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EBR-I , MARK III - DESIGN REPORT 

by 
R. E Rice , R N Curran , F D. McGinnis, 

M. Novick, F W Thalgott 

INTRODUCTION 

The EBR-I r eac to r was designed to demonst ra te the feasibi l i ty of 
power production with a liquid meta l -cooled , fast neutron r eac to r and to 
denaonstrate that such a r eac to r could b r e e d fissionable m a t e r i a l . The 
r eac to r f i rs t produced power in 1951; during the next four y e a r s two ex
pe r imen ta l c o r e s , Mark I and Mark U, were used to produce 4,000 mega
watt hours of heat, a good port ion of which was used in the generat ion of 
e lec t r ic i ty for plant opera t ion. 

Exper iments with both co re s showed, that with this design, a b r eed 
ing ratio of one is achieved. The exper iments further indicated that a 
p rac t i ca l power plant fueled with uran ium-235 might h a \ e a breeding rat io 
of 1 .2 and a plutonium-fueled plant a breeding rat io of 1 5 

In no rma l operat ion the plant was quite stable and la rge ly self-
regulat ing. The r eac to r sys tem proved to be quite re l iab le and gave 
excellent se rv ice during almost four ye a r s of opera t ion . 

It was found, however, that when opera t ing conditions were made 
seve re , e.g., high power at reduced coolant flow, an osci l la t ion in power 
o c c u r r e d which became m o r e severe as power was i nc reased or flow de
c r ea sed . It had been further o b s e n ed that, although the o v e r - a l l t e m p e r a 
tu re coefficient of the r eac to r was negative a prompt posi t ive coefficient 
was noted which was overcome by a slower negati^'c coefficient 

Exper iments to invest igate these effects were undertaken as a las t 
use of the second c o r e . During the course of. and before the completion of, 
the exper imen t s , a t r ans ien t tes t r e su l t ed in the melt ing of many of the core 
r o d s . 

Since the question of stabil i ty in r e a c t o r s is of ex t reme impor tance 
to the power r eac to r bus iness , it was decided to design a th i rd core for 
EBR-I which might be used to invest igate and demons t ra te i ts s tabi l i ty 
c h a r a c t e r i s t i c s . In this new design cal led Mark III, it was decided to e l im
inate, in as far as p rac t i cab le , the possibl i ty of fuel rod bowing, and hence 
to el iminate the most l ikely contribution to a p rompt posi t ive power coeffi
cient . To invest igate the effects of coolant t e m p e r a t u r e , ineans a r e provided 



for ixiaking the coolant flow through core and inner blanket e i ther in p a r a l 
lel or s e r i e s , as opposed to the s e r i e s flow of the or ig inal design. P r o v i 
sion for extensive t empe ra tu r e m e a s u r e m e n t s a r e provided. Oscil lat ion 
techniques will be used to invest igate the power coefficients and to point 
out a r e a s for future study. 

A. REACTOR INTERNALS 

1 . Fuel Rods 

In both Mark I and Mark II, the fuel rods were made of s ta in
l e s s s teel tubing containing loosely fitted u ran ium slugs held concentr ica l ly 
with s p a c e r s . The annular c lea rance was filled with NaK as a heat t r a n s 
fer bond. 

In o rde r to achieve a m o r e r ig id core for Mark III, a new type 
of EBR-I fuel rod, which gives a good meta l lu rg ica l bond between core and 
clad, has been developed. This rod is shown in Figure 1. It cons is t s of a 
uran ium-2% zi rconium alloy rod, 0.364 inch in d iameter , with a 0.020-inch 
thick Zirca loy-I I cladding made by the coextrusion p r o c e s s . The th ree 
0.046-inch d iameter z i rconium wire r ib s a r e equispaced and spot welded to 
the cladding at l / 4 - i n c h in t e rva l s . A fuel rod is made up of th ree p ieces 
welded end to end with a 0.020-inch Zircaloy spacer between them. The 
center core piece of highly enr iched uranium-2% zi rconium alloy is 8-1/2 
inches long. The upper and lower blanket p ieces of na tu ra l u ran ium-2% 
zirconium alloy a re 7-3/4 and 3-9/16 inches long, respec t ive ly . On the 
bottom end is a Zi rca loy-I I t r i angular ly shaped tip for location and o r i en 
tation. On the upper end is a Zi rca loy-I I piece with a threaded hole into 
which the Type 304 s ta in less s teel handle is sc rewed and locked. This ex
tension is used for handling purposes and as pa r t of the upper shield. It 
has a reduced section f rom blanket to plenuna chamber to facili tate flow 
and a special head on the upper end to rece ive the handling tool . The 
maxijxjum capacity of the core is 252 fuel rods containing 60 kg of enr iched 
uran ium. 

2. Blanket Rods 

The design of the blanket rod u ran ium section is the same as 
that of the fuel rod with one exception. The blanket rod is made up of one 
19-13/1 6-inch rod of na tu ra l u ran ium-2% zi rconium alloy. There a r e two 
lengths of blanket r o d s : a rod with a shor t handle which is used in the 
blanket a s s emb l i e s , and a rod with the same length handle as the fuel rods 
for use in the core to fill spaces not occupied by fuel rods- The capacity 
of the blanket zone i s 432 r o d s . 



3. Fuel Assembl ies 

As pa r t of the r igid core concept of the Mark III design, rod 
a s sembl i e s a r e being used instead of the individual rod scheme used in the 
or iginal EBR-I design (see Figure 13). As shown in Figure 2, the fuel rod 
assembly is contained in a hexagonal Type 304 s ta in less s teel tube of 
2 -7 /8 inch outside dimension a c r o s s flats with a wall th ickness of 0.040 inch. 
At the bot tom of the assembly tube is a nozzle which reduces f rom the hex
agonal shape to that of a cyl inder . Rest ing on the nozzle is a rod sheet which 
suppor ts , locates and o r i en t s the rods . The t r iangular holes in the rod sheet 
rece ive the t r iangular t ips of the rods . The round holes around the t r i angu
la r holes allow the NaK coolant to pa s s through the sheet and into the spaces 
between the rods . The middle set of holes on the fuel a ssembly tube allows 
the NaK coolant to flow out of the assembly into the outlet plenum chamber . 
The upper set of holes is for overflow. 

