i ty by moving inner l a y e r s of the n ickel shield. 
1 . The cy l ind r i ca l r e f l ec to r l aye r 50 m m thick ( the 

compensat ing cyl inder : CC ) placed jus t behind the 
casing of the c e n t r a l tube . The compensa t ing cyl inder 
weights : 1 87 kg 

2. The shield compensa to r ( SC ) behind the CC, 1 0 crn 
thick, 705 kg 
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3 . Two automat ic r e g u l a t o r s (AR) moving in s lo t s 
of the S C - c r o s s - sec t ionna i a r e a of r o d s i s 140 χ 
30 m m . 

M a t e r i a l : n ickel , cooled by a i r pass ing th rough gaps 
between s ta t ionary and moving p a r t s 

wor th of CC : 3 . 6% & k ; SC : 2. 8 Δ k . 
k k 

2 AR : 0. 18% Λ k 

k 
s c r a m t ime and m e c h a n i s m : magne t i c c lutch, g rav i ty 

fall 

1 1 . R e f l e c t o r : - 1 i n t e rna l sodium cooled annular pa r t of u r a n i u m 
e l emen t s s i m i l a r to the fuel a s s e m b l i e s , but each 
containing 7 e l e m e n t s , cons is t ing of 2 rods : 0 .76 c m 
d i am. , 14 cm height each, canned in SS 0 .4 m m 
thick, o .d . 0 .9 cm. 

- 1 ex t e rna l a i r cooled pa r t of n ickel , behind the 
n icke l cont ro l e l e m e n t s . 

12 . S h i e l d i n g : Side : 50 cm wa te r , 40 cm cas t i ron , 1 1 0 cm l imoni te 
concre te densi ty 4 . 2 

Top : 80 cm boron ca rb ide , 120 cm rota t ing s t ee l plugs ; 
40 cm paraffin and cas t i ron l a y e r s 

Bottom : 20 cm wa te r , 140 cm cas t i ron 

1 3 . G e o m e t r i c d i m e n s i o n s : 

a) Core : cy l indr ica l 
d i a m e t e r : 28 cm 
height : 28 cm 

b) Blanket : 

c) P r e s s u r e 
v e s s e l : cy l ind r i ca l s tee l shel l 

r e a c t o r with shielding approx . : 5 χ 6. 2 χ 6 m height 

14 . T e m p e r a t u r e s : 

a) Core : fuel e lement t e m p e r a t u r e s : av . 500° C 

b) Blautet : 
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1 5 . C o o l a n t : n a t u r e : sodium 
coolant flow a r e a : 1 50 cm 
coolant velocity : 450 c m / s e c 
coolant m a s s flow r a t e : 67 l / e e c 
t e m p e r a t u r e s : sodium inlet : 375*C 

outlet : 450* C 

coolant p r e s s u r e : 2. 5 a t m . ( a v e r a g e ) 

15 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t : 
BIS 

The heat r e m o v a l s cheme f rom the core and uranium 
re f l ec to r is accompl i shed by sodium pass ing from 
bot tom to top along the c e n t r a l tube of the reactor. At 
the exit , sodium flow spl i t s into two equal pa r t e p a s 
sing through tubes of 1 1 0 mm diam. to two s imilar 
c i r c u i t s . 

Each c i r cu i t c o m p r i s e s a Na-NaK heat exchanger and 
a c i r cu la t ion pump re tu rn ing the sodium to the central 
tube . After the flow had been spl i t and prior to ite 
junct ion, non r e t u r n va lves a r e mounted . 

Heat of the secondary i s removed by two different 
m e t h o d s . In one of the NaK c i r c u i t s an a i r heat ex -
changer is ins ta l led and hea t i s removed by a flow of 
ambient a i r f rom a fan. In the o ther circuit an evapora
to is ins ta l led and heat f rom NaK i s used for steam 
genera t ion . The evapora to r conta ins dist i l led water. 
The s t e a m is condensed in a cooler with flowing water. 
L i q u i d - m e t a l c i r cu i t s of the apparatus are provided with 
oxide t r a p s for cleaning h e a t - t r a n s f e r fluid. Steam at 
230 psig and 5 7 0 ' F i s produced. 
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Basic P a r a m e t e r s of the cooling s y s t e m for the C e n t r a l 

P a r t at Norma l Working Power 

Heat r e m o v a l s y s t e m Ci rcu i t P a r a m e t e r Value 

Air cooling c i r cu i t 
t r a n s f e r r i n g 50% 
power 

Sodium c i r cu i t 

C i r cu i t with wa te r 
cooling t r a n s f e r r i n g 
50% power 

Sodium - pota s s ium 
c i r cu i t 

A i r - c i r c u i t 

Sodium c i rcu i t 

Sodium-potas
s ium c i r cu i t 

Evapora t ion -
condensat ion 
s y s t e m 

Consumpt ion 
T e m p e r a t u r e at c e n t r a l 
tube input 
Average t e m p e r a t u r e 
at c e n t r a l tube output 
P r e s s u r e of c e n t r a l 
tube gas cushion 