Each fuel a s sembly contains 36 fuel rods plus one tightening rod. 
The purpose of the tightening rod is to force the fuel rods out against the in
side of the hexagonal tube, thus making a r igid assembly . The tightening 
rod is shown in Figure 3. It is essent ia l ly an expandible rod, consis t ing of 
an outer split tube which may be expanded by means of a s e r i e s of Woodruff 
key-type wedges riding in modified Woodruff key s lots in the center shaft. 
The expansion is actuated by means of a nut on the center rod, at the top of 
the assembly , which moves the center rod re la t ive to the wedges on the split 
tube. The r ibs on the fuel rods maintain the design spacing and flow a r e a . 
All of the rods in the fuel a s sembl i e s have long handles reaching to the top 
of the r eac to r tank. Fuel may be handled e i ther by replacing the whole 
assembly or by loosening the tightening device and replacing individual r o d s . 

4. Blanket Assembl ies 

The blanket a s semb l i e s a r e s imi la r in design to the fuel a s s e m 
bl ies but with the following except ions. The blanket a s sembl i e s contain only 
shor t handle rods . There is a sea l plate between the inlet and outlet plenum 
chainber to prevent short c i rcui t flow. Coolant flow holes a r e located both 
above and below the sea l p la te . Since the re a r e no long rod handles to se rve 
as shielding, the upper two feet of the blanket a s sembly i s made of solid 
s tee l . The tightening rod for the blanket a s sembly does have a long handle 
which can be opera ted f rom the top of the r e a c t o r . However, rods in the 
blanket a ssembly can only be rep laced by removing the whole hexagonal 
tube, placing the lower section in a shielded hole, removing the flat head 
s c r e w s at the sea l p la te , and lifting off the upper sect ion, thus exposing the 
r o d s . 



5. Inner Tank Assembly 

Figure 4 shows a c r o s s section taken through the core center 
l ine . The inner seven hexagons a r e fuel a s sembl i e s and the outer r ing of 
twelve hexagons a re blanket a s s e m b l i e s . Located at the core center line 
on each of the six flats on the outer pe r iphe ry of the a s sembl i e s is a double 
wedge-type clamping device used to force the outer a s sembl i e s against the 
center one. The outer , axially moving wedge is made of a luminum bronze 
and the inner radia l ly moving wedge is of s ta in less s tee l . These wedges 
a r e opera ted individually by means of r each rods by sc rew and nut ac tua 
to r s on the top plate of the inner tank assembly . Also shown on this d raw
ing a r e the twelve downcomer holes through which the inlet NaK flows under 
pa ra l l e l flow conditions, the six tie rods for the lower p a r t of the s t ruc tu re , 
the ant imony-beryl l ium source , and the osci l la t ing rod location. 

The new Mark III design covers only that pa r t of the EBR-I 
s t ruc tu re contained inside the EBR reac to r tank. This s t ruc tu r e , known 
as the Inner Tank Assembly , is shown in the cutaway drawing, F igure 5. 
This drawing also shows the inner and outer r eac to r tank, the outer blanket, 
control and safety r o d s , inlet and outlet piping and some of the lower shie ld
ing, all of which a r e unchanged. The s t ruc tu re inside of the r eac to r tank is 
made up of laminat ions of Type 304 s ta in less s teel r ings which have a cy
l indr ica l outside surface and an inner surface forming a hexagonal pa t t e rn 
to fit the hexagonal blanket a s sembly out l ine. These s ta in less s tee l r ings 
a r e aligned and held together with t ie r o d s . At the bot tom of this s t ruc tu re 
is a fuel a ssembly-suppor t ing plate known as the tube sheet , which has c i r 
cular holes to rece ive , support and locate the nozzles of the rod a s s e m b l i e s . 
To enable the outer a s semb l i e s to be c lamped against the center a s sembly 
the c learance between the nozzle and the hole in the tube sheet is smal l for 
the center a s sembly and p r o g r e s s i v e l y l a rge r toward the outer pa r t of the 
p la te . The lowest la rge d iameter p la te , ca l led the mounting p la te , supports 
the en t i re inner tank s t ruc tu re on a ledge in the r eac to r tank. In the region 
jus t above the mounting plate and outside the rod a s sembl i e s i s the inlet 
plenum chamber . In this plenum chamber is an outer r ing baffle which forms 
an annular flow distr ibut ing chamber between the tank wall and the baffle. 
Between the baffles a r e located four t h ree -way inlet valves with spool-type 
d i sc s . Their purpose is to p e r m i t changing of core and blanket flow to 
e i ther p a r a l l e l o r s e r i e s . These valves may be opera ted individually f rom 
the top plate by means of extension shafts and nut and sc rew ac tua to r s . 

Immediately above the inlet plenum chamber is the sea l p la te . 
On its outer pe r iphe ry a r e two inconel sea l r ings , s imi la r to piston r ings , 
which sea l the a r e a between the inlet and outlet p lenum c h a m b e r s . These 
r ings may be expanded or cont rac ted by a sc rew and toggle mechan i sm 



bur ied in the seal plate and opera ted f rom the r eac to r top. This design is 
the same as in the or ig inal r e a c t o r . The aluminum bronze bushings for the 
inlet valve shafts a re located in the seal p la te . On the inner edge of this 
plate a re the seal plate c l amps , consist ing of six segmental shoes , made of 
a luminum bronze , which clamp the fuel and blanket a s sembl i e s into a r igid 
bundle and also minimize bypass leakage. These c lamps have a hexagonal 
pa t t e rn on their inside edge to fit the outline of the blanket a s sembly tube 
bundle. The shoes a re moved in a rad ia l di rect ion by a toggle mechan i sm 
bur ied in the sea l plate and a r e opera ted f rom the r eac to r top by a sc rew 
and nut ac tuator . Also in this plate a re two throt t le valves which a r e used 
to control the exit flow from the inner blanket under pa ra l l e l flow condit ions. 

On top of the seal plate is a t he rma l baffle cooled by inlet NaK 
bled through the seal p la te . The purpose of the t h e r m a l baffle i s to reduce 
the t empe ra tu r e gradient a c r o s s the sea l plate and thus inhibit the warping 
of the p la te . Inlet NaK is bled through the seal plate by means of a r ing of 
holes near the outs ide. The NaK then flows radia l ly inward between the top 
of the seal plate and the t h e r m a l baffle and exi ts at the inner edge of the 
t he rma l baffle into the outlet plenum chamber . Without this t h e r m a l baffle 
it would be possible to get a t h e r m a l gradient a c r o s s the plate of about 90°C. 
With 17.5 gpm of inlet NaK bypassed through the baffle at a total flow of 
300 gpm, the calculated gradient is 25"C. 

Located above the sea l plate is the outlet p lenum chamber which 
col lects the flow f rom the fuel a s sembly outlet holes and the throt t le va lves . 
It is formed by spacer tubes around the t ie r o d s . The outlet coolant line 
dra ins this region. 

The coolant flow path under each flow condition is as follows: 

Under s e r i e s flow conditions the cool NaK coming in the inlet 
line is d is t r ibuted in the annular inlet plenum chamber from which it p a s s e s 
into the inlet va lves , which will then be in thei r "up" posi t ion. The NaK 
en te r s the upper annular p lenum chamber , between the two r ing baffles, and 
then flows into the outer r ing of blanket a s s e m b l i e s . The coolant goes down 
around the blanket rods and into the lower p lenum chamber where it is r e 
v e r s e d 180 degrees and flows up through the inner seven fuel a s semb l i e s to 
the outlet holes in these a s s e m b l i e s . The flow is then rad ia l ly outward, 
through the per fora ted port ion of the blanket a s sembly , into the outlet plenum 
chamber and the outlet pipe. 

Under p a r a l l e l flow conditions the inlet valves a r e in thei r "down 
posi t ion. Flow is then f rom the inlet valve down into another lower annular 
plenum chamber just above the mounting p la te . Here the NaK is d is t r ibuted 
to the twelve downcomers and goes down to the lower plenum chamber . 
P a r t of the coolant then goes up through the outer r ing of blanket a s sembl i e s 



and out of the holes below the assembly seal plate into the upper annular 
plenum chamber and then through the throt t le valves to the outlet plenum 
chamber . The remainder of the flow goes through the fuel a ssembly as 
fo rmer ly descr ibed. Under this condition of para l le l flow the throt t le 
valves may be used to adjust the ra t io of blanket flow to core flow in o rde r 
to attain the des i r ed t e m p e r a t u r e r i s e a c r o s s the blanket. 

P r o p e r positioning of the valves for e i ther s e r i e s or para l le l 
flow is a s s u r e d by l imit switches on the valve-actuat ing mechan i sm. These 
switches prevent operat ion of the r eac to r and cause a s c r a m if the r eac to r 
is in operat ion, unless e i ther (1) the inlet valves a r e fully up and the th ro t 
t le valves completely closed, thus assur ing s e r i e s flow, or (2) the inlet 
valves a r e fully down and the throt t le valves a r e opened to a p r e s e t min i 
mum, thus assur ing para l le l flow. P r o p e r valve a r r angemen t is shown by 
indicator lights in the control room. 

The inner tank as sembly above the outlet plenum consis ts of 
laminated s ta in less s teel shielding, an overflow plenum at the level of the 
tank overflow line, and the top plate . On this top plate a r e located the actu
a to rs for the core c lamp, seal plate c l amps , seal r ings , inlet va lves , and 
throt t le valves . The ac tua tors a r e all individually operable with an exten
sion wrench during shutdown. However, the throt t le valve ac tua tors a r e 
naechanically linked by a ro l l e r chain. An extension shaft through the top 
of the r eac to r tank and the top shield p e r m i t s flow adjustments during 
r eac to r operation. 

F igure 6 shows the completed Inner Tank Assembly . 

6. Heat Trans fe r and Hydraul ics 

The r eac to r power, coolant flow, and r eac to r t e m p e r a t u r e s 
will be approxinaately the same in Mark III as for the EBR-I , Mark I and 
Mark II, with the original core s t r u c t u r e . The internal blanket flow may 
be throt t led in para l le l flow, to have a t e m p e r a t u r e r i s e equal to that in 
the core . The flow through the core and blanket will then be propor t ional 
to the power generat ion m each section. It is expected that an apprec iable 
pa r t of the internal blanket will be in the outer rows of rods of the co re 
subassembl ies adjoining the blanket flow path. There fore , the ra t io of 
the power generated in the blanket flow sect ions to the power in the co re 
flow sect ion will be somewhat s m a l l e r than in the f i r s t and second loadings. 

Table I compares the three loadings as to dimensional , heat 
t r ans fe r , flow, and nuclear data. The flows, t empera tu re and power d i s 
t r ibut ion between core and blanket a re assumed to be the same in each 
case . 
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Table I 

Summary of Design C h a r a c t e r i s t i c s , EBR-I 

1 . Flow and Tempera tu r e Conditions - Reac 

Tempera tu r e of NaK in, °C 
Tempera tu r e of NaK out, °C 
Flow r a t e , gpm 
Total power produced, kw 

Btu /h r 
Power produced in co re , kw 
Power produced in in te rna l blanket, kw 

2. Dimensional Data - Reactor Core 

Fuel rod lattice spacing, in. 
Jacket O.D.jin. 
Fuel slug d iamete r . in . 
NaK bond th ickness , in . 
Jacket , 0.020-inch wall 

C r o s s - s e c t i o n a l a r e a for coolant flow, ft 
Coolant velocity, fps 
NaK flow a r e a per latt ice t r iangle , in*̂  
Pe rcen t flow a r e a in latt ice 
NaK flow a r ea per rod in la t t ice , in 
P e r cent NaK flow a r e a of total a r e a 
Core volume, l i t e r s 
Total a r e a of core section, ft^ 
Total fuel rod surface a r ea , ft^ 

Mark I 

o r Core and Inner Blanket 

228 
316 
292 

1158 
3.95 X 10^ 

960 
196 

Mark 11 

228 
316 
292 

1158 
3.95 X 10* 

960 
196 

Mark III 

228 
316 
292 

1158 
3.95 X 10 

960 
196 

0.494 
0.448 
0.364 
0.020 

347 SS 
Ribbed 

0.1008 
b.5 
0.0248 

23.5 
0.0496 

28.2 
5.9 
0.338 

15.68 

0.494 
0.448 
0.384 
0.010 
347 SS 
Pla in 

0.1008 
6.5 
0.0248 

23.5 
0.0496 

28.2 
6.1 
0.338 

16.2 

0.450 
0.404 
0.364 
0.000 

Zirca loy-I I 
Ribbed 

0.0905 
7.4 
0.0204 

23.2 
0.0408 

26.5 
6.07 
0.349 

16.4 

3. Heat Trans fe r Data Reactor Core 
2 Average heat flux, c a l / s e c - c m ^ 

Btu /h r / ft^ 
Average power density kw/ l i t e r 
Average specific power kw/kg 
Ratio maximuna/average power 
Maximum heat f lux ,ca l / sec -cm^ 