Consumpt ion 
T e m p e r a t u r e at 
m e t a l - m e t a l 
heat exchanger input 
T e m p e r a t u r e at 
m e t a l - m e t a l hea t 
exchanger output 

130m / h r 

375*C 

4 5 0 # C 

0. 08 a t m o s 
( gauge ) 

1 30 m 3 / i h r 

3 0 0 ' C 

4 3 0 ° C 
40, 000 m 3 / h r Consumpt ion 

T e m p e r a t u r e at 
m e t a l - a i r heat 
exchanger input 5 to 20*C 
see p a r a m e t e r s of 
sodium c i rcu i t with 
a i r cooling 
see p a r a m e t e r s of 
s odium-pota s s ium c i r cu i t 
with a i r cooling 
P r e s s u r e on evapora to r 1 6 a t m o s 
Consumption of t ap 
wate r in condenser 70 m / h r 

1 6. P h y s i c a l d a t a : 

- b u r n u p / v 2% 

The o ther data a r e not ayala ib le 
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S E F O R 

SOUTHWEST EXPERIMENTAL FAST OXIDE REACTOR 

1. L o c a t i o n SEFOR, wil l be located in the nor thwes t c o r n e r of 
the States of A r k a n s a s - USA 

2. 

3. 

4 . 

O w n e r : SAEA 

M a i n c o n t r a c t o r s 

P r e s e n t s t a t u s a n d c o n s t r u c t i o n s c h e d u l e 

Design 

R e a c t o r t y p e : E x p e r i m e n t a l fast r e a c t o r , t h e r m a l power 20 MW 
fuel : m i x t u r e of 
coolant : sodium 
fuel : m i x t u r e of PuO_-UO„ 

2 2 

P u r p o s e Th is r e a c t o r is designed to be r e p r e s e n t a t i v e of a 
new family of l a r g e , soft s p e c t r u m fast r e a c t o r s 
fueled with mixed PuO_ - U 2 3 8 0 

2 2 ' 
The SEFOR r e a c t o r is intended to : 
1 . inves t iga te operating^ c h a r a c t e r i s t i c s of l a r g e 

PuO_-UO_ fast r e a c t o r s 

2. m e a s u r e and inves t iga te the Doppler effect dur ing 
n o r m a l opera t ing opera t ions 

3 . m e a s u r e the Doppler shut down effect under t r a n s i e n t 
condit ions and es tab l i sh engineer ing des ign safety 
c r i t e r i a for l a r g e economic un i t s . 

7. P o w e r : 

- t h e r m a l · : 20 MWt 
fuel l i nea r power genera t ion , m a x . : 24. 2 KW/ft 

a v e r a g e : 12 . 1 KW/ft 

e l e c t r i c a l 

8. F a s t f l u x 
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9. F u e l 

a) C o r e : 

- Composi t ion : 14 pe rcen t PuO_ 

86 percen t UO~ 

- shape and 
d imens ions 

number 

The PuO -UO„ is loaded into s t a in l e s s s t ee l tubes 2 2 
in the form of pe l l e t s . 

F u e l rod d i a m e t e r : 1 in. 
act ive fuel length : 33 in. 

660 fuel rods 

- c r i t i c a l m a s s : (Pu 239 ) : 277 kg ( approx ima te ly 280 kg of 
plutonium a r e contained in the 2200 kg of PuO_-UO 

m i x t u r e ) 

- cladding : s t a in l e s s s tee l 

clad th ickness : 60 m i l 

b) Blanket : 

- Composi t ion : 

- shape and 
d imens ions : 

- number : 

- c r i t i c a l m a s s : 

- cladding : 

10. C o n t r o l The r e a c t o r wil l be cont ro l led by 1 8 movab le r a d i a l 
r e f l ec to r segments plus t h r e e in t e rna l poison rods 
and one spec ia l r eac t iv i ty inse r t ion dev ice . 

The p r i m a r y r e a c t o r shutdown cont ro l is provided in 
the r e f l ec to r . The re f lec to r con t ro l s a r e outs ide the 
r e a c t o r v e s s e l and will provide posi t ive shutdown even 
if g r o s s co re d is tor t ion p reven t s opera t ion of the 
i n - c o r e cont ro l e l e m e n t s . 
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1 1. R e f l e c t o r : The r a d i a l r e f l ec to r is cons t ruc ted of the nickel 
al loy, Inconel. The re f lec to r des ign cons i s t s of an 
annular a s s e m b l y , 6 n ickels thick, sur rounding 
the co re on the outs ide of the r e a c t o r v e s s e l . 

The re f lec to r contains 18 movable cy l i nde r s . The 
s t a t ionary segmen t s suppor t and guide the cy l inde r s . 
Cooling gas is supplied to the re f l ec to r reg ion to 
r e m o v e the in te rna l heat . 