Btu/hr / f t^ 
Maximuin specific power ,kw/kg 
T e m p e r a t u r e difference in U slug center 

to surface , maximum, °C 
Tempera tu r e difference a c r o s s NaK bond, 

maximum, °C 
Tempera tu r e difference a c r o s s jacket , 

max imum, °C 
Tempera tu r e difference a c r o s s coolant fi lm, 

maximum, "C 
Total t e m p e r a t u r e difference, NaK coolant to 

slug center at hottest point of slug, °C 
NaK coolant t e m p e r a t u r e at hottest point 

of slug, °C 
Maximum slug t e m p e r a t u r e , "C 

15.7 
209,000 

172 
18.1 

1.25 
19.6 
262,000 
22.6 

69.2 

17.5 

17.2 

11.9 

15.2 
202,000 

167 
18.4 

1.35 
20.5 
273,000 

24.9 

81.0 

9.5 

20.0 

12.5 

15.0 
200,000 

158 
18.3 

1.35 
20.3 
270.000 
24.7 

71.8 

0 

23.0 

12.3 

113 

287 
400 

120 

287 
40 7 

105 

287 
392 



Table I (Continued) 

Mark I Mark II Mark III 

-cm 
*.2 

4. Inner Blanket 

Total surface a r e a of rods , ft^ 
Average heat flux, c a l / s e c - c r - ^ 

Btu/hr / f t^ 
Total c r o s s - s e c t i o n a l a r ea of blanket sect ion, ft'' 
Uranium a rea , ft 
C r o s s - s e c t i o n a l a r e a for coolant flow, ft 
Coolant velocity, s e r i e s flow, fps 

5. Outer Blanket 

Inlet a i r t e m p e r a t u r e , °C 
Outlet a i r t e m p e r a t u r e , "C 
Air flow r a t e , ft / m i n 
Power produced in outer blanket , kw 

6. Nuclear Data 

Cr i t i ca l m a s s (wet, cold), kg 
Core composi t ion. Volume % 

U 
SS Type 304 
NaK 
Zr 

Radial Inner Blanket Composit ion, Volume % 
U 
SS Type 304 
NaK 
Zr 

Upper and Lower Blanket Composit ion, Volume % 
U 
SS Type 304 
NaK 
Zr 

56.2 
0.89 
11.900 
1.02 
0.57 
0.368 
1.77 

20 
108 

5.800 
213 

51.5 

56.2 
0.89 
11,900 
1.02 
0.57 
0.368 
1.77 

20 
108 

5,800 
213 

48.2 

30.4 
1.70 
22,500 
0.599 
0.312 
0.155 
4.3 

20 
108 

5,800 
213 

47.5 

48.2 
15.3 
36.50 

-

70.8 
9.3 

19.9 
-

48.2 
15.3 
36.5 

-

48.9 
15.3 
32.9 

2.9 

70.8 
9.3 

19.9 
-

48.9 
15.3 
32.9 

2.9 

49.5 
7.3 

25.6 
17.6 

48.9 
7.3 

25.6 
18.2 

48.9 
7.3 

25.6 
18.2 

Calculated flow re s i s t ances and bypass leakage ra t e s for full 
flow in s e r i e s and para l le l a r e given in Table II. The flow res i s t ance through 
this core will be considerably g rea te r than through the original EBR-I co re . 
As the flow through the reac to r is from a gravity feed tank, the available 
dr ivinghead is l imited. In s e r i e s f lowthere shouldst i l l be available about 
3.5 feet of NaK excess head over that r equ i red for full flow through the r eac to r . 

F igure 7 shows a graph of p r e s s u r e drop ve r sus ver t ica l d i s 
tance along a fuel assembly . F igure 8 shows a p r e s s u r e drop v e r s u s flow 
rate curve. The measu remen t s from which these data were obtained were 
rxm on a mockup fuel assembly using water at 64°F. The water data was 
then cor re la ted to NaK. 

The major bypass flows will be the seal plate clamp shoe leak
age and the seal plate the rmal baffle flow. The total leakage will be an 
appreciable percentage of the reac tor flow. The actual flow through the 
blanket and core sections may be found from a heat balance determining 
the total r eac to r power and the coolant t empera tu re r i s e s through the core 
and blanket sect ions . 



Table II 

EBR-I , Mark III, P r e s s u r e Drop and Bypass Leakage Data 

Ft of NaK 

I. P r e s s u r e Drop, Ser ies Flow, 300 gpm 

Inlet plus distr ibution annulus 
Inlet valves 
Blanket rods 
Core rods 

Total 

4.25 
8.65 
3.16 
8.60 

23.9 

2. P r e s s u r e Drop, P a r a l l e l Flow, 300 gpm 

Inlet plus dis tr ibut ion annulus 
Inlet valves 
Downcomer 
Core and blanket rods 

Total 

4.25 
8.65 
3.28 
4.91 

21.1 

3. Available Head 

Gravi ty tank overflow 
Reactor outlet 
Net head available 

132.78 
105.35 

27.43 

4. Exces s Head 

Ser ies flow 
P a r a l l e l flow 

5. Bypass Leakage, Ser ies Flow 

Seal plate shoes 
Seal shoe rods 
Inlet valve rods 
Core c lamp rods 
Three open thermocouple holes 

in sea l plate 
Blanket a s sembly tightening 

rod handle 
Seal plate t he rma l baffle 
Blanket thermocouple a s sembly 

3.53 
6.33 

12.1 
6.05 

12.1 
6.6 

Leakage, gpm 

10.17 
2.48 
3.49 
1.59 

6.6 .39 

12.1 
12.1 

6.6 

2.36 
17.50 

2.09 

Total Leakage 40.07 



7. Reactor Phys ics 

Cr i t ica l Mass 

The most accura te es t imate of the cold c r i t i ca l m a s s of the 
EBR-I , Mark III, is obtained from the c r i t i ca l m a s s of the Mark II load
ing by extrapolat ion through c r i t i ca l exper iments pe r fo rmed in the 
Argonne fast r eac to r c r i t i ca l facility, ZPR-III . 

An a s sembly c losely simulat ing the composit ion and geomet ry 
of the EBR-I , Mark III, was set up in the ZPR facility. The c loseness of 
the mock up to the composit ion and geomet ry of the actual r eac to r may be 
seen by comparing F igures 9 and 10. The minor differences shown, due to 
the finite s ize of the building blocks available to ZPR-III , were co r r ec t ed 
for by substitution m e a s u r e m e n t s . One major difference exis ted. Since 
the sod ium-potass ium eutectic used as coolant was not available for use 
in ZPR-III , a luminum was used to mock up the coolant. The c r i t i ca l m a s s 
of the a s sembly was 46.5 kg of U^^ .̂ 

To avoid complicat ions a r i s ing f rom the substi tution of a lumi 
num for NaK, a s imi l a r ly careful mock up of the EBR-I , Mark II, r eac to r 
was const ructed using the same aluminum for NaK equivalence used p r e 
viously. The c r i t i ca l m a s s for this a s sembly was 46.25 kg of U^^ .̂ 

Since the cold, wet c r i t i ca l m a s s of the EBR-I , Mark II, as 
de te rmined in the r eac to r was 48.2 kg we a r r i v e at the cold, wet c r i t i ca l 
m a s s for the Mark III loading as 

^^•^^!fT5=^^-^^s"'''~ 

The m e a s u r e d cold, wet c r i t i ca l m a s s on EBR-I , Mark III, is 
47.5 kg U^^^ 

Steady State Operat ing Cha rac t e r i s t i c s 

The close s imi la r i ty of the EBR-I , Mark 11 and III, c o r e s in 
both loading and geomet ry indicates very little difference in most of the 
operat ing c h a r a c t e r i s t i c s of the two r e a c t o r s Control rod, safety block, 
and outer cup worths will be the same for the two, to well within the accu
r a c y of calculat ion. The worth of fuel rods at the edge of the a s sembly is 
the same when co r r ec t ed for u^^^ content of the r o d s . (Measurements of 
worth of uranium-235 v e r s u s void at the edge of the core in the two mock 
ups gave 430 ih/kg of U^̂ ^ in Mark II, and 443 ih/kg of U^̂ ^ in Mark III, a 
change of ~3%.) 



Control and safety rod speeds and ra t e of react iv i ty inser t ion 
of Mark II and Mark III a r e s im i l a r . The following table is based on m e a 
sured speeds of the mechan i sms and react iv i ty ca l ibra t ions of the safety 
devices . React ivi t ies were obtained from the delayed neutron data of 
LA-2118, adjusted to account for U"® fission using ^^ x 10^ = 0.234, 
1.377, 1.257, 2.760, 0.974, 0.228. 

Reactivi ty Inser t ion 

Control Rods - 4 
(withdrawal) 

Safety Rods - 8 
Safety Block - 1 
Cup (80" to 30") - 1 
Cup (30" to 4 -1 /4" ) 
Cup ( 4 - l / 4 " to 0") -

Speed, 
Inches per Second 

0.64 

0.64 
5 
0.32 
0.095 
0.005 

Reactivi ty Change, 

-:;— per Second 
k 

1.4 X 10'^ (per rod) 

1.4 X 10~* (per rod) 
4.9 X 10°* (avg) 

6.7 X 10~* (max. es t . ) 
1.2 X 10-6 (max.) 

S c r a m Speeds 

Control Rods - 4 
Safety Rods - 8 
Safety Block - 1 

Gup - 1 

T ime to 
Initiate 
Motion, 
Seconds 

0.085 
0.15 

0.1 

Total Time for 
Indicated T rave l , 

Seconds 

No S c r a m Prov i s ion 
0.38 to 16" 
0.35 to 6" 
0.275 to 4 - 1 / 4 " 
0.46 to 12" 
Total T rave l 

React ivi ty 

Change, P e r Cent -— 

0.20 
0.06 
0.80 

>4 .00 
8.00 

One change in s ta t ic p rope r t i e s is expected. The s ta t ic t e m 
p e r a t u r e coefficient of the Mark III r e a c t o r will be reduced by the effect 
of the lower expansion coefficient of the z i rconium jacketed fuel r o d s . 
P r e l i m i n a r y m e a s u r e m e n t s of the expansion coefficient of the rods indicate 
that the expansion coefficient will be about 70% of that of the u n r e s t r a i n e d 
u ran ium rods used in Mark II. At a m a x i m u m this effect will r educe the 
i so the rmal coefficient of Mark III to about -1 .23 ih/°C as opposed to the 
-1.37 ih/°C in Mark II. The m e a s u r e d value of the i so the rma l t e m p e r a t u r e 
coefficient on the Mark III c o r e , within the range 30°C-210°C, is - 1 . 2 2 i h / ° C . 



8. Tempera tu re Inst rumentat ion 

The Mark III design includes an extensive sys tem for measu r ing 
t e m p e r a t u r e . Thermocouples a r e located in the s t ruc tu re , plenum c h a m b e r s , 
fuel and blanket rods and in the coolant channels between the r o d s . 

There a r e eight permanent duplicate thermocouple locat ions in 
the s t ruc tu re at points where t he rma l expansions might lead to reac t iv i ty 
changes, a s follows: 

S-1 In ve r t i ca l center of tube sheet , adjacent to cen te r fuel 
a s sembly hole . 

S-2 In ve r t i ca l center of tube sheet nea r outside edge. 
S-3 In s t ruc tu ra l r ing at ve r t i ca l core center line close to 

downcomer . 
S-4 In s t ruc tu ra l r ing at ve r t i ca l core center line away from 

downcomer . 
S-5 In two-inch thick seal plate, 1/4 inch below top, near 

inner edge. 
S-6 In seal plate , 1/4 inch above bottom, near inner edge. 
S-7 In seal plate, 1 inch below top, nea r outer edge. 
S-8 In 3-inch thick mounting plate, 1-1/2 inches f rom top, 

1-3/4 inches from outer edge. 

There a r e four locations in plenum chamber s , as follows: 

P -9 In outer inlet plenum, at ent rance to inlet valve n e a r e s t 
inlet l ine . 

P -10 In upper inlet plenum near nor th throt t le va lve . 
P-11 In upper inlet plenum near south throt t le valve. 
P -12 In outlet plenum nea r outlet l ine . 

In addition the re a r e thermocouples in the inlet and outlet NaK 
lines outside of the r eac to r tank. 

F igu re 4 shows four of the s t ruc tu ra l thermocouple ho les . This 
drawing a lso shows the possible locations for thermocouples in fuel and 
blanket rods and in coolant channels between r o d s . Three fuel a s s e m b l i e s 
and one blanket a s sembly have been modified to rece ive thermocouples in 
the posit ions shown, thus allowing a full radia l t empe ra tu r e t r a v e r s e . 
Thermocouples of var ious lengths allow axial t r a v e r s e s in the coolant p a s 
sages between r o d s . 

The thermocouples a r e of the s ta in less s teel sheathed type with 
MgO insulat ion and duplex i ron-cons tan tan w i r e . The hot junction is welded 
to the inside of the sheath at the t ip . All me ta l t e inpe ra tu res a r e obtained 



by sheath tip contact with a NaK heat t r ans fe r bond. The rod and core cool
ant couples each have a sheath d iameter of 0.040 inch. The s t ruc tu ra l couples 
a r e each 1/16 in. in d iameter and the plenumi chamber couples a r e 1/8 in. in 
d ia ineter . 