12. S h i e l d i n g : 

1 3 . G e o m e t r i c d i m e n s i o n s : 

a) C o r e : Height : 33 in. 
d i a m e t e r : 33 in. 

composi t ion : fuel : 50 v / o 
s t r u c t u r e : 24 v / o 

coolant : 14 v / o 
Bery l l i ä : 1 2 v / o 

b) Blanket 

c) P r e s s u r e cons i s t s of a co re reg ion and mixing plenum approx i -
v e s s e l : ma te ly 3 feet and 8 feet in d i ame te r r e spec t ive ly . The 

v e s s e l is double-conta ined with a second v e s s e l . 

14 . T e m p e r a t u r e s : 

a) C o r e : fuel c e n t r a l t e m p e r a t u r e s teady s ta te max . : 4250* F 
fuel c e n t r a l t e m p e r a t u r e s teady s ta te a v e r a g e : 2 6 5 0 ' F 

b) Blanket : 

15 . C o o l a n t : na tu re : sodium in both the p r i m a r y and secondary 
s y s t e m 

coolant veloci ty (average fuel channel ): 1 1 . 5 f t / s e c . 

coolant flow r a t e : 4500 gpm 
t e m p e r a t u r e s (s teady s ta te ): r e a c t o r inlet : 700° F 

r e a c t o r outlet : 820 ° F 



1 62-

1 5 . T h e r m a l s y s t e m s a n d t u r b i n e p l a n t 
b is 

The ma in coolant s y s t e m c o n s i s t s of two loops in 
s e r i e s : a p r i m a r y and a secondary loop. The 
rad ioac t ive p r i m a r y loop is shielded and enc losed 
within the conta inment building. The s econda ry s y s t e m 
is main ta ined at a h igher p r e s s u r e than the p r i m a r y 
s y s t e m . 

Heat exchanger s : 

1 . The i n t e rmed ia t e heat exchanger is a t u b e - i n - s h e l l 
des ign with a single tube wal l between the p r i m a r y 
and secondary coolant . Type 304 s t a i n l e s s steel is u sed 
throughout the exchanger . 

- p r e s s u r e : 200 ps i 
- t e m p e r a t u r e : 1100 * F _ 
- heat t r a n s f e r coefficient : 1000 B T U / h r / f t * F 

2. The s o d i u m - t o - a i r hea t exchanger is a f a r c a s t draf t 
des ign with finned heat t r a n s f e r s u r f a c e . The tubing is 
cons t ruc ted of type 304 s t a in l e s s s t e e l . T h r e e fans 
with two-speed m o t o r s provide t e m p e r a t u r e con t ro l . 
In addit ion, louvers a r e provided for t r i m con t ro l of 
t e m p e r a t u r e . 

- m e a n t e m p e r a t u r e difference : 450° F ? 
- heat t r a n s f e r coefficient : 9 B T U / h r / f t ° F 

P u m p s : 

L inea r a -c e l ec t romagne t i c pumps a s manufac tu red by 
the Gene ra l E l e c t r i c Co. a r e p roposed to c i r c u l a t e 
sodium coolant . The pumps have a specif ied capaci ty 
of 5000 gpm at 75 ps i . The pump widings a r e a i r 
cooled. 

Piping and valves : 

P ipe s 10 inches in d i a m e t e r a r e used in the m a i n 
coolant s y s t e m . The sodium pur i f ica t ion s y s t e m is 
cons t ruc ted of 2- inch, piping. Valves a r e of the 
bellows s ea l type with secondary shaft packing. 

Auxi l ia ry coolant s y s t e m : 

A 3- inch, aux i l i a ry coolant s y s t e m is provided to 
r e m o v e r e a c t o r decay heating in the event that the ma in 
loop is out of the s e r v i c e . The s y s t e m is des igned m u c h 
like the ma in loop except for the s m a l l e r t h e r m a l c a p a 
city of 1 . 0 MW. 
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l ó . P h y s i c a l d a t a 

N e u t r o n l i f e t i m e : 5 χ t n "
7 

10 sec 
- Doppler coefficient : 8. 9 x 1 0" K / # C 

( m e a n fuel t e m p . : - 1 320 K ) 
- f i ss ion occur ing below 9 KeV : 22 per cent 
- m a x i m u m posi t ive reac t iv i ty change due to loss 

of sodium : + 0. 0 3 $ 
- r eac t iv i ty change due to to ta l l o s s of sodium from 

the c o r e : - 0 .75 g" 
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Figure 4. Reactor Vessel 
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Figure 12. Auxiliary Coolant System 



! To disseminate knowledge is to disseminate prosperity — I mean 

| general prosperity and not individual riches — and with prosperity 

disappears the greater part of the evil which is our heritage from 
darker times 

Pillili!!!!!!!!! 
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