There a r e two types of fuel and blanket thermocouple r o d s . As 
shown in F igu re 11, one for center rod t e m p e r a t u r e s , has a cen t ra l axial 
hole te rmina t ing at the core cen te r l ine . The other has an inverted "Y" 
shaped hole, the two prongs of which t e rmina te at the uraniuin clad i n t e r 
face, thus giving a t empe ra tu r e gradient a c r o s s a rod. Vent holes a r e p r o 
vided in the thermocouple rods to a s s u r e the p resence of a NaK heat t r ans fe r 
bond at the sheath t ip . Each sheathed thermocouple has a shielded flexible 
lead wire with a push on type connector . 

On the r e a c t o r tank inside wall above the top plate of the inner 
tank as sembly is located a gas- t ight thermocouple connector box containing 
48 he rmet i ca l ly sealed g la s s -Kovar - type connectors with i ron and constant-
an contac ts . Duplex i ron-cons tan tan wire leads from the connectors through 
a nozzle in the tank shell via a special conduit to a patch board in the control 
room. The patch board a l so has i ron and constantan contacts with 48 input 
thermocouple connections and 6 output potent iometer connect ions. 

Six thermocouple ampl i f ie rs a r e provided, as well as a s ix-
channel, heated s tylus , fast r e c o r d e r for both exper imenta l t e m p e r a t u r e 
and neut ron flux m e a s u r e m e n t s . 

P 



B. REACTOR EXTERNALS 

1. Reactor Vesse l 

The r e a c t o r ves se l , or tank, is shown in both F igu re s 5 and 13. 
(The core and inner blanket of Mark I and II a r e shown in F igure 13 for 
re ference . ) It is double walled, as is the piping which leads from the r e 
ac tor ve s se l through the r eac to r shield. The pa r t of the r eac to r vesse l 
surrounding the r e a c t o r co re has an inside d i ame te r of 15.87 inches and 
a length of 28 inches . Above this smal l d iamete r pa r t the r eac to r vesse l 
i n c r e a s e s in dianaeter and is filled with shielding m a t e r i a l , mos t ly s tee l . 
The whole r eac to r v e s s e l r e s t s on the shoulder formed by the change in 
d iamete r ; thus the r eac to r core itself p ro jec ts below the point of support 
as a smooth cyl inder . The s ta in less s tee l plate on which the r e a c t o r v e s 
sel stands is slotted to provide cooling a i r , which f i r s t flows over the out
side cover of the r eac to r tank and then through the s lo t s , thus cooling the 
r eac to r support . It then is drawn through the outer blanket. The sma l l 
d iamete r pa r t of the r eac to r tank cons is t s of a s ta in less s tee l v e s s e l of 
5 /16- inch wall th ickness , made by deep drawing. It is sur rounded by a 
second tank made of Inconel, 1/16-inch thick. The second tank fits snugly 
on r ibs which have been formed in the Inconel. The upper port ion of the 
r eac to r ve s se l also is double walled. The double-walled const ruct ion 
s e r v e s a number of purposes : the gas space between the two walls p r o 
vides some thernaal insulat ion, it gives a method for tes t ing for integri ty 
of the inner ve s se l at any t ime , and, finally, in the event that the inner 
vesse l should develop a leak, the outer vesse l would prevent se r ious 
consequences . 

2. Outer Blanket 

The outer blanket cons i s t s of 84 keys tone-shaped b r i c k s of 
na tura l uranium, each weighing about 100 pounds (see F igu re 13). These 
b r i cks a r e jacketed in s t a in less s teel of 0.020-inch th ickness . The b r i cks 
fit together in a stable a r r a y ; each is provided with a r e c e s s on top into 
which fit project ions on the b r i ck above it. Ai r -cool ing of the b r i cks is 
obtained by drawing a i r through five holes which a r e fitted with s leeves in 
close contact with the uran ium. In o rde r to i n c r e a s e the a r e a for heat 
t r ans fe r , each s leeve c a r r i e s fins on its ins ide. Each b r i ck also provides 
a passage for a control rod and a i r i s s imi l a r ly drawn through this passage 
F igure 14 is a photograph of the outer blanket in which an inner a luminum 
cylinder is p resen t but in which an outer a luminum cylinder has been r e 
moved. The purpose of the a luminum cyl inders is to provide additional 
stabil i ty. 



3. Controls 

There a r e twelve control rods , each 2 inches in d i ame te r , 
made of na tura l u ran ium jacketed in s ta in less s tee l . These move v e r t i 
cally in the outer blanket b r i c k s . Eight of these control rods normal ly 
a r e used as safety rods . Their t ime of t r ave l out of the blanket is shor t : 
0.85 second to init iate motion, 0.29 second to r each 16 inches . The r e 
maining four normal ly a r e used for the running controls and can be 
positioned with considerable accuracy . Their max imum speed is 0.64 inch 
per second. The whole outer blanket is mounted on an elevator which is 
hydraul ical ly driven. F igure 15 shown the main pla t form of this e levator , 
which c a r r i e s a shield sect ion on which the outer blanket r e s t s . Below is 
shown the dr ive m o t o r s which act ivate the twelve safety and control rods . 
The elevator can be driven upward at a max imum speed of 0.32 inch per 
second from 80 inches , i ts fully down posit ion, to 30 inches , then at a 
max imum speed of 0.095 inch per second to 4 - 1 / 4 inches . These speeds 
may be reduced by adjustment of the m e c h a n i s m but may not be changed 
from the control room. The las t 4 - 1 / 4 inches of t r ave l is mechanica l ly 
control led, permi t t ing location of the outer blanket around the r eac to r 
core with a p rec i s ion of 0.001 inch. The max imum speed is 0.005 inch 
per second. F o r shutdown, the outer blanket , the shield plug on which it 
r e s t s , and the elevator can be dropped quickly: 0.1 second to ini t iate 
motion, 0.56 second for 12 inches of t r ave l . The handling of the outer 
blanket for rep lacement of b r i cks is done by lowering the e levator ajid 
lifting the outer blanket from the shield plug with a handling dolly and 
t ranspor t ing it into a neighboring shielded room. There it is d i s a s 
sembled with a remote ly opera ted manipula tor . In addition to the rods , 
a pa r t of the outer blanket in the form of a cyl indrical block is a r r anged 
so that it can be driven out of the bottom of the outer blanket with pneu
mat ic force . 

A full l i s t of in ter locks on the r e a c t o r follows: 

Immedia te S c r a m Inter locks Cause of Tr ip 

1. 

2. 

3 . 

4 . 

5. 

6. 

7. 

8. 

Per iod A Negative 

Pe r iod A Posi t ive 

Per iod B Negative 

Pe r iod B Posi t ive 

Reactor Coolant Flow 

Reactor Inlet T e m p e r a t u r e 

Reactor Outlet T e m p e r a t u r e 

Exchanger Outlet T e m p e r a t u r e 

Excess ive Negative P e r i o d 

Excess ive Posi t ive Pe r iod 

Excess ive Negative Pe r iod 

Excess ive Posi t ive Pe r iod 

Low Flow for Power Operat ion 
(Interlock may be removed for 
low power operat ion) 

High T e m p e r a t u r e 

High T e m p e r a t u r e 

High T e m p e r a t u r e 



Immediate Sc ram Inter locks 

9. Fuel Rod Tempera tu re 

10. Elevator Jacks 

11. Gravity Tank Outlet Shut Off 
Valve 

12. Gravity Tank Drain Valve 

13. Reactor Overflow Valve 

14. Receiving Tank Overflow 
Valve 

15. F lux Level #1 

16. F lux Level #2 

17. Blanket Rod Tempera tu re 

18. Reactor Assembly Inlet 
Valves 

19'. Reactor Assembly Throt t le 
Valves 

Two-Minute Delayed S c r a m Inter locks 

Pumped Coolant Flow 

Circulat ing Gas Flow 

Receiving Tank Level 

Compres sed Air Supply 

Elevator Hydraulic P r e s s u r e 

Auto Control 

Outer Blanket Air 

A l a r m Only 

1. Secondary Coolant Flow 

2. Gas P r e s s u r e Pump No. I 

3. P r i m a r y Blanket Gas P r e s s u r e 

4. Secondary Blanket Gas P r e s s u r e 

5. Gas P r e s s u r e Secondary Pump 

6. Pump No, 1 Under Speed 

7. Expansion Tank Level 

(Cont'd.) Cause of Tr ip 

High Tenaperature 

Leaves Jacks 

Valve Closed 

Valve Open 

Valve Closed 

Valve Closed 

High Power 

High Power 

High Tempera tu re 

Valves not completely up or down 

Valves not in C o r r e c t Posi t ion 
for Ser ies or P a r a l l e l Flow 

Cause of Tr ip 

Low Flow 

Low Flo-w 

High Level 

Low P r e s s u r e 

Low P r e s s u r e 

Malfunction 

Low Flow 

Cause of A l a r m 

Low Flow 

Low P r e s s u r e 

Low P r e s s u r e 

Low P r e s s u r e 

Low P r e s s u r e 

Low Speed 

Low Level 



A l a r m Only (Cont'd.) Cause of Alar in 

8. 

9. 

10. 

1 1 . 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20 . 

2 1 . 

22. 

23 . 

Secondary Surge Tank Level 

Reactor Overflow 

Pump No. 1 High Level 

Secondary Pump High Level 

Gas Trap High Level 

Liquid Heater O v e r t e m p e r a t u r e 

Boiler Pump Cooling Water 

Gas Supply 

Exhaus te r Water 

Gravity Tank Level 

Pump T e m p e r a t u r e 

Secondary Pump Under Speed 

Smoke Detector 

Smoke Detector Trouble 

Transfe r Pump Probe 

E lec t romagne t ic Pump Probe 

Low Level 

Overflow 

High Level 

High Level 

High Level 

High T e m p e r a t u r e 

Low P r e s s u r e 

Low P r e s s u r e 

Low P r e s s u r e 

Low Level 

High Tem.perature 

Low Speed 

Smoke 

Detector Not Operat ing 

Leak in Pump Walls 

Leak in Pump Walls 

4. Nuclear Ins t rumenta t ion 

The only change in nuclear ins t rumenta t ion f rom the previous 
design has been the provis ion of new safety c i r c u i t s , per iod c i rcu i t s and a 
NaK-activi ty naonitor c i rcu i t . A block d iag ram of the nuc lear i n s t rumen
tation is shown in F igu re 12. A br ief descr ip t ion of the c i rcu i t s follows. 

Flux Level Tr ip Ci rcu i t s 

The safety c i rcu i t s a r e ANL Model CD-118 Safety Tr ip C i r cu i t s . 
They have a range of 10"^^ to 10"^ a m p e r e in decade s teps and a t r i p c i rcu i t 
which is adjustable over one decade from the front panel . In no rma l ope ra 
tion the re a r e th ree units with the i r r e c o r d e r s ins ta l led, two of which a r e 
in operat ion and one unit s e r v e s as a s tand-by. 

Pe r iod Ci rcu i t s 

The per iod m e t e r s a r e ANL Model CD-125A and Model CD-125B. 
The Model CD-125A has a log cu r r en t range of lO"^'' to 10"^ a m p e r e , a p e r i o d 
range of oo to 1 15 seconds , and a var iab le posit ive per iod t r i p of 75 seconds 
to 15 seconds , adjustable f rom the front panel . The Model CD-125B has a log 



cu r ren t range of 10" to 10" a m p e r e , a per iod range of 00 to I 5 seconds, 
and a fixed 5-second posit ive per iod t r i p . Both units have an internal ly 
adjustable negative per iod t r i p . One Brown s t r i p char t r e c o r d e r is p r o 
vided for recording per iods from ei ther Pe r iod A or Pe r iod B c i r cu i t s . 

Startup Circui t s 

Vibrat ing Reed 

The vibrat ing reed is an Applied Phys ics Labora to ry 
Model 30. Two input r e s i s t o r s of 10^° ohms and lO'' ohms a r e provided in 
the e l ec t rome te r head, giving the ins t rument a range of lO"''^ to 10" a m p e r e . 
The output of the vibrat ing reed amplif ier is r ecorded on a Brown s t r i p char t 
r e c o r d e r . 

F i s s ion Circui t 

Another s t a r tup c i rcui t cons is t s of a f ission counter , p r e 
amplif ier , pulse amplif ier and Audio Pulse Monitor. The rad ia l position is 
on the inside edge of the t he rma l column. 

Galvanometers and Automatic Control 

The power and differential ga lvanometers a r e conventional 
Leeds and Northrup light beam ga lvanomete rs . The automatic control is a 
re lay- type control sys t em actuated by photo-cel ls mounted on the differ
ential galvanometer sca le . 

Exhaust Air Activity Monitor 

The exhaust a i r activity monitor cons is t s of an ionization 
chamber and a l inear amplif ier having a range of 10"^^ to 10°^^ am.pere. 
The output of the amplif ier is r eco rded on a Brown s t r i p char t r e c o r d e r . 

NaK-Activity Monitor 

The NaK-activi ty moni tor m e a s u r e s activity in the gravi ty feed 
tank by means of a photomult ipl ier and plas t ic c rys t a l and a log amplif ier 
having a range of 10" ' to 10 ^ a m p e r e . The output of the amplif ier is r e 
corded on a Brown s t r ip char t r e c o r d e r . 

Ion Chambers 

All of the ion chamber s a r e filled with na tura l BF3. The galva
nomete r and vibrating reed c i rcu i t chamber s a r e seven inches in d iamete r 
and the safety and per iod c i rcu i t chamber s a r e four inches in d iamete r . All 
chambers a r e located in radia l holes in the r eac to r shield. 



Chamber Power Supplies 

All of the ionization chamber s , with the exception of the two 
ga lvanometers , a r e supplied fromi ANL Model V-93 Chamber Voltage 
Supplies. The galvanometer chambers and lights a r e supplied with ba t 
t e r i e s so that they may continue to function in case of a power fa i lure . A 
vol tmeter and se lec tor switch a r e provided on the front panel to monitor 
the chamber supply vol tages . 

C. POWER PLANT DESIGN 

The r eac to r opera tes at a max imum power of 1400 kw. An a i r flow 
of 5,800 cubic feet per minate mainta ins the blanket b r i cks below a t e m p e r a 
tu re of 200 °C. The flow of NaK through the r e a c t o r is normal ly 290 gallons 
per minute . 

1. NaK Systems 

The external sy s t ems outside of the r eac to r tank r ema in un
changed. The p r i m a r y and secondary NaK sys tems a r e shown in F igure 16. 

The sodiuixL-potassium coolant is supplied to the r eac to r from 
a high, constant level tank, flows through the r e a c t o r where it is heated, 
through a heat exchanger where it is cooled by the secondary NaK syste in , 
and thence to a lower tank. E i ther a mechanical or an e lec t romagnet ic 
pump re tu rns it to the high tank. In the secondary sys tem the pump draws 
the NaK from a r e s e r v o i r , c i r cu la tes it through the p r i m a r y heat exchanger 
and the s t e a m genera tor , and r e tu rns it to the r e s e r v o i r . 

The NaK-to-NaK heat exchanger is of a conventional shell and 
tube design with all joints welded. P r i m a r y flow is through the tubes with 
secondary flow coun te r - cu r r en t through the shel l . 

2. Steam System 

A d iagram of the s t eam sys t em is shown in F igure 17. The 
s t eam genera tor is divided into th ree components: the economizer , the 
boi le r , and the superhea te r . Flow of NaK through these units is counter -
cu r ren t to the flow of wa te r and s t eam. Heat t r ans fe r tubes in each com
ponent a r e s imi l a r and consis t of a composi te a s sembly of inner nickel , 
in te rmedia te copper, and outer nickel tubes. These tubes w e r e a s sembled 
by mechanical ly drawing together and t he rma l ly diffusion bonding them for 
good heat t r ans fe r . Total wall th ickness of the tube is 5/16 inch, of which 
3/16 inch is nickel . An outer s t a in less s tee l tube makes up the shell of the 
heat exchanger , and a bellows is used to allow for differential t he rma l ex
pansion. Thus each heat exchanger is of a single tube in a shell type, where 
NaK flow is in the shell side and water or s t e a m is in the tube. 



In o rde r to l imit the quantity of water in the sys tem and to in
c r e a s e the heat t r ans fe r r a t e , a forced ci rculat ion, falling f i lm-type boiler 
is used. This ut i l izes the above descr ibed heat exchangers in a ve r t i ca l 
position. A water film is es tabl ished at the upper end of the in ternal tube 
on i ts inner surface by mieans of a baffle. It then runs to the bottom where 
excess water and generated s t eam a r e piped into a d rum. Steam is led 
through a sepa ra to r in the drum out to the superhea te r which cons is t s of 
horizontal heat exchangers with the NaK in the shell s ide . 

The economizer is also a horizontal tinit and s e r v e s to heat the 
feed water from the deaera t ing tank to s teaming t e m p e r a t u r e before injection 
into the boi ler drum. 

Table III gives per t inent information concerning the heat ex
changer and s t eam genera tor . 

S team which i s produced in the s t e a m genera tor is used to 
dr ive a turbogenera tor se t which may provide power for the building and 
a r e a . Rather than t r y to control r eac to r power by load r e q u i r e m e n t s , it 
is held at constant power and excess s t eam is generated. A back p r e s s u r e -
regulat ing valve naaintains constant s t eam miain p r e s s u r e by unloading the 
excess s t eam direct ly to the condenser . The efficiency of this plant i s 
found to be about 17%. This low value may be at t r ibuted to the smal l s ize 
of the plant and to the fact that it is opera ted at only pa r t load. 



Table III 

Data on the EBR Heat Removal Sys tem 

1. In termedia te Heat Exchanger 

O v e r - a l l length 
Shell outside d iameter 
Flow type 
Ntimber of tubes 
Type of tubes 
Tube m a t e r i a l 
Outside a r e a of tubes 

14 ft 8 in 
17 in 

Double pass shell and tube 
102 

3/4 in. OD, 16 gage, hairpin 
"A" nickel 

495 ft^ 

Heat Exchanger Tube Used in Superhea te r , Boi le r , and Economizer 

Effective length 9 ft 6 -3 /4 in 
Outside d iamete r 2 - 5 / 8 in 
Inside d iameter 2 in 

3. Superheater 

Number of heat exchangers 
Ar rangement 
Total inside a r e a of tube 
Shell s ize 
Shell side c r o s s - s e c t i o n a l flow a r e a 
NaK velocity 
Steam velocity, average 

4. Economizer 

Number of heat exchangers 
Ar rangement 
Total inside tube a r e a 
Shell s ize 
Shell side c r o s s - s e c t i o n a l flow a r e a 
NaK velocity 
Water velocity in annulus around 

1-3/4-in. OD baffle 

5. Boi ler 

Ser ies with counter cur rent flow 
20 ft^ 

5 in. IPS 
14.6 in^ 

6.15 f t / s ec 
58.8 f t / s e c 

Se r i e s with coun te rcu r ren t flow 
45 ft^ 

5 in. IPS 
14.6 in^ 

6.15 f t / s ec 

3.43 f t / s e c 

18 Number of heat exchangers 
Arrangement P a r a l l e l with co imte rcur ren t flow 
Total inside tube a r e a 90 ft^ 
Shell side c r o s s - s e c t i o n a l flow a r e a per tube 1.98 in^ 
Shell s ize 3 in IPS 
NaK velocity 2.51 f t / s ec 
Water flow ra te 13 tim.es s t e a m ra te 

http://tim.es
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FIG. 14. OUTER BLANKET OF REACTOR 
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